U.S. ARMY

SBIR 05.2 PROPOSAL SUBMISSION INSTRUCTIONS

The Army strives to maintain its technological edge by partnering with industry and academia.  Agile, free thinking, small, high tech companies often generate the most innovative and significant solutions to meet our soldiers’ needs. The Army seeks to harness these talents for the benefit of our soldiers through the SBIR Program.

The Army Research Office – Washington (ARO-W) is responsible for execution of the Army SBIR program.  Information on the Army SBIR Program can be found at the following website: http://www.aro.army.mil/arowash/rt/.  For technical questions about the topic during the pre-solicitation period (2 May – 14 Jun 2005), contact the Topic Authors listed for each topic in the solicitation.  To obtain answers to technical questions during the formal solicitation period (15 Jun – 15 Jul 2005), visit http://www.dodsbir.net/sitis/.  For general inquiries or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-7457 (8am to 5pm EST).

The Army participates in one DoD solicitation each year and evaluates submitted proposals using the criteria described in section 4.2 and 4.3.  Army scientists and technologists have developed 246 technical topics, and the Phase III dual-use applications for each, that address Army mission requirements.  Only proposals submitted against the specific topics following this introduction will be accepted.
The Army is transforming to better meet small-scale contingencies without compromising major theater war capability.  This transformation has had a major impact on the entire Army Science and Technology (S&T) enterprise -- to include the SBIR program.    To supply the new weapon systems and supporting technologies needed by the transformed Future Force (FF), the Army initiated the Future Combat Systems (FCS) program. The SBIR program is aligned with current FCS and FF technology categories -- this will be an ongoing process as FF/FCS needs change and evolve.  All of the following Army topics reflect FF and FCS technology needs.  Over 70% of the topics also reflect the interests of the Army acquisition (Program Manager/Program Executive Officer) community.

Electronic Submission of Proposals Using the DOD SBIR Proposal Submission System

The entire proposal (which includes Cover Sheets, Technical Proposal, Cost Proposal, and Company Commercialization Report) must be submitted electronically via the DoD SBIR/STTR Proposal Submission Site (http://www.dodsbir.net/submission/); the Army WILL NOT accept any proposals which are not submitted via this site.  The Army WILL NOT accept a hardcopy of the proposal or an email submission.  Hand or electronic signature on the proposal is also NOT required.

The DoD SBIR/STTR Proposal Submission Site allows your company to come in any time (prior to 15 Jul 2005) to upload an updated Technical Proposal or edit your Cover Sheets, Cost Proposal and Company Commercialization Report.  The small business is responsible for performing a virus check on each proposal before it is uploaded electronically.  The detection of a virus on any submission may be cause for the rejection of the proposal.  The submission site does not limit the overall file size for each electronic proposal submission.  However, file uploads may take a great deal of time depending on the internet provider’s connection speed and the size of the file.  If you experience problems uploading a proposal, call the DoD Help Desk 1-866-724-7457 (8am to 5pm EST).  A confirmation of receipt will be sent via e-mail shortly after the closing of the solicitation.  Selection and non-selection letters will also be sent electronically via e-mail.

Any proposal involving the use of Bio Hazard Materials must identify in the Technical Proposal whether the contractor has been certified by the Government to perform Bio Level - I, II or III work.
Reminder!  All proposals written in response to topics in this solicitation must be received by 6 AM, 15 July 2005.  Please submit proposals early to avoid delays due to high user volume.  Late proposals will not be accepted.
PROPOSAL FORMAT (25 pages maximum)

Cover Pages.  (http://www.dodsbir.net/submission/). As instructed on the web site, prepare a Proposal Cover Sheet, including a brief description of the problem or opportunity, objectives, effort and anticipated results.  Expected benefits and Government or private sector applications of the proposed research should also be summarized in the space provided.

Technical Proposal.  Create a single file and put your firm name, topic number, and proposal number in the header of each page. You can not upload the technical proposal to the DoD Submission Site until you have created a coversheet and been assigned a proposal number. Technical proposals must be in PDF format for evaluation purposes.   Verify upload - you are responsible for verifying your technical proposal uploaded successfully. You can view or download your technical proposal in PDF format by clicking on the check proposal upload button from the cover sheet table list. Remember to review carefully; what you see when you click on the check proposal upload button is what the evaluator will see.

If the offeror proposes to use a foreign national(s) [any person who is NOT a citizen or national of the United States, a lawful permanent resident, or a protected individual as defined by 8 U.S.C. 1324b(a)(3) – refer to section 2.15 at the front of this solicitation for definitions of “lawful permanent resident” and “protected individual”] as key personnel, the following information should be provided: individuals full name (including alias or other spellings of name), date of birth, place of birth, nationality, registration number or visa information, port of entry, type of position and brief description of work to be performed, address where work will be performed, and copy of visa card or permanent resident card.

Special note about research involving animal or human subjects, or research requiring access to government resources of any kind.  Small businesses should plan carefully for research involving animal or human subjects, or requiring access to government resources of any kind.  Animal or human research must be based on formal protocols that are reviewed and approved both locally and through the Army's committee process. Resources such as equipment, reagents, samples, data, facilities, troops or recruits, and so forth, must all be arranged carefully.  The few months available for a Phase I effort may preclude plans including these elements, unless coordinated before a contract is awarded.

The Army implemented the use of a Phase I Option that may be exercised to fund interim Phase I activities while a Phase II contract is being negotiated.  Only Phase I efforts selected for Phase II awards through the Army’s competitive process will be eligible to exercise the Phase I Option.  The Phase I Option, which must be included as part of the Phase I proposal, covers activities over a period of up to four months and should describe appropriate initial Phase II activities that may lead to the successful demonstration of a product or technology. If the Phase I Option is submitted, it must be included within the 25-page limit for the Phase I proposal.

Cost Proposal. ($120,000 maximum) A firm‑fixed‑price Phase I Cost Proposal must be submitted in detail online. Proposers that participate in this Solicitation must complete the Phase I Cost Proposal not to exceed the maximum dollar amount of $70,000 and a Phase I Option Cost Proposal (if applicable) not to exceed the maximum dollar amount of $50,000.  Phase I and Phase I Option costs must be shown separately but may be presented side-by-side on a single Cost Proposal.
Company Commercialization Report. The Commercialization report must be included with each proposal submitted to the Army. Refer to section 3.5.d of the Solicitation for detailed instructions on the Company Commercialization Report. If commercialization information has not been updated in the past year, or you need to review a copy of the report, visit the DoD SBIR Proposal Submission Site at http://www.dodsbir.net/submission/. Please note that improper handling of the Commercialization Report may result in the proposal being substantially delayed and that information provided may have a direct impact on the evaluation of the proposal. The Company Commercialization Report does not count toward the 25-page Phase I proposal limitation.

Be reminded that section 3.5.a of this solicitation states: “If your proposal is selected for award, the >technical abstract and discussion of anticipated benefits will be publicly >released on the Internet (on the DoD SBIR/STTR web site (www.acq.osd.mil/sadbu/sbir//)”; therefore, do not include proprietary or >classified information in these documents.  DoD will not accept classified proposals for the SBIR Program.  Note also that the DoD web site contains timely information on firm, award, and abstract data for all DoD SBIR Phase I and II awards going back several years.

Proposals not conforming to the terms of this solicitation will not be awarded and unsolicited proposals will not be considered.  Awards will be subject to the availability of funding and successful completion of contract negotiations.  The Army typically provides a firm fixed price contract or awards a small purchase agreement as a Phase I award, at the discretion of the Contracting Officer.

Small businesses that received a non-selection letter may request a debriefing.  The debriefing request must be made electronically within 30 days of notification of non-selection via the website provided in the non-select letter.

Selection of Phase I proposals will be based upon (1) the soundness, technical merit, and innovation of the proposed approach and its incremental progress toward topic or subtopic solution, (2) the qualifications of the proposed principal/key investigators, supporting staff, and consultants, and (3) the potential for commercial (Government or private sector) application (refer to section 4.2 at the front of this solicitation).  The first Criterion on soundness, technical merit, and incremental progress toward topic or subtopic solution is given slightly more weight than the second Criterion, which is given slightly more weight than the third Criterion.  When technical evaluations are essentially equal in merit between two proposals, cost to the government may be considered in determining the successful offeror.  Due to limited funding, the Army reserves the right to limit awards under any topic, and only those proposals of superior scientific and technical quality will be funded.
PHASE II PROPOSAL SUBMISSION
Note!  Phase II Proposal Submission is by Army Invitation.

Small businesses are invited by the Army to submit a Phase II proposal from Phase I projects that have demonstrated the potential for commercialization of useful products and services utilizing the criteria in Section 4.3.  The invitation will be issued in writing by the Army organization responsible for the Phase I effort.  Invited small businesses are required to develop and submit a commercialization plan describing feasible approaches for marketing the developed technology in their Phase II proposal.
Small businesses are required to submit a budget for the entire 24 month Phase II period normally not to exceed the maximum dollar amount of $730,000.  During contract negotiation, the Contracting Officer may require a cost proposal for a base year and an option year.  These costs must be submitted using the Cost Proposal format (accessible electronically on the DoD Submission Site), and may be presented side-by-side on a single Cost Proposal Sheet.  The total proposed amount should be indicated on the Proposal Cover Sheet as the Proposed Cost.

The vast majority of Phase II SBIR contracts awarded are on a Cost Plus Fixed Fee basis.  In order to receive a cost type contract, an offeror must have in place, prior to award, an accounting system that in the Defense Contract Audit Agency's (DCAA) opinion is adequate for accumulating costs under a flexibly priced (cost type) contract environment.  That is, a system that can track costs to final cost objectives and segregate costs between direct and indirect.  If you currently do not have an adequate accounting system, it is recommended that you take action to implement.  The lack of an adequate accounting system may preclude you from receiving a Phase II contract award.  If you have questions regarding this matter, please discuss with your Phase I contracting officer.  For more information about cost proposals and accounting standards, see the DCAA publication called "Information for Contractors" (http://www.dcaa.mil/dcaap7641.90.pdf).

Small businesses that participate in the Fast Track program do not require an invitation, but must submit an application and Phase II proposal by the Phase II submission date.

Visit the Army SBIR web site for additional information and instructions: http://www.aro.army.mil/arowash/rt/
FAST TRACK

The Fast Track Program (see section 4.5 at the front of this solicitation) was established by OSD for Phase I SBIR projects that attract matching cash from a third-party investor to cost-share the Phase II effort (as well as the interim effort between Phases I and II).  This program emphasizes those projects that may be more likely to result in Phase III commercialization of a technology, product, or service.  According to OSD guidance, companies who obtain third‑party matching funds and otherwise qualify for the SBIR Fast Track will:

· Receive interim funding of up to $50,000 between Phase I and II;

· Receive an expedited evaluation process; and

· Be selected, provided the proposal meets or exceeds a threshold of “technically sufficient” and has substantially met its Phase I goals.

To qualify for the SBIR Fast Track, a company must submit their Fast Track application package within 150 days after the effective date of its Phase I contract or by the Army deadline.  The Army SBIR Program Management Office accepts the Fast Track application by a set deadline which is determined annually.  Applications are only accepted from the most recent Army topic solicitation.  A Fast Track application package consists of the following items:

· A completed Fast Track application form that is submitted electronically on the DoD SBIR/STTR Proposal Submission Site (http://www.dodsbir.net/submission/);

· A commitment letter from an independent third‑party investor ‑‑ such as another company, a venture capital firm, an "angel" investor, or a non‑SBIR Government program ‑‑ indicating that the third‑party investor will match both interim and Phase II SBIR funding, in cash, contingent upon the company's receipt of interim and Phase II SBIR funds.  This letter may be submitted electronically on the DoD Submission Website or by fax to the number on the Fast Track submission page; and

· A concise Statement of Work (SOW) for the interim SBIR effort, submitted electronically on the DoD Submission Site.

In order to maintain Fast Track status after submission of a valid Fast Track application, the company must also:

· Submit a valid Phase II proposal by the deadline for Army Phase II proposals (to be determined annually by the Army SBIR Program Management Office);

· Successfully complete its Phase I contract by submitting its Phase I Final Report no later than 210 days after the effective start of the Phase I contract; and

· Certify, within 45 days after having been notified of selection for Phase II award, that the entire amount of matching funds has been transferred to the company from the outside investor.

PHASE II PLUS PROGRAM

The Army established the Phase II Plus initiative to facilitate the rapid transition of SBIR technologies, products, and services into acquisition programs. Under Phase II Plus, the Army provides matching SBIR funds to expand an existing Phase II that attracts non-SBIR investment funds.  Phase II Plus allows for an existing Phase II Army SBIR effort to be extended for up to one year to perform additional research and development.  Phase II Plus matching funds will be provided on a one-for-one basis up to a maximum of $250,000 SBIR funds. All Phase II Plus awards are subject to acceptance, review, and selection of candidate projects, are subject to availability of funding, and successful negotiation and award of a Phase II Plus contract modification. When appropriate, use will be made of the flexibility afforded by the SBA 1993 Policy that allows Phase I and Phase II SBIR funding to exceed $850,000. Phase II Plus funds, subject to availability, will be matched dollar-for-dollar with third-party funds not to exceed the maximum dollar amount of $250,000.
Phase II Plus represents the Army's continued emphasis on enabling the development and commercialization of dual-use technologies and products. It builds upon the Gap Reduction Initiative, which minimizes the traditional funding gap between Phase I and Phase II efforts and ensures uninterrupted funding for all Army SBIR efforts. These two initiatives are critical towards maximizing the potential for small businesses to develop and successfully market their innovative ideas to benefit the Army, the small business, and our nation's economy.

Visit the Army SBIR web site for additional information and application instructions: http://www.aro.army.mil/arowash/rt/
Key Dates

Phase I
Phase II

05.2 Solicitation Open
15 Jun 2005 – 15 Jul 2005
Phase II Invitation
March 2006+

Phase I Evaluations
July - September 2005
Phase II Proposal Receipt
April 2006+

Phase I Selections
September 2005
Phase II Evaluations
May – June 2006

Phase I Awards
November 2005*
Phase II Selections
June 2006



Phase II Awards
October 2006*
*Subject to the Congressional Budget process.

+ Subject to change; Consult ARO-W web site listed above
RECOMMENDATIONS FOR FUTURE TOPICS
Small Businesses are encouraged to suggest ideas that may be included in future Army SBIR solicitations.  These suggestions should be directed to the SBIR points-of-contact at the respective Army research and development organizations listed in these instructions.

Inquiries

Inquiries of a general nature should be addressed in writing to:

Susan Nichols

Army SBIR Program Manager

sbira@belvoir.army.mil
U.S. Army Research Office - Washington

6000 6th Street, Suite 100

Fort Belvoir, VA 22060-5608

(703) 806-2085 

FAX: (703) 806-2044

ARMY SBIR PROGRAM

POINTS OF CONTACT (POC) SUMMARY

Research, Development & Engineering CTR /

Program Executive Offices (PEO)
POC
Phone

Armaments RD&E Center (ARDEC)  


Carol L'Hommedieu 
(973) 724-4029
A05-001 
Ballistic Impact Dynamic Modeling of Fabric for New Protection Systems

A05-002 
Novel Actuation Technologies for Guided Precision Munitions

A05-003 
Multi-Platform Manned/Unmanned System-Mission Planner/Controller

A05-004 
Advanced Algorithms for Prediction, Display, and Visualization of Moving Targets

A05-005 
Innovative Intelligent Agent and Cognitive Decision Aids Component Technology for Net Centric Fires

A05-006 
Wide Area Optical High Speed Scanning Sensor System for Rapid Response in Urban Battlefield Conditions

A05-007 
Smart Self-Configuring Miniature Windscreen

A05-008 
Conformal Semiconductor Circuits for Future Combat System (FCS) Advanced Munitions

A05-009 
Transient Battlefield Effects Classifier for Precision Target Location in Networked Sensor Systems

A05-010 
Rugged Multi-Chip Module (MCM) for Hyperspectral Imager (HSI)

A05-011 
Polymer Materials for Small Arms Cartridge Cases

A05-012 
Visual Physiology Applied to long Wave Infrared Imaging

A05-013 
Hybrid Soldier Power Source

A05-014 
Disposable/Survivable Antenna Technology

A05-015 
Target Image Transformation and Transfer

A05-016 
Novel Low-Cost Full Position and Angular Orientation Sensors for Guidance and Control of Precision Munitions

A05-017 
Extended Operational Performance of Linear-Beam Amplifiers

A05-018 
Delivery of Inorganic and Microbial Reagents to Subsurface Environments

A05-019 
Novel Dielectric Material Enhancement

A05-020 
Performance Enhancements for Explosively Driven Magnetic Flux Compression Generators

A05-021 
W-Band High Power Amplifiers for Directed Energy Weapons

Army Research Institute (ARI)  



Peter Legree 

(703) 602-7936
A05-022 
Simulated Assessment for Personnel Selection

A05-023 
Establishing Selection Measures of Vigilance Performance

A05-024 
Trust in Temporary Groups

A05-025 
Adaptive Role-play Exercises for a Leader Development Center

Army Research Lab (ARL)  



Dean Hudson 

(301) 394-4808

A05-026 
Materials Integration and Processing of Nonlinear Tunable Thin Films with Affordable Large Area Substrates to Promote Microwave Frequency (Ka band) Wafer Phased Array Antennas

A05-027 
Analog Front End (AFE) and Analog-to-Digital Conversion (ADC) Design for UWB Systems

A05-028 
Multipulse Agile Laser Source for Real-Time Spark Spectrochemical Hazard Analysis in the Field

A05-029 
Hands-Free or Limited-Manipulation Language Translation Tools for Non-Linguist Soldiers

A05-030 
Blast Resistant Armor Appliqués

A05-031 
Antidiarrheal Characterization of Remediating Nutritional Supplements (ACORNS)

A05-032 
Harsh Environment Vibration Control for Micro-Scale Devices in Smart Munitions

A05-033 
Ultrafast Detection and Acquisition Radar for Ballistics Defense

A05-034 
A Compact Borazane Hydrogen Generator for a Soldier Fuel Cell Power System

A05-035 
Revolutionary Non-Contacting Gas Path Seals for Improved Turbine Engine Performance

A05-036 
Structural Capacitors for Electromagnetic Weapons Systems

A05-037 
Solid Waste Preprocessor for Field Waste to Energy Conversion

A05-038 
Optical Stand-Off Detection of Explosive Residue

A05-039 
Manufacturing of Bulk Metallic Glasses by Atomization

A05-040 
Compact, Efficient Sub-Millimeter Wave Electronic Oscillator

A05-041 
Development of a Low-Leakage and High-Output Bone Conduction Communication Interface

A05-042 
Alignment Tolerant Optical Connector with Active Regenerative Element

A05-043 
Low Cost Manufacturing of Ballistic Helmets

A05-044 
Ultra-High Strength Aluminum Armor

A05-045 
Joining and Sealing Technologies for the Development of Long Ceramic Tubes to be Used as Gun Barrel Liners

A05-046 
Distributed Antenna Applications for Body Worn Platforms

A05-047 
Low Cost and Scalable Systems for Synthesizing Tungsten Nanopowders

A05-048 
Green Insensitive Munitions Materials 


A05-049 
A Multifunction UWB Radar Sensor for Enhanced Helicopter Flight Safety and Minefield Detection

A05-050 
Flexible and Conformal Environmental Barrier Technology for Displays

A05-051 
Microstructural Reconstruction and Three-Dimensional Mesh Generation for Polycrystalline Materials

A05-052 
Advanced High Operating Temperature Mid-Wave Infrared Sensors

A05-053 
Efficient Atmospheric Algorithms for Horizontal Line-of-Sight Scattering Effects

A05-054 
Low Fuel-Consumption, High-Altitude Capable, Heavy-Fuel Internal Combustion (IC) Engine Concepts for Unmanned Air Vehicles (UAV)

Army Test & Evaluation Center (ATEC)  


Curtis Cohen 

(410) 278-1376
A05-055 
Dynamic Small Arms Weapon Firing Simulator

Aviation and Missile RD&E Center (Aviation)  

Peggy Jackson 

(757) 878-5400
A05-056 
Lightweight Ballistic Threat Protection for Rotorcraft  

A05-057 
Helicopter Automatic External Load Acquisition and Low Visibility Landing System

A05-058 
Smart Active Control Technology

A05-059 
Advanced Damping Technologies for Small Turbine Engines

A05-060 
Integrated Inlet Protection System in Severe Sand Environments

A05-061 
Structural Integrity Monitoring System

A05-062 
High Power Density Electric Generator for Army Rotorcraft

A05-063 
Design Tool for Fatigue Sensitive Steel Rotorcraft Components

A05-064 
Unmanned Aerial Vehicle (UAV) See-and-Avoid Technology to Allow Unrestricted Operations in Civil and Military Low Altitude Airspace

A05-065 
Eulerian Vorticity Transport Modeling

A05-066 
Obstacle Representation Database From Sensor Data

A05-067 
Dynamic Camber Control for Helicopter Rotor Blades

Communication-Electronics RD&E Center  

Suzanne Weeks

(732) 427-3275
A05-068 
Image Intensifier Compatible Thermal Imaging System

A05-069 
High Speed Digital Interfaces between High Performance Transceivers and COTS SCA-Compliant Electronics

A05-070 
Adaptive Bandwidth Service (ABS)

A05-071 
Command and Control (C2) Database Translation Application

A05-072 
Advanced Tactical 2 KW Stirling Power Sources for Co-Generation Applications

A05-073 
Command & Control Tools For Air/Ground Unmanned System Collaboration

A05-074 
Intelligent Service Coordination for Tactical, Net-centric Environments

A05-075 
Low Temperature Solid Oxide Fuel Cell for Portable Power Applications

A05-076 
Heat Actuated Cooling System

A05-077 
Diagnostic / Prognostic System for Tactical Power Sources  

A05-078 
Intelligent Agent Research

A05-079 
MEMS Technology for Sense Through the Wall Applications

A05-080 
Hostile Fire Indicator (HFI)

A05-081 
Anomaly Detection in Ground Moving Target Indicating (GMTI) Radar

A05-082 
Battle Damage Assessment Information Fusion

A05-083 
Modeling the Effect of Aircraft Rotor Blades on Airborne Direction Finding (DF) Systems

A05-084 
Handheld Software Defined Radio Platform for Force Protection Operations

A05-085 
Tactical Electronic Attack (EA) Simulation (TEAS) for Communications and Radar Jamming

A05-086 
Multi-Mode Combat ID

A05-087 
New Techniques for Concealed Explosive Detection

A05-088 
Automated Feature/Anomaly Extraction from Synthetic Aperture Radar (SAR) Coherent Change Detection (CCD) Imagery

A05-089 
Unmanned Aerial Vehicles (UAV) Precision Geolocation

A05-090 
Directional Multiband Antenna for Synthetic Aperture Radar (SAR) and Ground Moving Target Indicator (GMTI)

A05-091 
Detection of Improvised Explosive Devices

A05-092 
Sampling Techniques for Trace Explosive Detection Technologies

A05-093 
Passive/Active Infrared Imaging for Automated Recognition/Classification of 3-Dimensional Objects/Targets

A05-094 
Target Detection Using Disparate Sensor Systems 

A05-095 
Real Time Video Processing for Anisoplanatic Turbulence Compensation and Image Enhancement

A05-096 
Low Cost, Light Weight IR Optical Materials

A05-097 
Large-Area Hybrid Substrates for HgCdTe Infrared Detectors 

A05-098 
80-Degree Night Vision Goggle

A05-099 
Development of Low Stress Ohmic Contacts to HgCdTe 

A05-100 
Compact, Short-Pulse, SWIR Laser (1.5 Micron) for Two- and Three-Dimensional Flash Imaging Sensor 

A05-101 
Small, Low Cost, Transimpedance Amplifier Used with InGaAs Photodiode for High Range Resolution Eye Safe Range Finder

A05-102 
Tools for Rapid Deployment of Net-Centric Intelligence and Electronic Warfare Capabilities

A05-103 
Soldier-Borne Biometric Authentication System

A05-104 
Improved Thermal Management for High Power and/or Small Form Factor (SFF) Tactical Radios

A05-105 
Joint Tactical Radio System (JTRS) Cluster 5 Power Amplifier

A05-106 
Micro-MIMO (Multiple Input Multiple Output) Radio Technology

A05-107 
Reduced Size Weight and Power Consumption for SATCOM Antennas

A05-108 
Multi-Band, Multi-Channel Digital RF Receivers and Transceivers

A05-109 
IPv4-IPv6 Transition and Interoperability Using Available Transition Mechanisms

A05-110 
Frequency Agile, End Fire Phased Arrays

A05-111 
Mobile IPv6 in Low Bandwidth Tactical Environment

A05-112 
Ballistic Radomes for SATCOM Antennas

A05-113 
Seamless Soft Handoff Multi-Layer Protocols

PEO Combat Support & Combat Service Support  
Mick McGee 

(586) 574-6899
A05-114 
New Technology, Non-Lubricant Bearings

A05-115 
Army Ground Vehicle Roll-Over Elimination and Stability Improvements

Edgewood Chemical Biological Center  


Ron Hinkle 

(410) 436-2031
A05-116 
Wide Spectrum Transmitter For A Combined Standoff Chem-Bio Sensor

A05-117 
Anisotropic Obscurant Packaging

PEO Enterprise Information System
Ed Velez
(703) 806-0670

Mary O’Hara
(703) 806-4120

A05-118 
Data Rich Active Transponder Development

Engineer Research & Development Center  

Theresa Salls 

(603) 646-4591
A05-119 
Geographically-Enabled Augmented Reality System for Dismounted Soldiers

A05-120 
Vehicle-Based Automatic Terrain Mapping via Ranging Sensors

A05-121 
Automatic Extraction of Urban Features from Terrestrial LIDAR Systems

A05-122 
Nanotechnology for Biological Warfare Agent Detection Neutralization and Efficacy Verificationfor Immune Buildings

A05-123 
Wireless Backbone to Monitor and Administer Large Remote DoD Acreage

A05-124 
Innovative Structural Material Self-Sensing and Self-Protection Technology for Installations and Infrastructures

A05-125 
Near-Surface Rapid Soil Characterization System

A05-126 
Predicting the Behavior of Cracked Concrete Exposed to Contamination

A05-127 
Design and Develop Lightweight Thermoplastic Composite Sheet Piling Protection System

PEO Ground Combat Systems  



John Karavias 

(586) 574-8190
A05-128 
High Temperature Bushings for Tracked Vehicles 

A05-129 
High Power Density, and Efficient on Board Auxiliary Power Generation System

JPEO Chemical and Biological Defense  


Larry Pollack 

(703) 325-9664
A05-130 
Development of Pre- and Post-Exposure Neural Protectants Against Organophosphorus (OP) Compounds Based on Novel and Specific Biochemical Markers of OP Exposure 

A05-131 
Chemical Casualty Care:  Wound Dressings Designed to Speed Wound Closure Following Debridement of Cutaneous Vesicant Injuries

Joint SIAP System Engineering Organization

A05-132 
Advanced Air Target Track Fusion Processing of Data from Multiple Distributed Sensors

A05-133 
Object Oriented Repository for the Management of Systems, Software, and Modeling and Simulation Data Structures

Aviation and Missile RD&E Center (Missile)  

Otho Thomas 

(256) 842-9227
A05-134 
Development of a Novel, Less Toxic Replacement For Monomethyl Hydrazine

A05-135 
Extension to Estimation Theory for Fast Hit-to-Kill Interceptors

A05-136 
Hardware-Based Anti-Tamper Techniques

A05-137 
Long Term Missile Aging Reliability Prediction for Lead-Free Solder Interconnects

A05-138 
Near Net Shape Forming of AlON or Spinel

A05-139 
Development of a Coupled Environment Code for Design Optimization of Missile Radomes

A05-140 
High Temperature Packaging Technology for Semiconductors

A05-141 
Feature Based Sensor Fusion Using Evolutionary Algorithms 

A05-142 
Development of an Ultra-Fast Optical Beam Scanner for Tactical Laser Radar (LADAR) Seeker

A05-143 
Three Dimensional Imaging for Missile Damage Assessment 

A05-144 
Application of an Infrared Transmitting Dielectric to Concave Spherical Surfaces

A05-145 
Data Mining for Integrated Structural Health Management of Missiles

A05-146 
Model for Hypergolic Reactions of Gelled Propellants

A05-147 
Microelectromechanical Systems Packaging

A05-148 
Fast Algorithms for Impact Point Prediction of Rocket, Artillery and Mortar Trajectories

A05-149 
Nano-Scale Infrared Photodectors for Missile Seeker Applications

A05-150 
Innovative Software-Based Anti-Tamper Techniques

A05-151 
Transmitted Wavefront Metrology on Large Domes and Windows

A05-152 
Frangible Penetrating Projectile Development

A05-153 
Innovative Technology Development for Laser Radar (LADAR) for Missile Applications

A05-154 
Uncooled, Medium Wavelength Infrared Optical Test Bed

A05-155 
Advanced Strategically Tuned Absolutely Resilient Structures (STARS)

A05-156 
Affordable Multimode Seeker Dome Demonstration

A05-157 
Real-Time Panoramic Viewer

A05-158 
Weapon Cost Minimization Using Intelligent Search Algorithm Design Optimization 

A05-159 
Optimized Numerics for Missile Aero-Propulsive Flow Modeling on Massive Clustered Computational Resources

Medical Research and Materiel Command  

LTC Chessley Atchison 
(301) 619-8527
A05-160 
A Device for Continuous Monitoring of Changes in Pulse Pressure, Heart Rate Variability and Baroreflex Sensitivity

A05-161 
Development of Advanced Military Prosthetic Shoulder System

A05-162 
Field Deployable Electroencephalogram (EEG) for Assessing Nonconvulsive Seizures

A05-163 
Digital Wound Detection System

A05-164 
Rapid Cell-Based Indicators of Toxicity

A05-165 
Development of a “Universal Virus Detection System” 

A05-166 
Development of a “High-Throughput Molecular Differentiation Device”  

A05-167 
Rapid, Lightweight, and Compact Heat Sterilization of Medical and Dental Instruments in Forward and Theater Medical/Dental Units

A05-168 
Robotic Bioagent Detector for Combat Casualty Care & Force Protection

A05-169 
Use of Micro Impulse/Ultra-Wideband Radar to Detect Pneumothorax and Hemothorax

A05-170 
Enhanced Detection, Containment and Treatment of Acinetobacter Baumannii Infections

A05-171 
Enhanced DNA Vaccine Delivery to Protect Against Biothreat Agents

A05-172 
Compartment Syndrome Simulator

A05-173 
High Through-Put Proteomics Assay Using a Cellular Modeling Approach

A05-174 
Deployment Web-Based Interface Tool

A05-175 
Chloroplast Genetic Engineering to Produce Diagnostic Antigens and Vaccines

A05-176 
Field-Expedient Combat Load Assessment Device (CLAD)

A05-177 
Targeted Therapy for Neoplastic Diseases

A05-178 
Needleless Intradermal Vaccine Delivery System Using Ultrasound

A05-179 
Generation of Stable Eukaryotic Cell Lines Expressing High Yields of Therapeutic Human Antibodies Against Biowarfare Viral Threat Agents

A05-180 
Pre-Hospital Trauma Data Collection and Mining

A05-181 
Development of a Serum Based Biomarker for the Detection of Prostate Cancer

Natick Soldier Center  




Dr. Gerald Raisanen 
(508) 233-4223
A05-182 
Interactive Textiles for Improved Parachute Performance

A05-183 
Inconspicuous Taggant for Combat Uniforms

A05-184 
Agent Based Modeling of Dismount Infantry Through Inclusion of Perceptions, Inferences and Associations

A05-185 
Acoustic Noise Reduction for Fabric Shelters

A05-186 
High Performance, Self-Leveling Flooring System for Soft Shelters

A05-187 
Modeling Suppression in an Urban Environment

A05-188 
Flame Resistant Material For Use in Protective Garment Applications

A05-189 
Tailorable Insulation Materials

A05-190 
Development of Composite High Performance Cordage for Military Application

A05-191 
Low Cost Parafoil Deceleration Canopy for One Time Use

A05-192 
Navigation Without GPS

A05-193 
Towed Parachutist Identification

A05-194 
Automatic Body Protection for Paratrooper Landings

A05-195 
Self-Contained Ration Heater

A05-196 
Self-Heated Self-Hydrated Combat Ration Components

A05-197 
Flameless Heating Technology

PEO Ammunition  




Robin Gullifer

(973) 724-7817
A05-198 
Separation of Fragmented Energetic Materials via Directed Ultrasonic Energy

A05-199 
Light Weight Electronic Pointing Device

PEO Missiles & Space
James Jordan
(256) 313-3479

George Burruss
(256) 864-7028

Robin Campbell
(256) 313-3412

A05-200 
Imaging of Long-Range Objects

A05-201 
Insensitive Munitions Modeling and Simulation 

A05-202 
Lightweight Infrared Optics

A05-203 
Unique Identification (UID)/Radio Frequency Identification (RFID) Integration

PEO Command, Control & Communications Tactical  
Kay Griffith-Boyle 
(732) 427-0634
A05-204 
Smart Battle Command Information Discovery and Filtering Agents

PEO Intelligence, Electronic Warfare & Sensors
John SantaPietro
(732) 578-6437

Rich Czernik
(732) 578-6335

A05-205 
Policy Manager for Access Controls

PEO Soldier
King Dixon
(703) 704-3309

Ross Guckert
(703) 704-3310

A05-206 
Soldier Advanced Video/Audio Cueing System

A05-207
Soldier Electronic Warfare Detection System

Space and Missile Defense Command  


Dimitrios Lianos 
(256) 955-3223
A05-208 
Agile Maneuvering Smart Projectiles for Enhanced Lethality Munitions

A05-209 
Pulsed Power for Fuzes

A05-210 
High Altitude Airship for Lightweight Army Payload

PEO Simulation, Training, & Instrumentation  

Mark McAuliffe 
(407) 384-3929
A05-211 
Research on the Development of a Miniature, Low Power Global Positioning System (GPS)/Inertial Registration Device For Use As A Weapon Orientation Sensor In Future Tactical Engagement Simulation Systems

Simulation and Training Technology Center  

Mark McAuliffe 
(407) 384-3929
A05-212 
Virtual Control System (VCS) for Man-Wearable Embedded Training Systems

A05-213 
Automatic Real-Time Magnetometer Error Compensation and Calibration

A05-214 
Man Wearable Virtual Movement Tracking

A05-215 
Haptic Health Care Specialist Training Environment

A05-216 
Enriched Cross-Cultural and Language Familiarization Training Tools

Tank Automotive RD&E Center  


Alex Sandel 

(586) 574-7545
A05-217 
Investigation into Novel Approaches to Maximize the Performance of Lightweight Vehicular Mechanical Countermine Equipment

A05-218 
In-Field Repair of Composites on Military Vehicles

A05-219 
Semi-Autonomous UGV Control

A05-220 
Smart Structures for MEMS Packaging and Shape Memory Alloys (SMA)

A05-221 
Small Robot Infrastructure Toolkit

A05-222 
Road Edge Detection System

A05-223 
Multi-Tasked Microtechnology Based Sensor for Automotive Fluidic Analysis

A05-224 
Rapidly Deployable Wireless Autonomous Surveillance & Warning System

A05-225 
Corrosion Rate Monitor for Continually Reviewing the Status of Corrosion on Military Vehicles

A05-226 
Real-Time, Standoff Detection of Vehicle-Borne IEDs

A05-227 
Development of an Intelligent Design Information Management System

A05-228 
Novel Vehicle and Fleet Reliability & Cost Modeling Tools

A05-229 
Web-Centric Intelligent Agent Support Agent for the Retrieval and Distribution of Acquisition and Program Information (WISARD-API)

A05-230 
Design of New Technology Automatic Transmissions for 21st Century Military Vehicles

A05-231 
Develop New Innovative Driveline Designs and Components for Improved Service Life, Performance and Durability

A05-232 
New Leap-ahead Technology and Innovative Final Drive Design Approaches

A05-233 
Advanced Filtration Technologies (AFT)

A05-234 
Amorphous Metal Hydrogen Separation Membranes

A05-235 
Vehicle Acoustic Signature Reduction 

A05-236 
Reliable, High –Temperature Silicon Carbide MOSFET

A05-237 
High Power-Density (HPD), Low Specific Heat Rejection (LSHR) Diesel Engine Designs for Application on FCS Vehicles of Traditional and Hybrid Configurations
A05-238 
Health Monitoring Technology for Hybrid Propulsion Vehicle Systems

A05-239 
Stirling Engine for Tactical Army Application

A05-240 
Integrated Starter/Alternator for Military Tactical Vehicles

A05-241 
Hydrogen Production from Inorganic Compounds

A05-242 
Detection of Contaminants in Petroleum

A05-243 
Rapid Indicator Test for Biological Contamination in Water

A05-244 
Innovative Armor Fastening Technology (s) for Tactical Vehicles of the Current and the Future Force

A05-245 
Mine Blast Attenuating Seating

A05-246 
Advanced Analytical Models for Innovative Vehicle Composite Structures Against land Explosives
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A05-001 
TITLE: Ballistic Impact Dynamic Modeling of Fabric for New Protection Systems
TECHNOLOGY AREAS: Information Systems, Human Systems

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop innovative design tools for evaluating the performance of fabrics that will be used in improved ballistic protection systems against current and futuristic threats.

DESCRIPTION:  Fabrics are used in a variety of protection systems ranging from vests to airbags for personnel, and for vehicle protection from many types of ballistic threats.  Protection system designers must consider a wide range of current and futuristic threats when using fabrics as part of their design; however, currently available ballistic protection design tools are inadequate for predicting their performance.  Common techniques employed include experimental derived predictions, macroscopic modeling using simulation, and detailed micro-mechanical models.  All three suffer from being extremely narrow in scope and typically constrained in the conditions for which they are valid.  New and innovative ballistic protection design tools need to be developed to consider wide ranging conditions for impact velocity (several feet per second to thousands of feet per second); projectile shapes, materials, hardness; and fabric types, treatments, designs and support structures that comprise current and future ballistic threats.

Novel approaches are needed to extend the existing modeling approaches to fill in gaps between current modeling techniques and to extend into new areas.  Treatments such as shear thickening fluids need to be accurately included so that designers can make tradeoffs between protection and weight.  In addition to accuracy improvements, there is a need to be able to adaptively select the modeling approach that is appropriate for the given threat, ranging from a thread-by-thread analysis to macroscopic models.

The new modeling approach should accurately define and predict the failure modes of various fabric materials.  The new models should incorporate innovative micro-mechanical models, automatic generation of woven meshes, and design sensitivity analysis for studying the effects of different parameters and their effects on the fabric material as well.  Future development of ballistic protection systems would be greatly enhanced and accelerated through the use of the new modeling approaches being pursued by this endeavor.

PHASE I:  Conduct research and analysis to develop new and innovative modeling concepts to more accurately define and predict the failure modes of various fabric materials from current and futuristic ballistic impacts by a penetrator or fragment. 

PHASE II:  Develop the optimum design from the innovative modeling concepts derived from Phase I.  These approaches should incorporate improved micro-mechanical models, automatic generation of woven meshes, and design sensitivity analysis for studying different parameters and their effects on the fabric material.  The new fabric model will utilize the innovative concepts identified in Phase I.  Demonstration of the new model will be conducted by performing actual ballistic testing against the various fabrics.  The results from the ballistic testing will be reviewed and compared against the model’s predictions. 

PHASE III DUAL USE APPLICATIONS:  The new fabric modeling approach has strong applications in the military and commercial sectors in the areas of ballistic protection fabrics, puncture and tear resistant fabrics and automotive airbags.  The new modeling approach will allow for a reduction in the number of iterations required to select the fabric material for specific applications.  This capability will also allow for a reduction in the overall development cost of future projects.

REFERENCES: 

1) http://www.seas.ucla.edu/~klug/publications/MotaKlugOrtizPandolfi-CompMech-2003.pdf

2) http://dspace.library.drexel.edu/retrieve/1398/ch7.pdf

3) http://www.sri.com/psd/fracture/as_pdf/ibs_2001_SRI.pdf

KEYWORDS: modeling, simulation, ballistic, protection, survivability

A05-002 
TITLE: Novel Actuation Technologies for Guided Precision Munitions
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop novel methods and devices for affecting flight trajectory correction in guided munitions without requiring actuation components that occupy a considerable volume and consume a significant amount of electrical power.  The actuation methods and devices being sought are aimed at being used for subsonic projectiles such as mortars.  

DESCRIPTION:  Since the introduction of 155mm guided artillery projectiles in the 1980’s, numerous methods and devices have been developed for the guidance and control of subsonic and supersonic gun launched projectiles.  A majority of these devices are based on technologies derived from missile and aircraft applications and are difficult or impractical to implement on gun-fired projectiles and mortars.  In recent years, alternative methods of actuation for flight trajectory correction have been explored, some using smart (active) materials and microelectromechanical (MEMS) technology.  However, none of the recently developed novel methods and devices for guidance and control has been successfully demonstrated for gun-fired guided munitions, including gun-fired and mortar rounds.  Many of the approaches suffer from one or more of the following shortcomings:  1) a limited and fixed supply of control authority, 2) battery-based power requirements and 3) relatively large volume requirement.  A need therefore exists for the development of innovative technologies that address these restrictions in a manner that leaves sufficient volume onboard munitions for sensors, guidance and control and communications electronics and fuzing as well as the explosive payload to satisfy the lethality requirements.  The primary objective of this SBIR project is the development of  new concepts that are uniquely suited to the guidance and control of smart and precision munitions in general and for 120 mm mortars in particular.  Novel concepts that require minimal power and that could be integrated in the structure or fins of projectiles to minimize volume requirements are highly preferred.  The 120 mm mortar is the projectile of greatest current interest.  The proposal must consider the cost and manufacturing as well as survivability issues, particularly the harsh launch environment.

PHASE I:  Develop novel method and device concepts for affecting flight trajectory correction in guided munitions.  Develop analytical and/or numerical models for determining the feasibility of each developed concept and simulate its performance for a selected subsonic munition, such as a mortar.  Develop a proof-of-concept prototype and methods to test its performance and validate the developed models.  Develop plan for Phase II efforts.

PHASE II:  For a selected munition such as a mortar, develop a set of actuator component and system specifications.  Finalize the modeling and simulation efforts and develop a method for optimal design of the components for the actuation system.  Develop a method and related hardware and software for testing the performance of the actuation system in correcting the trajectory of the selected munitions.  Develop a prototype of the proposed actuation system and perform laboratory and wind tunnel tests to validate the performance of the actuation system and its components.  Design and fabricate final prototype based on the results of the laboratory and wind tunnel tests for flight test for potential Phase III efforts.

PHASE III DUAL USE APPLICATIONS:  The development of novel actuation technologies for guided precision munitions that are cost effective, occupy minimal volume and consume minimal electrical energy is essential for the development of cost effective smart and precision munitions.  The developed actuation system will also have a wide range of dual use homeland security and commercial, as well as other military applications.  On the military side, the actuation system may be used on UAVs, sub-munitions, guided flairs and other guided and precision munitions.  In the areas of homeland security, they can be used on low and high-flying UAVs, air dropped guided reconnaissance or sensory platforms as well as their commercial counter parts, such as those used by the entertainment industry or by hobbyists.    

REFERENCES: 

1) Chopara, I., 1995, “Review of Current Status of Smart Structures and Integrated Systems," Proceedings of Smart Structures and Materials Conference, SPIE 2721-01, San Diego, California.

2) Clushaw, B., 1996, “Smart Structures Activities Worldwide," Proceedings Smart Structures and Materials Conference, SPIE 2721-100, San Diego, California.

3) Kennedy, D. K., Straub, F. K., Schetky, L. M., Chaudhry, Z. A., and Roznoy, R., 2000, “Development of an SMA Actuator for In-Flight Rotor Blade Tracking”, SPIE’s Smart Structures and Materials Symposium, Newport Beach, California.

4) Liang, C., Schroeder, S., and Davidson, F. M., 1996, “Application of Torsion Shape Memory Alloy Actuators for Active Rotor Blade Control: Opportunities and Limitations”, SPIE’s Smart Structures and Materials Symposium, San Diego, California.

5) Near, C. D., 1996, “Piezoelectric Actuator Technology," Proceedings of 1996 Smart structures and Materials Conference, SPIE 2717-19, San Diego, California.

KEYWORDS: Actuation, Guided, Precision Munition, Mortar, Survivability, Harsh Environment

A05-003 
TITLE: Multi-Platform Manned/Unmanned System-Mission Planner/Controller
TECHNOLOGY AREAS: Information Systems, Weapons

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Develop a mission planner and controller for multiple manned/unmanned systems.  This planner will receive tasking information for a combined group of manned and unmanned vehicles (UVs) treated as a single system (i.e., a Reconnaissance, Surveillance and Target Acquisition (RSTA) platoon,  Special Forces or SEAL team).  From this tasking, it will generate individual top-level mission plan requirements (search area, track spacing, ingress/egress routes, and mission abort procedures) for each manned or unmanned unit in the team.  The individual plans will be developed taking into account mission deconfliction requirements.  The multi-vehicle mission planner will also provide feedback to the tasking agent about the planned tracks and mission path for each UV unit.

DESCRIPTION:  The Future Combat System (FCS), Future Force Warrior (FFW), and Future SOF systems will rely on multiple unmanned vehicles (UVs) to perform focused missions (Networked Fires and Effects, reconnaissance, etc.).  Recent advances in agent software technologies, high bandwidth wireless communications, software engineering, non-supervisory learning technologies, multi-sensory based perception, collaborative planning, visualization technology, and intelligent controls, enable a new generation of network capable multi-platform controllers capable of mixed initiative planning, collaboration, task execution and control within a manned-unmanned teaming environment. This represents a revolutionary advance in current controller technology in which any mission involving multiple unmanned platforms, requires an operator to manually break the group mission into individual unmanned platform tasks/ subtasks before he/she can use the vehicle’s mission planner.  In breaking up the task, the operator has to manually address deconfliction issues like planning the vehicle’s reconnaissance route to avoid friendly fire, avoid overlap, and plan individual ingress/egress paths for each unit. Specifically,  the computer science and algorithm base for intelligent systems and supporting software development environments now enable streamlined development and standardization of intelligent software enabled control systems which can be retrofitted on a broad range of legacy platforms as well as next generation Future Combat System (FCS)  robotic platforms to reduce software cost and reduce manpower requirements. The key technical challenge will be to fully exploit this emerging science base and provide an integrated architecture and solution approach that addresses fundamental problems of mobility, flexible task level control and automation, multi- sensor integration, multi-platform coordination associated with network centric, manned-unmanned teaming operations in complex environments. Technical issues of interest include MMI, task visualization, voice natural language interface for control,  multi-platform control strategies, modeling, design and real time prototyping tools, knowledge based task level  control  including path  planning, navigation and obstacle detection/avoidance and  component based software architectures. Control approaches should also address issues related to multi-platform autonomous control, communication and coordination. The planner portion of the developed system will have to be able to address the characteristics for ingress/egress, sensor capabilities, survivability, mobility and other factors for each manned or unmanned system, and use these factors to develop optimized plans for use of the systems.  These plans will then have to be capable of being sent to each system controller, or in the case of advanced unmanned platforms, to a common controller.  A common unmanned platform controller will be required as a portion of the system.  This controller will provide universal control of advanced or legacy UV systems via teleoperation (in the case of legacy systems), or common high level commands (for advanced unmanned platforms).  The controller would allow collaboration and coordination among the manned and unmanned systems, and allow adjustment of plans in real time. Controller implementations will conform to Joint Technical Architecture (JTA) and Joint Architecture For Unmanned Systems (JAUS) standards, and will be scaleable for use at different echelons and on different computing platforms from personal digital assistants (PDA’s) to desktop computers. 

PHASE I:  Conduct research to develop the design methodology, computational approaches and architectural concepts to support the conceptual design and implementation of a prototype multi-platform manned/unmanned system mission planner/controller. Define system concept and hardware/software architecture and functional specifications. Conduct preliminary performance assessment via modeling and simulation and document.

PHASE II:  Based on Phase I research results develop a proof-of-concept JAUS-compliant prototype and demonstrate its operation with legacy/prototype platforms in a networked, manned-unmanned teaming scenario.  Optimize algorithms and design approach based on experimental results and provide complete documentation of algorithms, architecture, and component application programmer interfaces/API’s.

PHASE III DUAL USE APPLICATIONS: There are many dual use applications of the underlying multi-platform mission planning and control architecture and information processing infrastructure which can be readily adaptable to support Homeland Security application, law enforcement, border patrol and search and rescue applications. The technology will provide leaders on the ground with the ability to plan, manage, control and coordinate actions of both manned and unmanned assets in real time and optimize achievement of team goals in a distributed, networked environment. 

REFERENCES:  

1.
T.R. Balch and R.C. Arkin. “Behavior-based formation control for multiagent robot teams.” IEEE Transactions on Robotics and Automation, 14(6):926--939,  Dec. 1998.

2.
D. F. Hougen, J. Bonney, J. Budenske, M. Dvorak, M. Gini, D. Krantz, F. Malver, B. Nelson, N.  Papanikolopoulos, P. Rybski, S. Stoeter, R. Voyles, and K. Yesin. “Reconfigureable Robots for Distributed Robotics.” Government Microcircuit Applications Conference, pp. 72-75, March 2000.

3.
The Joint Architecture for Unmanned Systems, Vol. II, Reference Architecture Specification, Version 3.0, 13 Sep 2002

KEYWORDS: artificial intelligence, software agents, robotics, sensor-shooter links, network operations, mission planning, autonomous control, intelligent control, multi-agent control, distributed robotics, autonomous systems

A05-004 
TITLE: Advanced Algorithms for Prediction, Display, and Visualization of Moving Targets
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Develop 4-D terrain- and mobility-based targeting algorithms that will optimize the display of information to enable a single operator to manage the tracking and targeting of multiple moving ground, sea surface, and air targets, such that time critical moving targets may be attacked with both precision guided and non-precision guided munitions with a high probability of success.

DESCRIPTION:  Current targeting systems such as AFATDS do not have the ability to predict future locations of moving targets being tracked within the Common Operating Picture (COP). Although these systems can perform some limited terrain and mobility analysis calculations that are static in nature, they do not address the key issue of how to apply terrain and mobility factors to attack of a moving target.  Currently the systems do not even use a simple dead reckoning algorithm to determine future target location for possible attack.  All responsibility for hitting a moving target rests with the expertise of a forward observer, who must determine the timing of moving target attack; even an expert observer can usually only process one moving target at a time.   As the Army transitions to the future force, forward observers will no longer be in the force structure, and the use of longer range munitions will become the norm, with targeting relying more heavily on sensors rather than humans.  Multiple moving targets may be expected.  The impending lack of an expert human to make target timing decision will cause the attack of moving targets with both precision guided and non precision guided munitions to become very difficult, as the munitions, when fired, may arrive at an aimpoint where the moving target was in the past, but from which the target has moved.  This problem has been demonstrated in a number of battle lab experiments involving FCS fires and effects.  Given the time required for a report of a target, or a call for fire to traverse the kill chain, the time from target report to munition impact may be relatively long.  This means that a target moving at even a moderate speed is not be targetable using current targeting methodologies.  As the Army transitions to the future force, it will become critical that the moving target problem be solved.  To solve the problem new algorithms and display methods are required to assist the operators of the FCS and FFW networked effects nodes in predicting and visualizing the probable future movement of multiple ground, sea surface, and air targets.  Relevant operational factors to consider include geographical location, terrain, weather, vehicle movement characteristics, vehicle tactics, and the observed locations of the vehicle to bound the movement in given time intervals.  The predicted geographical area where the vehicle may be located will be used for searching and locating moving vehicles for targeting in a 4-D domain.  The predicted future movement of the vehicles will also be used to assist the effects node operator in planning a loiter path for target surveillance assets and ingress paths and terminal impact points for weapons designated to attack the moving targets.  Scenarios involving multiple ground, air, and sea surface vehicles complicate the targeting problem and visual picture.  The visualization method developed should support the operator in analysis of the movement prediction algorithms results, based on probability of movement, to further reduce the area where the ground vehicle could be located.  That information could then be used for prioritization and tasking of loitering target surveillance assets to perform a search of the area to locate and target the moving vehicles.

The algorithms should be encapsulated within a readily portable software component which can be inserted or integrated with minimal complexity into different effects control or targeting applications.  

PHASE I:  Develop an innovative technology concept to assist an operator in visualizing projected future movement of ground, air, and sea surface vehicles.  Develop a limited software prototype to demonstrate the technical merit of the proposed solution, and its application to time critical targeting problem solution. 

PHASE II:  Implement and demonstrate within a simulation environment, a prototype of the concept design developed in Phase I.  Provide detailed design and component interface documentation.

PHASE III DUAL USE APPLICATIONS:  Algorithm and software will have potential applications in the areas of transportation, traffic management and control, homeland security and search and rescue.

REFERENCES:  

1) Johnson, Bruce.  "Affordable Moving Surface Target Engagement (AMSTE)."  Brief DARPA Tech., June 1999.

2) Chen, Mei.  "Dynamic Freeway Travel Prediction Using Probe Vehicle Data:  Link-Based vs. Path-Based."  National Center for Transportation and Industrial Productivity, TRB Paper No. 01-2887.

KEYWORDS: prediction, terrain analysis, targeting, visualization, situation awareness, optimization, display

A05-005 
TITLE: Innovative Intelligent Agent and Cognitive Decision Aids Component Technology for Net Centric Fires
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Develop real time intelligent agent based algorithms and reusable code components that can provide the basis for developing the next generation of intelligent, network centric fires management, execution and control software for Future Combat System  applications.  Specific component capabilities include route/mission planning for loitering/smart munitions, dynamic weapon-target and sensor-target pairing, dynamic retargeting, and dynamic 4-D de-confliction.

DESCRIPTION:  Rapid advances in soft computing, agent software, artificial intelligence, cognitive science, information processing, distributed processing and software engineering technologies now make possible the automation and intelligent aiding of many time critical and mission critical combat tasks associated with the planning, execution, coordination and synchronization of multi-eschelon network centric fires and effects.  Innovative technology approaches are required to provide the seamless integration, synchronization and optimization of fires and effects for Non Line of sight (NLOS), Line of Sight (LOS) and Beyond Line of Sight (BLOS) assets within the Future Combat System (FCS) Unit of Action.  The product of this topic will be one or more  decision aid components that can be easily adapted, configured as a WEB service or stand alone application component with API (application programmers interface) to  provide one or more of the following capabilities:  mission planning/route generation for loitering/ smart munitions taking into account terrain/masking, cloud cover, airspace constraints/ coordination measures, flight constraints, sensor characteristics, communications connectivity to maximize mission performance e.g., target intercept, area coverage; compute optimal dynamic weapon-target pairing across NLOS, BLOS, LOS and Joint assets, to maximize effects within constraints on target selection standards, commanders guidance, weapon effects, planning constraints, red and blue forces situation, resource capability/availability, terrain, mobility, communications, etc.  Highly modular architectures must be developed to facilitate reuse of application software and provide a basis for component based assembly and evolutionary growth in software capability to meet evolving requirements.  Implementation architectures must  conform to emerging weapon system Technical Architecture and FCS System-of-Systems Common Operating Environment (SoSCOE) standards. 

PHASE I:  Develop algorithm approach and develop top level hardware/software architecture and functional specification and identify tools and methodology that would be applied in Phase II to support application component development.  Conduct performance assessment via modeling and simulation.

PHASE II:  Develop a detailed component design, component API specification, application scenario, software implementation, tool environment to demonstrate and validate component functionality in a networked environment and demonstrate component reuse potential.  Optimize hardware/software, algorithm and interface design based on laboratory/ Battle Lab test results and provide complete documentation of hardware/software, analysis and test results.

PHASE III DUAL USE APPLICATIONS:  This work has a very high probability of commercialization.  The methodology, design environment, prototyping tools and component technology developed in this SBIR are applicable to a broad range of resource management and scheduling applications associated with commercial logistics, air traffic control, ground transportation and container shipping applications as well as emergency response and homeland security.

REFERENCES:

1) Guttag et al, Larch: Languages and Tools for Formal Specification. New York: Springer-Verlag.

2) Brown W. et al, (1998) Anti Patterns, Refactoring Software, Architectures and Projects in Crisis. NY, NY: Wiley & Sons, Inc.

3) Garland D. et al, (1994) Using Style to Understand Descriptions of Software Architecture. SIGSOFT Proceedings, 1993, Foundation of Software Engineering, vol 18, no. 5, Dec. 1993.

4) D. L. Hall, Mathematical Techniques in Multi-sensor Data Fusion, Artech House, Norward, Ma, 1992.

5) Y. Bar-Shalom, and T. E. Fortmann, Tracking and Data Association, Academic Press, New York, 1998.

6) J. W. Guan, and D. A. Bell, Evidence Theory and It’s Applications, vol 1. Studies in Computer Science and Artificial Intelligence, Elsevier, North Holland, 1992.

7) P. J. Antsaklis, and A. Nerode, Special Issue On Hybrid Control systems, IEEE Trans. Automatic Control Systems, No. 4, Vol. 43, Apr 1998.

8) D. Koller and A. Pfeffer, Object-oriented Baysian Networks, Proc. Of the 13th Annual Conf. On Uncertainty in AI, Aug 1997.

KEYWORDS: Network Fires, Effects Based Fires, Networked Lethality, Decision Aids, Software Agents, Cognition, Intelligent Agents

A05-006 
TITLE: Wide Area Optical High Speed Scanning Sensor System for Rapid Response in Urban Battlefield Conditions
TECHNOLOGY AREAS: Sensors, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop a rapid response scanning optical Anti-Personnel sensor system capable of rapid identification, classification, and directed response against enemy personnel, achieving a substantial force multiplier for soldiers in MOUT operations.

DESCRIPTION:  Asymmetric threats to the war fighter in high-clutter urban environments such as those encountered in Iraq have become a major issue, such as RPGs, snipers, and operators of road side bombs.  The deployment of effective Anti-Personnel systems in MOUT have historically been difficult. Systems fielded to date have not significantly relaxed the manpower resources necessary to conduct effective urban combat operations.  The Army would benefit significantly from an Anti-Personnel sensor system which can provide an accurate wide area personnel classification and scanning capability coupled with rapid response to direct a wide range of anti-personnel effects.  

Significant technical progress has been made using scanning optical systems to identify and characterize personnel threats through precision analysis of their movement or potential reflection of laser energy (retina of eye or other).  The evolution of advanced optical scanning technologies potentially holds the key to the design of an “instant response” weapon system capable of scanning and attacking hostile personnel in complex urban environments over wide surveillance areas.  The purpose of this topic would be to mature optical scanning technologies and optically based personnel identification/classification algorithms so that they can be deployed on a variety of weapons platforms with the flexibility to control a wide variety of anti-personnel effects with near instant response.  

One possible implementation of the proposed concept would be a sensor/control portion of a smart-munition system remotely deployed in strategic urban battlefield locations and trained to direct effects at a specified target types.  The technology solution could also be exploited to significantly enhance the performance of current acoustic-based counter sniper systems by supplementing the acoustic gunshot detection system with information regarding the human operator.  Several technologies hold the promise for providing a near-term proof of principle in such applications.  These include light-weight, low power laser and detector systems, high-speed beam steering based on nonlinear optical and MEMS scanning mirror technologies, and high-speed processing and wireless communications technologies.  Key technical risk areas perceived are:  1) The development of enhanced optical scanning systems capable of scanning wide area fields of view at high speed, while providing highly accurate personnel target identification and location.  2) The development of highly reliable optically based personnel classification algorithms which also maximize resistance to countermeasures present in a hostile urban environment.   

Top-level requirements for this sensor system are:  1) Compact design to allow efficient co-location with anti-personnel effects, or as a potential wide area controller of such effects, or as a small sensor surveillance/threat identification system which can be deployed on motorized vehicles or carried by soldiers.  2) Hemispherical coverage and operate at a range of 0 – 200 m.  3) Identify all threat personnel relative to the sensor platform with accuracies < 5 mrad in azimuth/elevation (1 m @ 200 m range) and 10 m in range.  4) Scanning/classification process does not alert enemy personnel or cause any potential eye damage.  5) Response time between the initial presence of a threat, accurate classification of threat, and potential deployment of effects against threat shall be < 1 second.

PHASE I:  Identify design methodologies, critical design parameters, and the essential component evolution of existing optical scanning technologies necessary to achieve and demonstrate an architecture that is consistent with the technical goals articulated above.  Develop an initial system design and provide a performance assessment of the design against the above-stated requirements.

PHASE II:  Build and demonstrate critical technologies at the system or subsystem level addressing ability to effectively scan the area, detect/classify personnel targets of interest, and provide range, bearing, and azimuth solution capable of directing present and future anti-personnel effects.  

PHASE III DUAL USE APPLICATIONS: 

Military:  Demonstrate the prototype against multiple threat types in an urban-like environment and build prototype systems capable of promoting the quick fielding of units as part of Operation Iraqi Freedom.  

Commercial:  Personnel scanning devices which have the capability to provide instant classification and position estimate of personnel over wide scanning areas will have abundant commercial applications, such as the development of security systems, personnel monitoring systems, automobile automatic pedestrian alerting systems, and a new class of advanced Homeland Security Systems.   
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A05-007 
TITLE: Smart Self-Configuring Miniature Windscreen
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop a miniature windscreen design based on MEMS, micro-machine, or other smart materials/electronics designs which allows automatic detection of the aggravating dynamic effects of wind noise and then specifically counteracts those effects through dynamic self-configuration/self-regulation in real time. 

DESCRIPTION:  Development of microphones in cell phones and other mass consumer products has resulted in high performance acoustic sensors being available at extremely small size and low cost.  Small size and low cost facilitates the use of acoustic sensors on the battlefield as part of tiny distributed sensor networks, portable handheld gunfire/sniper detection systems, and other applications which take advantage of the mass deployment and highly scalable system level performance which can be achieved via networked communications/information sharing systems.  One technology area which is not keeping pace with this fast evolution of  acoustic sensor miniaturization and which presents a formidable barrier to performance in such applications is windscreen miniaturization.

The purpose of this topic is to develop a high performance windscreen design which achieves the performance level of larger windscreens but at a size commensurate with miniature acoustic sensors.  The Knowles WP Series microphone (about ½ the size of a pencil eraser) is a good example of the desired form factor.  Two principle technology areas have been exploited in windscreen design to attempt to alleviate the transients, blowing sounds, and otherwise aggravating dynamics of wind noise.  The conventional approach is to envelop the acoustic sensor with a porous or breathable material designed to reduce the transducer’s direct susceptibility to acoustic signal distortion caused by wind buffeting or air turbulence.  The second approach involves the position of the sensor within a housing of specific acoustic cavity design and/or relative position with respect to the prevailing wind direction such that a more favorable local acoustic environment is created. Unfortunately, both approaches have historically resulted in designs which are 1 to 10 cubic inches or more. 

The desired technological solution is to directly counteract the aggravating dynamic effects of wind noise in real time within the miniature windscreen.  The use of MEMS, micro-machine, or other smart materials/electronics designs which allow smart sensing, high speed response, and efficient mechanical/electrical self-configuration should be exploited to achieve instant detection of wind noise effects and allow dynamic response to those effects regardless of sensor orientation (achieve full 360 degree homogeneous coverage). 

PHASE I:  Define design methodologies and micro-machine approach for the miniature windscreen.  Develop a simulation test bed which allows simulation of aggravating transient wind noise and test of various device approaches to counteract these effects.  Develop design details and constraints for a MEMS or micro-machine implementation.  

PHASE II:  Evolve the simulation and test environment to effectively formulate design configurations and critical design parameters for the miniature windscreen.  Establish a sufficient data base on which to conduct effective proof of principle tests and demonstration.  These tests and demonstration shall be used to resolve design methodologies and their accompanying performance and design constraints.  Final prototype demonstration shall be conducted verifying key performance goals for final design of the miniature windscreen.

PHASE III DUAL-USE APPLICATIONS: 

Military:  The realization of the smart miniature windscreen allows high performance miniature acoustic sensors to be deployed efficiently in mass deployed networked sensor systems.  Devices such as cell phones, PDAs, and other portable/handheld devices can be afforded the capability to perform high valued acoustic sensing in harsh military environments without the need for bulky windscreens.  Micro-miniature (MUGS Type, Micro Unattended Ground Sensors) reaching a desired form fit factor of 1 square inch or less can be realized.  All these sensor packages can theoretically be smart linked together into a powerful information network capable of sensing a locating a wide range of battlefield events on the battlefield using evolving communications systems.  Homeland security systems of the future will benefit from the ability to deploy high performance miniature sensors with built in high performance windscreens. 

Commercial: The smart miniature windscreen will be a perfect complement to cell phones, PDAs, portable camera/phones, laptop computers and other consumer products, allowing very high quality voice pickup and recording even in harsh wind environments. Home security systems, surveillance systems, and the use of acoustic sensors as part of auto, boat or other entertainment systems will benefit from the performance improvement of the smart miniature windscreen.  The essential functionality of the smart windscreen may be effectively integrated with the microphone transducer to yield a “smart microphone” product capable of higher performance, greater dynamic range, and user selectivity for a wide range of commercial applications such as hearing aids and music recording products.
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A05-008 
TITLE: Conformal Semiconductor Circuits for Future Combat System (FCS) Advanced Munitions
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  To develop rugged, low cost electronic circuits, including transistors, microwave and millimeter wave structures, and optoelectronic devices that could be applied conformal to curved or otherwise non-planar surfaces for munitions applications.  The primary objective is to develop a means to write, print or deposit electronic circuits with active elements on outer surfaces of munitions or on the inside surface of parabolic mirrors for communications and/or sensing applications. 

All types of deposition and epitaxial technologies (ALE, pen-dip, nano-imprinting, patterned ALE, molecular self assembly) and others, and all types of semiconductor technology (organic and/ or  inorganic) may be considered.  

Radio Frequency operation of transistor elements should be a minimum frequency of 35 GHz with a goal of 100 GHz.  It is desired that fabrication techniques would include optolectronic devices, such as light emitting diodes and photodetectors, and ideally extending to laser structures.  Operation for a period of 2 hours within a nominal range of voltages from 3.5 to 15 volts is required.

It is desired that the technology could be used to create electrical conductors in a dielectric media (e.g., polymer) at arbitrary positions to permit optimal placement of contacts in such structures as RF waveguides.  

Surfaces could be steel, Kovar or ceramic covering several square inches with a minimum curvature of 0.1 inch radius.  Matching layers may be required, but electrical connectivity between surfaces must be allowed.  It should be possible to process the work piece and apply the semiconductors directly to the surfaces, as opposed to transferring the circuitry to the work piece. 

The electronics must be capable of surviving gun setback environments, sometimes in excess of 100,000G’s.  It should operate over the temperature range of -40 degrees F to a minimum of 160 degrees F.  Circuitry should be expected to operate after 10-20 years of storage at these temperatures and under conditions of high humidity.

This research effort will have direct application in the Future Combat System Multi-Role Armament System Munitions and Sub-Munitions.  The development of conformable electronics systems will greatly enhance the capabilities and performance of munitions. 

DESCRIPTION:  The Army's Future Combat System (FCS) Munitions, such as the Multi-Role Armament and Ammunition System (length 800mm, mass of 18kg, diameter of 105mm), will require innovative electronic and optoelectronic circuitry for autonomous operation in flight and for maintaining radio and/or laser links with operators on the ground.  For optimal aeroballistic performance, the circuitry must conform to the outer surfaces of the munition, including wing surfaces and edges.  For optimal RF performance, amplifiers must be precisely placed within waveguides to minimize resistive losses and noise pickup.

With current technology, circuit boards are designed to be installed inside the munition, reducing the space for other warhead components such as energetics.  Optimal RF waveguide geometries can’t be realized in some cases because aerodynamic considerations.  Assembling individual RF, mixed signal and optoelectronic circuits is labor intensive and expensive. 

PHASE I: Develop feasibility concepts for innovative electronics deposition technologies that have the potential to meet the stated electrical performance requirements and the requirements of mixed component deposition, conformability, ruggedness, temperature and shelf-life.  Identify the optimum materials and deposition techniques that produce circuits meeting the operating requirements over the operating environments (temperature, shock loading, etc). 

PHASE II:  Develop a prototype circuit from the optimized feasibility study from Phase I.  Develop performance metrics that reflect the multiple roles that conformal electronics will play in FCS applications. 

PHASE III DUAL USE APPLICATIONS:  The development of conformal electronics will have broad applications within the military and commercial sectors.  For military applications, there is a need for higher performance electronics and sensors that require less power and occupied volume in the munition in the FCS and other systems.  For commercial applications, there exists a huge potential for portable consumer products requiring increased performance with reduced size, weight, and cost - for example, portable PCs, cell phones, camcorders, PDAs, tablet computers, e-books, etc. 
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A05-009 
TITLE: Transient Battlefield Effects Classifier for Precision Target Location in Networked Sensor Systems
TECHNOLOGY AREAS: Information Systems, Sensors, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop a time domain based classification algorithm suitable for multiple sensor types, capable of reliably classifying transient signals emitted from threat sources on the battlefield, allowing networked sensors to substantially improve the accuracy of their target location/tracking solution, and promising a more dynamic and revealing overall assessment of events on the battlefield. 

DESCRIPTION:  Most target classification approaches process the target signature over time since this allows the statistical certainty of the classification estimate to be significantly enhanced.  While such classification schemes yield robust classification estimates, such methodologies have had limited success in assisting target location estimates when applied to networked sensor systems.  In networked sensor systems, each sensor is forced to agree on key target features in order to collaborate effectively on a joint position estimate.  Each distributed sensor, based on its unique vantage point (or “signature view”) of the target, may have a different set of target features.  Since classification estimates are processed over time, it is extremely difficult to agree on the set of features AND also agree that such features were viewed by each sensor at a significant moment in time. 

Networked sensors generally yield high accuracy target or source location estimates when they are allowed to collaborate effectively in the time domain.  For example, a networked acoustic system which detects the location of gun fire can have all sensors readily agree that the characteristic acoustic impulse resulting from the gun is viewed similarly at each sensor location.  One can then proceed to calculate a highly accurate location of the source through a straightforward Time Difference of Arrival (TDOA) technique.  Similarly, a characterized “flash of light” could be theoretically located with a small network of optical sensors because the exact event and signature of the flash can be agreed on and corresponding relative arrival times to each sensor determined. 

The overall goal of this topic is to apply the inherent target location accuracy of “time domain” classification techniques to a wide range of potential sensor types and networked sensor applications.  An advanced “transient events” signal classification approach holds the promise for networked sensors to exploit a potential wealth of transient signal information on the battlefield and possibly improve the overall assessment of battlefield events.  Such events include, but are not limited to, a vehicle changing gears, the flash of an explosion, the launch of an RPG, machine gun fire, or the impact of a building toppling.  While such events are inherently transient in nature, the highly accurate “target fixes” which are possible provide a powerful ability to construct an ever evolving battlefield “location histogram” of such events.  Such a capability can supplement existing networked tracking or location solutions by effectively calibrating their current estimates of position with more accurate time based estimates.  As technology progresses, such highly accurate/rapid time based location schemes can be coupled with emerging systems which provide near instant response of effects against targets. 

The key technical risk areas of this technology development are perceived as:  1) Determine from a data base of characteristic transient events on the battlefield (particularly in MOUT) what transient feature characteristics are relevant to specific targets, different sensor types, the potential synergy of sensor information, and impact on potential target location, 2) Formulate a target classification algorithm methodology using wavelets, neural networks, or other advanced time domain classification techniques which effectively characterize transient battlefield effects of vehicles, weapons, personnel, or other significant sources over a range of sensor types including acoustic, seismic, optical, IR, or other, 3) The ability to effectively process a wide range of high bandwidth transient events in real time, and 4) The realization of an expert system level solution which allows multiple sensor networks to de-confuse many transient signals and effectively collaborate on the location of multiple source positions in real time.

PHASE I:  Review existing target signature data bases, determine relevant transient battlefield emissions, sensor types and/or combinations to determine and classify such events.  Develop a classification algorithm design methodology and a system level expert system approach to exploit the use of Time Difference of Arrival techniques for locating battlefield transient signals.  Target signatures from the ARDEC Acoustic Center of Excellence (ACOE) signature data base can be provided (GFI).  This data base contains army vehicles, artillery fires, mortar fires, and small arms fires.  Requests for other relevant battlefield signatures can also made through the ACOE and obtained from other centers/laboratories.    

PHASE II:  Fabricate a prototype demonstration system capable of sensing, recording, and processing battlefield transient events from multiple locations with highly accurate time-stamping at each location.  Demonstrate the ability to accurately classify and locate a range of characteristic battlefield transient events including those emanating from target vehicles and weapons systems. 

PHASE III DUAL-USE APPLICATIONS: 

Military: Sensor systems and/or munitions systems will be capable of improving their performance and expanding their role on the battlefield with improved target location. This supports the development of improved intelligent munitions systems exploiting accurate target aiming information to efficiently bring effects on target. The development of an “acoustic munition” triggered by threat personnel movements could form the basis of accurately locating personnel.  Homeland Security systems would benefit from improved target location accuracy of vehicles or personnel. 

Commercial:  The subsystem could be exploited as part of wide range of commercial wide area security/surveillance systems which feedback exact location of acoustic, seismic, optical (or other) disturbances.  The development of improved sensor network classification and area assessment capabilities will improve and expand these applications. 
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A05-010 
TITLE: Rugged Multi-Chip Module (MCM) for Hyperspectral Imager (HSI)
TECHNOLOGY AREAS: Information Systems, Electronics

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Research and develop and design a rugged, low power multi-chip module (MCM) package for acquisition, processing and displaying hyperspectral image data for the warfighter.  The MCM shall contain the adaptable and real-time reconfigurable digital signal processing engine and all support circuits, interconnection, assembly, and connectors in a self contained package. 

DESCRIPTION:  Hyperspectral imaging is much more complex than other images in that there are so many spectral elements at each spatial element.  Today there are many hyperspectral cameras and imagers working in various spectral regions from the near ultraviolet to the long wave infrared.  Even though the spectral regions differ and some of the technology differs, there exists a set of basic functions that each performs, i.e., rapid acquisition of massive data from an imaging sensor, processing to reduce the data set to key elements, user control over the processing, and recording, transmission and display of the results.  Hyperspectral imaging systems are now made by integrating components on printed circuit boards.  The next breakthrough will involve multi-chip modules in which most of the functions now performed by individual components will become a few integrated circuits integrated in one package.  Devices and custom integrated circuits will need to be conceived of, designed, fabricated and integrated into a cohesive, small, low power cool package in order to meet acquisition throughput, power, heat dissipation and size requirements.  There is room for and need for considerable innovation both in terms of inventing new components and in integrating existing circuits.  There is considerable ongoing applicable research in 3-D architectures for semiconductor integration and packaging and multiple domestic and foreign conferences on the subject.

This solicitation is for the research, development and design of a multi-chip module that will interface to arrays of various CCD/CMOS type sensors achieving data rates exceeding five hundred million data points per second, i.e., 32 cubes per second of 64 spectral bands for 512 x 512 spatial pixels with each data point being 12 bits.  The display interface should support 1280 x 1024 pixels and 24 bit color at the cube rate.  The MCM should include an interface over which the processor can be reprogrammed.  The image processor should be able to support the processing at the cube rate performing more than 2000 operations per pixel.  The signal processor must be real-time reprogrammable to ensure maximum adaptability.  Smart power conditioning to maximize battery utilization should be considered.  The entire MCM design package should be smaller than 3 cm X 3 cm X 3 cm, remain operable with only passive cooling and utilize a few watts of power.  Some other challenges in this effort include the design of miniature connectors to sensors and displays, the smart distribution of power, and the elimination and removal of heat from a MCM unit which should be environmentally sealed against dust and moisture.  If the design is well thought through it could easily have application to a host of sensor applications, including other spectral regions, acoustic sensor arrays, etc.

PHASE I:  Research the problem coming up with a mid-level design of the MCM to meet the requirements solicited.  Provide reasonable proof that the design can work and is able to be fabricated.  Describe high risk areas and means of reducing the risk.  

PHASE II:  Develop a detailed design of the MCM and any integrated circuits that may need to be fabricated.  Build, test and demonstrate a bench-top prototype that provides all of the functionality and meets requirements except for low power and throughput.  Provide clear proof that if fabricated as a MCM the low power and throughput would be met.

PHASE III DUAL USE APPLICATIONS:  The integrated system: MCM could be integrated with nearly all sensor packages, independent of the frequency band.  The package provides the upfront analysis to severely reduce the data volume so that it is easily displayed or transmitted.  When integrated with the other components of the hyperspectral imager, the system will fulfill many DOD applications, including scopes, seekers, cameras, etc.  Other military applications for the MCM will be synthetic aperture radar, jam proof GPS, Objective Force Warrior, etc.  Commercial spin-offs include cell phones and most digital imaging devices. 
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A05-011 
TITLE: Polymer Materials for Small Arms Cartridge Cases
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  To identify and develop an optimal cost-effective polymer based material system, an efficient lightweight polymer small arms (5.56mm and 7.62mm) cartridge case design and an economical fabrication process that will result in more than thirty percent (30%) weight saving per cartridge over the existing brass cased cartridge.   

DESCRIPTION:  Advances in weapon systems have resulted in foot soldiers carrying additional gear to enhance combat effectiveness, but at the cost of increased weight.  Improvements in polymer technology and manufacturing processes that would allow the use of lightweight and cost-effective polymers as a small arms ammunition cartridge case material would lessen a portion of this weight burden.  Polymer material is 5 to 7 times lighter than brass and half the weight of aluminum. Additional benefit of polymer-cased cartridge ammunition is the reduction of strategic metals for cartridge cases during wartime production.  Numerous polymer materials and filled polymers have been proposed, assessed, and tested without success for lightweight small arms cartridge cases during the past 50 years.  The existing polymer material system lacks either high temperature resistance or poor ductility at extremely low temperature, or both, to satisfy the military uses.  Most of the past and current polymer cased cartridges shattered when they were fired at the temperature as low as -65F.  Research and development is crucial to identify a polymer/polymer-based material system for lightweight polymer-cased cartridges which are capable of functioning reliably in existing weapons designed for metallic cartridges and safely containing the pressures and temperatures produced by the interior ballistic cycle.  Guidelines for appropriate polymer materials include:  (1) high temperature resistance to survive the cook-off temperature in the gun chamber after rapid firing of 200-300 rounds, at which the temperature can be as high as 450-550F, (2) good ductility to survive the extreme low temperature (-65F) without shattering or cracking, (3) good propellant compatibility and resistance to gun clearing solvent and grease, and resistance to chemical, biological and radiological agents

PHASE I:  Propose, develop and assess candidate polymer/polymer-based materials capable of withstanding all the various load conditions experienced by a M855 cartridge case.  Develop a 5.56mm polymer cartridge case that achieves more than 30% weight saving and can sustain the force during the ballistic cycle, including, loading, interior ballistic pressure from firing, extraction and ejection.  During Phase I, coupon testing of samples shall be done to fully characterize candidate materials mechanical and thermal properties to assess their utility in a cartridge case application.  Development of this material property database will provide information to allow for determination of the feasibility of a given material for cartridge applications.  Develop modeling and simulation capabilities to ensure that the polymer/polymer based cartridge design has the necessary physical, mechanical, thermal, and structural properties to perform the function of a cartridge case.

PHASE II:  Fabricate polymer-cased 5.56mm cartridge made of the proposed polymer/polymer based materials system to demonstrate safety, reliability, and performance in the intended weapons for use.  Conduct field tests to demonstrate the prototype polymer-cased cartridge can reliably meet the ballistic performance from extremely low temperature of -65F to the cook-off temperature of 450-550F.  Conduct lifecycle, environmental, and safety testing to ensure the polymer cartridge can survive the storage, transportation, and operational environments encountered by ammunition.  

PHASE III DUAL USE APPLICATIONS:  Material solution may be applied to various small and medium caliber munitions, including 5.56mm, 7.62mm, and 50 cal.  Development of composite cartridge cases would have application to other caliber ammunition that is sold commercially for use by police and security agencies.  The technology would also be applicable to the sporting goods industry for use by hunters and target shooters.

REFERENCES:  

1) Alan Hathaway and Jeff Siewert (Arrow Tech Assoc, Inc) & Dr. Nubil Husseini and Laura Henderson (AMTECH, Inc.) “Design, Analysis, and Testing of a 5.56mm Polymer Cartridge Case,” Proceedings from the NDIA 2002 International Infantry & Joint Services Small Arms Section Symposium, Exhibition, and Firing Demonstration, web site: http://www.dtic.mil/ndia/2002infantry/index.html, Atlantic City, NJ, 13-16 May 2002.

2) Marlo K. Vatsong, “Composite Cartridge for High Velocity Rifles and the Like,” U.S. Patent No. 5,151,555, 29 September 1992.

KEYWORDS: Polymer, Cartridge, Ammunition, Case, Lightweight, Material, Composite, Plastic

A05-012 
TITLE: Visual Physiology Applied to Long Wave Infrared Imaging
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Explore and determine the optimal location of three narrow multi-spectral bands in the Long Wave InfraRed (LWIR) region, i.e., 7 to 14 microns, that can be fused, and the method of fusion to most nearly provide a person similar information that he would see in daylight.  Develop micro size hardware system that fuses and displays the imagery at video rates. 

DESCRIPTION:  The physiology of human vision allows the human to comprehend millions of colors even though his visual sensors are limited to three broad bands.  From this information we see and identify shapes, color, and distinguish edges of objects and discern objects in our environment.  The physiology has been adequately studied by others and mathematical algorithms developed for visualizing and fusing multi-spectral data to look similar to visual images1,2,3.  Previous work has concentrated on fusing data coming from imaging devices having characteristics unlike the camera described below.

This solicitation is for the application of such technology and implementation to create visible colored images from data acquired in three spectral bands in the spectral region 7 to 14 microns by a unique camera whose sensor’s LWIR response function is nearly Lorentzian in shape and whose bandwidth is approximately one micron.  (The contractor does not need to know more than that about the camera to fulfill the solicitation.)  Based on the spectral emissivity of objects in the LWIR region and the environment, including the atmosphere, the contractor shall determine where the band centers of the camera should be to glean the maximum information for a warrior looking for objects of military significance and also to fuse the LWIR data into Red-Green-Blue (RGB) images which would look most like daylight images.  The contractor needs to consider a broad diversity of objects and environments.  Different environments may demand different band centers.  The contractor should simulate the data expected to be acquired by the multi-spectral LWIR camera and apply the data fusion algorithms to show how the changing of band centers affects the RGB images. 

The contractor shall design a micro size hardware system for processing the spectral data and displaying the resulting imagery.  The hardware should occupy no more than 9 cubic centimeters and operate on milliwatts of power.  The fusion software should run on the micro size hardware.  

PHASE I:  Research and demonstrate one mapping techniques of the LWIR data into the visible for quick and accurate human comprehension.   Determine a course of action to predict an optimal spectral band centers for the camera. Provide a top level design for the micro hardware.

PHASE II:  Develop simulated day and night scenes of 512 by 512 spatial pixels from known emissivity data using a mixture of numerous objects of military interest and environments.  Determine the optimal spectral band centers.  Test numerous and highly varied algorithms to discover what algorithms work best.  Develop and demonstrate a computer system running the optimal algorithms on micro hardware.  The application must be capable of handling image data rates of 512 by 512 by 4 spectral bands at 30 frames per second. 

PHASE III DUAL USE APPLICATIONS:  Military applications include Improvised Explosive Device detection, sniper detection, and other numerous surveillance requirements. 

REFERENCES:  

1.
D.A.Fay, et.al., Fusion of Multi-Sensor Imagery for Night Vision: Color Visualization, Target Learning and Search, Massachusetts Institute of Technology, Lincoln Laboratory, 2001, available on the Internet.

2.
W.D. Ross, et.al., Multi-Sensor 3D Image Fusion and Interactive Search, Massachusetts Institute of Technology, Lincoln Laboratory, 2001, available on the Internet.

3.
Mario Aguilar and Aaron L. Garrett, Biologically-based sensor fusion for medical imaging, Knowledge Systems Laboratory, Jacksonville State University,2001,available on the Internet.

4.
The web site  http://www.techexpo.com/WWW/opto-knowledge/IS_resources.html

5.
http://www.milori.com/articles/color_measurement.asp

6.
http://science.howstuffworks.com/eye2.htm

KEYWORDS: Long wave Infrared (LWIR), spectra, hyperspectral imaging, color sensors, color, tri-stimulus, human physiology, sight, emissivity

A05-013 
TITLE: Hybrid Soldier Power Source
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Novel concepts are being sought for methods and devices to harvest electrical energy during locomotion for hybrid power systems for soldier.  The power harvesting method must provide a power source that is safe and lightweight.  The power source must not provide a thermal signature, be cumbersome, increase fatigue or interfere with the free movement of the user.  

DESCRIPTION:  While American troops are currently well equipped electronically, the soldier of the future is going to have a lot more electronic and other electrically powered equipment than he does now.  For example, uniforms are being developed with battery-powered undershirts containing miniature heaters and air-conditioners.  The soldier will also be carrying a significantly more sensory and communications gear, voice activated weapons and other electrically powered equipment.  The primary objective of this SBIR project is the development of novel methods and devices to harvest electrical energy during walking or running to be used directly and in conjunction with rechargeable batteries to provide a hybrid power system with the aim of significantly reducing the size and weight of personal battery pack and its related logistics problems, and ensure that no one would run out of electrical energy in the field, irrespective of its length of time and whether it is carried out during the day under sunlight or at night.  The hybrid system is expected to produce 0.5-2 Watts of electrical power during normal walking.  The proposed concepts must be capable of being developed into safe and lightweight electrical power generators that harvest mechanical energy during locomotion without increasing fatigue, being cumbersome or interfering with free movement of the user.  The total power harvesting system must occupy very small volume and preferably be capable of being integrated into the soldier wear.  The power harvesting system must also not increase the thermal signature of the soldier.  The proposal must also consider survivability issues and the relatively harsh environment in which the system will be used. 

PHASE I:  Develop innovative basic power harvesting methods and related device and system concepts.  Based on existing gate models, develop computer models to simulate the operation of the developed concepts and their performance during normal walking and determine the ranges of electrical power that may be produced, and determine the effect on the soldier in terms of fatigue, interference with normal walking, etc., to illustrate the feasibility of the developed concepts and their advantages and disadvantages. Develop preliminary designs for the power harvesting device and system, and based on modeling and computer simulations results, determine optimal ranges of system and component parameters and performance.  Design and construct a simple proof-of-concept prototype to study the feasibility of the developed method and validating the modeling and computer simulation results.  Develop plan for Phase II efforts.

PHASE II:  Develop a set of component and system specifications.  Finalize the modeling and simulation efforts and develop a method for optimal design of the components for the selected novel electrical power harvesting concept.  Develop a method and related hardware and software for testing the performance of the developed power harvesting system. Develop a prototype of the proposed system and perform laboratory and human volunteer tests to validate the performance of the system and its components.  Design and fabricate final prototype based on the results of the laboratory and human volunteer tests for field-testing.

PHASE III DUAL USE APPLICATIONS:  The development of an effective system for harvesting electrical power from a human subject during activities such as walking and running, that does not adversely affect freedom of movement, has a wide range of dual use military and commercial application.  On the military side, it reduces the size and weight of the personal battery pack that the soldier has to carry, reduces related logistics problems and ensures that no one would run out of electrical energy in the field, irrespective of the length of the mission and whether it is carried out during the day under sunlight or at night.  In most military applications, the power harvesting system is to be used together with rechargeable batteries as a complete hybrid power source.  The developed power harvesting system should also have a wide commercial application, as a hybrid power source for all handheld devices to be used during walking or jogging, particularly for hikers and other sportsmen who may get lost or as a means to ensure that they stay connected. 

REFERENCES: 

1) David A. Winter, The Biomechanics and Motor Control of Human Gait: Normal, Elderly and Pathological, Second Edition, University of Waterloo Press (1991).

2) Wolfenstine, M. Shictman, D. Foster, J. Read, and W. K. Behl, J. Power Sources, 91, 118 (2000). 

3) Wolfenstine and W. Behl, J. Power Sources, 96, 277 (2001).

KEYWORDS: Soldier, Power Source, Hybrid, Fatigue

A05-014 
TITLE: Disposable/Survivable Antenna Technology
TECHNOLOGY AREAS: Electronics, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Design an antenna or antenna system capable of delivering high power microwave energy in hostile situations. 

DESCRIPTION:  Current High Power Microwave (HPM) antennas are large, bulky and relatively fragile.  Therefore, they frequently become targets for enemy fire.  The Army has need of antenna technology for radiating purposes that is either:

1.  Capable of surviving multiple fragmentation or penetration events or the loss of up to 66% of its mass while maintaining 80% capability, or

2.   Designed in such a way that it is extraordinarily small and inexpensive (less than 25 cubic decimeters in volume and less than $100 per antenna) that it can be used in such a hostile situation and easily replaced when destroyed.

In case number 1, a high gain is desired, preferably over 15 dBi.  In situation 2, gain is not as important as the antenna can be placed in close proximity to the threat and replaced when destroyed.   Current requirements are evolving and exact frequencies and power levels are sensitive information and will not be provided.  Concentrate on the enabling technology.   Technologies applicable to a wide range of frequencies will be more favorably received. 

PHASE I:  Identify antenna technology areas that can be addressed to meet either criterion stated in the above Description.  Use this information to design a theoretical antenna and predict its performance.    

PHASE II:  Further develop the technology identified in Phase I and construct prototype device for internal testing to validate performance estimates from Phase I.  Developed prototype device will be provided to the Army for evaluation as pertains to the success criteria determined at the end of Phase I and compared to the predicted performance.  

PHASE III DUAL USE APPLICATIONS:  Military Directed Energy Weapons applications, including but not limited to Explosive Ordinance Disposal, Formation/Installation protection, Communications, Radar systems in hostile environments.  Commercial applications are widespread especially where system redundancy and constant operations are required.  Air Traffic control systems, telecommunications arrays, space based applications such as satellites and telescopes could all benefit from this technology.  Low cost, easy replacements for antennas are always in demand, and even more desirable is a system that can operate while taking severe material losses form its own superstructure.  

REFERENCES:  

1)  http://www.designnews.com/article/CA107626.html

2)  http://www.fas.org/spp/military/docops/defense/dtap/weapons/ch100309.htm 

3)  http://www.stormingmedia.us/cat/sub/subcat209-15.html

KEYWORDS: High Power Microwave, HPM, antenna design, miniaturization, survivability

A05-015 
TITLE: Target Image Transformation and Transfer
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  To determine a methodology to resize, transform, compress, and transfer the image of a target and associated reference points from a Fire Control System to an autonomous small caliber projectile, and store the image in the projectile.  As the in-flight projectile approaches the target, the projectile’s seeker uses this stored image to discriminate the target from clutter, and maneuver towards and destroy the target.

DESCRIPTION:  The Weapons Systems and Technology Center in cooperation with the Munitions Systems and Technology Center, Fire Control and Software Engineering Technology Center and the Night Vision & Electronic Sensors Directorate, have performed work on the Joint Service Small Arms Program Office Light Fighter Lethality (LFL) Seeker Projectile.  This small caliber high explosive seeker projectile will allow the soldier to act first, shoot first with assured first round kill each time the trigger is pulled and will provide this increased lethality in smaller calibers the will reduce the weight, and enable system and soldier agility on the battlefield.  The LFL STO was deleted two years ago; however, JSSAP is planning to sponsor a future technology initiative called the Smart Steerable Munitions For Small Arms – SSMSA, to which the Target Image Transformation technology is directly applicable.  This SBIR topic addresses a key technology required to make the SSMSA a success.

PHASE I:  To investigate the software and algorithms needed to take the image of the target from a fire control system at the launch point, transform and resize the image to the target’s appearance to the projectile’s imaging system at the imager’s turn on point, and transmit and store the image in the projectile’s target recognition and tracking system.  This will enable the target tracking system to identify the target using the conventional points of reference in its field of view.

PHASE II:  The contractor will process this image using their algorithms and software, transmit it to a breadboard memory representative of a potential projectile-carried memory, and successfully store the processed image.  The times to process, transmit, and store the image will be measured.  Scale factors will be developed to allow the measured times to be projected to expected times in a fully developed projectile system.

PHASE III: DUAL USE APPLICATIONS:  This technology also has application for search and rescue operations, for projectile borne reconnaissance systems, and for master-slave dual UAV surveillance systems.

REFERENCES: 

1) Proceeding from the 2002 International Infantry and Small Arms Symposium and Exhibition, National Defense Industrial Association (NDIA) May 13-16, 2001.  

2) Titles of Paper’s: Sensor’s for Small Arms Munitions, author Tomas Cincotta; Light Fighter Lethality Seeker Projectile; author Lucian Sadowski.  

3) ARMY AL &T Magazine, March-April 2002 article, Future Lethality for the Dismounted Warrior, author Vernon Shisler.

KEYWORDS: Sensors; Seekers; Target Imaging; Image Compression; Image Transformation; Ammunition

A05-016 
TITLE: Novel Low-Cost Full Position and Angular Orientation Sensors for Guidance and Control of Precision Munitions
TECHNOLOGY AREAS: Electronics, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Develop novel concepts for low-cost, non-GPS based, full position and angular orientation sensors for guidance and control of smart and precision munitions.  The sensors are desired to be small, require low power and occupy small volumes for application in small to large caliber munitions.  

DESCRIPTION:  Current technology for on-board full position and angular orientation sensing demonstrated for munitions guidance and navigation include those based on Inertia Measurement Units (IMUs), consisting of gyros and accelerometers; magnetometers; Global Positioning System (GPS) and their combination.  However, due to one or more factors such as cost, size, power requirement, accuracy requirements, high-G hardening requirements or GPS signal dependence, current position and angular measurement sensors are not suitable for low cost guided, high performance and small and medium caliber munitions.  For these applications, it is essential that the developed sensors, while being low cost, also be small and occupy minimal real estate and require minimal power to operate.  The objective of this SBIR is the development of novel full position and angular orientation sensors for low cost munitions guidance and control, particularly for high performance, small and medium caliber munitions.  The proposed concepts must not be inertia based or rely on the earth magnetic field or GPS signal. Such full position and orientation sensors will have other important munitions applications, such as for the development of systems for testing and validating the performance of guidance and control systems and components during the engineering development and field-testing of smart and precision munitions.  The proposal must consider the manufacturing and survivability issues and in particular consider the harsh launch environments that munitions undergo. 

PHASE I:  Develop novel concepts for low cost full position and angular orientation sensors for guidance and control of precision munitions.  Develop appropriate modeling and computer simulation techniques to be used to study the feasibility of each concept and predict their performance in a selected number of guided and high performance munitions applications.  For a selected concept, develop methods for their optimal design and plans for prototype development and testing as part of the Phase II efforts. 

PHASE II:  Finalize the computer modeling and simulation method for optimal design and performance evaluation of the proposed sensor concept.  Develop a prototype of the sensor and the required hardware and software to conduct tests to validate the performance of the sensor.  Design a final prototype for flight test for potential Phase III efforts.

PHASE III DUAL USE APPLICATIONS:  The development of low cost full position and angular orientation sensors has a wide range of military, homeland security and commercial applications.  In the military related areas, such sensors are essential for guidance and control of all smart munitions, missiles and guided bombs.  The sensors are also an essential component of any testing and validating system for munitions.  These sensors are also essential for the development of guidance and control systems of various weapon platforms, robotic systems, particularly those used for remote operation in hazardous environments, which may be encountered in homeland defense.  Commercial applications include testing and validation systems such as those used in simulators, and various mobile and remote controlled platforms.

REFERENCES: 

1) Carlos M. Pereira, Dr. J. Rastegar, Dr. E. Niver “Autonomous Onboard Absolute Position and Orientation Referencing System”. ARDEC Patent.

2) Carlos M. Pereira, Dr. J. Rastegar, Dr. E. Niver “Dual Sensory System for Detection of Orientation and Velocity and Rotational Position of Objects”. ARDEC Patent. 

3) Carlos M. Pereira, “RF Characterization of Charge Propellants as an Environments for Embedded Sensors RF Tags”. TACOM-ARDEC publication, July 1999.

4) Carlos M. Pereira, Dr. Michael Mattice, Robert C. Testa, “Intelligent Sensing and Wireless Communications in Harsh Environments”. Presented at the Smart Materials and MEMS Symposium, Newport Beach, California, March 2000.

KEYWORDS: Real-Time and Direct Measurement, Direct measurement of angular orientation and position, no dependence on GPS, not prone to jamming

A05-017 
TITLE: Extended Operational Performance of Linear-Beam Amplifiers
TECHNOLOGY AREAS: Electronics, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  To maximize the peak output power of existing linear-beam amplifiers without degrading either frequency response or bandwidth.  Power levels in excess of 250kW are desired.

DESCRIPTION:  Commercial linear-beam amplifiers are typically operated within constrained boundaries to optimize output linearity.  Higher output power levels are achieved by combining the output from multiple devices.  

Army applications require small, lightweight high power amplifiers.  This precludes the use of combined commercial amplifiers, which are large & heavy.  To achieve this, the performance of individual linear-beam amplifiers must be extended beyond the current manufactures operational performance level.  The amplifier can be run at duty cycles below 100% and at reduced dwell times.  Be creative, we currently have open requirements and unknown constraints.  Submissions will be rated in accordance with innovation, universality of application, and overall benefits to the technology area.

PHASE I:  

- Fully and accurately study/describe the operating characterizes of current linear-beam amplifiers. 

- Identify and describe amplifier power limiting factors and provide a first order estimate of what output power improvements can be achieved.

- Identify analytical and experimental tools needed to validate Phase I power estimates.

- Identify mechanism for estimating amplifier lifetime.

- Develop a test plan to validate the maximum peak output power through experimentation & analytical modeling.  

PHASE II:  

- Validate and demonstrate enhanced amplifier performance and achievable peak output power improvements through modeling and experimentation.

-  Provide baseline performance data for amplifier (1 kW or greater amplifier).

-  Provide enhanced amplifier performance data from same amplifier.

-  Provide enhanced amplifier prototype to Army for further testing and evalaution.

-  Identify mechanism for estimating amplifier ruggedness .

PHASE III DUAL USE APPLICATIONS:  Applications for this technology include directed energy weapons for the DoD, Law Enforcement, and Home Land Security.  Commercial applications include high power/high data transfer rate television broadcast. 

REFERENCES: 

1) Microwave Processing of Materials, Committee on Microwave Processing of Materials: An Emerging Industrial Technology, Publication NMAB-473, 1994.

2) Microwave Tubes, A. S. Gilmour, 1986.

3) D. H. Priest & M. B. Shrader, The Klystrode –An Unusual Transmitting Tube with Potential for UHF-TV, Proc. IEEE, Vol 70, Nov 1982.

4) T. E. Yingst, D. R.Carter, J. A. Esheleman, J. M. Pawlikowski, High Power Gridded Tubes-1972,Proc. IEEE, Vol 61,  References MUST be included and accessible by the general public.

KEYWORDS: Electronics, Weapons, High Power Amplifiers, Directed Energy 

A05-018 
TITLE: Delivery of Inorganic and Microbial Reagents to Subsurface Environments
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop methods to transport inorganic reagents (metal and metal oxide particles) and microbes to targeted soil and ground water locations, for decontamination of chemically polluted subsurface environments. 

DESCRIPTION:  Military operations, as well as civilian manufacturing, have left a legacy of contaminants that include perchlorate, nitroaromatics, halogenated organics, and metal ions such as Cr(VI) in soil and ground water. These compounds are toxic at low levels and must be removed or immobilized in order to restore these sites for continued safe use. Although there are effective treatments for these contaminants, it is expensive and often impossible to remove them from inaccessible subsurface deposits. A historical impediment to in-situ remediation has been the delivery of chemical and microbial reagents to contaminants in the deep subsurface. Nanoparticles, which are the most effective remediants, have very poor transport properties. Despite optimistic, experimentally unproven claims to the contrary, unsupported or emulsion-supported iron nanoparticles can travel only a few centimeters in soils or ground water.  Similar transport problems greatly limit the effectiveness of microbial remediation.  Recent advances in the theory of transport and filtration, and in the synthesis of sub-micron particles supported by macromolecular delivery vehicles, has enabled the treatment of deep deposits of contaminants. The mobile particles are typically chemical reductants, such as zero valent iron. This technology has been demonstrated in several pilot studies at industrial and government sites. The current effort would augment knowledge in the field by developing chemical or combined chemical-physical enhanced transport for inorganic oxidants and biological reagents (microbes and nutrients), as well as by improving on the current methods for zero valent iron. This knowledge would provide the basis for a broader spectrum of effective in-situ remediation technologies. Additional capability of this kind is quite important because of the need to treat chemically diverse contaminants as well as mixtures of contaminants, not all of which can be detoxified or immobilized by using a single reagent or microbe.

PHASE I:  Develop and test strategies to enhance the transport of metal, metal oxide, and microbial reagents in saturated porous media on the laboratory scale, for example in column or “sand box” experiments.  Demonstrate proof-of-concept by facilitating the transport of at least two classes of reagents over distances of meters through saturated sand or soil.

PHASE II:  Demonstrate effective transport of inorganic and/or microbial reagents in pilot field tests.  Conduct testing to monitor particle and/or microbial distribution and reactivity in subsurface soil and ground water.

PHASE III DUAL-USE APPLICATIONS:  This technology would have broad utility in the remediation of industrial manufacturing sites that are contaminated with chlorinated organics and toxic metal ions.

REFERENCES:

1.
B. Schrick, B. W. Hydutsky, J. L. Blough, and T. E. Mallouk, “Delivery Vehichles for Zerovalent Metal Nanoparticles in Soil and Groundwater,” Chem. Mater. 16, 2187-2193 (2004).

2.
W.-X. Zhang, “Nanoscale Iron Particles for Environmental Remediation: An Overview,” J. Nanoparticle Res. 5, 323-332 (2003).

KEYWORDS: remediation, subsurface, ground water, nitroaromatics, chlorinated organics, toxic metal ions

A05-019 
TITLE: Novel Dielectric Material Enhancement
TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE:  Design and develop enhancements to current dielectric materials increasing their performance through changes in chemical make-up, crystal structure, surface finishing, etc.  

DESCRIPTION:  Proposed Directed Energy Systems require significant improvements in dielectric performance in regards to Dielectric constant, dielectric strength, immunity to surface flash-over and aging, and healing properties of the material.  The goal of this investigation is to understand the common (and not so common) performance issues in the utilization of dielectric materials in high dV/dt applications.  Then, propose modifications to the materials through some novel manufacturing technique, surface treatment, or an entirely new material.  In Phase II, identified materials will be created and tested using the untreated or common materials as a baseline for performance.   Ultimate goals of the investigation should be operational conditions in the 10s to 100s of kV in the sub microsecond discharge timeframe.  Surface flashover should be eliminated, even at such high voltages, and the material properties should vary less than 5% from those at the initial discharge state after repeated discharges.

PHASE I:  Demonstrate a high level of understanding in the issues of using dielectric materials under extreme conditions (high dV/dt, surface flashovers, operating at breakdown voltages, etc).  Identify a candidate material (s) and a method for increasing the performance of that material.  Predict performance of material analytically.  

PHASE II:  Continue development of the material, process or treatment, and produce prototype materials that will be tested in conjunction with common material (s) identified as a baseline in order to demonstrate the benefits of the technology demonstrated.  Materials will also be provided to the Army for further evaluation under operating conditions.  This can occur mid-Phase II to provide feedback to developer. 

PHASE III DUAL USE APPLICATIONS:  Applications for improved dielectric materials are numerous in the commercial sector.  Main applications would include semi-conductor and power industries.  

REFERENCES: 

1) http://math.nist.gov/mcsd/savg/vis/dielectric/

2)  http://jas.eng.buffalo.edu/courses/ee549/S2002/1

3)  http://www.elk.itu.edu.tr/~ozcan/ish03_428.pdf

KEYWORDS: dielectric, material, flashover, breakdown

A05-020 
TITLE: Performance Enhancements for Explosively Driven Magnetic Flux Compression Generators
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Design and develop an improved performance Magnetic Flux Compression Generator. 

DESCRIPTION:  Explosively driven magnetic flux compression generators (FCG) have been well investigated for dozens of years with little change in fundamental design.  There has not been significant breakthroughs is technology permitting the practical utility of the devices for pulse power and High Power Microwave (HPM) generation.  Goal of this investigation is to take the existing technology beyond the understood limitations and push the performance envelope of the FCG by design, understanding and manipulation of the underlying physics, or implementation.  For example, current conversion rates of explosive flux compression generators are in the order of 5-10% of the total chemical energy contained in the driving explosion.  That is an enormous amount of wasted energy that could be radiated by the device.  Radiated Powers of well over 100 TW should be possible with modest amounts of explosive driver.  Please be creative, use the references for brief technology familiarity.  A winning submission will be that which stands out as the most innovative, not necessarily the most technologically mature.  

PHASE I:  Demonstrate complete understanding of the technology and physics behind the design and operation of the Flux Compression Generator.  Identify potential candidate areas for improvement and develop a plan for the implementation of that improvement.  Predict performance improvements. 

PHASE II:  Continue development and implementation of the suggested improvements.  Construct one or more prototype devices for hardware demonstration.    

PHASE III DUAL USE APPLICATIONS:  Military use of DEW weapons technology.  Commercial applications to materials processing, nano-powder production, and surface treatment of metals.

REFERENCES:  

1)  http://www.active-duty.com/MI_FCG_FluxCompressionGenerator.htm

2)http://www.physics.northwestern.edu/classes/2002Fall/Phyx135-2/Projects/EMP_Bomb/Bottom%20frame%20FCG.htm

3) http://emph.com.ua/12/

KEYWORDS: Magnetic Flux Compression Generator, FCG, EMP, explosive

A05-021 
TITLE: W-Band High Power Amplifiers for Directed Energy Weapons
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Commercially available high average power broadcasting amplifiers are specifically designed and configured for compatibility with existing fixed-site broadcast equipment and, more importantly, comply with the tight broadcasting specifications mandated by the FCC.  The Army is interested in determining if, by relaxing these mandated specifications, we can shift the operating frequency of these devices into W-band while at the same time substantially improve the performance of these amplifiers for DE applications. 

DESCRIPTION:  The Army has made a significant investment to DE (Directed Energy) vulnerability studies, sources, and antennas that operate in W-band (approx 1.2GHz).  The Army is interested in exploiting commercially available UHF tubes to operate in this higher frequency band to complement this earlier work.  Target operating parameters: Peak power= 10MW, Frequency= 1.2GHz, Duty cycle <100%, platform: HUMVEE, personal carrier, M939Series vehicles.

PHASE I:  Investigate limitations of existing commercial amplifiers and propose solutions that extend the operating frequency band from UHF to W-band.  

Propose a breadboard design (power requirements, thermal management, source configuration, typical platform) of a military system that can exploit this new amplifier performance.

Estimate total performance (power density on target) of a system integrated with existing Army W-band antennas and components.  Identify limitations and propose solutions to this system.

PHASE II:  Validate operating performance of new W-band amplifier.  Validate system performance of new amplifier with existing Army antennas & components.

PHASE III DUAL-USE APPLICATIONS:  Applications for this technology include IED & Mine neutralization, DE/RF weapons, Vehicle disruption, fuse & munitions disruption.  Customers include DoD, DoJ, NIJ, Homeland security, SOCOM, law enforcement.  Commercial applications include broadcast technologies and industrial heating & curing of materials.

REFERENCES:

1) www.cpi.com

2) Microwave Processing of Materials, Committee on Microwave Processing of Materials: An Emerging Industrial Technology, Publication NMAB-473, 1994.

3) Recent Advances in MBK Technology and their Application to a 1 MW CW HOM-IOT for Shipboard FEL Systems, Ed Wright, Communications and Power Industries, DEPs Conference, 10/04.

KEYWORDS: Sensors, video surveillance, tracking, vision system, pattern analysis

A05-022 
TITLE: Simulated Assessment for Personnel Selection
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: To document a standardized process for developing job performance simulation assessment and to develop simulations using this approach.

DESCRIPTION: Job performance measures are important to accurately evaluate job proficiency. In military and civilian environments, most objective job performance measures are conducted by testing fact-based or declarative knowledge; the procedural or “doing” performance aspect remains elusive from a practical standpoint. Conversely, many Army jobs, and their civilian counterparts, are characterized to a greater degree by the procedural performance aspects rather than the knowledge performance aspects (Knapp, McCloy, & Heffner, 2004).

The optimal job proficiency assessment method for these procedural aspects is to observe the employee performing his or her job in the work environment using typical tools and equipment. However, the Army’s past experience (e.g., the Skills Qualification Test program) has determined this approach is requires an unreasonable amount of time and financial resources (Campbell, Keenan, Moriarty, Knapp, & Heffner, 2004). Assessment based on job simulation may provide a holistic view of job performance at a reasonable cost. Simulation is seen as a vast improvement over traditional job knowledge tests because it provides greater realism, yet potentially decreases costs, protects Soldiers from dangerous environments, and minimizes reading and test-taking differences (Brannick, Roach, & Salas, 1993). To maximize cost-effectiveness for the approximately 200 entry-level Army jobs and limitless civilian jobs, simulation will be most useful if a standardized process is developed to guide simulation developers.

A plethora of simulation techniques exist and are widely used in the training arena.  An existing evaluation (Knapp & Campbell, 2005) of many of these simulations has determined that they are inadequate for selecting and evaluating job candidates because they do not provide detailed information on the various performance aspects that contribute to overall performance.  Furthermore, training simulations are typically developed in isolation, with each requiring extensive up-front costs including identifying the training objectives, identifying the performance tasks, designing and developing the training platform, evaluating the human-machine interface, and integrating all of this data to provide a workable system.  Each step of this process requires intense input from subject matter experts. 

The expected outcome of this research is to capitalize on existing technologies in job/task analysis, simulation development, and performance measurement to develop an innovative methodology for producing selection-oriented simulations that reduces these up-front costs and expediently produces assessment simulations. This outcome will be achieved by identifying a standardized process for developing simulations that can be applied to a wide variety of Army and civilian jobs.   

PHASE I: Using the current literature on simulation techniques, job/task analysis, and performance measurement, design a prototype standardized process in full detail for developing job assessment simulations and develop a comprehensive plan to evaluate performance using this approach. Develop a low-fidelity prototype for one job using this process.

PHASE II: Revise and refine the methodology based on lessons learned in the prototype development.  Apply this standardized methodology to develop assessment simulations to five (5) jobs.  These jobs should be diverse on dimensions such as the physical and cognitive demands of the job, the equipment used on the job, the interpersonal skills required on the job, and the risks associated with successful job performance. The simulations should be designed to evaluate all critical aspects of the job and should be developed using accepted test development procedures including:

1) a review of existing job information (and elaborations if necessary) to identify the critical knowledges, skills, attributes and other characteristics (KSAOs) for successful job performance;

2) a test blueprint to detail how the content of the simulation measures the KSAOs;

3) the development of the simulation; and

4) a pilot test of the prototype simulation.

An evaluation of the successes and the limitations of the standardized methodology should be conducted and documented.  An evaluation of the cost savings provided by implementing the standardized process also should be documented.

PHASE III DUAL USE APPLICATIONS: The development of a standardized simulation-based performance measurement technique will have substantial military and civilian applications. It can be used to develop evaluation tools for training effectiveness, for personnel functions such as selection and promotion, and to facilitate comparison of performance across jobs. The Army is currently using highly sophisticated simulation for training (e.g., armor, aviation) although it is rarely used for personnel selection. Civilian applications for personnel selection are typically low fidelity including situational judgment tests and assessment centers. The products from this SBIR may fill a niche for moderate fidelity simulation for personnel functions.
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A05-023 
TITLE: Establishing Selection Measures of Vigilance Performance
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  The ability to maintain a high level of attention for extended periods of time, or vigilance, is necessary for successful performance of many Army jobs.  As the Army becomes more automated, the number of positions requiring vigilance is likely to increase.  Hence, it is in the Army's best interest to select Soldiers who exhibit this ability.  The goal of this research is to identify a set of variables that predicts vigilance, and to develop reliable and valid selection measures of these predictors.

DESCRIPTION:  Vigilance refers to the ability of an individual to sustain a high level of attention for an extended period of time and is typically operationally defined as the change in target sensitivity over time.  The ability to maintain attention is crucial for many current Army positions, including Air Traffic Controllers, Radar Operators, and Unmanned Vehicle Operators.  As the Army transitions to the Future Force, the increased use of automated technology will require higher levels of vigilance from Soldiers.  The Future Army would benefit from selecting Soldiers who are able to sustain attention and placing them in positions where their skills are most needed.

While measuring vigilance itself would be an ideal means of determining which Soldiers are capable of sustained attention, doing so would be impractical.  Current measures of vigilance require prohibitively lengthy test time and expensive equipment.  Furthermore, these measures are difficult to administer in a large group setting, and individual testing is costly in terms of personnel and facilities.  A potential solution to this dilemma is the development of an assessment of other, more easily measurable, variables associated with vigilance.  The purpose of this research is to develop a selection measure that reliably and validly predicts sustained attention, with the ultimate aim of implementing this measure as a proxy for testing vigilance itself.

Previous research suggests individual difference variables may accurately predict vigilance.  Extroversion has been most frequently linked to vigilance performance, with individuals scoring high in extroversion typically showing poor vigilance (e.g., Davies & Parasuraman, 1982).  Field dependence (Moore & Gross, 1973), Type A personality (Perry &Laurie, 1992), and locus of control (Sanders, Halcomb, Fray & Owens, 1976) have also been associated with vigilance performance.  Pierce and Crumly (1992) found a subset of the Minnesota Multiphasic Personality Inventory (MMPI) to discriminate between good and poor performers on a vigilance task, although their results were inconclusive.  Most recently, Rose, Murphy, Byard & Nikzad (2002) demonstrated a relationship between vigilance and both extroversion and conscientiousness.  These, as well as other, cognitive and personality variables could be included in a selection measure.

Ideally, this research would involve the identification of cognitive and other individual difference measures, the development of a predictor battery, production of a criterion measure of vigilance performance, and a validation of these measures to demonstrate their value as a potential selection measure for the Army.

PHASE I:  The expected outcome of Phase I is a proof of concept, and the research will last 6 months.  Specifically, in this phase, researchers should identify likely cognitive, personality, and other predictors of vigilance performance based on a review of the relevant literature.  Once the variables of interest are defined, an approach to reliably and validly measuring these predictors should be established, and a means of administering them in the operational setting should be identified.  A measure of vigilance performance should also be developed.  Also, a strategy for ensuring the reliability and validity of these measures should be proposed.

PHASE II:  The result of Phase II is a prototype predictor measure of vigilance performance that will be developed per the proposed methodology described in Phase I.  Phase II will last 2 years.  As Phase II is implemented, it is expected that both the predictor and criterion measures will be revised according to results of preliminary tests. 

PHASE III:  Vigilance is required in civilian organizations as well as in military settings:  truck drivers, nuclear power plant operations, and hospital staff all must sustain attention over long periods of time.  While the current research should be proposed with the Army in mind, the resulting measures should be marketable to civilian and other Government organizations as well.  In Phase III, the researchers will demonstrate the generalizability of their measure and their plan for commercialization.
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A05-024 
TITLE: Trust in Temporary Groups
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  To develop a testable framework to determine the extent to which Swift Trust (Meyerson, Weick, & Kramer, 1996) is developed within Future Force units and to relate the level of trust within a unit to unit climate and measures of unit performance.  The framework should also investigate the extent to which swift trust evolves into more traditional unit trust.  Measures should be objective and account for various underlying constructs such as vulnerability, uncertainty, risk, and expectations.  The product will be used to aid units when deployed at the tactical level.  Ultimately, the product will be applied to those units operating at the Joint and Multi-national Force levels, advising the leadership as to steps that may be taken prior to deployment to encourage trust between/among hastily formed teams.

DESCRIPTION:  Trust is generally defined as “an expectation that one can rely on another person’s actions and words and that the trustee has good intentions towards the trustor”.  Basically, trust is based on the expectation that others will behave as expected (Jarvenpaa, Knoll, & Leidner, 1998).  Swift trust is a specialized type of trust formed in temporary systems.  As a rule, trust is thought to be something which forms with time, as the actors in a system get to know one another.  The army indicates:

Team building produces trust.  Trust begins with action, when leaders demonstrate discipline and competence.  Over time, subordinates learn that leaders do what they say they’ll do.  Likewise leaders learn to trust their subordinates.  That connection, that mutual assurance, is the link that helps organizations accomplish the most difficult tasks. (FM 22-100, 6-139)  

However, from the direct leadership level up, the Army mission compels soldiers and units to work together on a temporary basis.  From firefighting and flood evacuation missions in our own country to much larger Joint Operations overseas, soldiers and units who have never trained together must operate as though they have previously been working and training together.  Thus, it is important to understand the circumstances under which swift trust is formed and the circumstances which impede the process.  

Meyerson, et al. (1996) define swift trust as a specialized form of trust formed in hastily created groups that are usually temporary in nature.  Several factors inherent in temporary groups are expected to be relevant to the formation of swift trust (p. 169):

1.  Participants with diverse skills are assembled to enact expertise they already possess.

2.  Participants have limited history of working together.

3.  Participants have limited prospects of working together again in the future.

4.  Participants are part of limited labor pools and overlapping networks.

5.  Tasks are often complex and involve interdependent work.

6.  Tasks have a deadline.

7.  Assigned tasks are nonroutine and not well understood.

8.  Assigned tasks are consequential.

9.  Continuous interrelating is required to produce an outcome.

There are several factors underlying traditional trust which may also be relevant to the formation of swift trust and should also be investigated and to possibly be included in the model.  Zucker (1986),  identifies the constructs as characteristic-based trust, process-based trust, and institutional-based trust.  Newell and Swan (2000) identify similar factors as competence trust, companion trust, and commitment trust.  

Competence trust is the level that one actor feels they can depend upon another in order to perform the job they are expected to perform.  Perception of competence can be gained by personal reputation or institutional affiliation, among other things.  Thus the level of competence trust one actor has for another can precede the actors even meeting in person.  This level of trust develops quickly and can dissolve quickly also since the pre-conceptions of competence may be inaccurate or not immediately proven.   

Companion trust is the level to which each actor perceives the other motivations as stemming from goodwill.  The level of benevolence an actor perceives takes time to develop as one gets to know another.  Just as this type of trust takes time to develop as actors get to know one another, it also is longer lasting as actors are seemingly less likely to attribute underhanded motives to someone they know.

Commitment trust is also known as contract trust, it depends upon all actors understanding their roles in completing the task at hand.  Commitment trust works as long as the actors implicitly have ‘the contract’ to rely on. It is somewhere between Competence and Companion trust as far as resilience is concerned.  Actors do not have to believe in the goodwill of others to get the job done, nor do they even have to believe the other party is competent, since the contract is always there to fall back on.

PHASE I: Phase I consists of making a determination of the potential of  measures of traditional and swift trust.  This involves identification of constructs related to trust including, for example:  vulnerability, uncertainty, risk, and expectations.  The relationships between the constructs and their relationship to the amount of trust in a group will be assessed.  As part of the plan, access to a study population will be obtained, as demonstrated by letters of support from key military personnel, and human studies approval will be sought. 

PHASE II:  In this phase the efforts achieved during phase I will be further refined and exploited.  The final product, the trust measure, will be piloted for relevance, interest, and applicability in ‘real world’ situations.  The relationships between constructs and their relationship to traditional and swift trust will be further statistically modeled and tested.  Specifically, a measure of trust will be developed for use by military populations and the relationship between trust and unit readiness and effectiveness explored and methods for increasing trust levels tested.  Additionally, the evaluation design and sampling plan will be finalized for testing the intervention in Phase III.

PHASE III DUAL USE APPLICATIONS:  The intent of this research is to be able to provide military leaders with measures of unit trust as well as possible proscriptive actions that may be taken to improve unit trust levels.  The measures will be refined for ongoing military applications and modified for civilian applications where populations are quickly formed into working groups (e.g., firefighters, police officers, personnel in non-governmental organizations deployed to hazardous or underdeveloped regions).
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A05-025 
TITLE: Adaptive Role-play Exercises for a Leader Development Center.
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  To design and evaluate learning modules that automatically adapt in real-time to the performance and learning of a leader participating in a role-play scenario.  The modules will be used as the exercise engine for a leader development center (LDC).  The project should examine the extent to which a set of advanced learning technologies would provide a challenging environment and accelerate learning by tailoring the dynamic complexity of the situation and associated problems to the student's performance and learning curve.  The intent is to maintain a challenging environment to maximize learner interest and motivation to engage in practicing the desired leader behaviors.  

DESCRIPTION:  “Every day in the Army we try to do two things well – train soldiers and grow them into leaders” (FM 7-1,  2003).  When evaluating how the Army trains and grows their leaders, the Army Training and Leader Development Panel Officer Study identified several strategic keys to successfully improving Army training and leader development programs.  (ATLDP, Technical Report A018514, 2003); Horey & Falleson, 2004).  Thus, the development of prototype adaptive role-playing exercises and modules are important in ARI and CAL R&D efforts and initiatives for improving Army training and leader development programs.

Army leaders have a duty to grow in their profession, to learn new things, and become expert in a whole new set of skills (FM 22-100, 1999).  However in the human systems area, the Army lacks a comprehensive set of officer performance standards impacting leader development and training and has little in the way of objective criteria with which to assess officer performance (ATLDP, 2003).  Addressing these deficits would produce prototypes with high potential and value, but would also involve significant technical risk because the feasibility of newer creative approaches have not been established.  The goal is to identify and test various new learning tools including: adaptive role-playing exercises - either singly or in small groups,  virtual or synthetic web-based mentors/instructors, adaptive leadership and learning measures, games, problems, interactive videos, simulations and other tools intended to provide a sound foundation for experiential and adaptive learning  (Kelley, 1969; Johnson, & Haygood, 1984).  The modules should also include a capability for virtual (e.g., web based) as well as an on-site demonstration  using these prototypical development tools and measures.  The feasibility of these prototypical modules, measures, and tools should be assessed where they can be utilized in a mix and match fashion (Tobias, 1973) to meet an individual or small group of leader’s self-development needs and show how they can be used to enhance growth across all the jobs and positions in the Army.  The overall framework should be creative and flexible by having the ability to use a set of new and traditional methods adaptable to the participant’s developmental needs to assess and enhance generic leadership skills and abilities that are applicable in any domain and not specific doctrinally based knowledge and procedures required for specific jobs and positions. 

A key element of learning is the availability of feedback on process and performance, and this project should explore effective measurement and feedback approaches to be used within a prototypical LDC.  A review of the research literature on Assessment Centers (ACs) indicates that in general, they have utility and validity (Hunter, & Hunter, 1984), have predictive validity on several types of criteria (Schleicher, Day, Mayes, & Riggio, 2002) such as simulations (Cleveland & Thornton, 1990) and in-basket exercises to measure oral communication skills and persuasiveness (Williams & Lillibridge, 1990) and have been used to provide feedback for training and development (Bycio, Alvares, and Hahn, (1987).  However, this review only emphasizes the more traditional approaches and does not demonstrate the feasibility of more creative approaches to meet the Army’s needs for improving leader development.

PHASE I: Phase I will produce a prototype training module.  The prototype will involve an innovative role-playing leadership situation (such as a young Captain portraying a Company Commander negotiating with local civilian leaders for assistance in local security).  The prototype training module shall be designed to increase or decrease the level of presented complexity based on multi-faceted approach to performance measurement (e.g., a combination of measures of memory, cognitive performance, task performance, perceptions by others).  Phase I will need to determine:  (1) a system of real-time performance measurement of the student, (2) a methodology for adjusting the complexity and number of sub-problems to be addressed by the student, and (3) a technique for incorporating the methodology into a low-cost, high fidelity interpersonal exercise medium.. Phase I should also identify a research strategy to assess the LDC’s design features and methods of implementation.  

PHASE II:  In this phase, the prototype will be developed into a working and testable version of the technology.  Three alternative methodologies shall be developed and screened to determine which method provides the fastest learning and highest long-term retention of the learning content.  Three scenarios shall be developed using the best methodology.  The working prototype and scenarios shall be tested with a representative sample of mid-grade Army leaders with appropriate experimental controls and retention evaluations.  The relationships among the various elements and their relationships to outcome variables such as individual and unit performance will be assessed..

PHASE III DUAL USE APPLICATIONS:  The intent of this application is to be able to develop a strategy for transition of the advanced learning technology and performance measurement principles to a general purpose military application (such as for a joint, operational level environment) and a commercial sector application (such as executive development and coaching).  The strategy shall be implemented to develop a working prototype of one or both additional applications.   
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A05-026 
TITLE: Materials Integration and Processing of Nonlinear Tunable Thin Films with Affordable Large Area Substrates to Promote Microwave Frequency (Ka band) Wafer Phased Array Antennas
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  To design and develop the materials integration and process science required to prototype a monolithic phased array antenna complete with distribution network and phase shifters on a single, large area, affordable semiconductor industry standard wafer substrate.  The wafer phased array (WPA) must be based on an active material, whereby the active material is a non-linear, BaSrTiO3 based, thin film, and the thin film materials integration methodology must be accomplished using industry standard semiconductor processing tools, protocols, and techniques.  The WPA antenna must support the mobile phased array antenna criteria metrics and operate at Ka band.  

DESCRIPTION: Electronically scanned phased array antennas (ESA’s) provide the means for achieving high data rate beyond line of sigh, mobile communications.  High production costs have hindered the ubiquitous use of these systems. (For current digital phase shifters technology - monolithic microwave integrated circuit (MMIC) technology - nearly half the cost of the array is consumed in the phase shifters [1].)  In order to dramatically reduce the cost of ESA’s the cost of the phase shifter and the remainder of the antenna elements must be significantly reduced.  

Currently, BST thin films, compositionally designed for microwave phase shifter applications, have been fabricated on high-cost ceramic (MgO, LaAlO3, SrTiO3) substrates [3-8] with small size geometries yielding fewer devices per wafer.  The devices are then diced to form discrete components that are placed on the breadboard; this process is highly labor intensive, costly, and introduces significant reliability issues.  In order to decrease cost, enhance performance, improve reliability and promote the design concept of conformal WPA antennas, a monolithic antenna complete with the distribution network, phase shifters and antenna radiating elements on a single wafer substrate is desired.  

This materials integration demonstration would employ: (1) affordable BST based phase shifting elements as voltage controlled analog phase shifters at Ka band, (2) direct integration with a large area, affordable substrates/wafers via the use of a “microwave friendly” thin film materials, and (3) would utilize industry standard semiconductor manufacturing techniques, protocols, and tools for the integrated single wafer ESA design concept fabrication.  

The WPA antenna would support the mobile, phased array antenna criteria metrics: low loss, minimal variation of loss over bias states, low power consumption, produce a phase shift in excess 360 degrees with low control voltage, and possess good temperature stability, and the developed materials technology must be capable of high process through-put and yield.  

PHASE I:  Phase I will formulate the technical approach for the thin film materials integration, and identify the required processing science protocols for fabrication of the monolithic integrated wafer phased array.  A substantive modeling effort will ensure that integration strategy and materials selected optimize the monolithic wafer based phased array system design/circuit layout for a 2-D monolithic ESA including high fidelity simulations for a single wafer Ka-band wafer based steerable antenna including the phase shifters, feed network and antenna elements.  Goals for a successful Phase I performance might include:  (1) Suggest several approaches for the fabrication of the WPA (2) identify the required processing science protocols for fabrication of the monolithic integrated WPA; (3) ensure that integration strategy and materials selected optimized using appropriate models; and/or (4) optimize the monolithic wafer based phased array system design/circuit layout for a 2-D monolithic ESA including high fidelity simulations for a single wafer Ka-band wafer based steerable antenna including the phase shifters, feed network and antenna elements.

PHASE II:  The objective of Phase II is to fabricate and prototype a 2-D ESA design.  The prototype must employ: (1) affordable BST based phase shifting elements as voltage controlled analog phase shifters at Ka band, (2) direct integration with a large area, affordable substrates/wafers via the use of a “microwave friendly” thin film materials, and (3) would utilize industry standard semiconductor manufacturing techniques, protocols, and tools for the integrated single wafer ESA design concept fabrication. Testing will be conducted on prototype to prove feasibility for satisfying performance metrics.  Goals for a successful Phase II performance might include:  (1) Fabricate and prototype a 2-D ESA design (2) employ affordable BST based phase shifting elements as voltage controlled analog phase shifters at Ka band; (3) employ direct integration with a large area, affordable substrates/wafers via the use of a “microwave friendly” thin film materials; (4) utilize industry standard semiconductor manufacturing techniques, protocols, and tools for the integrated single wafer ESA design concept fabrication; (5) testing will be conducted on prototype to prove feasibility for satisfying performance metrics; and/or (6) provide cost analysis/proposal for full scale production.

PHASE III DUAL USE APPLICATIONS:  Phase III will determine the manufacturability of this system for cost effectiveness in the context that it could be used in a broad range of military and civilian applications.   Subsequent to prototype demonstration, manufacture and scale up feasibility will be determined via semiconductor industry standard tools and process protocols.  Foundry friendly process protocols will ensure technology transition to commercialization.  A specific technology transition path is necessary for this stage.  This system could be used in a broad range of military and commercial applications such as OTM phased array antennas, cell phones, collision avoidance radars, internet in the sky, high frequency radar for homeland security body imaging, WiFi antennas, conformal antennas, body-born antennas, robotics and automation, and improved logistical management.
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A05-027 
TITLE: Analog Front End (AFE) and Analog-to-Digital Conversion (ADC) Design for UWB Systems
TECHNOLOGY AREAS: Electronics

OBJECTIVE:  Develop innovative coupled mixed-signal analog front end (AFE) and analog-to-digital converter (ADC) designs for ultra wideband (UWB) systems, that require low power, are scalable with bandwidth, achieve good dynamic range, are amenable to rejection of narrowband interference, and can be readily integrated into UWB systems.

DESCRIPTION: Ultra-wideband (UWB) systems have significant potential for a variety of applications, including communications, geolocation, and radar.  These systems share the need for AFE and ADC circuitry.  While digital signal processing circuits continue a rapid increase in capability and speed, AFE and ADC circuits are not advancing anywhere near as quickly, and form a significant impediment to the advancement and deployment of UWB systems.  Many envisioned applications of UWB are power constrained, yet current AFE and ADC designs may require significant power.  For example, the AFE in a sensor radio can require a significant piece of the overall energy required on receive.  ADCs with both very wide bandwidth and a large number of effective bits continue to be a difficult challenge.  Consequently, there is a need for innovative coupled AFE and ADC designs that require low power, are scalable with bandwidth, achieve good dynamic range, and can be integrated into UWB systems.

Typical approaches to UWB AFE and ADC involve the following.  (1) Time-interleaved ADC designs that have full-bandwidth sample-and-hold circuitry and may suffer from timing and jitter errors.  (2) Channelized approaches that employ an analog filter bank, each followed by an ADC, which stresses the analog filter design. (3) Mono-bit sampling schemes that rely on oversampling to overcome the quantization error from using only a single bit.

Additional issues include the desire to reject large narrowband interference, coupling with digital signal processing associated with particular UWB systems applications, and frequency agility over the licensed UWB bands.

PHASE I:  The Phase I effort will consist of development of innovative mixed-signal AFE and ADC approaches for UWB, analysis and characterization, and modeling and simulation in appropriate software.   Comparison with the typical approaches should show significant gains in the desirable characteristics listed previously. Bandwidths of at least 100’s of mega-Hertz are needed, and solutions approaching several GHz are of interest.  Applications are expected to be either below 1 GHz or in the 3.1 to 9 GHz frequency ranges.

PHASE II:  The Phase II effort will result in a complete hardware design description and simulation, and demonstration of appropriate circuitry.

PHASE III DUAL USE APPLICATIONS:  Innovative solutions will find application in a variety of DoD and Army UWB systems now in development or currently envisioned.  UWB is currently being evaluated or developed for short-range communications, sensor networks, geolocation in urban environments, biomedical and robotic applications, logistics, and elsewhere.  All of these call for low power AFE / ADC solutions.  Low power solutions enable battery-driven operation in a variety of pressing problems. Sensor radios currently under development at ARL and DARPA are severely energy constrained, relying solely on batteries, and hence can significantly benefit from enhancements in energy efficiency.

UWB has been licensed by the FCC for use in several commercial applications, including short-range communications, home intrusion detection, and automobile collision avoidance.  This means that successful UWB solutions have a significant commercial market potential.

REFERENCES:

1] I. D. O'Donnell and M. S. W. Chen and S. B. T. Wang and Robert W. Brodersen, "An Integrated, Low Power, Ultra-Wideband Transceiver Architecture for Low-Rate, Indoor Wireless Systems," IEEE CAS Workshop on Wireless Communications and Networking, Pasadena, CA, Sept., 2002.

2] W. Namgoong, "A channelized digital ultra-wideband receiver," IEEE Transactions of Wireless Communications, May 2003.

3] S. R. Velazquez and T. Q. Nguyen and S. R. Broadstone, "Design of Hybrid Filter Banks for Analog/Digital Conversion," IEEE Transactions on Signal Processing, April 1998.

4] S. Hoyos, B. M. Sadler, G. R. Arce, "Analog to Digital Conversion of Ultra-Wideband Signals in Orthogonal Spaces," Proceedings of UWBST 2003, IEEE Conference on Ultra Wideband Systems and Technologies, Reston, VA, 2003.

5] H-J Lee and D. S. Ha and H-S Lee, "A Frequency-domain approach for all-digital CMOS ultra-wideband receivers," Proceedings of UWBST 2003, IEEE Conference on Ultra Wideband Systems and Technologies, Reston, VA, 2003.

6] I. Galton and H. T. Jensen, "Delta-Sigma modulator based textup A/D conversion without oversampling," IEEE Transactions on Circuits and Systems II: Analog and Digital Signal Processing, Dec. 1995.

KEYWORDS: Analog-to-digital conversion, RF filter, ultra-wideband systems, channelized receiver, mixed-signal circuitry

A05-028 
TITLE: Multipulse Agile Laser Source for Real-Time Spark Spectrochemical Hazard Analysis in the Field
TECHNOLOGY AREAS: Air Platform, Chemical/Bio Defense

ACQUISITION PROGRAM: JPEO CBD

OBJECTIVE:  There is a current need for laser sources that are capable of producing two or more pulses in short succession for optimizing the detection of various hazardous materials in the field by real-time, spark spectrochemical techniques.  The objective of this effort is to undertake the innovative research and developmental work necessary to develop a small, rugged, and affordable multi-pulse laser source that can be integrated into man-portable and robotic-deployed spark spectrochemical sensors.

DESCRIPTION:  Spark spectrochemical sensors, such as Laser Induced Breakdown Spectroscopy (LIBS), are starting to become available for field analysis in real-time of various hazardous materials and the potential for growth of applications in this area is substantial.  A number of LIBS laboratories have demonstrated that major advantages in signal strength and repeatability can be gained when LIBS is performed in a dual-pulse mode, i.e., where the time interval between the two pulses is in the 1-10 microsecond range.  Signal enhancements of up to a factor of 100 have been observed when monitoring the 2nd of the dual-pulses, when the spark is created in air.  In addition, it has been observed that the typical air entrainment issue that occurs for nanosecond pulsed lasers can be significantly decreased with the 2nd pulse of the dual-pulse approach.  This is especially important when analysis of the N, O, and H atoms of a target material are important to the detection of identification of the unknown material.  An example of this is the detection of explosives and chem.-bio agents, where N and O elemental signatures help to identify these materials.  Typically, in order to perform dual-pulse LIBS, it is necessary to use two independent lasers which has a substantial penalty in size, weight, and cost of the sensor package.  Innovative ideas are required to develop a new type of laser which can generate the required dual-pulse operation at reduced size, weight, and cost.  New approaches to the cavity design or the pumping source, e.g., flashlamp or a pumping solid-state laser may be required.  Also, new type of Q-switch materials or design, as well as modification of power supplies and triggering electronics, should yield a new type of multipulse agile laser.  The desired performance goals include:  (1) variable pulse energy for each pulse in the 50-200 milliJoule per pulse range, (2) variable pulse separation in the 1-20 microsecond range, (3) active Q-switching, (4) low beam divergence for tight focusing, and (5) a compact cavity design.

PHASE I:  Phase I will comprise an effort to undertake the research and developmental work necessary to design a new multipulse agile laser based on sound electro-optics principles.  Experimental verification of certain novel approaches will be necessary to substantiate any given design.  The final product of Phase I will be a report that describes the new type of laser. 

PHASE II:  Phase II will involve the manufacture and demonstration of a prototype double-pulse laser that produces the desired performance listed above.  

PHASE III DUAL USE APPLICATIONS:  A successful dual-pulse laser that possesses the desired attributes for field LIBS sensor applications will dramatically increase the analytical power of such a sensor especially with regards to sensitivity to various hazards and will increase the Army’s ability to detect specific hazards such as explosives and chem.-bio agents where N, O, and H atom analysis are important.  Besides military applications, a number of civilian applications will open up to a dual-pulse LIBS field sensor in areas of medicine, environmental hazards analysis, materials identification, geology and geochemistry, etc.
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A05-029 
TITLE: Hands-Free or Limited-Manipulation Language Translation Tools for Non-Linguist Soldiers
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  Design and build portable and hands-free multi-modal Arabic-English translation system that can utilize both verbal and non-verbal information and scenarios to facilitate communication between soldiers and Arab coalition partners as well as native Arabic speaking civilians. 

DESCRIPTION:  Over the past several years, there has been a boom in language translations technologies driven, in part, by the Department of Defense’s growing needs in low density language translation in general, and the need to support translation in several dialects of Arabic in particular.  The push for smaller, lighter forces dictated by current Army transformation has made this problem more acute because it is clear that any such technologies must be small, light and portable as soldiers will need access to these technologies on an individual basis.  They cannot simply call back for higher echelon linguistic support, nor are there enough linguists, particularly in low density languages, to deploy a linguist with each unit.

There are a number of promising technologies that have emerged, but even the best of these, such as the Phraselator (Defense Advanced Research Projects Agency - DARPA),  Speaking-MINDS (LASER ACTD, SOLIC), and the Kwikpoint Visual Language Translator (Kwikpoint.com), have one real drawback.  They require extensive manual manipulation.  That creates a real difficulty for the soldier on the point of the spear trying to communicate with an Arab speaking ally or civilian.  Often the choice is between handling the language translation tool or their weapon and, in the kinds of hot environments and operations that the soldier finds him or herself in, that is no choice at all.  Hence, these promising technologies are greatly under-utilized.  This is a critical Human Factors problem which has not been a primary focus of many language translation projects such as the Language and Speech Exploitation Resources (LASER) Advanced Concepts Technology Demonstration (ACTD).

It is important that we develop technologies that extend the translation capabilities of what we have, but as importantly, there is a need for technologies that can operate either hands free or with minimal and occasional manipulation.  This will likely require a mix of solutions and tools which together provide coverage to meet the need.  Possible technologies might include voice activation, speech translation, wearable controls, heads-up displays, etc.  Since different environments and operations are likely to make some technologies more or less practical, it is unlikely that a one-size fits all solution will be found.  Whatever set of solutions is proposed, they need to be scalable, networked and should not significantly add to the soldier’s overall weight burden.  By scalable, I mean that the individual soldier should only have the software and tools he or she needs for their immediate mission.  By networked, I mean that whatever software modules the soldier needs should be obtainable over a network.  Further, the situations in which an individual soldier is likely to be using these tools in are likely to be those where two-way translation (i.e., the soldier needs to communicate a request, possibly for information, and receive an intelligible reply).

Given these requirements, and given the difficulty of two-way speech-to-speech translation in noisy environments, not all solutions may involve actual verbal language translation, as with the Kwikpoint Visual Language Translator mentioned above.  Scenario based pictures or even animations running on a PDA screen might be effective means of communication for a particular limited objective, particularly if the scenarios take cultural differences into account.  While such methods have great promise, they usually require the most manual manipulation.  Therefore, these methods present both the greatest challenge and, possibly, the greatest payoff.

PHASE I:  Review all currently available and near future prototype commercial off the shelf (COTS) and government off the shelf (GOTS) language translation solutions as well as any technology that aids in limiting the need for hands-on manipulation in computing (including interface design, speech recognition and input control ergonomics).  Explore the possibility and feasibility of developing scenario-based picture language and animations that can be used to communicate with minimal manipulation or hands-free interfaces.  Develop a design specification for a set of language translation tools that will allow limited but mission critical language translation for up to 3 operational scenarios (for example, coalition partner communications, medic treating civilians, checkpoint MP checking ID, etc—these examples are not intended to be directive or exhaustive).

PHASE II:  Develop and demonstrate a prototype system in a realistic simulated environment.  Conduct testing to demonstrate the feasibility and practicality of these tools over a wide range of operational conditions and missions.

PHASE III DUAL USE APPLICATIONS:  A suite of tools that meet the requirements addressed above would have broad application, not only for Military purposes, but also in such civilian arenas as homeland security (particularly Border Patrol and Immigration) and domestic police operations with communities that speak limited English.  Such technologies could also be useful in consumer markets such as education.
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A05-030 
TITLE: Blast Resistant Armor Appliqués
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  To design lightweight composite armor appliqués with superior blast resistance using “waiting elements”.

DESCRIPTION:  Technical Challenge/Background: Modern lightweight armors and appliqués dissipate blast energy by mechanisms that involve:  wave propagation, plasticity, damage evolution, and dynamic deflection while keeping structural integrity.  These lightweight armors should be designed so that the blast excites controllable, energy-absorbent, high-frequency waves and should distribute partially damaged elements over large areas in as even a manner as possible.  Lightweight armor that consists of “waiting elements” possesses these features [1].  “Waiting elements” are micro-“structural” elements, in a periodic lattice or cellular truss, that are longer or shorter than the “main” elements and that become active only after significant compression or extension has taken place in the main elements.  A lattice with waiting elements is characterized by bistability, that is, the existence of a second and stronger stable region in the dependence of strain on force.  The non-monotonic dependence of the damage on the force leads to the greater than expected energy dissipation.  Lightweight armors or shields that include waiting elements exhibit large pseudo-plastic deformations and intensive waves [2].  In such armor, multiple and widespread partial damage propagation absorbs some of the energy of the blast, and numerous wave packets spread the rest of the energy throughout the structure. 

PHASE I:  Determine one or more new classes of 2D periodic lattice or truss structures that include “waiting elements” for improved blast resistance.  Investigate and model the propagation of partial damage waves through these structures.  Investigate theoretically and/or computationally how the performance depends on geometric parameters, materials and blast characteristics (standoff, charge mass, et cetera).  Quantify the advantages of the new design versus existing high-performance lightweight composite armor materials and appliqués used for blast mitigation.  Specify and quantify disadvantages and limitations (for example, poor performance if given charge mass is exceeded).  At the end of Phase I, present an assessment of feasibility and performance that includes:  1) justified statement of class(es) of candidate 2D materials, 2) expected range of performance gain in 2D, 3) disadvantages or limitations, 4) description of analogous 3D lattice materials that are candidates for exhibiting superior properties like those of the 2D materials.

PHASE II:  Determine one or more classes of 3D periodic lattice or truss structures that include bistable/waiting elements and that can be used to design armor with improved performance under blast loading.  Characterize in detail the performance of the materials in these classes computationally. Optimize the geometric design and materials, either by hand, or using the analysis software in a “loop” that minimizes some objective functional.  Design and fabricate one or more physical prototypes of the armor.  Investigate experimentally how these prototypes absorb blast and show that experimental results coincide with computational results.  Quantify the advantages versus existing high-performance lightweight composite blast resistant materials.  Specify and quantify disadvantages and limitations.  At the end of Phase II, present:  1) one or more physical prototypes of 3D bistable lattice materials, 2) a full description of the behavior under blast of these prototypes, 3) comparison of the behavior of these prototypes with that of existing high-performance lightweight composite armor, 4) cost comparison of the 3D prototypes versus existing high-performance lightweight composite armor materials assuming large-scale production.

PHASE III:  Design improved or optimal armor appliqués and market such armor for military applications and/or civilian security applications.
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A05-031 
TITLE: Antidiarrheal Characterization of Remediating Nutritional Supplements (ACORNS)
TECHNOLOGY AREAS: Biomedical, Human Systems

OBJECTIVE: The objective of this SBIR is to select a reliable, cost-effective animal or cellular model and assess the antidiarrheal properties of probiotic, prebiotic, and synbiotic supplements for deployed warfighters. 

BACKGROUND: Diarrheal diseases extract a major toll in military preparedness and operational competency in deployed warfighters. Numerous studies of these effects have been made for the consequences of diarrhea on military campaigns. A survey of personnel deployed in Saudi Arabia during 1990 indicated that 97% had incidents of diarrhea. A more recent study of diarrhea rates and mission impact on warfighters in Iraq and Afghanistan showed that 70% of those studied had at least one case and 56 % had multiple cases of diarrhea. Impairment of job performance was reported by 43% of those affected. Enterotoxigenic Escherichia coli and Shigella sonnei caused the majority of the incidents, but serological evidence also showed some involvement of Norwalk virus infection. While prophylactic treatment is an option, it is most effective when the susceptibilities of the offending organisms are known. Further, viruses are unaffected by most antibiotics. Alternative approaches for eliminating or moderating diarrheal diseases are needed.

Through this SBIR, an animal or cellular model would be authenticated and selected as a reliable screen for antidiarrheal preventatives and treatments.  While fluid replacement is critical in managing the symptoms of diarrhea, it does not address the root cause or prevention of the disease.  At the least, it is anticipated that selected supplements should minimize or eliminate the debilitating manifestations of diarrhea in the deployed warfighter. 

The health benefits of biotic supplements have been intensively studied, and an enormous literature exists in this field. Probiotics (supplementation with living microorganisms), prebiotics (supplementation with non-digestible bacterial growth stimulators) and synbiotics (prebiotic supplements that stimulate probiotics) have been reported to have generalized health benefits, especially to reduce the duration and severity of diarrhea from multiple causes. Stimulation of innate and adaptive immune responses has been documented. Specific effects against Escherichia coli 0-157:H7 have been reported. 

Although the literature is large in this field, and trials have shown health benefits, some results are anecdotal or are from studies with flaws in design or analysis. The purpose of this SBIR is to provide a reliable, inexpensive, and robust animal (e.g., mice, guinea pigs, piglets, transgenic mice, and rats) or cellular system to evaluate biotics as antidiarrheal supplements based on valid and reliable outcome measures. Suitably sensitive metrics of gastrointestinal function would be developed. The system that would be selected would be used in a broad-ranged study of nutrient formulations that would be suitable for utilization by deployed warfighters.

PHASE I: A collaboration of nutritionists, biochemists, food chemists, animal scientists, and laboratory animal care specialists would evaluate and develop an animal or cell-based model for a reliable, and inexpensive system for high throughput evaluation of nutritional supplements that prevent, or reduce the incidence, duration, or severity of diarrheal diseases. Quantitative metrics of the diseases would be selected and validated. A group of specific compounds that have been reported to be effective would be tested and verified in the system. Appropriate controls of related but not effective compounds would also be tested. A rigorous statistical analysis of the results would be prepared.

PHASE II: The collaborating team would work with Army specialists to select biotic supplements for screening and efficacy. Substances should include, but not be limited to, probiotics, prebiotics, functional foods or their components that have been reported to have effects on physiological processes separate from their nutritional functions, selected amino acids, and micronutrients such as vitamins and minerals. Emphasis would be placed on organisms, nutrients or foods that are generally recognized as safe (GRAS) i.e., substances for which there is consensus among the scientific community regarding their safety, and which have a history of use in foods and are derived from foods. Other agents could be tested, but with the recognition that there would be a requirement for testing for safety. Test agents showing antidiarrheal effects could be formulated in combination for synergistic enhancements. The outcome of PHASE II would be the development of a “library” of products that could be considered for inclusion as dietary supplements for deployed warfighters. 

PHASE III DUAL USE APPLICATIONS: In cooperation with Army specialists, dietary supplements would be formulated for testing. The positive health benefits could be evaluated in clinical trials in collaboration with laboratory and medical Army personnel. The generality of diarrhea in civilian populations, especially among travelers, debilitated individuals, and children, would make the products suitable for wide application.
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A05-032 
TITLE: Harsh Environment Vibration Control for Micro-Scale Devices in Smart Munitions
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO AMMO

OBJECTIVE:  To design, develop and prototype materials for passive damping of the mechanical vibrations due to launch, high G and/or in-flight vibration forces associated with Micro-Electro-Mechanical Systems (MEMS) inertial guidance systems in advanced munitions systems. The approach must be implemented at the device “die-level,” and the materials integration methodology must be accomplished using industry standard semiconductor processing tools, protocols, and fabrication techniques.

DESCRIPTION:  There is currently a need to control vibrations in order to ensure precision and control of “target-hit interactions” in guided munitions.  Failure of MEMS inertial measurement units (IMUs), i.e., the angular rate sensors (ARS), can result from susceptibility to a harsh extrinsic vibration environment. This environment, generated from launch, high-G, and in-flight vibration forces, causes an out-of-plane motion or false angular rate signal to be generated. Since the MEMS-derived positional data is essential for guidance and navigation, this false angular rate signal causes the projectile to miss its designated target. 

Traditional active or passive damping solutions do not satisfy the criteria for MEMS inertial guidance systems required for smart missile/munitions applications [1]. Active damping, while successful, adds significant complexity (integration issues), and unacceptable increased weight and manufacturing costs to the system, thereby prohibiting their use on guided munitions, where minimization of weight and cost is essential [2-4].  Passive damping methods currently rely on the use of viscoelastic materials (VEMS). VEMs are inappropriate for harsh environments experienced by weapon based guidance systems due to their low stiffness, thermal/moisture susceptibility, and frequency limitations [5-7]. 

The proposed SBIR will develop technologies necessary to apply new damping approachs to micro-scale device structures/MEMS components.  Solutions must function over wide ranges of temperatures and vibration levels. To dampen the device/MEMS component, new material systems must be developed for their ability to absorb energy imparted to the system in harsh vibration enviorments.  Subsequent to material selection an appropriate fabrcation process must be designed and developed, and analytical models will be required to design future devices incorporating damping into army relevant appllications.  A successful vibration isolation and damping system (VIDS), for the advanced munitions based guidance systems must be high performance (suppress mechanical vibrations near the resonant frequency of the MEMS device), lightweight (small size commensurate with MEMS scale packaged devices), low cost, low power (must not add additional power requirements to the weapon system), reliable over the full spectrum of the military operational environment (extreme environments, i.e.  temperature/moisture etc.), and it must not impede the weapons system performance, precision, and/or control.  In addition the design, fabrication, and manufacture of the VIDS must be compliant with current industrial standard manufacture technology, i.e., Complimentary Metal-Oxide Semiconductor (CMOS) or Silicon on Insulator (SOI) MEMS processing/fabrication technology.  

PHASE I:  Design and develop the VIDS to passively dampen micro-scale devices exposed to extreme vibrations and harsh environments.  Formulate the materials integration design and identify the required process science protocols for fabrication of the passive damping design.  Rudimentary models supporting the design data are required.  The analytical models will be used to predict the response and design a novel damping structure.  The model(s) will be used to optimize the system and eventually lead to the fabrication and testing of a prototype system.  Goals for a successful Phase I performance might include:  (1) The model must be shown to accurately predict the behavior of known systems; (2) develop predictions of the performance for three VIDS; and/or (3) suggest experimental methodologies for fabricating the 3 VIDS suggested.

PHASE II:  Further develop the analytical models to design a device/die level vibration mitigation solution.  The device level component will be prototyped / fabricated and tested to determine the specific benefits associated with the new damping treatment.  Prototype will be fabricated via semiconductor industry standard tools and process protocols.  Goals for a successful Phase II performance might include:   (1) The device level component will be prototyped (2) The device level component will be tested to determine the specific benefits associated with the new damping treatment; (3) Prototype will be fabricated via semiconductor industry standard tools and process protocols; and, (4) provide cost analysis/proposal for full scale production.

PHASE III DUAL USE APPLICATIONS:  Subsequent to prototype demonstration, manufacture and scale up feasibility will be determined via semiconductor industry standard tools and process protocols.  Foundry friendly process protocols will ensure technology transition to commercialization and the prototype die level damping design concept(s) will allow easy insertion into a variety of applications.  Phase III will determine the batch manufacturability of this system for cost effectiveness in the context that it could be used in a broad range of military and civilian applications to suppress vibrations.  Application areas span an array of microelectronic devices and sensors which are incorporated into moving systems and, hence experience performance disruptive mechanical vibrations.  Military and commercial applications such as on the move (OTM) phased array antennas, applications in the automotive industry such as vehicle roll sensors, navigation and skid control systems.  Additional applications are found in the entertainment/game industry market.   
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A05-033 
TITLE: Ultrafast Detection and Acquisition Radar for Ballistics Defense
TECHNOLOGY AREAS: Sensors, Weapons

OBJECTIVE: To develop and demonstrate a revolutionary type of radar that offers very short detection and acquisition times through an “auto-cuing” capability. The envisioned RNC radar should be capable of detection and tracking of high-velocity threat projectiles over ranges sufficient to provide early warning.

DESCRIPTION: With the present emphasis on Force Protection and Homeland Security, there is a great need for radars that can respond much more quickly to short-range threats such as rocket-propelled grenades and large-caliber bullets. Because the response time must now be tens of milliseconds, it is imperative that the radar have very short detection and acquisition times, and should thus be “auto-cued”. Retrodirective noise-correlating (RNC) radar is a new breakthrough modality that combines three elegant RF techniques: (1) retrodirective array antenna architecture in the transmitter and receiver [1]; (2) noise transmission and noise-correlative signal processing [2]; and (3) high-gain, band-limited feedback between each receive antenna element and its conjugate transmit element. In “rest mode” the RNC radar transmits in a broad pattern dictated by a single element in the array. When a target appears it creates a strong cross-correlation in the reflected noise power between adjacent elements in the receiver. The receive signal is then amplified in each channel and coupled back to the transmit array where it is re-radiated towards the target but now with antenna array gain because of the cross-correlation. The transmitted power reflects off the target again and is received with even greater cross-correlation and the process repeats, similar to the start-up phase of a cavity oscillator. The RNC radar is thus “auto-cuing” and can detect targets in just a few radiative round-trips through free space. The RNC radar concept has been recently studied and demonstrated in basic research funded by the U.S. Army Research Office. The noise cross-correlation and rapid target acquisition were first studied theoretically [3], and then demonstrated experimentally in S band with two-element transmit and receive arrays [4]. Detection times less than 100 ns were demonstrated out to target ranges of about 10 m. This detection time was found to be limited primarily by the group delay through the transceiver electronics and a single round-trip time through free space. Target acquisition (location in range and angle) was achieved in only two to three round-trips - still much faster than any known radar or acoustic sensor. These recent breakthroughs motivate a program to develop a novel radar system, using either the RNC technique or an equally effective “auto-cued” approach, that will be effective for defense against high-speed projectile threats.

PHASE I: Design and analyze an auto-cued radar specifically for detection and acquisition of supersonic projectiles (~880 m/s) of small radar cross section (RCS). Technical issues to be addressed include: frequency band, transmit power, field of view, dimensionality of array (e.g., one-dim vs. two-dim), number of elements in array, antenna design, spatial resolution, range resolution.

PHASE II: Development and practical demonstration of an auto-cued radar that has the capability for the detection and acquisition of supersonic projectiles (~880 m/s) of small radar cross section (RCS). The primary technical issue in this phase will be to address component selection and the packaging approach subject to affordability constraints. This phase will also be used to: perform laboratory performance verification on real targets; determination of minimum detectable RCS vs. range, and perform measurements of detection and acquisition times.

PHASE III DUAL USE COMMERCIALIZATION: The radar technology developed under this topic has important relevance to reducing threats from incoming projectiles (e.g., bullets, missiles, etc) and offers critically important advantages in military applications where speed and resolution are needed. Therefore, the primary commercialization opportunity is for active sensor systems which have important relevance to both the military and private sector to reduce the threat of adversaries and terrorist groups. However, this technology will have dual use applications in private sector areas where rapid-radar acquisition is needed such as in tracking aircraft and vehicles, severe weather monitoring, diagnostics for rapidly moving components, etc.

REFERENCES:

1] Van Atta, L. C., “Electromagnetic Reflector,” U. S. Patent No. 2,908,002; October 6, 1959.

2] Kraus, J., Radio Astronomy (McGraw Hill, New York, 1966), Chap. 7.

3] Gupta, S. and Brown, E. R., “Retro-directive Noise Correlation Radar with Extremely Low Acquisition Time,” S. Gupta and E. R. Brown, 2003 IEEE MTT-S Digest (IEEE, New York, 2003), pp. 599-603.

4] Brown, E. R., Cotler, A. C., Gupta, S., and Umali, A.,”First Demonstration of a Retrodirective Noise-Correlating Radar in S Band”, Proc. 2004 Int. Microwave Symp., Ft. Worth, TX.

KEYWORDS: retrodirective noise-correlating (RNC) radar, auto-cuing, ballistics defense, ultrafast detection

A05-034 
TITLE: A Compact Borazane Hydrogen Generator for a Soldier Fuel Cell Power System
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop a compact device to produce hydrogen from thermal decomposition of borazane (H3NBH3) and integrate this hydrogen generator into a soldier portable, polymer electrolyte membrane fuel cell power system.  The system must produce 20 W for 72 h with a minimum system energy density of 1 kWh/kg.

DESCRIPTION:  The Army has need for high-energy, lightweight power sources for the soldier; for example, one potential scenario would require 20 W (electric) for a three-day mission (1.5 kWh).  Hydrogen-air fuel cells are candidates to fill this and similar needs: (1), but the source of hydrogen is problematical (2).  The thermal decomposition of borazane to hydrogen (H3NBH3 ---> BN + 3 H2) is a potential solution (3), with a stoichiometric equivalent of 19.6 wt % hydrogen in the solid reactant, which is an equivalent theoretical energy content of 6.42 kWh/kg borazane or 3.31 kWh/kg practical.  The decomposition reaction is sequential and proceeds through the formation of aminoborane (H2BNH2) and its oligomers (HBNH)x, which can lower yield.  For example, at 200 C, 2.2 mol H2 per mol H3NBH3 has been reported (4), which nevertheless corresponds to a significant hydrogen content of 14.4%.  Challenges remain to be addressed, however, before borazane can be used as the hydrogen source in a safe and compact soldier power system, for example: Decomposition of borazane to hydrogen is exothermic (-18.6 kcal/mol) and thermal management of the process will be critical for success; The decomposition reaction is thermally activated and must be initiated in a safe, reliable, and controlled manner with low-parasitic power consumption; The volatile cyclic decomposition product borazine (B3N3H6) has been reported (5), and it is unknown what effect, if any, this compound has on the performance of a polymer electrolyte membrane (PEM) fuel cell; Means are needed to introduce the borazane and remove its solid decomposition products in a safe and efficient manner.  These and other issues must be examined before a borazane-based hydrogen generator can be made available for a dismounted warrior PEM fuel cell system.

PHASE I:  Identify, design, construct, and evaluate at the breadboard level a borazane-based hydrogen generator.  Device must be fed with a borazane fuel packet, with each packet sufficient to support 24-h operation of a 20-W PEM fuel cell system.  Control and thermal management subsystems must be demonstrated. Develop a conceptual design of how the hydrogen generator will be integrated into a soldier-portable, 20-W PEM fuel cell power system. 

PHASE II:  Design, construct, and evaluate a compact borazane-based hydrogen generator and integrate into a soldier portable 20-W PEM fuel cell power system with a minimum system energy density of 1 kWh/kg for 72-h operation at 20 W.  One complete 20-W power system is to be delivered to the Army with thirty fuel packets to support ten three-day missions.

PHASE III DUAL USE APPLICATIONS:  Developments in safe hydrogen sources for fuel cells will have immediate impact on a wide range of military uses as well as commercial power sources such as computer power, emergency medical power supplies, recreational power, etc .
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A05-035 
TITLE: Revolutionary Non-Contacting Gas Path Seals for Improved Turbine Engine Performance
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE:  Design and develop innovative, non-contacting, compliant gas path seals that improve turbine engine performance for military and commercial jet engine applications.

DESCRIPTION:  The U.S. Army seeks innovative gas path sealing concepts that improve turbine engine performance at increased operating engine speeds, pressures, and temperatures on air/ground platforms that support missions such as reconnaissance, deployment, and combat.  Current Integrated High Performance Turbine Engine Technology (IHPTET) Phase III goals for turboshaft/turboprop engines include: reductions in specific fuel consumption (SFC) of 40%; reduce production and maintenance costs by 35%.  An increase in the shaft horsepower-to-weight ratio of 120%. [Ref. 2]  Also, Versatile, Affordable, Advanced Turbine Engines (VAATE) program metrics are for a 3x to 5x improvement in the capability/cost index for turboshaft/turboprop engines. [Ref. 3]  The emphasis of this solicitation topic is on high risk, breakthrough, revolutionary turbine engine gas path sealing technologies that exceed the performance characteristics of state-of-the-art labyrinth and brush seals.  Studies have shown that advanced seals improve engine efficiency while decreasing acquisition costs, operating costs (i.e. fuel consumption), and overall engine maintenance. [Ref. 4]

Improved engine performance enhances air/ground platform mobility at the tactical, operational, and strategic levels.  Probability of air/ground platform survival increases due to improved engine performance.  Durable, advanced seal technology improves the engine time on the air/ground platform extending maintenance intervals, improving readiness and allowing the vehicle to stay in operation for longer periods of time in the battlefield.  Finally, improved SFC reduces fuel cost and/or enhances mission length or allowable cargo weight.  These advanced seal characteristics improve all the Army FOCs mentioned above.

PHASE I:  Phase I is a feasibility study that demonstrates or determines the scientific, technical, and commercial merit and feasibility of the proposed innovative seal concept(s).  The proposer shall demonstrate analytically, and/or preferably via experiments the feasibility of the approach to meet IHPTET and VAATE program goals as described above.

The proposal shall provide, at a minimum, preliminary analyses through proven scientific methods that support technical feasibility of the proposed sealing concept.  The proposer shall submit a comprehensive plan for follow-on work to be performed under a Phase II program.  The proposer shall also submit plans for commercializing his/her concept(s) under a Phase III program.

PHASE II:  Phase II represents a major research and development effort.  The proposer shall design, build and test his/her innovative engine seal concept and conclusively quantify results towards IHPTET and VAATE program goals.  The minimum Phase II demonstrated sealing performance requirements are:

1.  Non-contacting operation

2.  1200F air temperature

3.  1200 fps

4.  100 psid

5.  flow factor less than 0.006 [Ref. 5]

PHASE III DUAL USE APPLICATIONS:

Military Application

Black Hawk UH-60 utility helicopter

Apache AH-64 attack helicopter

Chinook CH-47 cargo helicopter

Kiowa Warrior OH-58 observation/scout helicopter

M1 Abrams main battle tank

Army Future Combat System vehicles

Unmanned air and ground vehicles

Commercial Application

Commercial engines and auxiliary power units on passenger jetliners, helicopters, business aircraft and stationary turbine electrical power generators
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A05-036 
TITLE: Structural Capacitors for Electromagnetic Weapons Systems
TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVE:  The objective of this topic is to design and fabricate structural capacitors that provide both capacitive energy storage and structural support.

DESCRIPTION : Electromagnetic (EM) weapons systems, such as EM armor or EM guns, often require large banks of capacitors in order to store charge or condition the characteristics of a power source [1, 2].  These capacitors add significant size and weight to mobile platforms such as ground vehicles, limiting their deployability and strategic responsiveness.  Significant weight/space savings could be achieved with capacitors engineered to carry structural loads so that vehicle structural components could be replaced with load-bearing, capacitive elements [3, 4].  To achieve improved system-level performance, the energy density, stiffness, and strength of the structural capacitor must comparable, although not as great as, the energy density of conventional capacitors and the mechanical performance of structural composites.  Designing robust packaging which supports the mechanical loads while the capacitive elements remain unloaded is not an acceptable design.  The dielectric materials themselves must support the vast majority of the structural loads. For example, a glass-fabric reinforced polymer with low flaw density should provide both mechanical stiffness and high dielectric strength.The proposed designs must offer:  (i) integrated, robust electrical connectorization points, (ii) integrated, robust mechanical coupling points, (iii) reasonable manufacturing costs, and (iv) environmental resistance. Designs which are amenable to planar form factors (i.e., plates), rigid truss elements, and/or complex shapes (e.g., vehicle hulls) are encouraged. 

PHASE I: Demonstrate the feasibility of producing laboratory-scale materials with capacitive energy densities of at least 0.5 J/cc at 10 kV, specific tensile stiffness of at least 5 GPa/(g/cc), and specific tensile strength (in tension) of at least 0.1 GPa/(g/cc).

PHASE II:  Demonstrate fabrication of 10 kJ structural capacitor with energy density and mechanical properties described in Phase I, with a production-level projected cost of no more than $100/kJ.

PHASE III DUAL USE APPLICATIONS:  These structural capacitors could be used to reduce the parasitic weight of capacitors used for EM weapons systems - for example, these structural capacitors could be designed into the floor of a ground vehicle to assist in blast protection.
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A05-037 
TITLE: Solid Waste Preprocessor for Field Waste to Energy Conversion
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  To develop a process for pretreatment of field waste that will yield a product suitable for use in a gasification-based waste to energy converter.

DESCRIPTION:  Field feeding produces tons of packaging and food waste that is backhauled to disposal sites, yet has significant energy content.  An onsite field-feeding waste to energy converter (WEC) can reduce this logistics burden by reducing waste into useful energy and non-hazardous byproducts.  The heterogeneous nature of field waste, however, presents a significant preprocessing and conversion challenge.  

A solid waste preprocessor (SWP) is needed that prepares unsorted waste, producing a waste-derived fuel (WDF) feedstock for use directly in the waste to energy gasification system.  It is anticipated that several operations may be necessary, such as sizing, drying, mixing, and densification.  The waste stream will include constituents such as pulp food trays (about 12.5×8.5×1"), polymeric tray packs (about 12.5×10.5×2"), and paperboard cartons, all of which must be shredded or pulverized.  The moisture content will fluctuate, so drying may be needed for compatibility within normal gasifier operating ranges, typically requiring less than 20% moisture content.  Because the energy content of different components varies greatly (e.g., food versus plastic), mixing will be required for consistent WEC operation.  To support the gasification fuel bed, allow proper gas flow, and facilitate transport and feeding, the waste must be compressed into appropriately-sized pellets or briquettes.  

The SWP will be a significant subsystem in a complete WEC system.  The entire WEC system must meet the following requirements:  The system will process field-feeding waste to realize weight and volume reductions greater than 80% while producing useful energy from the waste decomposition process.  The entire system will be containerized and transportable for rapid deployment, self-contained in an 8×8×20' ISO shipping container (objective 8×8×6.5' Tricon) for compatibility with Force Provider.  System weight will not exceed 10,000 lbs (objective 5,000 lbs) for compatibility with Army forklifts and 2.5-ton trucks.  The system will have automated control and operation to minimize human resource requirements, will be rugged and low-maintenance to minimize operational costs, and will have few consumables to minimize logistical requirements.

In order to meet the WEC objective of maximizing energy recovery from the waste stream, the SWP must minimize parasitic losses, having minimal electrical requirements and using waste heat from the conversion process if possible, with a goal of consuming less than 10% of the gross energy content of the waste stream.  The SWP should not be highly optimized for certain compositions, but rather be flexible for varying field feeding waste streams or subsets thereof (e.g., packaging wastes only).  The WDF output should be a relatively homogeneous product that is suitable for short-term storage and automatic transportation and feeding into the WEC gasifier.  The SWP conversion rate should meet or exceed that of the gasifier, estimated to be 100-200 lbs/hour. 

Studies show that solid waste is generated at a rate of 3-4 lbs per person per day for field exercises, short-term deployments, and steady-state base camp operations; 80% or more of this is generated by food-service operations.  A typical maneuver battalion or Force Provider complement of 550 soldiers will produce about 2000 lbs of solid waste per day.  This waste is mixed, and the users cannot be relied upon to segregate it, except possibly to remove metal cans.  A solid waste study at Fort Polk characterized the waste stream as follows:  41% food waste, 38% paper and cardboard, 12% plastic, 3% metal and glass, and 7% miscellaneous, with an overall heat of combustion of 6500 BTU/lb.  However, waste composition can vary considerably by meal and location.

PHASE I:  Establish the feasibility of a solid waste preprocessor concept that meets the operational requirements stated in the topic description by conducting research to demonstrate that the approach is scientifically valid and practicable.  Perform proof-of-principle validation in a laboratory environment, and characterize effectiveness through experimentation with simulated field-feeding solid waste.  Work closely with WEC performers (to be identified during Phase I execution) to ensure the products of this effort are directly applicable to their needs.  Address safety and human factors concerns, and provide credible projections of size, weight, energy requirements, and cost of a system capable for fielding.

PHASE II:  Refine the concept and fabricate a prototype system that meets all operational, effectiveness, and reliability requirements and is sufficiently mature to be integrated with the WEC for technical and operational testing, limited field-testing, demonstration, and display.  Address manufacturability issues related to full-scale production for military and commercial utilization.  Observe strict attention to safety and human factors.  Provide user manuals and training to support government testing of the equipment.

PHASE III DUAL USE APPLICATIONS:  The SWP is an important component of a waste to energy capability that targets military field-feeding food and packaging waste, but can also support emergency response and disaster-relief activities.  Potential commercial applications include outdoor events such as fairs, carnivals, and camps, as well as indoor food-service such as lunchrooms, cafeterias, and restaurants.  On larger scales, it could handle waste from institutional or consolidated food service and industrial food production plants.  An onsite waste to energy conversion capability offers attractive opportunities for distributed waste processing and fuel or power generation.  
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A05-038 
TITLE: Optical Stand-Off Detection of Explosive Residue
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  We are seeking an optical sensor that can detect the presence of residue from chemical explosives from a stand-off distance of several meters or more.

DESCRIPTION:  Over ten years ago it was first demonstrated that stand-off Raman spectroscopy could be used for the detection of, e.g., ferrocyanide.[1]  Since then, a Mini-Lidar Raman System has been developed that can detect surface contamination at stand-off distances, and a portable system has been developed that can use Raman spectroscopy to identify films as thin as a few microns at distances of tens of meters.[2,3]  Other approaches include the development of Laser Induced Breakdown Spectroscopy (or Laser Induced Plasma Spectroscopy) and combined LIBS/Raman Lidar systems that have detected atmospheric gases at distances of the order of 50 meters.[2,3]  A burgeoning threat, pernicious to both civilian and military personnel, is the proliferation of IEDS/car bombs.  A sensor is needed that can detect the possible existence of residue on these objects from stand-off distances in reasonable times.  Although various kinds of portable advanced Raman/LIBS devices exist as described, none is designed to detect explosive chemical residue.  The object of this SBIR is to develop a stand-off optical sensor with the aforementioned technologies and capabilities or other novel optical technologies that are capable of surpassing the sensitivity, range and discrimination ability present in Raman/LIBS techniques.

PHASE I:  Design a stand-off optical sensor for explosive chemical residue.  The design should specify the laser, power and wavelength, as well as the optical components (telescope, lenses, etc.).  In addition, the design should specify the kinds and amounts of explosive materials it will detect as a function of distance and resolution time.

PHASE II:  Build a prototype optical sensor and demonstrate it can detect trace amounts of chemical explosive from a stand-off distance.

PHASE III DUAL USE APPLICATIONS:  This system could be used in a broad range of military and civilian applications where monitoring of trace hazardous materials at a distance are necessary, such as:  airport operations, border and port security, TIC, TIM (Toxic Industrial Chemical, Toxic Industrial Material)and pollution monitoring along with other relevant Homeland security applications.
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A05-039 
TITLE: Manufacturing of Bulk Metallic Glasses by Atomization
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop low-cost, scalable methods for the atomization of bulk metallic glasses with a very high yield of powder in the desired size range. The process should be flexible enough to fabricate amorphous alloys of all types.

DESCRIPTION: Bulk metallic glass alloys are unique in that they are capable of being cast into thick cross sections. Despite this advantage the thickness is restricted to the limit of the glass forming ability. To fabricate larger, net-shape structures powder metallurgy approaches have particular advantage. Current efforts to fabricate bulk metallic glass powders fall short in that they provide small quantities (<20% yield) of powder in an acceptable size range. One reason for the inefficient atomization is the high viscosity of the molten alloy. The alloys of greatest interest are based on zirconium or hafnium, have melting points that exceed 1000° C and are very sensitive to oxygen and other impurities that can reduce the glass forming ability. The total oxygen content of the powder must be less than 400 parts per million (weight basis). The desired average particle size is 20 microns or smaller with 100% of the particles less than 45 microns. Each of the particles should be fully amorphous with no crystalline content allowable.

Composites of tungsten powder and a bulk metallic glass have the potential as kinetic energy penetrators to perform as well as depleted uranium alloys.  The ability of the bulk glass to shear localize gives it failure and flow behavior that mimics the DU materials.  At sufficiently high densities the composite could make an efficient kinetic energy device.

PHASE I: Demonstrate an appropriate atomization method for the fabrication of bulk metallic glass alloy powders where the particles meet the size, distribution, purity, and crystallinity requirements. Fabricate at least 2 kg of an appropriate alloy composition for analysis. Develop design plans for scale-up of the process to pilot scale.

PHASE II: Build, install and demonstrate the atomization of bulk metallic glass alloys at pilot scale using data and knowledge gained in Phase I. Develop the methodology necessary to control the particle size within defined limits. Demonstrate control over particle morphology, i.e., spherical versus irregular shapes. Demonstrate fabrication of powder which meets all size, distribution, purity and crystallinity goals. Batch operations must fabricate at least 50 lbs. in one run. Continuous operations must fabricate at least 50 lbs in one hour.

PHASE III DUAL USE APPLICATIONS: Bulk metallic glass alloys have many possible applications beyond the military. Currently cast alloys are used in sporting goods (golf, baseball and tennis), cell phones, PDAs and portable computers to name a few. The development of amorphous powders will open up new possibilities where the powder may be formed by net-shape operations, thermal spray or conventional P/M.
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A05-040 
TITLE: Compact, Efficient Sub-Millimeter Wave Electronic Oscillator
TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVE:  Develop and demonstrate a compact electronic oscillator with significant output power and high efficiency at sub-millimeter wave frequencies.

DESCRIPTION:  The drive to increase imaging resolution and communication bandwidth has pushed the operating frequency of electronic devices higher and higher.  Above the millimeter wave range, a significant barrier exists due to the lack of compact, efficient oscillators with significant output power.  Scientists and engineers are pursuing a number of techniques to remove this barrier, from both the lower bound using solid-state oscillators and frequency multipliers, and from the upper bound using optical heterodyning and quantum cascade lasers.  Unfortunately, none of these approaches currently can produce the desired output power levels at the target frequencies in a compact, efficient device.  Other researchers have tried scaling traditional linear-beam vacuum electron devices to operate at shorter wavelengths, but have encountered difficulty fabricating the devices to the required dimensional tolerances.  Other significant barriers to the use of linear-beam vacuum electronic devices include the availability of reliable cold cathodes and the large, heavy magnetic circuits typically required to accurately control the electron beam.  The primary goal of this topic is to identify, investigate, and develop an electronic oscillator using a completely new and innovative approach, rather than an evolutionary improvement of existing techniques.  Responsive approaches could include but are not limited to micromachined vacuum electronics that do not rely on linear electron beam transport, solid-state techniques that do not rely on frequency multiplication, and nanoscale mechanical resonators.  The target output power level should be in the range of 100 mW to 1 W, with target wall-plug efficiency above 10%. High stability and low phase noise are more desirable than tunability.  The sources themselves should be compact and lightweight, and must have minimal requirements for ancillary components such as magnets, power supplies, and cooling systems.  Device operating performance including but not limited to output frequency, output power, thermal management, and wall-plug efficiency will be demonstrated in Phase I by applying standard modeling and simulation tools.  The feasibility of fabricating the device, particularly if micromachining techniques will be used, will be demonstrated in Phase I using CAE and fabrication flow modeling tools.  The resulting data will be used to produce a device design, process flow, and test plan for a working prototype device to be fabricated and tested in Phase II.

PHASE I:  Demonstrate the feasibility and predicted operating performance of the proposed device through extensive computer modeling and simulation.  Develop and document the design, process flow, and test plan that will lead to a working prototype device in Phase II. 

PHASE II:  Construct, test, and evaluate the performance of the prototype device designed in Phase I.  Document the final design and measured performance of the prototype device. 

PHASE III DUAL USE APPLICATIONS:  Using the results of the prototype demonstration in Phase II, develop and document a device design, fabrication process, cost model, and preliminary path to large-scale commercial manufacturability of the device.  The device design and fabrication process should be oriented towards maximizing the economies of scale, using batch processing and monolithic integration of device components to simplify assembly wherever possible.  This compact, efficient, low cost, sub-millimeter wave power source will open up new areas of basic research along with new military and commercial applications including space-based communications, wide bandwidth communications and sensing for satellite systems, short-range terrestrial and airborne communications, chemical and biological sensing, near object spectroscopic analysis, high-resolution medical imaging, and high-resolution radar. 
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A05-041 
TITLE: Development of a Low-Leakage and High-Output Bone Conduction Communication Interface
TECHNOLOGY AREAS: Sensors, Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  To develop a two-way bone conduction speech communication system that has low signal leakage and high-intensity output.  The system will provide communication through the use of bone conduction transducers (transmitters and receivers) placed on the user's head.  The transducers will be designed to address Army requirements to facilitate speech communication in a variety of adverse military environments.  The system will be composed of:  (1) a highly sensitive receiver that is unaffected by air-conducted vibration, and (2) a directional transmitter that is capable of high output levels.  The system will be compatible with existing Army equipment, including helmets, respiratory masks, helmet mounted displays, face shields, radios, and hearing protection. 

DESCRIPTION:  The Army Research Laboratory Human Research and Engineering Directorate is evaluating the feasibility of including bone conduction communication systems in the Future Force Warrior (FFW) ensemble.  Bone conduction offers many advantages over air conduction as a means of communication in military environments.  Bone conduction transmitters deliver auditory signals without obscuring the ears, allowing the soldier to receive radio communications while maintaining full awareness of the surrounding acoustic environment.  Bone conduction transmitters could also be useful to soldiers in stealth situations:  auditory signals can be perceived by the user while remaining inaudible to all other listeners, including enemy forces.  Bone conduction receivers offer an inconspicuous and robust means for sending high clarity audio signals in both quiet and noisy environments without the need for noise reducing boom microphones.  

Several off-the-shelf bone conduction transmitters and receivers are available for civilian applications.  These systems are designed to operate in background noise levels less than 75 dB(A) and are not mature enough to provide the low leakage, high intensity output required for military operations across a variety of environments.  Laboratory and field studies conducted by the Army Research Laboratory for the Future Force Warrior (FFW) and Land Warrior (LW) programs demonstrated several deficiencies of the current state-of-the-art bone conduction communication systems.  The main problems identified by these studies are:  (1) unacceptable susceptibility of bone conduction receivers to interference from environmental noise, (2) poor decoupling between bone conduction transducers and the headgear structure causing unacceptable signal leakage to the external environment, (3) insufficient power handling by bone conduction transmitters making them ineffective in high-level noise environments, (4) poor coupling of bone conduction transducers to the skin of the head, and (5) lack of reliable supporting systems to hold bone conduction transducers at designated locations.  The resolution of these deficiencies will present a considerable technical challenge.  A bone conduction transmitter that produces high intensity output is also likely to produce considerable leakage through air conduction.  Reducing the sensitivity of the receiver to external noise will likely render it less sensitive to skull vibrations.  A successful bone conduction communication system will overcome these obstacles.

This proposal calls for the design and development of a bone conduction communication interface to provide minimal air-conducted output and maximal bone-conducted output while positioned on the head of the listener.  The bone conduction receiver must be constructed to be insensitive to the surrounding acoustic environment and respond exclusively to skull vibrations.  The bone conduction transmitter must also be designed to allow good contact with the skin after little or no adjustment from the user.  The system should have provisions for use with a variety of headgear as well as a free-standing system. 

The bone conduction transmitter should meet the guidelines detailed in MIL-STD-1472F.  This standard requires a flat frequency response (± 5 dB) to at least 4.8 kHz for military communication systems.  The standard lists three levels of speech intelligibility based on performance in the Modified Rhyme Test (MRT).  The transmitter should meet the military standard for ‘normal acceptable intelligibility’ (91% or better performance on the MRT) in 120 dB(A) noise with hearing protection and in 85 dB(A) noise without hearing protection. In addition, the transmitter must also meet the ‘exceptionally high intelligibility’ criterion (97% or better performance on the MRT) in a quiet environment.  This must be accomplished using an output level that produces air-conducted leakage detectable less than 50% of the time by a listener with normal hearing situated one meter from the transmitter. 

Requirements for the receiver will also follow MIL-STD-1472F.  A flat frequency response (± 5 dB) to at least 4.8 kHz is required.  When used as part of a communication system, the receiver should allow for ‘normally acceptable intelligibility’ when the talker is operating in 120 dB(A) noise. In addition, the receiver must meet the ‘exceptionally high intelligibility’ criterion in a quiet environment.  

PHASE I:  The objective of Phase I is to perform a system engineering study to determine the feasibility of the approach, leading to a working model of the system together with supporting documentation (a final report).  This effort should demonstrate an improvement over current bone conduction technology as well as the functional capabilities of the future system.  The final report will include design details, performance data, and a discussion of the technical challenges for Phase II, including the development and final form of the packaging and miniaturization of the system.  

PHASE II:  Building on the results of the Phase I work, the goal of Phase II is to develop and provide a working prototype system.  Complete documentation is considered a part of the system.  The performance of the system shall be demonstrated both in quiet and in 85 dB(A) and 120 dB(A) noise with users wearing either MICH or FFW Army helmets and hearing protection (only in 120 dB(A) noise). Tests will be conducted using both normal (65 - 70 dB SPL) and raised voice levels (75 - 85 dB SPL) during playback of four different background noise recordings provided by the Army.  The capability of the system to be interfaced with existing military radio systems should also be demonstrated.  

PHASE III DUAL USE APPLICATIONS:  The system’s potential for commercial applications is enormous.  A bone conduction interface is expected to be used by non-military personnel such as firefighters, security guards, police, and rescue squad members.  The use of the system may also expand to communication and warning signal systems in noisy industrial facilities.  Such systems may also be integrated into conference call systems and cellular telephones.
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A05-042 
TITLE: Alignment Tolerant Optical Connector with Active Regenerative Element
TECHNOLOGY AREAS: Electronics

OBJECTIVE:  To develop alignment tolerant optical interconnect solutions for connecting backplanes at 40 Gbps and higher per channel.  The optical connectors should incorporate an active regenerator or modulator elements.  Interconnect goals include scalabilty in bandwidth and layout flexibility as well as process compatibility with mainstream electronic manufacturing.  

DESCRIPTION:  Data rates between backplanes of microprocessor based computer boards are expected to reach greater than 40 Gb/s in the next 5 years.  The data throughput between different shelves of high-speed electronics are expected to reach multiple terabits/s in the next few years.  However, the interconnect performance at the backplane level 1 cm - 100 cm has been improving at a much slower rate.  For electrical technology, the primary limitations to implementing high-speed interconnections are achieving high packing density, cross talk between channels, frequency-dependent loss, and high power dissipation.  High end servers, routers and signal processors are seriously limited by the electrical and mechanical limitations of chip to chip electrical interconnects.  In addition to frequency dependent loss and crosstalk that limit the scaling of electrical interconnects to higher frequencies and longer interconnection distances, a more practical limit is imposed by the electrical connection density at the edge of the boards. The density of the connectors is limited by mechanical issues (size of pin and insertion force) severely restricting the number of pins in the connectors.  Today, the insertion force required to plug a board onto the backplane of a high end server is ~200 pounds.  This force is projected to reach ~1000 lb in next generations. 

Current optoelectronic technologies, are optimized for long distance telecommunication and data communication applications, do not have the necessary characteristics (power dissipation, form factor, cost, signal integrity) needed for interconnects between high-speed electronic chips.  There has been considerable work in optical backplane technology during the last few years in the commercial sector as well as by Defense Advanced Research Projects Agency (DARPA) funded activity which has focused primarily on the transmitter and receiver elements and on guided wave distribution methodologies using passive optical coupling between optical channels on different boards and backplanes.

The goal here is to advance the interconnect technology to the >40 Gbps/channel regime. The approach can be applied to either an optical fiber or free-space interconnect.  Free-space optical interconnect optical connector technology removes frequency dependent loss, reduces crosstalk and removes discontinuities that plague electrical interconnects and eliminates the need for a physical connection per link; thus, revolutionizing the scaling laws of present connectors governed by mechanical scaling.  For applications which require a large number of optical interconnects within the processing box, reliability has been shown to be a major concern.  In military systems this problem will be exacerbated due to the harsh environment. Architectures are of interest which have a few source lasers as optical generators and which exploit more robust modulating optical elements for impressing the data on the optical signal.  These architectures however suffer from loss issues and it is desired to use optical gain elements to eliminate this problem.  Thus, the aim here is to implement optically active connectors which provide gain or modulation to enable a host of new architectures and schemes for interconnects. 

PHASE I:  The concept design of an active optical connector with capability of providing gain or modulation for board to board level interconnect schemes which is compatible with both fiber and free-space optical interconnects, and which is tolerant to beam misalignments for beams extending to 100 cm.  Potential of 40 Gbps or greater interconnects should be demonstrated for a single channel with low bit error rates (BERs) -approximately 1e-10 or less. 

PHASE II:  This phase will further develop the concept to key technology milestones.  The thrust of this effort should be placed on subsystems development, and technology demonstration.  Alignment tolerances within 0.5 degrees and mm’s need to be proven.  Bandwidth of regenerative elements and channels should exceed 40 Gbps for a single channel with low BERs- approaching 1e-12 or less.  A concept demonstration prototype shall be demonstrated.  Military robustness and functionality should be assessed.

PHASE III DUAL USE COMMERCIALIZATION:  Commercial applications:  Potential commercial applications include high end servers and routers, high performance signal processing and supercomputing.  Military Applications:  Supports Transformational Communication Architecture (TCA), integrated C4ISR optical systems, synthetic aperture radar, signal image processing, communication routers.
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A05-043 
TITLE: Low Cost Manufacturing of Ballistic Helmets
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Using recently identified material combinations which meet both structural and ballistic requirements, develop a new manufacturing process or adapt an existing procedure to mold helmets.  The materials will include predominantly thermoplastic matrix, aramid fabric layers with graphite fabric, epoxy thermoset resin skins.  Current helmet manufacturing infrastructure involves constant temperature compression molding and would have to be modified to handle thermal cycling with these matched compression molds.

DESCRIPTION:  The newer compliant matrix ballistic fabrics suggest the potential for weight reduction of existing helmets while retaining the same level of protection.  In contrast to the existing thermoset phenolic based systems, these thermoplastic systems require thermal cycling instead of being limited by cure characteristics.  Unfortunately, the manufacturing base today uses matched compression molding tools that are designed to maintain constant temperature.  Efficient thermoplastic forming will require rapid temperature cycling in order to form helmets from this new class of materials.  One could consider the modification of these tools with control equipment that could pump hot and cold fluids through the tools to affect the thermal cycle or entirely redesigned tools could be built.  Other processes to include hot/cold presses, side-by-side or carrier frames for hot thermoplastic assemblies that could be dropped into cold tools could be considered.  Cycle times of less than 15 minutes per helmet are desired based upon current thermoset processing times.

PHASE I:  The first requirement will be to manufacture prototype helmets of a standard geometry (most likely the current Protective Armor System Ground Troop, PASGT) at specified wall thickness with a specific combination of thermoplastic resin/aramid fabric and graphite fabric epoxy skin.  The use of the PASGT geometry is desired for several reasons. First, is that a large database of ballistic performance has been collected for this geometry.   We would like to compare performance of the new material to the current material without introducing effects related to shape.  Second, expensive matched metal compression tooling exists and is readily available.  And lastly, the PASGT geometry is conservatively complex and one could argue that if capable of molding the PASGT, then one would be capable of molding most other geometric variants.   Different manufacturing processes will be considered. Helmets from these different processes will be delivered to the government for performance evaluation including ballistic and structural.  A trade study of manufacturing cost, investment cost or risk, and performance implications will be performed.

PHASE II:  The second phase will select one or more or the most optimum processes and scale up the manufacturing equipment and procedures and make more helmets for evaluation.  The intent is to demonstrate that the selected process is truly scalable to commercial production levels.  The helmets will be tested as before, but their performance will now guide the specification of the manufacturing parameters.  A recommended process and equipment will be specified in a final report. 

PHASE III DUAL USE APPLICATIONS:  The potential for protective articles is obvious.  Safety helmets, sports pads and guards, vehicle crush structures all could benefit from a manufacturing process which now exists for non-ballistic materials and structures. 
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A05-044 
TITLE: Ultra-High Strength Aluminum Armor
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE: To develop a new class of high strength aluminum armor alloy utilizing the spray metal forming process. 

DESCRIPTION: Recent advances in the development of aluminum alloys can be primarily attributed to new production methods. These methods include spray deposition, which takes advantage of rapid solidification to produce alloys with superior microstructures while eliminating macrosegregation. This is accomplished through a single-step processing cycle which yields massive preforms directly from the liquid state. Faster cooling rates result in the preferred microstructures. Spray-formed aluminum alloys can be produced economically but the greatest advantage is the ability to produce alloys not possible by conventional ingot metallurgy (IM). The successful exploitation of this technology will result in the development of a diverse group of Al-Zn-Mg-Cu aluminum alloys with unparalled combinations of strength, toughness and thermal stability for lightweight armor applications. These alloys have traditionally offered a combination of high strength and toughness, without the use of expensive alloying elements. However, further enhancement of these alloys has been hindered by limitations in conventional production methods, such as macrosegregation in large ingots. The mechanical properties of Al-Zn-Mg-Cu alloys are controlled by precipitation hardening, where nanometer sized Guinier-Preston zones and/or metastable ?’ precipitates act as pinning centers for dislocation movement[1]. The development of spray-formed alloys with improved mechanical properties will be achieved by producing chemical compositions unattainable by IM and by controlling the size, shape, distribution and spacing of hardening precipitates.

PHASE I: Identify a suitable aluminum armor composition and produce two separate billets resulting in two 12 x 12 x 1 inch plates to be used for ballistic testing and materials characterization. Ballistic tests would be conducted by ARL. 

PHASE II: Develop and demonstrate a prototype spray-metal forming system to produce 500 pound billets conducive for the production of aluminum armor plate at costs near or below that of IM. The size of the aluminum armor plate shall be at least that to meet minimum qualification standards of 2 ft. x 3ft.x 1 inch thick. 

PHASE III DUAL USE APPLICATIONS: The system could be used in a broad range of military and civilian applications including high strength aerospace structural components, lightweight armor for vehicles or personal protection. 
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A05-045 
TITLE: Joining and Sealing Technologies for the Development of Long Ceramic Tubes to be Used as Gun Barrel Liners
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  Develop the means for enabling multiple short-length ceramic tubes to be effectively joined end-to-end in a gun bore.  The joining means must survive ballistic events and prevent leakage of propellant gases to outbore components.

DESCRIPTION:  Ceramic gun barrel liners will:  [1] provide a 50% increase in barrel life with sustained accuracy for direct and indirect fire, [2] enable a 20% increase in muzzle kinetic energy for direct fire, and [3] provide a 5-25% weight reduction (per unit length of barrel) owing to the combination of superior wear resistance, high temperature capability, and relatively low density that are inherent to ceramic materials.  An optimized ceramic gun barrel design will be capable of producing significantly higher lethality than current direct fire weapons.  Initial testing and evaluation of ceramics for gun barrel applications indicate that this potential can be realized.  The length of ceramic tubes that can be produced with the requisite dimensional tolerances for gun barrels is currently limited to approximately 200mm.  To realize the potential of ceramics for gun barrel applications, ceramic joining and sealing technologies need to be developed for fabrication of long ceramic tubes.

PHASE I:  Develop a design that uses novel machining methods and/or novel materials at the junction between ceramic tubes, demonstrate a joining/sealing methodology that can survive in the gun barrel environment without leaking.  It is understood that axial and radial pre-stress at the area of the joint/seal will be provided by outboard sheathing components that are separate from this study.  The ceramic shall be from the silicon nitride family of materials with a density of > 98% of theoretical.  The tube shall have a 33mm outer diameter and a 24 mm inner diameter within a tolerance of +/- 0.1 mm.  The joint / seal will be expected to survive exposure to simulated gun barrel environment.

PHASE II:  Exploit and improve the joint/seal design and the fabrication methodologies for use in a medium caliber gun system.  At the end of the first year of Phase II, three instances of the prototype joint/seal design from Phase I will be provided to The Army Research Laboratory (ARL) for ballistic evaluation.  At the end of the second year of Phase II, three one-meter long ceramic-lined barrels will be provided to ARL to quantify the performance of joining/sealing technology.  Perform a cost analysis assessment for future production.  

PHASE III DUAL USE APPLICATIONS:  Procedures developed for developing joining/sealing technologies for long ceramic tubes will then be scaled and applied to a broad range of gun systems such as the 5.56mm, 7.62mm, 50 cal, 120mm, and 155mm.  The development of joining/sealing technologies has applicability to retrofitting worn portions of condemned all-steel barrels, and would enable the insertion of ceramic liners in combustion engines and rocket nozzles.
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A05-046 
TITLE: Distributed Antenna Applications for Body Worn Platforms
TECHNOLOGY AREAS: Information Systems, Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: To develop a field expedient prototype and design for wearable multi-function distributed antenna system for Land Warrior/Ground Soldier systems applications to be tested in a battalion unit for demonstration of network centric army operations.  The work may leverage current ongoing army efforts as much as possible to expedite the realization of a prototype.

DESCRIPTION: Wearable electronics is of significant interest in military, police and commercial applications [1-4].  WLAN systems are a natural application for commercial use.  For the military, possible applications include communication, surveillance (Blue Force tracking – e.g., L-band transceivers), and reconnaissance. Such systems require flexible antennas integrated onto a small area on the soldier (non-helmet area) and/or into the clothing of the soldier. Achieving a low profile, light weight antenna interface while sustaining a reliable link over a broad bandwidth, is the ultimate goal of such applications. Army’s short term needs require demonstrating such an antenna system integrated on the soldier platform. Woven printed antennas are a natural choice to satisfy these criteria in a relatively short time frame. A setback associated with such a solution is that these antennas may offer a much narrower bandwidth than needed for some of the multifunction operations. The ultimate goal for longer term applications is to mitigate the bandwidth problem, minimize size and space claim on a soldier, and maximize performance. A possible approach could be the use of fractal designs for these longer term applications.  Initially, what is sought is a quick implementation of a GPS (L1 – 1.575 GHz & L2 – 1.227 GHz) AND a 5 Watt radio transceiver (420 MHz – 450 MHz) antenna (2 device connections – Radio & GPS interfaces) for soldier use providing optimum coverage, performance, and minimum weight/size on both sides of the soldier’s head.

Wearable antennas for military applications have been of interest for sometime. CERDEC is developing a suite of body wearable wideband antennas for incorporation into the Future Force Warrior Soldier Ensemble.  The CERDEC schedule for delivery of these antennas to the FFW is in the FY06/07 timeframe.  This solicitation focuses on an expeditious solution to demonstrate the feasibility of network centric operations in a battalion, and addresses the problems noted by warfighters with their practicality.  Possible key issues to be considered are the positioning of the antenna over the soldier’s body in a battle situation. Due to the nature of mode of operation in a battlefield, this becomes very critical in terms of sustaining an uninterrupted link. A possible solution is to distribute the antenna system over the body and reconfigure it dynamically to obtain optimal performance. The reconfiguration involves weighted summation of the returns from all antenna components for optimized performance. The distributed antenna system can be used to enable for multi-band operations or from a spatial diversity standpoint to enhance link availability as the soldier changes positions. This could be potentially used for all United States Army Soldiers.

PHASE I: Develop a baseline design for a wearable distributed antenna system for GPS and comms net radio system (CNRS) [400-500 MHz – e.g., Enhanced Position Location Radio System (EPLRS) waveform] application and build an expedient proof of concept antenna element. The design should focus on a practical and quick solution and should consider operation on a dismounted ground soldier and attempt to meet low unintentional emissions and survive military & battlefield conditions

PHASE II: Build a prototype antenna system that meets Phase I applications. The prototype should provide optimal performance for different positions and sizes of the human platform and take into consideration soldier connections to both a GPS and a EPLRS CNRS system. 

PHASE III: Leveraging other ongoing CERDEC efforts on the topic and from the experience gained in Phases I and II, advance the distributed antenna design to operate with the Joint Tactical Radio Waveform, spanning 2 MHz to 3000+ MHz and Selective Availability Anti Spoofing Module (SAASM) GPS Receiver. Incorporate broadband antenna components, (e.g., fractal antennas, etc.) in the design. Build a prototype and demonstrate performance. Extend the concept to WLAN applications where textile antennas can be worn by users for personal communications. Emergency responders could exploit such a system where GPS location and communications are critical. Examples, as diverse as coordinating a police unit in a SWAT scenario, firemen responding to an emergency such as a forest or residential  fire, a ski patrol trying to locate victims after an avalanche, or emergency workers responding to a natural disaster such as a hurricane, earthquake or Tsunami. This list of applications is just a sample of the possible transitions to the private sector and illustrates the commercial potential of such a system.  Plans for this technology would be for future consideration for incorporation as pre-planned product improvements to the Land Warrior Ensemble, Dismounted Battle Command System, and Mounted Warrior type programs.
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A05-047 
TITLE: Low Cost and Scalable Systems for Synthesizing Tungsten Nanopowders
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop/design/build an inexpensive and robust system to mass produce high purity and high quality nanometer sized tungsten metal powders that could be directly fed in to various powder consolidation techniques aimed at fully dense bulk nanocrytalline tungsten.

DESCRIPTION:  A number of novel powder consolidation techniques aimed at fully dense bulk nanocrystalline tungsten have been proposed in recent years.  To date, these novel powder consolidation techniques could not been fully verified and utilized mainly due to the nonexistence of commercially available nanometer sized tungsten powders.  It has been widely accepted that the nanocrystalline materials are ones having an average grain size less than 100 nanometers (nm).  Conceptually, a nanocrystalline material is a dense bulk material having an average grain size smaller than a critical size.  Below this size the material behaves fundamentally different than those having an average grain size above the critical size.  Currently, the critical grain size of nanocrystalline bulk tungsten has not yet been determined.  Additionally, it has been speculated that pronounced differences in material behavior may be achievable at grain sizes much smaller than the average critical size.  The expected major benefit of nanocrystalline bulk tungsten is an enhanced dynamic deformation behavior, specifically shear localization. Nanostructured tungsten, when used as a kinetic energy device, offers the opportunity for performance that exceeds depleted uranium.  This is accomplished through an adiabatic shear localization of the deformation and failure of the tungsten under dynamic loading.  It has been found that a nanoscale microstructure is necessary to observe the adiabatic shearing behavior.

In order to fabricate nanocrystalline bulk tungsten using suitable powder consolidation techniques, extremely fine pure tungsten powders, with narrow powder size distributions, are desirable.  It is speculated that the average grain size of full density bulk nanocrystalline tungsten is approximately one order of magnitude larger than the average powder size of the staring powder.  Therefore, it is desirable to have tungsten powders of less than10 nanometers in size.  Powders having an aspect ratio approaching 1 (e.g., spherical powders) are more desirable than higher aspect ones.  It has been well known that sintering characteristics of sub micrometer to micrometer sized tungsten powders are highly influenced by residual impurities levels.  Therefore, it is expected that residual impurities would play an even more important role in nanosized tungsten powder consolidation.  It is extremely desirable to synthesize nanosized tungsten powders with minimum impurities with special emphasis on the interstitial impurities.  It is also extremely desirable that the powder remains free flowing, resistant to agglomeration, and have good sintering kinetics.  It is also equally desirable that physical and chemical integrity of the nanometer sized tungsten powder be maintained for a reasonable shelf life.

The Army is seeking the following:  (1) inexpensive, robust, and scalable method(s) for synthesizing single to low double digit nanosized (i.e., 1 – 20 nm) pure tungsten powder with the characteristics described above; and (2) an inexpensive, robust, and scalable method to mass produce the nanosized tungsten powders.  The synthesized nanosized tungsten powders are to be fed directly in to suitable powder consolidation techniques without any additional processing and/or treatment.

Additionally, suitable doping and/or anti-agglomeration agent(s) that may be used to suppress excessive tungsten grain growth during powder consolidation process and/or to prevent inter particle agglomeration prior to powder compacting process.  It is highly desirable that the agent(s) incorporated to the nanometer sized tungsten powders during the synthesis process and not negatively affect the material properties.

PHASE I:  Develop and/or demonstrate method(s) for synthesizing nanometer sized pure tungsten powders, and develop an overall system design and system specification(s) with the particular attention to its low cost and scalability requirements.  Must meet particle size goals of 90% <20 nm and 100% <50 nm.  Must produce at least 1 kg of material, in one batch, for analysis.  Impurities must be kept low; oxygen <2% and carbon <100ppm.

PHASE II: Build and demonstrate a prototype system to synthesize the nanosized pure tungsten powders.  Formulate tungsten grain growth inhibitor(s) and/or anti-agglomeration agent(s), and demonstrate the effectiveness using the prototype system.  Demonstrate synthesis rates exceeding 2 kg/hr at the prototype scale while meeting purity, particle size and size distribution goals.  Refine the method(s) if required.

PHASE III DUAL USE APPLICATIONS:  Refine the system so that it can be used in a typical commercial environment.  Extend the system capability so that it can be used in other powder synthesis.
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A05-048 
TITLE: Green Insensitive Munitions Materials 
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  The objective of this project is to develop drop-in replacement  molecules for RDX and AP that have reduced toxicity, reduced hazard combustion/detonation products, equivalent performance properties, and meet and/or exceed IM requirements.  Chemical structures of candidate new energetic materials need to be identified along with the suitable synthesis procedures.  Refinement of identified synthesis procedures must be optimized to enable the efficient production of gram quantities of replacement material.  The goal is to provide enough new material to assess performance, sensitivity, safety and environmental properties.  The development of green insensitive replacement ingredients for RDX and AP will have a significant impact on explosives and gun and rocket missile propellant formulations for the Future Combat Systems (FCS) munitions.  

This project will also provide non-toxic energetic materials used in explosives and propellants that will ensure environmental compliance from ordnance used at test facilities and training ranges (promoting training range sustainment).

DESCRIPTION:  The science & technology (S&T) communities face an unprecedented challenge in order to play their critical part in DoD’s Joint Vision 2010 and Joint Vision 2020.  That vision is to transform America’s Armed Forces to fight and win the nation’s wars through creating a force that is dominant across the full spectrum of military operations; and persuasive in peace, decisive in war, preeminent in any form of conflict.  Future Force requirements (lighter weight platforms, increased range of engagement, and lethality, reduced logistics burden) make munitions safety and survivability very difficult to achieve. 

The shift towards smaller, lighter platforms concurrent with world-wide operational deployments also increases the survivability risk of munitions by attack from foreign hostile nations, terrorists and accidents.  The current insensitive munitions (IM) materials data base and the capability to provide the Future Force with technologies to simultaneously meet performance goals while achieving safety and survivability must be increased.  

Energetic materials are one of the key components that affect the survivability of munitions in both logistical (storage, transportation) and tactical (stowed on weapons platforms) environments.  These include explosives and propellant formulations.  Therefore, new ENERGETIC MATERIALS with reduced sensitivity and vulnerability must be aggressively pursued for subsequent transition to IM programs to support Joint Operations.  In particular, new energetic materials must meet and/or exceed performance specifications, insensitive munitions requirements, and have full environmental lifecycle pollution prevention compliance.  Novel energetic materials for advanced propellant and explosives offer the potential to tailor the dynamic release of energy (energy management) to provide increases in both weapons performance and vulnerability, while concurrently meeting green munitions requirements.  This project supports insertion to existing STO, DTO programs such as STO Num:   IV.WP.2003.01 Title:  “Novel Energetic Materials for the Objective Force”; DTO Num: WE.70 Title: “Novel Energetics”; Predictive Technology for Insensitive Munitions IV.WP.2005.06 Missile Propulsion IM Technology IV.WP.2005.03; Warheads IM Technology IV.WP.2005.05; IM Technologies for Gun Propulsion  IV.WP.2005.04.

The reduction/elimination of hazardous energetic materials from ordnance to provide GREEN INSENSITIVE replacements for RDX and AP (ammonium perchlorate) are key components of the overal strategy.  Cyclotrimethylene trinitramine, also known as RDX, cyclonite, or hexogen, is an explosive material widely used by the military.  As an explosive it is usually used in mixtures with other explosives and plasticizers or desensitizers.  It is chemically stable in storage and is considered the most powerful and brisant of the military high explosives.  RDX forms the base for a number of common military explosives: Composition A (wax-coated, granular explosive consisting of RDX and plasticizing wax), composition A5 (mixed with 1.5% stearic acid), composition B (castable mixtures of RDX and TNT), composition C (a plastic demolition explosive consisting of RDX, other explosives, and plasticizers), composition D, HBX (castable mixtures of RDX, TNT, powdered aluminium, and D-2 wax with calcium chloride), H-6, Cyclotol and C-4.  Ammonium perchlorate is a chemical compound with the formula NH4ClO4. It is the salt of perchloric acid. Like other perchlorates, it is a powerful oxidizer.  Researchers in the U.S. developed AP in the 1950s and 60s what is now the standard high-energy solid rocket ingredient.  The formulation is primarily AP (oxidizer), combined with fine aluminum powder (a fuel), held together in a base of PBAN or HTPB (rubber-like fuels).  The mixture is formed as a liquid at elevated temperatures, poured into the rocket casing, and cools to form a single grain bonded to that casing.  

PHASE I:  Define and provide supporting analysis on all promising NEW green insensitive energetic materials replacements for RDX and AP.  Use combinations of thermochemical code calculations and other modeling predictions to rank in terms of their potential for explosives and propellant formulations, reduced sensitivity, comparable performance, and toxicity.  

PHASE II:  Design, fabricate and test prototype energetic materials to validate performance, sensitivity, and toxicity predictions.  Evaluation tests will be conducted at the contractors’ facility as well as at an Army Research facility for direct comparison with baseline materials.

PHASE III: The developed technology will be commercialized for high-performance explosives (blasting, mining), non-toxic pyrotechnics (fireworks/flares) and for DOD/NASA applications (warheads, solid rocket motors).
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A05-049 
TITLE: A Multifunction UWB Radar Sensor for Enhanced Helicopter Flight Safety and Minefield Detection
TECHNOLOGY AREAS: Sensors, Weapons

OBJECTIVE:  Design, build, and test a multipurpose Ultra-Wideband (UWB) radar sensor capable of providing the pilot with:  a) ground reference cues during brown out and white out conditions, b) wire strike collision avoidance, and c) minefield detection.

Background:  Brown out conditions have plagued helicopter pilots during landings since the inception of rotary wing flight.  This condition occurs when a helicopter attempts to land in a sandy environment.  The downwash from the rotor kicks up the sand, engulfing the aircraft in a cloud of dust.  This causes the pilot and/or aircrew to lose visual reference to the horizon and ground 10-20 feet above ground level (AGL).  The aircraft’s radar altimeter is also affected by the dust cloud, resulting in rapid fluctuations. Attempting to land the helicopter without visual reference and an accurate altimeter can result anywhere from hard landings to loss of aircrew and/or aircraft.  Review of accident reports:  [1] caused from brown out conditions reveal loss of aircraft and/or aircrew from a) hard landings that sever a landing gear, b) one landing gear touching down on a rock, or c) one landing gear touching down in a gully.  These events can cause the rotor blade to strike the ground, or worse, the aircraft can roll onto its side. White out conditions are similar, except snow is the culprit. Other dangers facing helicopter operations are wire strikes [1], which are the No. 1 cause of helicopter accidents.  Typically, there is not enough time for the pilot to react once the wires are visually observed.  Wire strikes usually end with fatalities due to the eventual impact with terrain or ensuing fire.  A visibility expert from the Scripps Visibility Laboratory in San Diego noted that:  wires and towers are hard to detect when masked by surrounding terrain; it is impossible to judge distance from a wire, yet the mind will supply missing details and form conclusions, which are not likely accurate.  Current landmine ground detection systems are slow and do not allow units to maintain operational tempo.  Preliminary research conducted by the U.S. Army Research Laboratory (ARL) indicates UWB Synthetic Aperture Radar (SAR) techniques can detect metal and plastic mines, both on the surface and buried [2].  Employing a UWB SAR radar sensor aboard a helicopter or other aircraft will allow wide areas to be searched rapidly, at airspeeds approaching 190 knots.

DESCRIPTION:  ARL has been investigating the potential of UWB radar sensors for detecting buried, surface, and above ground targets [3].  Several field experiments have been conducted using UWB SAR radar to detect buried and surface landmines, ditches, mounds of dirt, fences, wires, and vehicles concealed by foliage [2-3].  The results show that UWB technology can be beneficial to flight safety and can also successfully fulfill the minefield detection mission. Although the primary purpose of this SBIR is to demonstrate that UWB technology can be used to successfully complete the missions outlined above, design consideration should be given to the eventual flight environment.  The ultimate goal is to develop a UWB sensor that can be integrated with aircraft avionics; providing the pilot with real time data on existing multifunction color displays and aural tones over the intercommunication system (ICS). Consideration should be given to the weight and physical size of the UWB radar sensor in the event a flight test demo is conducted using an H-60 Blackhawk.  The hardware should be capable of surviving both flight and hover environments.  The antennas should be aerodynamic and able to withstand an abrasive brown out condition.  Current radar altimeter antennas are flush mounted to the aircraft fuselage.  The UWB radar sensor frequency band should be selected to ensure minimal electromagnetic interference to existing on-board avionics systems.

PHASE I:  Research and document the information/pertinent parameters a pilot needs to land a rotary wing aircraft in a brown out or white situation.  Investigate and document the potential information available from ultra-wideband (UWB) radar technology and examine the feasibility of using this technology as a landing aid sensor.  Determine, through analysis, the UWB sensor operating parameters i.e., frequency band, transmitter power output, receiver and transmitter antenna gains, data sampling rate, and timing diagrams needed to complete the primary (detecting the ground in brown out situations) sensor mission. Examine and document the potential to use this technology for secondary missions such as wire and landmine detection.  Conduct a market search to determine if building a UWB sensor with the operating parameters is technologically possible.  Determine the method(s) for providing the pilot with real time data and determine how and what data is presented.  Examine achievable processing and data flow rates recognizing helicopter speeds can range from a few knots up to approximately 190 knots.  Designing for flight above 190 knots would lay the foundation for system integration into faster moving Unmanned Aerial Vehicles (UAVs) and fixed wing aircraft.  Helicopter altitudes range from approximately 10,000 feet to nap of earth (NOE) flight.  NOE can be as low as 5-10 feet AGL, but at greatly reduced speeds. 

PHASE II:  Based on the results from Phase I, a reasonable goal for Phase II could be to design and build a UWB radar sensor prototype and provide the fundamental operating parameters.  Develop, a test plan that demonstrates the range of capabilities of the UWB radar sensor. As part of this test plan, the system should gather data to determine the system’s capability to provide a pilot with ground reference cues during brown out and white out conditions.  The goal is for information/data that was determined to be needed by the pilot during phase I be displayed using a laptop computer or monitor.  Additional desired (but not required) capabilities include: 1) wire strike collision avoidance, and 2) minefield detection.  

PHASE III:  Fabricate a UWB radar sensor capable of providing a helicopter pilot with ground reference cues during brown out and white out conditions. This system can be used during civil (search and rescue, medic, wildfire suppression, etc.) helicopter aviation missions.  A wire strike collision avoidance system will significantly increase low level helicopter, UAV, and fixed wing flight safety.  Develop a test plan that demonstrates how the UWB sensor can be used during civil helicopter aviation.  Conduct the test and generate a final report.  
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A05-050 
TITLE: Flexible and Conformal Environmental Barrier Technology for Displays
TECHNOLOGY AREAS: Information Systems, Materials/Processes

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop novel materials, low temperature processes, and scalable structures for environmental barriers on flexible plastic substrates and conformal encapsulation of display structures.  The barrier technologies are intended for flexible display applications. 

DESCRIPTION:  For currently envisioned displays on flexible substrates, the performance of large area environmental barriers remains a challenge.  Organic light emitting diode based displays require a barrier technology with oxygen and water permeation rates less than 10^-6 gm/m^2-day.  We expect transistor technologies on plastic substrates will also require barrier technologies with higher permeation rates than organic light emitting diodes, but permeation rates lower than plastic substrates alone.  In traditional rigid substrates, the displays can be sealed with a top glass or metal seal and an incorporated thin film moisture getter.  As the progression of the technology moves from rigid substrates to flexible substrate, the plastic substrates must have an additional barrier technology to meet the demands of displays and transistor arrays.  In addition to substrate barriers, displays will require conformal, flexible barriers as over-coatings.  This advanced barrier technology development will compliment the Army’s Flexible Display Initiative to develop flexible displays for soldier and vehicle applications.  Flexible displays have attributes of improved ruggedness, light-weight, conformal, roll-able and electro-optic devices that have lower power demands as compared to traditional rigid displays.

PHASE I:  Develop materials, low temperature processes and novel barrier structure designs for environmental barrier technology on plastic substrates and conformal display elements.  For Phase I, the offeror must demonstrate a barrier technology over at least 2.5x2.5 inch^2 plastic substrates that may be polyethylene naphthalate (PEN), polyethylene terephthalate (PET), or equivalent.  The process temperature must be equal to or less than 150 C.  Test samples will be delivered to the Army Research Laboratory for further testing.  The barrier technology in Phase I may not necessarily meet the 10^-6 gm/m^2-day requirements.  Testing barrier technologies is not sought for this solicitation, however, the barrier technologies developed should have some minimum testing to demonstrate feasibility.

PHASE II:  In Phase II, the barrier technology should be demonstrated over areas at least as large as 6x6 inch^2 of polyethylene naphthalate (PEN), polyethylene terephthalate (PET), or equivalent.  The process temperature must be equal to or less than 150 C.  The permeation rates of the barrier technology must improve upon the Phase I results and approach or exceed the permeation rate of 10^-6 gm/m^2-day.  Test samples will be delivered to the Army Research Laboratory for testing and display fabrication.  

PHASE III DUAL USE APPLICATIONS:  Environmental barrier technology on flexible substrates offer significant possible commercialization for novel display applications and other electronic devices.  The military has a strong interest in incorporating flexible substrate based displays and electronics into advanced military systems.  
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A05-051 
TITLE: Microstructural Reconstruction and Three-Dimensional Mesh Generation for Polycrystalline Materials
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO, Ground Combat Systems

OBJECTIVE:  Computer software enabling reconstruction of realistic three-dimensional (3D) microstructures from experimental statistics on grain orientation, size distribution, morphology, and volume fraction of phases in multi-phase crystalline materials.  Software will discretize reconstructed microstructures into 3D finite element meshes, allowing for user input regarding variations in initial material properties, minimum grid size, and element mesh density.

DESCRIPTION:  Many ceramics and metallic alloys, some polymers, as well as composites comprised of a mixture of these materials, exist as bulk aggregates of single crystalline lattices, either arranged randomly or oriented preferentially to some degree as a result of prior thermo-mechanical processing.  As these polycrystalline materials are the primary constituents of traditional and newly-emerging armor components and kinetic energy projectiles, understanding the physical mechanisms responsible for the dynamic response of polycrystalline materials subjected to large strains at high strain rates continues to be a major focus of research activity within the Weapons and Materials Research Directorate (WMRD) of the United States Army Research Laboratory (US ARL).  Theories for deformation at the crystalline scale (bulk dislocation motion, crystallographic twinning, intergranular decohesion, and cleavage) have been implemented in numerical algorithms that now fit within the context of high strain-rate analysis software used in the design of army weapons and defense systems [1-3].  The WMRD has conducted analyses using these theories and has demonstrated their utility within the context of terminal effects simulations [4].  Presently, implementation of descriptions of the initial material state, such as initial textures and grain morphology, remain problematic, particularly for large-scale three dimensional analyses.  Such states derive from the thermo-mechanical processes that produce materials and are the results of repeated deformation, annealing, and often, complete recrystallization.  To date, such information is not fully embedded within analysis techniques of the WMRD.   

Novel materials used in armor protection (aligned with Army Force Operating Capability (FOC)-09-01: Survivability) and kinetic energy weapon ordnance (aligned with Army FOC-07-01: Lethality) applications are often manufactured via advanced processing techniques that influence mechanical properties and thus, the materials’ durability or ballistic performance.  Such dependencies drive efforts to optimize the processing of materials with respect to either increased lethality or increased survivability of army systems [1, 2].  In an effort to accelerate insertion of optimum materials into weapons and defense systems, the WMRD acts as a spearhead for the Armor Materials by Design Strategic Research Objective (SRO, https://arlinside.arl.army.mil/wmrd/sto/sro-armor.html).  The SRO attempts to link theories for the properties performance of materials with the thermo-mechanical processing steps required to produce high performance materials.  The research supported by the present solicitation directly supports the areas of Materials/Processes and Weapons (specifically, ordnance) from the Defense Technology Area Plan of the U.S. Department of Defense (DoD). 

The goal of the current work is to provide information to analysis codes of material behavior regarding initial states of polycrystalline materials (e.g. lattice structure resulting from annealing, cold working, and/or recrystallization).  Specifically, a structured three-dimensional Lagrangian finite element mesh explicitly capturing grain geometry and characterized by pointwise information regarding the lattice state (e.g., crystallographic texture, grain/phase boundaries, and defect concentrations) is of interest.  The method by which this information is to be supplied to the end user or analyst is clarified in the deliverables below.

PHASE I:  

1. Deliver a computational algorithm for reproducing 3D microstructures for single- and two-phase polycrystalline materials given statistical descriptions of these microstructures.

2. Define a quantitative measure that gauges the accuracy of the digital microstructures with regards to the given statistics.

PHASE II:  

1. Deliver a grid-generating software program that generates finite element meshes for the microstructural reproductions.

2. Automate the above process so that the user can readily produce microstructural discretizations spaning a range of input parameters, including initial textures and property gradients, variable finite element mesh density, and minimum element size.

PHASE III DUAL USE APPLICATIONS:  

1. The software could be readily distributed to government-sponsored laboratories (DoD and Department of Energy (DoE)) focusing on materials science and mechanics-based research supporting defense and energy initiatives (e.g., Livermore, Sandia, Argonne, Oak Ridge).  

2. The algorithms and tools could be marketed to industry (e.g. metals processing) and academia (i.e., University research).
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A05-052 
TITLE: Advanced High Operating Temperature Mid-Wave Infrared Sensors
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Develop and demonstrate lightweight, compact, low-cost infrared sensors operating in the MWIR (3-5 micron) waveband with High Operating Temperature (HOT) architectures.

DESCRIPTION:  A key component in many Army systems is the infrared technology for the early detection of the targets, the discrimination of the target against complex and credible lightweight decoys, and the recognition of the target plume.  Infrared arrays operating at 77K can now be tailored to a wide range of wavelengths ranging from 1 to 14 microns and have been able to make successful technology demonstrations for these applications.  However, the cooling requirements make them bulky and impractical, and limit the possibilities for implementation of these sensors into new systems.  A new infrared technology with superior performance and reduced life-cycle costs compared with current technology needs to be developed. 

The goal of this SBIR is to develop a technology for a new generation of lightweight, compact, high efficiency infrared sensors that operate at elevated temperatures (230K in the MWIR waveband and possibly 180K in the LWIR) with performance comparable to the cooled ones.  This technology will lead to the possibility of focal plane arrays with minimal power dissipation and payload, and improved image resolution.  Implementation of new device designs is encouraged.

PHASE I: Address the major issues that currently limit the operating temperature of infrared detectors at cryogenic temperatures.  Investigate material and processing issues in standard detectors architectures that could lead to higher operating temperatures. Investigate new concepts and designs through modeling and experimentation, and study the feasibility of their implementation.  Choose a suitable approach for a Phase II implementation of a thermoelectrically cooled infrared detector.

PHASE II: Fabricate, test, and deliver a prototype infrared MWIR sensor based upon the design found to be promising in Phase I.  Assess applicability and extension of the technology for large format IRFPAs.  Also assess its application for LWIR region.  Fabricate and test a small MWIR detector array operating under reduced cooling conditions with performance comparable to cooled ones.

PHASE III:  Demonstrate low-cost producibility and develop an implementation plan for large scale production of MWIR and LWIR infrared sensors.  Demonstrate successful lightweight sensors and/or multispectral versions for military and commercial applications.

COMMERCIAL POTENTIAL:  Near room temperature focal plane arrays will find enormous infrared imaging applications in military, space and medical areas.  Applications include affordable sensor arrays for threat detection and imaging with performance comparable to cooled sensors.  For imaging, long wave response may be desired in some applications.   The threat detection and imaging functions may be designed into separate arrays or combined into a single array.  They will also be suitable for space-based spectroscopic and intelligence countermeasure operations.  Another area where these detectors will find enormous application is in the automobile industry, for example as driver’s navigation aids in nighttime and foggy weather conditions. 
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A05-053 
TITLE: Efficient Atmospheric Algorithms for Horizontal Line-of-Sight Scattering Effects
TECHNOLOGY AREAS: Information Systems, Sensors, Battlespace

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Existing target acquisition weapons software (TAWS) uses the delta-Eddington solution to the radiative transfer model coupled with a plane-parallel atmosphere at visible wavelengths to estimate the diffuse solar radiative flux in the atmosphere.  This was required to meet US Air Force processing time requirements and air-to-ground scenarios where zenith angles are frequently ± 15 degrees of horizontal.  Adaptation of this software for Army ground-to-ground scenarios requires new algorithms, for determination of multiple scattering contributions to path radiance, which treat horizontal lines-of-sight (HLOS) with zenith angles of approximately 90 degrees.  New approximation techniques for atmospheric scattering should be developed.

DESCRIPTION:  The delta-Eddington approximation in a plane-parallel atmosphere is being used to estimate the diffuse solar radiative flux in the atmosphere for determination of target contrast.  These techniques fail when scenarios involving line-of-sight zenith angles in the approximate range of 75 to 105 degrees.  Current processing time requirements coupled with operational use preclude the use of computer-intensive long-running exact radiative transfer techniques.  While scattering approximations exist for both low and high optical depths, intermediate optical depths, of the order of 2-7, lack such approximations.  In order to provide rapid calculations in deployed target acquisition and mission planning software, approximate scattering algorithms that can be integrated into the TAWS software are needed.  These approximations can then be applied to HLOS scenarios resulting in greatly improved target acquisition range predictions.  In addition to horizontal and near-earth paths, these approximation techniques must be suitable for a plane-parallel atmosphere extending from sea level to 15 km.  This capability is required for the TAWS software running on the Integrated Meteorological System (IMETS) or Distributed Common Ground Station-Army (DCGS-A).

PHASE I:  Develop and demonstrate visible scattering approximations in plane-parallel atmospheres at HLOS for intermediate optical depths (2-7).  Compare these results with those generated by exact radiative transfer techniques at optical depths between 2 and 7.  Develop an efficient implementation of this approximation for plane-parallel atmospheres.

PHASE II:  Extend the process to cover low and high optical depths.  Validate these results by comparison with single-scattering algorithms for low optical depths (< 2) and standard techniques for high optical depths (> 7), as may be found in Lenoble and elsewhere.  Provide a prototype demonstration that includes timing comparisons between this technique and those used in the various optical depth comparisons.

PHASE III:  This technique is applicable to all multiple scattering/radiative transfer programs that use plane-parallel geometry.  As such, the algorithm should be detailed and published in one or more reports or journal articles.   Deliver a computer code that implements the HLOS technique for use in plane-parallel atmospheres covering all optical depths.Marketing applications exist in the: 1) Army wargaming community, e.g., CASTFOREM, Objective OneSAF (OOS), etc., 2) Intelligence, Surveillance, Reconnaissance (ISR) community for targeting algorithms, 3) Sensor and smart weapons developers for limits determination under adverse weather conditions, 4) Federal Aviation Agency for determination of visibility around airports during fog events, 5) Department of Transportation to assess how far one can see under low visibility dust events, 6) Forestry service for more accurate determination of the distance to forest fires 
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5) Lenoble, J., Radiative Transfer in Scattering and Absorbing Atmospheres: Standard Computational Procedures, Deepak Publishing, Hampton, VA, 1985.

KEYWORDS: Atmospheric Path-Radiance; Optical Depth; Plane-Parallel Atmospheres; Target Acquisition Weather Software

A05-054 
TITLE: Low Fuel-Consumption, High-Altitude Capable, Heavy-Fuel Internal Combustion (IC) Engine Concepts for Unmanned Air Vehicles (UAV)
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE:  Design, develop, and demonstrate a fuel efficient, heavy-fuel, IC (internal combustion) engine concept that can operate at high altitudes without “strap-on” superchargers or turbochargers. 

DESCRIPTION:  Unmanned Air Vehicles (UAV’s) have a promising future and figure prominently into the Army’s contemplated tactics and operations.  UAV’s powered by heavy fuel (diesel or JP-8) engines are expected to play a major role in reconnaissance and, eventually, in combat scenarios.  For a significant size class of UAV’s of interest to the Army (less than 500 horsepower), the IC (Internal Combustion) engine is the power plant of choice, since it performs well at low altitudes and has acceptable fuel efficiency.  However, future operational requirements are expected to dictate that UAV’s operate at very high altitudes (e.g., 30,000 feet or more).  As operational altitude increases, IC engines suffer from power loss (termed “lapse rate”) due to the lowering of ambient air pressure.  To maintain power at high altitudes, conventional IC engines must be helped (boosted) by various “strap-on” devices, such as superchargers or turbochargers, or combinations and mutations thereof.  These “add-ons” are cumbersome and increase the size, weight, and fuel consumption of the base IC engine.  This solicitation seeks innovative, new manifestations, or modifications to, heavy fuel IC engine configurations that will allow operation (maintain power) at high altitudes without the burdensome restrictions of the conventional “add-ons” described above.  This solicitation is limited to IC (Internal Combustion) engine concepts.  Other engine concepts (e.g. turbines) are explicitly excluded, as are variations and mutations of conventional turbochargers and superchargers.  The proposer must demonstrate a thorough knowledge of IC engine thermodynamics, and the ability to analytically predict the performance of the proposed engine concept.

PHASE I:  Develop a physics-based, analytical model of the conceptual, altitude-compensating aspects of the proposed IC engine.  Validate (through computer simulation, or via bench top testing of key components) the feasibility of the conceptual engine aspects to increase/decrease compression ratio as a function of engine inlet air pressure (altitude). 

PHASE II:  For the validated, conceptual model of Phase I, develop a preliminary design of the altitude-compensating aspects of the proposed IC engine.  A desirable goal of this phase II would be to build a prototype system and demonstrate its performance in a realistic environment.

PHASE III DUAL USE APPLICATIONS:  A low-fuel consumption, high-altitude capable, heavy-fuel UAV IC engine will have broad military applications for reconnaissance and combat operations.  On the civilian side, it can be used in UAV’s involved in border patrol, weather observation, providing security for high value industrial facilities, or acting as a signal relay station. 

REFERENCES: 

1) Panting, Julian, R., Optimizing the Super-turbocharged Aeroengine, Professional Engineering Publishing Limited, 1998. 

KEYWORDS: Internal Combustion Engine, Heavy-Fuel, Lapse Rate

A05-055 
TITLE: Dynamic Small Arms Weapon Firing Simulator
TECHNOLOGY AREAS: Information Systems, Weapons

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  The objective is to design and build a Dynamic Small Arms Weapon Firing Simulator.  The simulator will be capable of testing ALL of the Army's small arms weapons.  Particularly, the simulator must generate the desired internal weapon force, temperature, and chamber and/or port pressure to simulate live firing.  The delivered product will provide the following advantages:

· Supports all aspects of RDT&E of current production and future small arms weapon programs

· Reduces the cost of manufacturing, storing, and transporting live a munition

· Lessens the environmental impact on lead and toxic fume emissions  

· Reduces environmental clean-up of lead removal from ranges and firing traps

The innovative challenge is simulating known data firing curves from live testing.  That is, how to control each variable - temperature, chamber/port pressure, and internal weapon force - over a period of time as the weapon is fired to its maximum limits. 

DESCRIPTION:  Currently, there are no known small arms firing simulators in industry or the government.  This SBIR topic is seeking to develop and build a novel small arms firing simulator, culminating in a prototype demonstration.

As stated, the Dynamic Small Arms Weapon Firing Simulator must impart multiple linear forces, temperature, and port and chamber pressure when firing a simulated ammunition cartridge.   In addition, the simulator must have the capability to physically hold all small arms weapon in the Army.   Therefore, the Army needs an innovative approach to overcome the performance (force, temperature, pressure) and physical (size and shape) constraints of currently available small arms.  To help quantify the performance characteristics, we've listed the upper and lower performance.  

The Dynamic Small Arms Weapon Firing Simulator system developed under this effort must meet the following performance goals:

Variable Control Personal Computer Base Software

Minimum Apparent Attitude: minus 20 degrees

Maximum Apparent Attitude: plus 80 degrees

Minimum Bore Size: .17 caliber (0.17 inch)

Maximum Bore Size: 40 millimeter

Minimum Apparent Rate of Fire: one round per minute

Maximum Apparent Rate of Fire: 1500 rounds per minute

Minimum Chamber Pressure: 1 pound per square inch (psi) 

Maximum Chamber Pressure: 80,000 pound per square inch (psi)

Variable Weapon Characteristic: blowback, recoil, gas operation system or a combination of recoil/gas operation system

Variable Weapon Type: single shot, semi-automatic, full automatic, shotgun, handgun, assault rifles, mini-submachine gun, light or heavy machine gun, and grenade launcher

Minimum Apparent Temperature: minus 60 degrees Fahrenheit (minus 51 Celsius) 

Maximum Apparent Temperature: plus 160 degrees Fahrenheit (plus 71 Celsius)

Duty Cycle: 24 hours a Day and 7 Day a Week

Internal barrel temperature: generated per simulation round(s) fired

Capability to take a variety of real weapons and weapon mount accessories 

System Design: Interchangeable modules

Mobility is desired

Operation in:  Salt Fog, Icing, Rain, Sand and Dust is desired

PHASE I:  Perform a feasibility study in support of the development of a Dynamic Small Arms Weapon Firing Simulator system which meets the specification above.  Evaluate innovative technologies which may be used to build, integrate the system and leverage existing technologies.  Perform trade-off analysis to determine the best approach for the Dynamic Small Arms Weapon Firing Simulator system, and develop a preliminary design for the system.  Perform modeling and analysis to establish the proof-of-principle and predict the performance specifications for the prototype system. 

PHASE II:  Develop a prototype Dynamic Small Arms Weapon Firing Simulator system.  Demonstrate the system technology and characterize its performance.

PHASE III DUAL USE APPLICATION:  The Dynamic Small Arms Weapon Firing Simulator system developed under this topic would provide an excellent test bed to support the research, development, testing, modeling and simulation used in ground, aviation, and maritime military platform (s).  The system also could be applicable to quality assurance, experimental fabrication, applied science, instrumentation, materials, simulated environment, and physical test for safety.  Commercial application for this technology might be found in the medical, law enforcement, non-lethal weapon and ammunition (s), homeland security, optic and aircraft industries.

REFERENCES:

1) Sporting Arms & Ammunition Manufacturers Institute INC (SAAMI): a. American National Standard Institute, Voluntary Industry Performance Standards for Pressure and Velocity of Center fire Rifle Sporting Ammunition for the use of Commercial Manufacturers, 2000. b. American National Standard Institute, Voluntary Industry Performance Standards for Pressure and Velocity of Center fire handgun Sporting Ammunition for the use of Commercial Manufacturers, 2000. c. American National Standard Institute, Voluntary Industry Performance Standards for Pressure and Velocity of Shot shell Sporting Ammunition for the use of Commercial Manufacturers, 2000.

2) Edward Clinton Ezell, 12th Edition Small Arms of the Word, 1990.

3) Iav V. Hogg, Jane’s Infantry Weapon, 2000.

4) John Quick Ph.D, Dictionary of Weapon & Military Terms, 1973. 

5) Julian S. Hatcher Major General U.S.A. Retired, Hatcher's Notebook, 1966.

6) MIL-STD-810 F ENVIRONMENTAL ENGINEERING CONSIDERATIONS AND LABORATORY TESTS, 1 January 2000. Note: copy could be brought on the internet at http// www.techsavvy.com , 1 December 2004.

7) Internet search on Small Arms Weapon Design resulted in 78,179 articles, December 2004.

8) Internet search on Small Arm Internal Barrel Temperature resulted in 6,567 articles, December 2004.

9) Internet search on Weapon Chamber Pressure resulted in 36,683 articles, December 2004.

10) Jane's Infantry Weapon http://www.jiw.janes.com

11) Library of Congress http://www.loc.gov

12) Sporting Arms & Ammunition Manufacturers Institute Inc (SAAIM)

http://www.saami.org

13) Hatcher Notebook Library of Congress Catalog Card Number: 62-12654

KEYWORDS: materials/processes, weapons, simulation, simulator, research, development, optic, test, evaluation 

A05-056 
TITLE: Lightweight Ballistic Threat Protection for Rotorcraft  
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Aviation

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The objective of this effort is to develop and demonstrate lightweight ballistic threat protection for rotorcraft.  Achieving this objective will reduce the vulnerability of the aircraft and crew, and result in reduced aircraft weight compared to solutions using existing technology.  

DESCRIPTION:  Mission scenarios for military attack, cargo, and utility helicopters often result in exposure to enemy ground fire.  This threat highlights the vulnerability of military helicopters in the area of ballistic protection, most noticeably in the crew and troop areas.  Current floors in military utility and cargo helicopters carry cargo loads while offering negligible protection against small arms fire.  Other fuselage structures offer similarly low levels of ballistic protection to the crew and troops.  A critical need exists for research and development of innovative ballistic protection for rotorcraft systems.  Some examples of innovative design approaches may be a ballistically-hardened floor, spaced armor, fluid layers, ballistically-hardened troop seats, electromagnetic fields, or the use of new exotic developments.  For example, a ballistically-hardened floor for military helicopters would not only provide increased protection to the aircraft crew, but also eliminate the need to add parasitic (not load-carrying) armor to perform that protective function.  Other potential applications are the seats, walls, or aircraft as a whole.  Proposed ballistic protection solutions should not impact system performance and should minimize weight increase.  Any proposed solution should defeat at a minimum 7.62x39 mm API (Armor Piercing Incendiary), with an objective of at least 12.7 mm AP (Armor Piercing).  Proposed solutions with the potential to defeat threats greater than the objective with minimal weight increase will be given higher priority.  

PHASE I:  Effort in this phase shall consist of developing a design for lightweight ballistic threat protection for rotorcraft.  This design shall defeat at a minimum 7.62x39 mm API (Armor Piercing Incendiary), with an objective of at least 12.7 mm AP (Armor Piercing), with minimal weight increase.  Shortcomings in any existing or preceding attempted solutions shall be identified and addressed.  Emphasis for consideration will be placed on innovation, size, weight, and cost of a complete system in addition to the ability to defeat the threats.  Suitable sub-element test specimens shall be designed for proof-of-concept testing.  This design development will serve to evaluate the feasibility of the approach.  

PHASE II:  Effort in this phase shall consist primarily of testing the initial design, validating analysis techniques, and improving the design.  Testing shall determine the V50 (velocity at which 50% of the shots would penetrate the system) against at least the minimum and objective threats.  The testing shall also provide sufficient data to ballistically characterize the system to include a range of velocities and impact angles. Weight, performance, cost to manufacture, and ease of aircraft integration shall also be considered.  Multi-hit capability of the system, as well as minimum spacing of those multiple rounds stopped by the system shall also be determined.  

PHASE III DUAL USE APPLICATIONS:  Effort in this phase should consist of additional engineering development to enhance producibility, perform qualification test, and generate a procurement specification/data package.  This technology could then be applied to commercial vehicles including helicopters, airplanes, police vehicles, and VIP limos for protection against handgun and rifle threats, and for more protection against greater threats without a significant weight increase of the system.  

REFERENCES:  

1) Robert E. Ball, The Fundamentals of Aircraft Combat Survivability Analysis and Design, 2nd edition, AIAA, Washington, DC, 2003.  

2) MIL-STD-367, Armor Test Data Reporting.  

3) MIL-STD-662F, V50 Ballistic Test for Armor.  

4) Technical Manual TM 1-1520-237-10, Operator’s Manual for UH-60A, U H-60L, and EH-60A Helicopter, 31 October 1996, with all changes.  

5) Technical Manual TM 1-1520-240-10, Operator’s Manual for Army CH-47D Helicopter, 31 January 2003, with change 2.  

KEYWORDS: penetration mechanics, ballistic protection, armor, floor, aircraft survivability  

A05-057 
TITLE: Helicopter Automatic External Load Acquisition and Low Visibility Landing System
TECHNOLOGY AREAS: Air Platform, Weapons

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE: To develop a system that automatically acquires an external load without the utilization of any ground personnel to assist in the load acquisition process.  The system shall include sensor functions that provide the aircrew with ground proximity, cargo and location of hazardous obstacles and dangerous topography during low visibility conditions.

DESCRIPTION:  The use of helicopters for carrying external loads is a long established procedure; the standard practice still requires manual location and attachment of the load.  The manual attachment of the cargo load is made more difficult by low visibility conditions and static discharge.  Large transport helicopters create a substantial electrostatic charge, presenting a formidable ground crew risk during manual hook-up, even with rubber gloves and grounding wires.  A method of acquiring a load without requiring any ground personnel or crew involvement would reduce or eliminate many of these problems.  This would have the added benefit of improving efficiency by reducing manpower usage, time expenditure at the pickup site, as well as reducing potential casualties in hot drop zones.  Additionally, the sensor portion of this system will be used to provide the aircrew with altitude, and location of hazardous obstacles and dangerous topography in low visibility conditions during non-external loading procedures.  The architecture of the system should maximize the sharing and integration of data with other navigation systems.

PHASE I:  Conduct design studies of various low-cost approaches to addressing the problem and select the best design approach for further development.  Complete preliminary design of the selected approach including system design and integration with the air vehicle flight controls and crew systems. 

PHASE II: Conduct math modeling, laboratory testing and simulation of the hook-up environment to confirm the integrity of the selected design.  The Phase II effort should deliver a preliminary design suitable for integration into a military rotary wing aircraft that will greatly reduce the potential loss of materiel and personnel cause by the problems described above. Proof of concept and developmental testing is expected.

PHASE III DUAL USE APPLICATIONS:  Complete detail design and fabrication and conduct a limited flight test program to confirm the feasibility of the selected concept.  Conduct field-testing in an operationally representative environment.  The Phase III effort should deliver a qualified design solution for a specific airframe application.  The envisioned technology is anticipated to have wide appeal to both military and civilian VTOL applications.  This is due to the cost of aviation mishaps and the lack of active technologies to provide situational awareness in adverse landing conditions when crew visibility is poor or nonexistent.

REFERENCES: 

1) ADS-33E, "Aeronautical Design Standard, Performance Specification, Handling Qualities Requirements for Military Aircraft," March 2000.  

2) ADS-29, "Aeronautical Design Standard, Structural Design Criteria for Rotary Wing Aircraft," September 1986.  

3) Durnford, Simon J.; etal, "Spatial Disorientation: A Survey of US Army Helicopter Accidents 1987-1992", USAARL, Fort Rucker, AL, Jun 95.  

4) Hintze, Joshua, "Autonomous Landing of Rotary Unmanned Aerial Vehicle in a Non-Cooperative Environment Using Machine Vision", Brigham Young University, Apr 04.

KEYWORDS: External Loads, Load Acquisition, Flight Controls, Rotorcraft, CH-47 Chinook, Joint Heavy Lift (JHL), Sling Loads, Flight Safety, Brownout conditions, Situational Awareness, Aircraft Survivability, UH-60 Black Hawk

A05-058 
TITLE: Smart Active Control Technology
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  Current active control inceptors use electric stepper motors to generate the artificial force feel used in Rotorcraft fly-by-wire active control inceptors.  Research and develop an alternative means of generating this artificial force feel bu means of a "smart material" application.  This prototype design should reduce the controller footprint and cost while maintaining reliability requirements and shall be quantified in this effort.

DESCRIPTION:  Active control technology is becoming an attractive capability for DOD rotorcraft for planned rotorcraft product improvements and potential retrofits to other platforms.  Current active control technology utilizes active force inceptors to generate artificial force-feel and active feedback for the pilot interface to the flight control system.  These inceptors generate pilot force cues via software programmable electric stepper motors.  The shortcomings of this current active control inceptor technology are their mechanical complexity and weight.  Active control inceptor performance and reliability requirements are paramount for acceptance for use as a flight critical subsystem.  This solicitation is intended to develop a “smart material” actuator for rotorcraft vertical and center-mounted cyclic controllers that is mechanically simple, compact, and reliable that will replace the existing mechanically complex actuator technology.  Smart materials are materials that have the capability to respond to external stimulus, by changing their energy dissipation and geometric configuration or stiffness in a controlled manner according to prescribed functional relationships or control algorithms.  This technology should demonstrate its potential to meet flight control inceptor requirements for Army rotorcraft.

PHASE I:  The objective of this phase is to assess the feasibility to develop a practical smart actuator design from currently available “smart material” technology as well as develop preliminary designs of this “smart actuator” that would replace the actuator in the active control inceptor control loop for rotorcraft vertical and center-mounted, cyclic control inceptors.  This phase should assess the potential of the design to meet Army rotorcraft flight control inceptor requirements and compare the design to existing systems.  Any technology barriers and potential reliability and cost issues shall be identified.  Coordination with flight control system vendors is desired.

PHASE II:  This phase should further the preliminary design from Phase I into a detailed design, from which a prototype shall be developed.  This “smart material” prototype should then be integrated and demonstrated as a part of an active flight control system via a long pole active force inceptor.  Desktop simulations or some other similar means should be used to evaluate the prototype’s capabilities.  These evaluations shall demonstrate that the Army rotorcraft performance and reliability requirements have been or will soon be achieved as well as identify any cost and weight improvements. If any shortfalls in meeting the Army rotorcraft requirements exist, paths to overcome these shortfalls shall be identified.

PHASE III:  The objective of this phase is to refine the design and fully evaluate this “smart material” active flight control inceptor technology.  These evaluations shall assure that the Army rotorcraft flight control inceptor requirements have been met.  This phase should lead this technology into a production phase. This “smart material” actuator design shall be applicable to both military and civilian rotorcraft as well as fixed wing aircraft.

REFERENCES: 

1) Einthoven, Pieter. “Active Controller Performance Requirements.” AHS Paper, August 08, 2003.

2) “General Requirements for Helicopter Flying and General Handling Qualities.” Mil-H-8501.

KEYWORDS: smart materials, flight controls, fly by wire, active, inceptor, cyclic, collective, vertical

A05-059 
TITLE: Advanced Damping Technologies for Small Turbine Engines
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  Develop and validate turbine engine damping technologies that are innovative and offer significant benefits to development and maintenance cost reduction through the ability to damp out HCF excitations early in the development phase.

DESCRIPTION:  Advanced turboshaft engines are expected to be required to support future Army manned and unmanned future force systems (i.e., A160, UCAR, Future Combat System, Future Utility Rotorcraft).  It is anticipated that this will involve new centerline engines with a 20-35% reduction in specific fuel consumption (SFC), a 50-80% improvement in shaft horsepower to weight, and a 35-50% reduction in production cost.  These turboshaft engine goals are acknowledged to be highly aggressive.  To achieve them will require technology leaps. Another very important aspect of these systems is the need to successfully develop these systems with low development and maintenance cost so that they are affordable in today’s funding environment.  High Cycle Fatigue (HCF) life issues often arise during engine development and operation leading to a significant increase in development and maintenance cost. The objective of this topic is the development and validation of turbine engine damping technologies that are innovative and offer significant reductions in development and maintenance cost through the ability to damp out HCF excitations early in the development phase.  Such technologies could include damping coatings, friction dampers and visco-elastic materials (VEMs) applied to HCF critical components during advanced engine development efforts.  Additionally, it could include the development of advanced damping models or codes which can accurately predict the amount of damping provided by various friction dampers (also called sheet metal dampers) for small engines.  The damping technologies must be able to operate at the temperatures seen by the components on which they are applied (to at least 800°F if applied to impeller backplate or greater than 2000 °F for turbine applications).  These technologies must also have sufficient mechanical properties (i.e., adhesion properties for damping coatings) to withstand the high stress environment of rotating turbomachinery.  The result of application of these technologies will be more robust, HCF free, high-performance engine components, which are still affordable.  This achievement will consequently lead to a significant reduction in development and operating and support (O&S)/logistics costs by significantly reducing the occurrence of HCF failures during engine development testing and during use in the field.  In addition to increasing operational readiness, this technology will also enable the use of more aerodynamically advanced blade designs, which, without this technology, would not be able to affordably meet HCF life requirements.  This will ultimately lead to increased engine performance thereby providing increased range and fuel savings for future rotorcraft.  The resulting increased range and reduced logistics footprint/cost is in direct support of the future force.

PHASE I:  Establish the feasibility of proposed technology to effectively damp out high cycle fatigue stresses in rotating hardware of small advanced turboshaft engines.

PHASE II:  Further develop and validate the technology through design, fabrication and testing on representative turboshaft engine components.

PHASE III:  Focus on the commercialization of the technology through integration into engine manufacturer’s propulsion systems for use in future engine development programs.  

DUAL USE APPLICATIONS:  The resulting effort will develop advanced turbine engine technologies for improved performance, which will be applicable to both military and commercial gas turbine engine markets.

REFERENCES:

1) Brown, G. V. and North, C. M. 1987 “The Impact Damped Harmonic Oscillator in Free Decay”, NASA TM 89897, ASME Vibrations Conference.

2) Duffy, K. P., Bagley, R. L. and Mehmed, O. 2000 “On a Self-Tuning Impact Vibration Damper for Rotating Turbomachinery”, NASA TM-2000-210215, AIAA-2000-3100, AIAA Joint Propulsion Conference.

3) Jones, D., T. Lewis and C. Michael “Partial Coverage Air Film Damping of Cantilever Plates,” Journal of Sound and Vibration, Vol. 208 No 5. 1997, pp.. 869 - 875.

4) ASTM E75-G80 “Measuring Vibration Damping Properties of Materials”

5) Nashif, A. D., D. I. G. Jones, and J. P. Henderson, Vibration Damping, John Wiley and Sons, New York, 1985.

6) B. J. Lazan, Damping of Materials and Members in Structural Mechanics, Pergamon, Oxford (1968).

7) M. J. H. Fox and P. N. Whitton, “The Damping of Structural Vibration by Thin Gas Films”, November 1980, J. Sound and Vibration, 73 (2), pp 279-295.

8) Lee, E. H., and J. R. M. Radok, 1996, “The Contact Problem for Viscoelastic Bodies,” Transactions of the ASME, Vol. 82, Journal of Applied Mechanics, Vol. 33, p. 845-854.

9) Panossian, H. V., 1992, “Structural Damping Enhancement Via Non Obstructive Particle Damping Technique,” Journal of Vibration and Acoustics, Vol. 114, p. 101-105, January.

10) J. H. Griffin, 1990, "Friction Damping of Resonant Stresses in Gas Turbine Engine Airfoil," International Journal of Turbo and Jet Engine, Vol. 7, pp. 297 307.

11) Y. Yen and M.-H. H. Shen, ``Passive Vibration Suppression of Beams Using Magnetomechanical Coating'', Vibration and Noise Control, DE-Vol. 97/DSC-Vol. 65, ASME, 1998.

12) H. Y. Yen and M.-H. H. Shen, 2000, ``Development of A Passive Turbine Blade Damper Using Magnetomechanical Coating'', proceeding of ASME International Gas Turbine & Aeroengine Congress & Exhibition, 2000 GT-366.

13) H. Y. Yen and M.-H. H. Shen, 2001 ``Passive Vibration Suppression of Turbine Blades Using Magnetomechanical Coating'', the paper has been formally accepted for publication, Journal of Sound and Vibration, Vol. 245, no.4, pp. 701-744.

14) Torvik, P. J., “On Evaluating the Damping of a Non-linear Resonant System,” AIAA Paper No 2002-1306, 43rd AIAA/ASME/ASCE/AHS Structures, Structural Dynamics and Materials Conference, 22-25 April 2002, Denver, CO.
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A05-060 
TITLE: Integrated Inlet Protection System in Severe Sand Environments
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  Develop and validate an integrated inlet protection system for gas turbine engines.  The desired configuration shall be defined as integrated by coupling in series an inlet protection system followed by a barrier filter for operation in desert environments.  Innovation should be present in the design of the inlet protection system, the ease of filter maintainability, and in the coupling of the two subsystems.  Program goals are defined as 97% or higher fine sand separation efficiency with minimal pressure loss over the entire system during mission specific operations.  It is also desired that an evaluation of performance degradation over time be executed and validated for both mission specific (desert environments) and non-mission specific (ice and FOD) operations.

DESCRIPTION:  Continuing operations in sand environments have created an immediate need for improvement upon existing inlet protection systems on turboshaft engines ranging from a power class of 500hp to 10,000hp.  Ongoing technological development is essential to the success of operations in sand environments.  Ingestion of both coarse and fine sands severely impacts the performance of gas turbine engines.  Ingestion of coarse sand particles can cause severe erosion of compressor and turbine components.  This erosion, which can occur in as little as 20 hours [1], can cause severe performance degradation and even engine failure.  The engine may also have complications due to sand contamination of the lubrication systems causing blockages and failures of said system.  Ingestion of fine sand particles does not significantly contribute to erosion of machinery but can cause issues in the hot section of the engine.  As the fine particles enter the hot section they can melt and then solidify on the turbine blades, which can adversely affect the aerodynamic properties of the turbine, which degrades the performance of the engine.

In an effort to reduce the amount of coarse and fine sands to a desirable level it is requested that an integrated system be developed to ensure that not only the coarse sands are removed but also the fine sands.  To achieve this, the desired configuration separates the coarse sands in the first stage via the inlet protection system and the fine sands in the second stage via the filter.  The challenges facing this endeavor are maintaining an optimal pressure loss across the inlet protection system as well as maintaining performance over time as the systems’ properties may change in a desert environment.  Additional challenges to be addressed include the ability of the integrated system to:  1) perform effectively when operating in an icing environment and 2) effectively eliminate/minimize foreign object damage (FOD).  The benefit of this technology will help to ensure success of missions in desert environments such as Afghanistan and Iraq as well as increase maintainability by reducing maintenance time and requirements.

PHASE I:  Determine the technical feasibility for the integrated inlet protection system and present the technical feasibility of the total concept relative to achievement of topic objectives.

PHASE II:  Design and develop the proposed integrated inlet protection system (preferably via coordination with an engine or airframe manufacturer) and validate the performance relative to topic goals through experimentation.

PHASE III:  Couple the findings of Phase II with a manufacturer’s engine or air platform focusing on commercialization of the system technology.

DUAL USE APPLICATIONS:  The resulting effort will be applicable to both military and commercial applications as both conduct operations in sand environments.

REFERENCES:

1) “AATD APU EROSION KIT FOR THE AH-64 D APACHE LONGBOW”, Steve Kinney, US Army, Aviation Applied Technology Directorate, presented at the American Helicopter Society 60th Annual Forum, Baltimore, MD, June 7-10, 2004.

2) “AN OVERVIEW OF INLET PROTECTION SYSTEMS FOR THE ARMY AIRCRAFT”, Raymond T. Higgins and David B. Cale, Aviation Applied Technology Directorate, presented to the Rotory Wing Propulsion Specialists’ Meeting, Williamsburg, VA  November 13-15, 1990.

KEYWORDS: Gas Turbine Engines, Sand Ingestion, Filters, Inlet Particle Separator, Inlet Barrier Filter, Sand Environment, Particle, Separation

A05-061 
TITLE: Structural Integrity Monitoring System
TECHNOLOGY AREAS: Air Platform

OBJECTIVE:  Having a clear understanding of an aircraft’s structural integrity will enable the pilot to safely fly within the aircraft’s limits as well as notify the crew when maintenance is required.  The objective of this program is to develop a sensor system to provide accurate, real-time information that can be used in the assessment of the aircraft’s structural integrity.

DESCRIPTION:  Self-Powered, wireless sensor networks that are embedded into rotorcraft’s composite structure, airframe and rotor, will serve as the first step in the building block approach to develop a structural integrity monitoring system.  This program is designed to accomplish 3 main goals:  (1) develop sensors that provide the necessary information used in assessing a composite structure’s structural integrity to a central receiver, (2) effectively combine the sensors into a networked system, controlled and monitored by a central processor, and (3) develop an effective method of embedding or fastening the sensor to a composite structure.  These sensor nodes should be able to operate using aircraft dynamics or the surrounding environment as a power source and broadcast the necessary information to the monitoring system through antennas, thus being completely wireless.  The sensor packages should also have a life of at least that of the structure they are monitoring.  Once the sensors are developed, they must be effectively embedded into or fastened to the structure they are intended to monitor.  Attaching, either by embedding or fastening, the sensors into the most advantageous location within the structure, without weakening the structure, will be a crucial aspect to the program’s success.  As a minimum, the sensor package should be able to accurately measure static and dynamic strain, however additional measurements used to determine structural integrity are desired.  This technology will also enable on-condition maintenance on complex, hard to reach structures that normally would be replaced based on an hourly usage because of their difficulty to inspect.  Proposed concepts/approaches should address both innovative designs as well as commercially off-the-shelf products to achieve these goals.  

PHASE I:  Effort in this phase should consist of developing an initial sensor design, with wireless capability, and embedding or attaching it into a composite structure.  An initial sensor network to monitor structural integrity should also be designed under phase one.  A detailed analysis of bandwidth requirements should be conducted.  Aircraft EMI and interface requirements should be considered.  Open systems architecture is highly desirable and should be considered during the design.  Proof of concept should be demonstrated by the sensor’s ability to accurately monitor the structure.

PHASE II:  Effort in this phase should consist primarily of further designing, fabricating, and testing the sensor and sensor network, validating the results through analysis, and then improving the design.  This phase should also be used for improving the embedding or fastening techniques and determining through modeling and testing optimal sensor locations.  Work under this phase should prove through analysis, modeling, and testing, that the addition of the sensor does not weaken the structure.  Prior to the completion of phase II, the developed structural integrity monitoring system should be demonstrated on a relevant rotorcraft structural component.

PHASE III:  Effort in this phase should consist of optimizing the design and demonstrating the sensor concept, using a sensor network and a monitoring system to evaluate a relevant rotorcraft component and determine its structural health.  Both rotary-wing and fixed-wing aircraft can benefit from this structural integrity-monitoring tool.  Furthermore, civilian interests such as the automotive and aviation industries can benefit from the commercialization of the technology and methodology developed under this effort.
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A05-062 
TITLE: High Power Density Electric Generator for Army Rotorcraft
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  Design and build a high power density (power/wt ratio > 1.25 KVA/lb) main gearbox generator for an Army helicopter, which can have definite applications in other aerospace markets.    

DESCRIPTION:  The Aviation industry is being driven by "More-Electric" trends and innovations, allowing for greater system efficiencies, flexible design, improved Reliability, Availability, & Maintainability (RAM), and improved weight and Life Cycle Costs (LCC).  However, in the area of airframe power, much of the technology being used is from the 1960s to 1970s (with power densities around 0.78 KVA/lb).  This technology field needs to progress in innovation, and focus on higher power densities and these advances need to transition to the field.  

As Army helicopters grow and the missions change, the need to develop a generator with a very high power density increases.  Current Army helicopters typically have two 45KVA generators driven off of the main transmission.  The specific goal of this topic is to design and develop a generator with a power density of  >1.25 KVA/lb to meet expanding electrical requirements for future upgrades.  This generator must fit in an envelope no greater than that taken up by the current designs used, and must have a self-contained cooling system.  This generator must also be scaleable up and down, and have a reliability of at least 5,000hrs.  Other basic system specification goals are as follows:

Input-Speed:   11,805 to 12,375rpm

Power:
60KVA continuous

There are several recent advances in electric motor/generator technology that can be exploited in order to reach the objectives for this topic.  Some of these advancements include: electronics design tools, thermal design tools/techniques, materials (e.g.. Composites+rare-earths), and manufacturing.  It is recommended that such advances in technology be used in order to provide a high power density generator that is able to meet the expanding electrical requirements for future rotorcraft upgrades.  

PHASE I:  Develop and conduct a feasibility demonstration of the proposed generator technology.  The overall generator design must meet the power density goal of >1.25 KVA/lb.  At the end of the Phase I it should be shown that this design is feasible and will be able to meet topic goals.  This includes having a self-contained cooling system, interfaces the same as those on existing rotorcraft, and being no larger than the currently used design envelope.  The design must also be able to meet the input speed goal of 11,805 to 12,375rpm.  The demonstration shall be conducted on a laboratory scale and shall validate the critical technical challenges associated with the proposed technology.  The scope of this effort shall cover 6 months and be worth $70K.  

PHASE II:  The contractor shall further develop the design, fabricate a full scale prototype unit, and fully demonstrate the capabilities by conducting rig testing to fully validate the operating characteristics and durability of the proposed system.  Testing will prove feasibility over extended operating conditions.  Testing will also prove the unit meets all power, speed, and cooling goals.  All interfaces shall be the same as those in current rotorcraft in order to provide a ‘drop in replacement’ capability.

PHASE III DUAL USE APPLICATIONS: This system could be integrated in a broad range of military/civilian aerial, terrestrial, or marine vehicle applications where high power density retrofits are required.  The potential exists to integrate and transition this system into an Apache AH-64D Block III upgrade or Blackhawk UH-60M upgrade sometime in the future. 
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A05-063 
TITLE: Design Tool for Fatigue Sensitive Steel Rotorcraft Components
TECHNOLOGY AREAS: Air Platform, Materials/Processes

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  The objective of this topic is to develop a design tool to estimate and optimize the residual stress profiles and fatigue life improvement resulting from laser peening of fatigue sensitive steel rotorcraft components.

DESCRIPTION:  Metal fatigue is a well-known material failure process that leads to crack initiation, crack growth, and eventual fracture of mechanical components.  The performance, reliability and safety of fatigue sensitive steel components in military and commercial rotorcraft can be significantly improved by the creation of deep compressive residual stresses in critical surface regions.  These compressive residual stresses effectively reduce the tensile stresses caused by repetitive cyclic loading and thus increase the endurance limit of the component. 

In the past, creation of post heat treatment compressive residual stresses (through processes such as shot peening) has been limited to only shallow depths of 0.005 inches or less.  Deeper compressive residual stresses are possible but result in excessive roughness of the surface, which is undesirable in precision dynamic components with lubricated contacts.  The use of a laser to create a high-energy pressure pulse on the surface of titanium and aluminum has shown the capability to achieve significant surface residual stresses 10-20 times greater in depth than conventional peening and with minimal increase in surface roughness.  The process results in large increases in the fatigue strength of components fabricated from these materials.  It is thought that the creation of such deep residual compressive residual stresses is easily achievable in steel alloys such as AISI 9310, AMS 4340, Pyrowear X-53, and 300-M.  These alloys are typically used to fabricate gears, bearings, shafts and landing gear and other highly loaded fatigue and wear critical components.  It is possible to envision the creation of a “super gear” that used isotropic superfinishing to increase contact fatigue and laser peening to increase bending fatigue.  Such a gear could carry twice the load of today’s state of the art aircraft gears.

Laser peening has shown the ability to improve the fatigue life of titanium fan blades in large turbofan engines, which has resulted in recent commercialization of the technique.  The development of these laser peening applications necessarily relied on significant experimental efforts, focused on one specific application at a time.  In these previous applications, residual stress from laser peening was analyzed in the raw component material, followed by development of fatigue data in specific coupons representing key component geometry features, and then finally development of qualification data for the actual component.  This process is labor, time, and cost intensive and limits the rapid, widespread application of this breakthrough technology to the many critical military and commercial applications that could benefit.

This topic seeks to address a critical need for the development of a versatile engineering design tool capable of predicting the residual stress and fatigue life improvement due to laser peening a priori, thereby significantly reducing the efforts required to apply the process in new areas.  The desired form for this engineering design tool would be a desktop software suite, in which laser peening of a component part could be optimized virtually prior to physical trials.  The design tool should be easily coupled with existing engineering design and analysis software tools.  The tool would allow the optimization of the compressive residual stress profile in terms of depth, surface coverage, and magnitude in order to match the specific needs of the subject component.  The tool would be based upon the results of small specimen fatigue test data of various steel alloys with various profiles of surface region residual compressive stresses.  The tool would produce outputs that would allow the optimization of component geometry and manufacturing process parameters to achieve increased performance and reduced production cost.  The potential benefits of being able to optimize the residual stress profile are large for rotorcraft due to high vibration environment and the need for extreme reliability and safety.  The potential application of the tool outside of rotorcraft is essentially limitless.  Mechanical components from automobiles to industrial process machines would all benefit from the optimization of part performance through the proper application of tailored compressive residual stresses.  It is believed that the commercial potential of the desired design tool is large.

PHASE I:  The objective of Phase I is to construct a conceptual design of the tool, develop key software components and conduct initial verification of the tools performance.  Small, geometrically simple bending fatigue specimens (manufactured from AISI 9310 or Pyrowear X-53) should be used. These specimens should be laser peened and the resulting residual stress profile determined through metallurgical examination. The software tool should also be run to predict the laser peened residual stress profile.  The measured and predicted residual stress profiles shall be compared to validate the tools performance. Fatigue testing of the specimens (with and without peening) shall also be conducted to further validate the ability of the tool to predict fatigue life enhancements due to laser peening.

PHASE II:  The objective of Phase II is to build on the Phase I effort by conducting further refinement and validation of the design tool software. This should consist of more in-depth evaluation of the effect of laser peening process variations and part geometries on the resulting residual stress profile and fatigue life. The ability of the tool to accurately predict the residual stress profiles on more complex geometries than the simple Phase I specimen shall be validated through comparison of results of metallurgical examination. It is desired that a fatigue sensitive steel rotorcraft component be selected as a demonstration article. The tool shall be used to determine the optimum laser peening process for this component to improve fatigue strength. Metallurgical and fatigue testing shall be conducted to validate the performance of the tool and the resulting increase in fatigue life.   The phase II effort should result in a Beta version of the software tool capable of predicting the laser peened residual stress profile and increased fatigue life on complex 3-D parts.  

PHASE III:  The objective of Phase III would be to develop, validate, and verify a software release for use by commercial industry at large.  This would consist of effort to broaden the number of materials and geometries in the software database, validate the software on arbitrary laser peened components, and the distribution, support and marketing of the tool.  The resulting residual stress/fatigue life optimization tool will be highly beneficial to both military and commercial rotorcraft components as well as a very wide range of mechanical components from other applications as diverse as automobiles, agriculture, power generation and industrial process machinery. 
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A05-064 
TITLE: Unmanned Aerial Vehicle (UAV) See-and-Avoid Technology to Allow Unrestricted Operations in Civil and Military Low Altitude Airspace
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE:  Develop technical solutions to satisfy “see-and-avoid” requirements for Unmanned Aerial Vehicles (UAVs) to allow them unrestricted access to all military and civil low altitude airspace (below 18,000 feet).  Information requirements to allow effective collision avoidance by UAV operators exercising a "Supervisor Control" level of automation should be identified, to include factors affecting both the air vehicle and off-board control stations.  UAV sensor packages should be combined with optimized operator controls and displays for maximum situational awareness.  UAV operators, airspace controlling agencies, and other airspace users should be confident that UAV operations are being conducted safely and in accordance with requirements and regulations defining manned aircraft operations.

DESCRIPTION:  UAV operations, both civil and military, are heavily restricted by the need to satisfy “see-and-avoid” collision avoidance requirements in both military and civil airspace, particularly in low altitude airspace (below 18,000 feet).  Operations are currently restricted to Special Use Airspace (SUA); specific, limited arrangements with controlling agencies; or stringent measures such as manned chase planes to ensure safe and legal operation.  These restrictions place tremendous limitations on the range of missions that can be undertaken by UAVs by the Government, commercial industry, and the military.  The full potential of UAVs will only be realized when their operations are so safe, routine, and compliant with manned aircraft restrictions and regulations as to be “transparent” to controlling agencies and other airspace users.  Some related research focused on High Altitude Long Endurance (HALE) UAVs is underway but Tactical UAVs (Shadow/Class 3), of particular interest to the Army, as well as potential Government and civilian UAV operators, have received scant attention. NASA's HALE Remotely Operated Aircraft (ROA) in the National Airspace System (NAS) program, commonly known as Access 5, will focus on altitudes above 18k and on conflict avoidance with cooperating aircraft (e.g., those will transponders).  The SBIR topic focuses on altitudes below 18k.  Tactical UAVs usually operate between 5 and 10k and conflict avoidance with all aircraft.  In addition, solutions for the HALE class UAVs may also be too heavy and too expensive to be viable for this class of UAV.

PHASE I: 

Task 1. Identify the civil and military requirements for safe and legal see-and-avoid operations by Tactical UAVs (Shadow/Class 3) outside of Special Use Airspace. 

Task 2. Determine the requirements for Tactical UAV sensor package/operator control and display combinations optimized for effective collision avoidance while operating under a "Supervisory Control" level of automation in accordance with the findings of Task 1.  Answer the question “What is the most effective way to make Tactical UAV operations transparent to controlling agencies and other airspace users?” 

PHASE II:  Design, build, and integrate an optimized sensor package/operator control and display combination and demonstrate it on the tactical UAV class of vehicles (e.g., Shadow 200, ASSP Class 3) based on Phase I Task 2. Flight test the integrated system to determine if it satisfies the requirements identified in Phase I Task 1.

PHASE III DUAL USE APPLICATIONS:  Dual use applications, including commercialization, are available immediately.  Both civil and military UAV operators are currently operating under severe restrictions which inhibit the full realization of UAV potential.  Unrestricted access to the National Airspace System would allow much wider use of UAVs for missions such as emergency response, environmental monitoring, law enforcement, and purely commercial applications like news-gathering.  It would also allow military UAVs to transit the NAS between restricted operating areas, allowing valuable assets, like chase planes, to be applied to more critical missions.  Military UAVs operating in combat zones operate much more freely than their civilian counterparts, and as a result have more potential mishaps with other airspace users.  The products of this SBIR could reduce the operational risk to both UAVs and manned aircraft by allowing effective collision avoidance by the UAV operator.  The ultimate result of effective see-and-avoid technology applied to UAVs will be a dramatic proliferation of missions undertaken by UAVs by the Government, commercial industry, and the military.
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A05-065 
TITLE: Eulerian Vorticity Transport Modeling
TECHNOLOGY AREAS: Air Platform

OBJECTIVE:  The objective of this work is to develop and validate first-principles-based, Eulerian vorticity transport modeling of vortical flow fields.  The intended application of the research is computational fluid dynamics (CFD) calculations of helicopter wakes and rotor/airfame interactions.  The methodology will be interfaced with established Navier-Stokes CFD codes currently used for rotor blade and airframe modeling. 

DESCRIPTION:  Rotor wakes play an important role in the accurate analysis of rotor blade airloads and vibration.  Interaction of the wake with the fuselage and empennage is a frequent problem in rotorcraft development and testing due to poor prediction capability.  Current modeling techniques for rotorcraft wakes typically either use grid-based Navier-Stokes CFD methods or Lagrangian free wake methods. Both methods have serious drawbacks.  Compressible Navier-Stokes models using conservation variable formulations (density, momentum, energy) are overly dissipative of vorticity.  The grid density required to accurately model the vortex and reduce dissipation makes full resolution exceedingly expensive.  Lagrangian methods are lower-order models which may rely on numerous modeling assumptions and input parameters. Vortex interactions (with wakes, airframes, or the ground) are poorly captured.

A first-principles-based, Eulerian vorticity transport model based on the Navier-Stokes equations is sought (1).  Using vorticity-conservation form, wakes can be convected and interacted accurately over long distances with minimal dissipation. Given the state of the art in rotorcraft CFD (2,3), a model which can interface with well-validated conservative-variable CFD formulations is preferred. Current near-body Navier-Stokes formulations use either structured or unstructed grids and may have overset or multiblock grid capability (4).  Compressibility, viscosity, interface/equation compatibility, stability, and construction of the velocity field may have to be addressed. The method should be computationally efficient, perhaps using adaptive mesh refinement (AMR) or multi-resolution methods to minimize grid requirements.  Parallelization and scalability of the method for implementation on high performance parallel processors are important.  Lagrangian vortex methods (e.g., vortex lattice, free wake) and vorticity confinement methods will not be considered.

PHASE I:  Phase I will demonstrate the feasibility of an Eulerian vorticity transport model. As required, research into and preliminary development of an interface with an existing conservative-variable CFD code will be performed.

PHASE II: Phase II will refine the vorticity transport model with full interface implementation with existing CFD codes.  Efficiency and parallelization will be addressed.  Validation will be performed on a range of rotorcraft datasets.

PHASE III:  The resulting technology will have application to the analysis, design, and development of current and future military and civilian rotorcraft configurations.  Numerous government agencies and industrial manufacturers would be interested in obtaining this technology as part of their rotorcraft design toolbox.
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A05-066 
TITLE: Obstacle Representation Database From Sensor Data
TECHNOLOGY AREAS: Air Platform, Information Systems

OBJECTIVE: The objective of this effort is to develop a software package which will receive three-dimensional point data from an obstacle detection sensor and organize the data into one or more representations of the operating area suitable for navigation. The software will be extensible so that additional representations may be employed as they are needed or developed.

DESCRIPTION: Obstacle detection and representation is a fundamental component for the navigation of air vehicles through an obstacle field. Sensors suitable for air vehicle applications exist for detecting obstacles, but these sensors provide large amounts of data in a format [1,2] that is not readily useable by most navigation planning algorithms [3,4]. The sensor data must first be processed and transformed into some type of discrete obstacle representation that is useful to the planning process. In general, navigation planning through a cluttered environment does not require detailed information about obstacles, but only enough knowledge of the surroundings to know where the vehicle cannot fly. Examples of such approximate obstacle representations are a set of two-dimensional edges or polygons, with heights, defining the horizontal bounding area and vertical extents of obstacles, or a set of three-dimensional obstacle bounding volumes, including, but not limited to, axis-aligned bounding boxes, oriented bounding boxes, bounding spheres, bounding lozenges, or a set of bounding planes (all representations are in the inertial coordinate system and need an accuracy of about 0.5 meters). 

An investigation is needed to determine what type of processing algorithm is best to handle the shear volume of data provided by a real-time obstacle detection sensor, the uncertainty in the sensor data, the excessive amounts of noise possibly introduced by the flying vehicle, and the possibility of moving obstacles. The type of algorithm that will provide enough flexibility to produce any of the above representations as needed, either directly through a monolithic one-step process, or through simple extension (the output of the primary algorithm is processed further into a different representation), must also be investigated. Conceivably, the entire processing could be layered, i.e., the 3D points are processed into bounding planes, which are in turn processed into oriented bounding boxes, which are in turn processed into edges with heights, and so on. Several possible processing techniques include, data clustering algorithms, or spatial sorting into either predefined (quadtree/octree) or dynamically created (Binary Space Partitioning) spatial volumes. Investigation is also needed into how to best represent terrain, since terrain cannot be neatly enclosed with a discrete bounding object like is possible with buildings and other vehicles. Furthermore, since some obstacle information is typically available beforehand, such as terrain information and the approximate locations of larger structures, the processing algorithms must also be capable of adding new information and refining the existing information as data is gathered by the on-board obstacle detection sensor.

The effort proposed herein will first explore different processing algorithms that consider the needs outlined above, and then develop a software package that will receive and process the sensor data and maintain a database of the resulting obstacle information. The software must be capable of supplying some portion of the database requested by a client. The persistence of information within the database will depend on the available memory space, with old data being removed to make room for new data. Obstacle information is typically needed by several different components of the planning process, thus the obstacle information must be accessible through some efficient Inter-Process Communication (IPC) mechanism and protocol. The database must also operate in both a computationally and spatially efficient manner on a typical commercial-off-the-shelf (COTS) computer. Finally, the software should be written in an efficient language such as C or C++, and may make use of existing open-source or COTS software components as appropriate. The ability to effectively process and organize the data provided an air vehicle’s obstacle detection sensor into a useful form is critical to real-time air vehicle navigation through cluttered environments. 

PHASE I: Study, develop, and evaluate several different processing algorithms and select the best one as the primary processing algorithm. Determine if a layered or monolithic approach is best. Develop a prototype obstacle representation database which provides the two-dimensional edge set with height representation. Demonstrate the prototype in simulation using simulated sensor data.

PHASE II: Expand the software functionality to include the other obstacle representations mentioned above, and any other representations that are developed during the course of the project. Further define the database structure and the IPC mechanism and protocol by which the information will be accessed by external processes. Make the software extensible so that other representations may be added in the future and use the provided interface to access the information. Ensure that the software has acceptable computational and memory requirements and an efficient IPC mechanism (for databases with one to two thousand objects). Further verify and validate the software in preparation for commercial release. Demonstrate the software package in flight on an unmanned air vehicle.

PHASE III DUAL USE APPLICATIONS: Make the software a commercial package that will be useful to both military and commercial air vehicles that operate in cluttered environments. The obstacle representation database will be the foundation of many needed components such as navigation planning algorithms, or displays which provide visual information about the operating area.
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A05-067 
TITLE: Dynamic Camber Control for Helicopter Rotor Blades
TECHNOLOGY AREAS: Air Platform

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Develop advanced method(s) for dynamically changing the airfoil camber of helicopter rotor blades to alter the aerodynamic pitching moment, thereby reducing hub vibration and rotor power, augmenting rotor thrust, and adjusting the rotor tip-path-plane.

DESCRIPTION:  Recent advances in actuator technology and compliant structures indicate that advanced, on-blade, active rotor technology can now be developed.  Consequently, new methods are sought for dynamic airfoil camber deformation, for helicopter rotor blades, at frequencies up to 5/rev (i.e., 5 times per rotor revolution).  Both a discrete control surface and (gradual) camber deformation meet the desired functionality.  Modern compliant structures methods are encouraged, including integrated aero-structural analysis for design optimization.  Regardless of the approach taken, the main goal is minimum actuation system weight for the alteration of the aerodynamic pitching moment.  Although the drag penalty of camber deformation is somewhat less than that of trailing-edge flaps (or "elevons"), this advantage must be weighed against the potential penalties of increased structural weight and internal work.  Regardless of the approach, both the work and the actuation system weight that are required to overcome actuation system "losses" (such as compliance, friction, and applied load reaction) must be quantified.  Actuation system external "work per unit mass" (or "specific work") efficiencies are sought that are 50 to 100% larger than existing plain elevon implementations.  If successful, the new concepts would produce the same aerodynamic pitching moment for less system weight, and the drag penalty might also be reduced.  Such a high specific work would likely require both advanced actuation materials and configurations.  Although most high-frequency active control work has used piezoceramic actuators, other motivators may be considered, including electromagnetic, piezo-hydraulic (hybrids), or any other actuator expected to be mass competitive.  The actuation system must be mass balanced (forward of 0.26 chord) and must fit entirely within the airfoil contour.  Design concepts should be expected to yield a practical solution that could be built and tested during Phase II; that is, actuator design and integration must be adequately addressed.  Rotor sizes ranging from a moderate scale (5.67 inch chord) to full scale (21 inch chord) should be considered, with reduced sizes being "Mach scaled".  (The 5.67 inch chord matches existing test stand capabilities and better matches potential UAV (Unmanned Aerial Vehicle) sizes for experimental demonstration and/or future system development.)  The design airfoil must be a modern, cambered, helicopter rotor blade airfoil, with a maximum thickness of 0.12 chord; the VR-18 (which is cambered and 0.10 chord thick) is suggested as a representative airfoil.  The minimum aerodynamic control authority should be equivalent to the pitching moment produced by a 0.15 chord plain elevon deflecting between ±7.5 and ±10 deg (at 5/rev), depending on the achievable mass efficiency of the actuation system.  The deformation required to produce these aerodynamic loads must be sustainable at all frequencies at and below 5/rev, including static deflection.  Additional camber deformation authority must be designed into the system to overcome inertial and aerodynamic loading which, if left unchecked, would change the airfoil's camber.  A suite of solutions is sought for equivalent elevon sizes between 0.15 and 0.30 chord.  For camber deformation, the forward 0.35 chord should be assumed rigid, with all airfoil deformation restricted to the aft 0.65 chord.  Finally, strategies should be proposed that are believed capable of achieving a (full-scale) maintenance interval between 2,000 and 10,000 hours (200 to 1,000 million cycles).  In summary, such technology would afford significant vibratory hub loads reductions, some rotor power reduction, and flight control augmentation.

PHASE I:  Invent and explore a variety of actuation system architectures, analyzing the concept(s) found to have the most promise.  Produce a preliminary design of at least one concept, and predict its expected force-deflection characteristics, power, weight and inertia, and 2D (two-dimensional) aerodynamic control authority (esp. lift and pitching moment).  Include both inertial loading (esp. radial and normal) and aerodynamic loading in the analysis.  Size the system for a Mach No. of 0.56 at Sea Level Standard (SLS) atmospheric density and an angle of attack of 6 deg; by comparison, for these conditions (and a 5.67 inch chord), the (existing) baseline system oscillates a 0.15 chord plain elevon ±5 deg for an actuation system running mass of 0.0183 slug/foot balanced at 0.26 chord.  Peak accelerations should be scaled from the 5.67 inch chord design values of 3,000 g (radial) and 650 g (normal).

PHASE II: Further develop the preferred Phase I concept(s), including detail design and fabrication of at least one system.  Also develop a discrete elevon design for comparison with any camber approach(es).  Perform analytical calculations for a range of loading conditions, both for SLS and reduced atmospheric densities (at a higher Angle of Attack).  Perform bench tests to demonstrate subsystem and system functioning, performance, and strength, in the presence of various load simulators.  Perform a system fatigue test.  Finally, perform a whirl test and/or a 2D transonic airfoil test, demonstrating system performance under representative loading.

PHASE III DUAL USE APPLICATIONS:  Successful development of the system would likely lead to moderate scale rotor wind tunnel testing and/or UAV flights.  The proposing laboratory has existing hardware and test facilities which might be used for such an effort.  Reduced helicopter vibration has the potential to reduce the fatigue of both crew members and hardware and is expected to reduce rotorcraft maintenance/operating costs.
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A05-068 
TITLE: Image Intensifier Compatible Thermal Imaging System
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Identify the most cost effective method of optically performing sensor fusion of thermal long wave infrared and low-light visible-near infrared sensor imagery for the dismounted soldier.  

DESCRIPTION:  For the dismounted soldier, the sensor technology gap between US forces and their adversaries has narrowed.  In order to regain an overmatch capability, the soldier on the ground must be able to quickly detect potential targets and threats at ranges that exceed the typical image intensifier vision system while still maintaining a high degree of mobility in very low light conditions.  This new capability can be achieved through the fusion of thermal sensor imagery and passive low-light sensor imagery.  Currently, the Army has programs that address the need head borne fused imaging systems.  Two main fusion paradigms are being investigated:  1) electronic fusion and 2) optical fusion/overlay.  Optical overlay has the greatest likelihood of achieving the lowest power solution.  An optical overlay solution which utilizes current direct view night vision imaging technology may result in further cost savings in the component costs.   However, the most cost effective form of optical fusion remains unknown and the risk of achieving desired performance with such a system presents a significant technical and engineering challenge.  Even though a fully integrated electronically fused system may have performance advantages, a more most cost effective solution for rapid fielding of a thermal and near infrared fused imaging system may provide a near term tactical advantage for the US warfighter.  Therefore, the army is seeking an innovative approach to the study and implementation of functional optical fusion techniques for head borne thermal and visible-near infrared sensors.  A low-cost approach to optical overlay compatible with legacy imaging intensifier hardware would open the door for large scale fielding of multi-spectral vision systems within the US arsenal and in turn could produce better performing components at lower cost.  

PHASE I:  Identify, fabricate, test, evaluate and compare at least three innovative concepts for an optically fused thermal imaging module.  The key system parameters to be investigated shall include cost, weight, power consumption, predicted thermal or combined imager range performance, and imager field(s) of view.  Additionally, the engineering research shall address the level of compatibility of the optical overlay concepts with legacy hardware.  The impact of the optical overlay concept on the legacy hardware inherent performance shall be studied as a loss of contrast, resolution, sensitivity and field of view.   

PHASE II:  Down select an optimum cost effective concept for optical overlay.  Design, fabricate, and deliver a head borne optical overlay imaging demonstration prototype based on the results of the Phase I research.  Support Government conducted field tests of the optical overlay imaging demonstration prototype.  These field tests will be conducted to assess thermal and image intensifier performance parameters at the component and system level as well as to validate the ergonomic and human engineering factors.  Provide design and engineering analysis of laboratory and field test data in a final report.

PHASE III DUAL USE APPLICATIONS:  This technology is applicable to both military and law enforcement organizations.  Commercialization of the low cost thermal imaging system will be directly applicable to local police, search and rescue, firefighting and border patrol operations.  All of these non-military applications are extremely cost sensitive and will benefit dramatically from a low cost thermal imaging module.
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A05-069 
TITLE: High Speed Digital Interfaces between High Performance Transceivers and COTS SCA-Compliant Electronics
TECHNOLOGY AREAS: Information Systems, Electronics

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Develop and specify the architecture for SCA (Software Communications Architecture) compliant interfaces between high-speed, low-power advanced digital transceivers, up to and including emerging direct-conversion digital RF receivers and transceivers, and lower speed, higher power COTS room temperature electronics.  

DESCRIPTION:  Advanced, all digital RF subsystems, including direct conversion digital RF receivers and transceivers are required to sample and process signals at extremely high speed (above 40 GHz) but with low voltage level (~1 mV) and at low temperature (4-5°K).  Current SCA-compliant digital electronics, such as modems and channelizers operate at much slower speeds (such as 80 Msample/s).  Techniques are to be analyzed for efficient input and output of extremely high-speed (clock rates up to 40 GHz) digital RF data to and from SCA-compatible electronics.  Interface electronics should include fast, programmable digital signal processing capable of augmenting ultra-fast digital processing of RF signals up to and including those found in emerging superconductor digital electronics. 

This topic meets objectives for both the CERDEC, JTRS & Wireless Radio Enabling Technologies & Next Generation Applications (RETNA) STO and the planned Directional Antenna for 3D Networks ATO.

PHASE I:  Design high-speed digital interface and demonstrate functionality of key components using modeling and simulation.

PHASE II:  Develop and demonstrate a digital interface product with user programmable signal processing functions.

PHASE III DUAL USE APPLICATIONS:  Build a communications transceiver system that incorporates digital-RF transceivers and SCA-compliant electronics using the high-speed digital interface.

Military Application:  Primary applications are digital-RF transceivers for the next generation terrestrial and satellite communication systems (e.g., JTRS Clusters 1 & AMF, MILSATCOM). 

Commercial Application:  Integration of faster digital-RF electronics with commercial-off-the-shelf electronics, enabled by the digital interface, will find applications in the commercial communications and high-end instrumentation market.  Commercial applications include base stations for wireless communications.

REFERENCE:  

1) JTRS Program requirements, per http://jtrs.army.mil/

2) D. Gupta, A. M. Kadin, et al, “Integration of Cryocooled Superconducting Analog-to-Digital Converter and SiGe Output Amplifier,” IEEE Trans. Appl. Supercond., vol. 13,  pp. 477-483, June 2003.
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A05-070 
TITLE: Adaptive Bandwidth Service (ABS)
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE: The goal of this SBIR is to create an ABS (Adaptive Bandwidth Service) that will reside in the NCES (Network Centric Enterprise Services) framework. The ABS will provide any service on the network with the capability of improving its information flow independent of network level optimization techniques.  

DESCRIPTION: NEBC (Network Enabled Battle Command) is a Science and Technology Objective (STO) in CERDEC (Communications Electronics Research Development and Engineering Center), C2D (Command and Control Directorate) focused on developing C2 mission planning and execution monitoring services. Many other programs are making this transition into the services world as well. As this transition takes place, it becomes apparent that instead of the bottleneck being processor speed or available memory, available bandwidth will be the new “long pole in the tent”. All the services on the NCES network will be transmitting large amounts of data that previously were simply loaded from the local disk. Items such as maps, mission files, terrain information, and logistical data will all be passed between services as they perform various actions. There is going to be many services fighting over the same pipe. This will create a large amount of congestion and possibly lost packets. The ABS created under this SBIR would act as a bandwidth mediator for all services on the network.  It would utilize already available network monitoring tools and algorithms to make each service (application) network-aware.  This allows each application to adapt its own data flow in order to insure that information reaches the source in tact.  The vendor will also define a set of associated API’s (Application Programming Interfaces) and rules for data adaptation.  Any application that wishes to implement data adaptation would simply have to utilize the API and rules created under this SBIR.  The created ABS would be independent of the communication layer of the network as well as any network monitoring tools that are already available.  As a result both the communication layer and monitoring agents could be changed and this would require no changes on the application/service side.  

Current adaptation techniques involve removing unnecessary layers or frames from multimedia feeds (e.g. video) in order to make the data streams smaller.  The problem with that technique is that you are wasting processing power by creating full packets and removing data prior to serialization.  The advantage of the architecture described in this SBIR over previously created systems is that all adaptation happens at the application level before the data leaves the service.  As a result, applications actually create the smaller packets themselves.  Application developers (or users) decide which information has a lower priority and remove it from the data stream.  Essentially, each application would become network-aware without having to understand any detailed information about the network itself.

The focus of this research effort will be on adapting non-multimedia data (e.g. spot reports, unit heartbeat information), however the resulting service at the end of Phase III should be flexible enough to support multimedia data flows.

Network aware applications and application adaptation are not new concepts, however the integration of them both is, “even though a lot of research has been done on these areas individually, until recently [did] researchers begin studying how to integrate ‘awareness’ and ‘adaptation’ to make applications more robust to network variations” [1].  This effort will combine application adaptation and the research currently available on network monitoring to create the API and structured rule set along with the ABS.  The ABS will act as the bandwidth monitor providing feedback to applications so that they may adapt as necessary utilizing the standardized API and rule base.  The ABS would also act as a bandwidth mediator coordinating the priority levels between the application and the QoS (Quality of Service) layer on the network.  The result are network aware applications with smart adaptation independent of the communication layer.

PHASE I: The vendor will outline possible adaptive bandwidth solutions. Such examples are data compression, packet buffering, and service controlled data manipulation.  The vendor will also perform a research analysis of available network monitoring algorithms.  The vendor will also design an API describing how ABS will interact with existing and future services and a rule base defining how applications can adapt.  The preliminary ABS design will also be completed in this phase.

PHASE II: The vendor will implement the ABS and API designed in Phase I into a fully featured service that will be tested in the NCES network, Here the ABS will also be closely coupled with an existing service. This will allow for a comparison between generic adaptation and service specific adaptation. This specific adaptation will be built as a prototype for tests and experimentation. During this phase, research will be conducted to determine the optimal adaptation technique(s).  The outcome of this phase will be a technical/statistical analysis comparing the network monitoring algorithms discovered from Phase I against each other.  The implemented ABS will require a sample application to test with and data model to test the rule set against.  Research of currently available C2 (Command and Control) services will be made to determine the most applicable candidate.  Such a system will most likely be utilizing a data model based on the C2IEDM (Command and Control Information Exchange Data Model).

PHASE III DUAL USE APPLICATIONS: 

Possible commercial opportunities include transitioning this service to the communications industry for use in cellular networks and 802.11x products. The ABS would allow for faster data transfer over cellular networks increasing the overall user capacity for existing hardware. Similarly, packaging the ABS with COTS (Commercial Off The Shelf) 802.11x hardware would increase the performance of standard wireless networks.
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A05-071 
TITLE: Command and Control (C2) Database Translation Application
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: The objective of this research effort is to develop a prototype database and message translator application capable of quickly resolving cross-database ontology disparities and message interoperability issues.  In general, it is envisioned that this prototype will "sense" disparate message and database structures (possibly through the use of autonomous agents and reasoning engines); provide graphical representations of these; and offer a set of intuitive, graphic tools and recommendations to support resolution of the interoperability issue.  Development of this prototype will require conducting research and analysis bridging three domains: 1) ontology mapping schema; 2) advanced concepts in graphical representation and manipulation of data and information structures; and 3) autonomous agents and reasoning engines. This prototype will be used to determine the feasibility of extrapolating this service to a general purpose, auto-sensing, user-friendly, message/database translator capable of addressing interoperability issues with little a-priori knowledge of the pre-existing disparities in format, content and ontology across the boundaries of any two systems.  

DESCRIPTION:  The Army Future Force will include C2 systems from emerging and current Army, Joint, Multi-National and other government agencies. These various organizations and their supporting C2 and support systems must work together in circumstances that include war, peace-keeping, relief and catastrophic response. Efforts to resolve interoperability issues between these organizations are underway, however many interoperability efforts remain and more are anticipated.  In many cases these are difficult to resolve. In particular, field interoperability issues that merely involve single or small numbers of message sets are characterized by fix-times that are measured in terms of weeks or months; resources that often include special hardware; subject matter experts; and, finally, great expense.  As the need to resolve interoperability issues becomes more critical, more frequent and more expensive, the need for a novel and more-practical approach emerges. 

To address this issue, it is envisioned that an application can be developed and hosted on a portable system that can be used as an interface translator between two systems that need to exchange information in the form of messaging, services and database content. Certainly, there is nothing remarkably scientific about the resolving interoperability issues. However, this SBIR embodies three unique and complementary research goals that distinguish it from ongoing work in this field: 1) auto-sensing of the disparate structures 2) rendering  the disparate ontologies in intuitive, graphic representations; and 3) development of a  graphical tool schema to provide the options and means to resolve these disparities, in real-time. Ultimately the goal of this tool would be to effectively obviate the requirement for a subject matter expert. This system can be put in place to immediately resolve field interoperability issues as a stop-gap until the issue is resolved by development engineers at depot or development facilities. Further, this concept includes the notion of a user friendly front end that would allow the user (not necessarily and expert) to effect the fix. 

This SBIR topic involves development of a limited-use, prototype version of this translation system to investigate the feasibility of achieving full capability. The effort entails a 100k Phase I feasibility study followed by a 750K prototype demonstration as described below.

PHASE I:  The vendor will first conduct a study to determine the feasibility associated with this C2 Database Translation Application. The study will include research and analysis supporting initial development of the prototype sensing and database/message translator algorithms; and front end concept. To assess the feasibility of these algorithms, the vendor will conduct research and analysis to support: 1) ontology mapping schema 2) sensing strategies and 2) advanced concepts in graphical representation and manipulation of data and information structures. The study will be accompanied by a plan for developing a prototype database and message translator application embodying algorithms capable of resolving cross-database/messaging ontology disparities.   As part of this plan, the vendor will recommend advanced analysis tools capable of assessing such translation algorithms 

PHASE II:  During this phase the vendor will complete the research and analysis initiated in Phase I, develop the prototype application and conduct a demonstration of the prototype. This application (including the front ¡Vend) will be assessed using the translation analysis tools identified in Phase I. The vendor will document findings in a final report that should include findings summarizing the research in the following areas:

„« Protocol interfaces

„« Translation engine

„« Structure Auto-Sensing engines/agents

„« Message/Database reference libraries

„« User-friendly, graphical user interface to drive translation engine

PHASE III DUAL USE APPLICATIONS: Transition to PEO C3T rapid interoperability response tools. Translator Engine to support NEBC STO managed connectors.

Supported STO: 

Translator engine to support NEBC STO managed connectors. 

Joint Battle Command Bridge (JBCB ACTD).

JBFSA Data Dissemination Services

KEYWORDS: Message translator

A05-072 
TITLE: Advanced Tactical 2 KW Stirling Power Sources for Co-Generation Applications
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  To design, develop, and demonstrate the feasibility of a lightweight (~ 300 pounds or 136 kg), liquid fuel burning Stirling Power System that is capable of supporting the Army’s various Cogeneration Applications.  The Army’s goal is to demonstrate a Stirling Power system that outputs 2.0 kW, 28 Vdc (electric) for mission loads and up to 7 kW (23.88 kBtu/hr or 25.19 MJ/hr) of useable heat output for heating and/or cooling. The power unit shall be capable of starting and operating on military standard JP-8 and DF-2 fuels and of maintaining maximum power output for up to 8 hours without refueling.  

At full rated load, the power unit shall provide 2000 W of continuous power output upto 4000 feet, 95 oF (1219 m, 35 oC) with no deration.  In addition, the unit shall operate with no degradation of power output within a temperature range from - 32 oC (- 25 oF) to + 60 oC (+140 oF) at any possible relative humidity within this range.  The desired power source shall be a signature suppressed, lightweight, reliable power source that is compatible with installation and operation in vehicle-mounted shelters housing command & control functions of the Future Force.  It shall demonstrate a fuel to electric power output efficiency of 20 % or higher and a noise signature of 58 dBA or less at any point on a radius seven (7) meters (23 ft) when tested independently from any shelter.  The system shall have a low probability of detection via thermal means.

The resulting power source shall meet the emerging power requirements for Silent Watch missions and the power requirements for command and control elements within the vehicle based shelters of the Future Force.

DESCRIPTION:  The Army employs vehicle-mounted shelters housing command and control systems.  These systems require dedicated electric power for the operation of mission loads and an environmental control unit (ECU).  Traditionally for a shelter system, a 10 kW TQG Set is used to provide 2 – 4 kW of electrical power for the mission and approximately 6 kW of electrical power for the ECU (typically 18 kBtu/hr (18.99 MJ/hr) cooling and 15 kBtu/hr (15.2 MJ/hr) (resistance heating).  This configuration is found to be too heavy (~3600 pounds (1633 kg), including trailer) and consumes too large of a footprint.   Stirling Engine Technology has been identified as a means to achieve a combined heat and power (CHP) system that can generate electric power to sustain mission load and can derive, from the external burner, the heat energy required for environmental control loads.   

Stirling engines have been successfully demonstrated in space and commercial terrestrial applications.  In commercial applications size, weight, and type of fuel are not as important as noise levels. In space applications radioisotope heat sources are utilized.   The ability to operate a Stirling Engine with a JP-8/DF-2 Liquid fuel Burner has yet to be demonstrated at a military level of success.  The linchpin to Stirling Generator Sets is the development of a JP-8/DF-2 burner and the integration of the core engine and that burner.

The development of a reliable, low maintenance, efficient integrated core engine/burner is the first step in meeting the military goal of a CHP system.  Thus this SBIR effort will focus on the design and development of an integrated core engine/burner with a Maintenance Ratio (MR) better than 0.03 (30 Maintenance hours per 1000 operating hours) and a Mean Time Between Operational Mission Failure (MTBOMF) of greater than 1000 hours.  

The following conceptual research, development and demonstration tasks described should be aimed at addressing or contributing to improvements in some or all of the areas of most concern expressed in the Tactical Electric Power (TEP) Operational Requirements Document (ORD) for future power systems. 

PHASE I:  The effort shall explore the method by which the 7 kW of power for heating and cooling shall be generated, captured, and exported for Heating and Cooling applications.  The operational and performance capabilities delineated in the Objective of this topic shall be considered in the design.  

As part of the effort, the contractor shall investigate the critical areas of technical risk for a 2.0 kW, 28 VDC, JP-8 fuelled hybrid power system based on a 28 VDC kinematic Stirling generator set for cogeneration applications.  The investigation shall focus on the core engine and burner as a system, identify the strengths and weaknesses of the selected system design, and make recommendations for further improvements of specific areas such as reliability, overall CHP system efficiency, and power density.

The investigation shall include the adaptation and use of advanced materials (i.e. ceramics/composites) for critical structures and load bearing support, thermal management of the burner, improved system efficiency and reduced fuel consumption.   Additionally, the contractor shall design a JP-8 burner and/or core engine design and advanced burner control algorithms to counter any potential for impact of wetstacking and to reduce emissions and shall help to reduce fuel consumption.  

All results of the phase I effort shall establish the technical feasibility of a complete Stirling engine driven power system for critical military applications in support of the Future Force.  

PHASE II:  Design, develop, and demonstrate a proof of concept Stirling engine based generator set incorporating the improvements identified in Phase I and the operational and performance limits delineated in the Objective above.   The proof of concept system should be able to undergo system level testing to prove its viability in a specific military application as the 2 kW 28 Volt Direct Current generator set and power source for a CHP system in support of Future Force vehicle or shelter platforms.

PHASE III DUAL USE APPLICATIONS:  Commercial Migration of Phase II proof of concept design.  Finalize development of a scaleable JP-8 Burner subsystem for tactical electric CHP sources in the 2 kW range.  Identify target markets for the device and an industry partner for production of the device.  Develop partnerships with individual companies and Platform PMs (such as PM-FSS) for rapid fielding of results into the FCS by FY12.  

Potential for commercialization:   It is considered high.  Both the military and the commercial sector will benefit from successful results.  The external combustion enables the use of various fuels.  The design would require only a burner change thus making the design more attractive to the commercial market for applications in recreational vehicles / cabins and emergency vehicles / rescue stations as a compact source for combined heat and power ouput.  For the military, the projected design will ensure smaller, lighter systems that take up less room on a given platform.  Lightweight systems will ensure greater ease of installation and enhanced mobility for the tactical forces.

REFERENCES:

1)  "Portable Stirling Power for the Military" Rick Needham, New Power Concepts, LLC Presented on Feb 11th, 2004 DARPA Palm Power Conference

Orlando, Florida 09-11 FEB 2004
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A05-073 
TITLE: Command & Control Tools For Air/Ground Unmanned System Collaboration
TECHNOLOGY AREAS: Ground/Sea Vehicles, Battlespace

OBJECTIVE: The objective of this effort is to identify and establish the feasibility of innovative technologies (algorithms, and software) that realizes effective coordination of unmanned air and ground sensor systems supporting Army missions. 

DESCRIPTION: The Army’s Future Combat System (FCS) is expected to include a large number of unmanned sensor systems. These can be classified into three categories: unattended ground sensors (UGS), unmanned ground vehicles (UGV) and unmanned aerial vehicles (UAV). The primary components of these systems are: 1) sensors and 2) communications supporting sensor data transmission and sensor/platform control. The “Command and Control of Robotic Entities” (C2ORE) Science and Technology Objective (STO) program will develop software applications that provide two capabilities: 1) support tactical planning and 2) provide coordinated tactical control of these air and ground systems to enhance their collective effectiveness and reduce operator workload. The results obtained from proper execution of this SBIR effort, are expected to be used, to help focus the C2ORE STO effort and to ultimately benefit the Army’s FCS program.

The three phases of this SBIR topic will address shortfalls identified in the TRADOC Force Operating Capability Science and Technology Assessment (FOC-03) pertaining to the coordinated control of unmanned air and ground systems. To accomplish this, research is required to identify and develop pioneering control schemes and algorithms that will enable coordinated tactical control of robotic air and ground systems.

PHASE I: The vendor shall develop a plan for and conduct initial phase of research and analysis of innovative technologies to achieve synergy among unmanned air and ground systems in a tactical environment. Research and analysis should identify and analyze novel techniques to facilitate the ability of air/ground robotic systems to team cooperatively, exploiting complementary strengths, to accomplish tasks that they could not accomplish as well individually. The vendor’s approach may include initial modeling and simulation as a means to examine and demonstrate feasibility of these concepts.  Results of the research and analysis shall be captured in a comprehensive technical report. 

PHASE II: The vendor shall leverage and further the research and analysis performed during Phase I to develop prototype algorithms (in the form of a software application) for Unmanned Systems (UMS) control to achieve synergy among air and ground UMS. To support this, the vendor shall develop an environment that supports assessment of this prototype under parametrically varied conditions and use this environment to: 1) characterize prototype algorithm performance over a range of selected scenarios and 2) refine the newly developed algorithms required to optimize the collective behavior of the robotic systems operating in these selected scenarios.

PHASE III: Dual Use applications- search and rescue operations, homeland security surveillance, border patrol and law enforcement operations. 

REFERENCES: 

1) Force Operating Capabilities, TRADOC Pam 525-66.
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A05-074 
TITLE: Intelligent Service Coordination for Tactical, Net-centric Environments
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  The goal of this SBIR is to define a strategy and develop a design and implementation for service management and service coordination to provide intelligent and efficient service interoperability among heterogeneous services operating in the tactical, net-centric environment.  The research emphasis is on providing network-aware, fault-tolerant, scalable, persistent, service mediation, and resource management to maximize heterogeneous service interoperability efficiency for current and future tactical systems.  Innovative solutions should address the holistic operating constraints of tactical networks and the expected limitations of the systems and nodes operating within the network.

DESCRIPTION:  We request research in the field of applying service-based architecture (SBA) principles that work in the enterprise domain to the tactical domain.  But, the nature of the operating environment and underlying network fabric of tactical environments prohibit simply transferring conventional, proven, standards-based enterprise solutions or practices to the tactical domain.  The impetus for this research is the need to coordinate services that will be deployed and utilized by military systems and software services operating in the tactical environment.  Net-centricity and net-centric operations are at the forefront of the Army transformation strategy.  And, as such, the proliferation of available services and service-based architectures will increase dramatically in the near future.  Much like the ¡¥stove-pipe¡¦ systems of the past (non-interoperable domain applications), services developed and deployed using disparate SBA frameworks may not be able to interoperate.  With ¡¥stove-piped¡¦ systems the interoperability was never designed into the system.  Conversely, with SBAs in the net-centric environment, the ability for heterogeneous services to interoperate will be dependent upon the intelligent information management layers of the overall system, the limitations of the network, and the resiliency of the software that coordinates these services.  Service-based architectures by their nature have interoperability designed into them, but the current capability of SBA services to operate effectively in a tactical environment, with all the limiting network constraints, has yet to be realized or even accounted for.

The scope of this research is not to define, develop, or pursue research with respect to tactical network management ¡V this topic has been addressed before.  Rather, the research desired is in the area of developing a design and prototype-solution to provide intelligent service coordination over tactical networks (where a small portion of the effort will require utilizing existing network management strategies to realize its success.)  For example, the service coordinator should ascertain the network state and, in turn, proactively manage the services, and availability thereof, to accommodate the network and system state (e.g. migrate services to another node, prioritize information, queue service requests, throttle service response data rates, etc.).  The true value added will be the development of a software product that can pull all of the relevant technologies together to provide a comprehensive solution for service interoperability across the tactical network regardless of the SBA framework from which the services are deployed and regardless of the tactical network¡¦s topography.

The innovation and solution we seek are the heterogeneous service management coordination services that include, but not limited to, the following attributes:

„X impervious to the disruptive effects of a tactical network

„X network-aware

„X use network state as decision inputs for service coordination (e.g., quality of service)

„X dynamic, user configured mediation strategy (e.g. service prioritization cost modeling)

„X survivable (persistent and regenerative)

„X scalable

„X provide load balancing of services within network (e.g. service and self migration)

„X fault-tolerant (automatic, recoverable service transaction management)

„X provide congestion control (throttling data rates, queuing service requests, etc.)

„X enable service translation and brokering

The final product should mediate heterogeneous services within a tactical environment that can withstand service interruptions, provide real-time service discovery and registry, congestion control when needed, and resource management through service migration and load balancing.  Using real-time network state, the service coordinator software will intelligently distribute services, manage network and system resources to exploit and mitigate the risks associated with the dynamic network topography and performance.

PHASE I:  During Phase I, the vendor will define a viable strategy and conceptual component design for the heterogeneous service coordination/management software.  A preliminary design with corresponding application programmer interfaces (APIs) shall be completed in this phase along with a detailed analysis of predicted performance.

PHASE II:  The vendor will implement the heterogeneous service coordination/management software and API designed in Phase I into a fully featured service/software component or suite of components.  The service/software will be demonstrated in a notional tactical environment using a provided concept of operations scenario to showcase its heterogeneous service interoperability to include survivability, scalability, fault-tolerance and resource management.

PHASE III DUAL USE APPLICATIONS:  Business and other governmental agency field units operating in any unstable, resource-constrained environment where intermittent ad-hoc networked communications or delay-tolerant networks must be considered, such as, homeland security, border patrol, space exploration, underwater exploration, and search and rescue operations.  Transition of this type of technology can lead to an untapped Business-to-Business (B2B) domain and market need; tying the distributed, remote and small business model into the mainstream enterprise management systems.

REFERENCES:

1) Service oriented architecture resource, http://zapthink.com

2) Web services/service-oriented architectures resource, http://www.w3.org/TR/ws-arch/

3) Department of Defense (DOD) Global Information Grid (GIG):
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4) Net-centric Core Enterprise Services (NCES) general information: http://www.disa.mil/nces/ne3.html
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A05-075 
TITLE: Low Temperature Solid Oxide Fuel Cell for Portable Power Applications
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  Develop a solid oxide fuel cell for portable power applications.  The prototype device should include all balance-of-plant items such as pumps, fans, and controllers.  The unit should be compact, power dense (>500mW/cm2), and capable of providing a minimum of 1000 Watts of continuous power.

DESCRIPTION:  The Department Of Defense is focusing on meeting future power demands by examining emerging technologies including fuel cell power systems.  Currently, power systems that are greater than 500W will probably be forced to utilize logistics fuel sources including JP-8 and diesel.  Even the most advanced fuel cell technologies to date are not able to operate effectively on heavy hydrocarbon logistics fuels.  However, solid oxide fuel cells offer an innovative approach and several advantages that may help bridge the gap between fuel cell technology and the ability to operate effectively on military logistics fuels. 

The Solid Oxide Fuel Cell (SOFC) is considered to be the most desirable fuel cell for generating electricity from hydrocarbon fuels.  This is because it is simple, highly efficient, tolerant to impurities, and can at least partially internally reform hydrocarbon fuels.  In order to meet the current and future demands of operating on logistics fuels, it will be necessary to thoroughly scrutinize SOFC technology.  Experts still believe that conventional SOFCs (700-800 deg C) are a long ways from commercial reality. Many now believe that innovative SOFCs running at lower temperatures (400-600 deg. C) may lead to a quicker solution for the utilization of heavy hydrocarbon fuels.

A big advantage of the SOFC is that both hydrogen and carbon monoxide are used in the cell. In the polymer electrolyte fuel cell (PEMFC) the carbon monoxide is a poison, while in the SOFC it is a fuel.  This means that the SOFC can readily and safely use many common hydrocarbons fuels such as natural gas, diesel, gasoline, alcohol and coal gas. In the PEMFC an external reformer is required to produce hydrogen gas while the SOFC can reform these fuels into hydrogen and carbon monoxide inside the cell.  This results in some of the high temperature waste thermal energy being recycled back into the fuel.

It is predicted that a small SOFC will be about 50% efficient in power ranges from about 15%-100% of full system capacity.  To achieve even greater efficiency, medium sized and larger SOFC can also be used for combined heat and power (CHP) applications where the waste heat from the fuel cell system can be used for cogeneration applications, such as power, heating, and cooling for vehicular platforms.  CHP systems typically increase the overall net energy gained from the fuel while reducing the need for separate environmental control units and the additional fuel needed to operate them.  The resulting efficiency of the medium SOFC could be 60%, with large systems up to 70%. 

PHASE I:  Identify and define novel solid oxide fuel cell chemistries that maintain mechanical and chemical integrity and electrical conductivity (without the need for additional water), and operate from 400-600 deg. C.  Design solid oxide fuel cell prototype (1000 Watts), including all balance of plant parts.  Components should be compact, lightweight, and rugged.  Design and fabricate solid oxide fuel cell stack prototype operating on a hydrocarbon fuel.  Required Phase I deliverables will include a solid oxide fuel cell stack.

PHASE II:  Construct and demonstrate the operation of a full-scale, solid oxide based fuel cell prototype (including balance of plant items).  Complete design, fabrication and laboratory characterization including electrical performance (Voltage, Current, Power), fuel consumption, noise level, exhaust temperature, exhaust flow rate and pressure, start-up time, and performance under variable environmental conditions (temperature, humidity).  Provide a detailed plan for the practical military and commercial implementation of the prototype system.  Required Phase II deliverables will include a complete solid oxide fuel cell prototype system operating on logistics JP-8 fuel. 

PHASE III DUAL USE APPLICATIONS:  Military applications include the development of a complete system that is able to effectively operate on logistics fuels.  This system could serve to fill the identified power gap in the military between 500-3000 Watts.  Commercial applications for solid oxide fuel cell based systems include:  combined heat and power generators for Recreational Vehicles, Trucks/Freight Haulers, Marine Vessels; vehicular propulsion; residential homes; remote and/or grid power for developing nations. 

REFERENCES:
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A05-076 
TITLE: Heat Actuated Cooling System
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Electronics

OBJECTIVE:  Advance the state-of-the-art in heat actuated cooling technology by designing and building a prototype unit capable of providing air-conditioning and heating at high and low ambient temperatures.  The energy efficiencies, based on the fuel heating value, will be competitive with or superior to utilizing an existing diesel engine driven generator sets to power fluorocarbon-based Environmental Control Units (ECUs).  The cooling unit will be capable of converting the heat of combustion of JP8 and DF2 directly into cooling rather than relying on electric power.

DESCRIPTION:  However, the development of key components is necessary to allow further development of integrated systems in the size ranges applicable to military standard families.  A smaller, lighter, more efficient system will lead to a smaller power source and increased mobility for tactical users. This will directly enhance the deployability of the Objective Force.

A military standard family of ECUs exists, all of which operate using chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs).  The Army has 25,000 units fielded ranging from ½ to 5 refrigeration ton (1.8 to 17.5 kW) cooling capacity and the US Air Force has about 10,000 fielded units as well.  Most of these units are nearing the end of their useful lives, and will have to be replaced soon. This presents a unique opportunity to “leap ahead” with the introduction of a cheap, efficient, and easily supportable refrigerant and reap the benefits of small size and weight, higher efficiency, and greater heating Performance.

Each overall design has its advantages and disadvantages in terms of energy efficiency, capacity, controllability, size, weight, production cost, and maintainability.  A successful design will find the optimal balance of the trade-offs given the requirements and constraints of a given application.

PHASE I:  Significantly advance the state-of-the-art through novel design and development of one or more of the following key components for the heat actuated cooling unit:  evaporator, absorber, desorber, control system, or other novel components.  Design and model the overall system to demonstrate its feasibility and key features, including performance characteristics over a wide range of operating conditions for cooling and heating.

PHASE II:  Design and fabricate a full size working prototype in 1 1/2-ton (5.3 kW) cooling capacity as developed in Phase I.  Fabricate and test the prototype ECU to military requirements using laboratory test stands.

PHASE III DUAL USE APPLICATIONS:  US Army and US Air Force will have direct applicability to over 35,000 ECUs now fielded.  The technology will have additional spin-offs such as automotive applications.  Once proven in military use, the huge commercial cooling and heating market offers a tremendous number of additional spin-off applications.  As can be seen in several other high-tech applications (Global Positioning System (GPS), composites, etc), military use and production methodologies can lead to eventual commercial use, lower costs, wider commercial use, and then even lower costs.

REFERENCES:

1) Ashok S. Patil, PhD., Darwin H. Reckart, Frank E. Calkins, P.E.: ADVANCED COOLING/HEATING CONCEPTS FOR US ARMY SYSTEMS, 5th SITHOK International Congress, October 3-4 2002, Preddvor–Slovenia.
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A05-077 
TITLE: Diagnostic / Prognostic System for Tactical Power Sources  
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  To identify, develop and fabricate a non-invasive, COTS based intelligent health management subsystem for tactical electric power systems in the 2 to 60 kW range.  The subsystem must be able to automatically perform real time diagnostics and prognostics (D&P) which notify the user of monitored power system faults, maintenance requirements (preventative and scheduled), and operational status via wireless communication.

DESCRIPTION:  Current Army practice is to perform maintenance on tactical power systems on a scheduled (peacetime) or reactive (wartime) basis. However, these maintenance approaches are greatly inefficient.  Defined maintenance schedules are merely estimates of the average use before a power system requires servicing and do not reflect actual Army usage of tactical power systems.  Diagnostics/Prognostics systems are seen as a means to monitor/manage the ‘health’ of the Army’s fielded power systems in real time.  A Diagnostic/Prognostic system would enable the Army to switch from a reactive maintenance approach to a fault-based monitoring and maintenance strategy that will enable key mission readiness and maintenance requirement information to battlefield commanders, system operators/crew and maintenance technicians. 

The goal of this effort is four-fold:

• To increase the reliability of currently fielded and future tactical electric power systems. 

• To improve the affordability, survivability and service life of the Army’s fielded power assets through the use of a tactical integrated diagnostics/prognostics system.

• To increase operational safety of the power system.

• To reduce the need for maintenance/troubleshooting (maintenance ratio).

To achieve a real time Diagnostic/Prognostic or a ‘Health Monitoring/Management’ System for fielded tactical electric power sources, functional and operational requirements must be defined.  Based on these requirements, a control system design structure needs to be devised and implemented.  Both hardware and software design and developments are required.  The system must be capable of monitoring and recording real time data of pertinent engine/alternator parameters, and processing obtained information to determine generator set status and relaying prognoses to a local user or remote location. 

PHASE I:  Develop and document a user-based functional design for tactical power sources.  This design shall outline a technology roadmap and strategy plans which shall:

• Establish a common vision for diagnostics utilizing an open, extensible architecture that leverages and makes use of state of the art COTS technology, where feasible, for all Army power assets.

• Evaluate technology areas for implementation 

 Diagnostics

o Component Health Monitoring

o Prognostics

• Maximize the use of industry standard databus’s (eg. J1939, CAN) and current commercial solutions

• Be based on a cost – benefit analysis, trade-off analysis, or business case analysis.

Functional Requirements shall include: 

o User Requirements

o System Use Cases

o Identification of Architecture Approach that supports program goals

o Identification of major features/functionality 

- Exploration of COTS technology 

- Fault Identification

- Protocol translator

- Data Capture and storage 

- Potential reporting requirements

- Target Platforms Supported (MDS, PDA, other)

- Methods of transferring data

- Off Generator Report Displays.

o Potential phased approach for diagnostics/prognostics implementation.

o Role of diagnostic/prognostic monitoring. 

The design must be adaptable to allow for adjustment or update of software for various applications and generator set configurations in order to allow for proper D&P assessment with varying scenarios.

PHASE II:  Develop and demonstrate a proof of concept diagnostic/prognostic control system for a 10 kW TQG system to support the feasibility study and findings of the Phase I research.  The design should consider the pros and cons of:

• Real-time trending with a minimum of 1hr of critical data points stored in memory for analysis and download.

• Communication uplink for user site downloads and wireless capability for information distribution.

• Display/Monitors on generator set for real time monitoring and interface with system. 

• Connection devices for proper monitor of engine readout.

Technical discussion should consider whether key parameters and associated limits and maintenance cues could be fully programmable at user level and how security levels for proper authorization dictating depth of user interface might be addressed.

PHASE III DUAL USE APPLICATIONS:  Commercial Migration of Phase II proof of concept design. Finalize development of a scaleable Diagnostic/Prognostic subsystem for tactical electric power sources in the 2 – 60 kW range.  Identify target markets for the device and an industry partner for production of the device.  Determine feasibility of teaming with a power OEM (original equipment manufacturer) for development of an Advanced Technology Demonstrator for TMDE applications.

POTENTIAL COMMERCIAL MARKET:  Currently available COTs diagnostic and prognostic (D&P) products are said to fall far short of meeting the space, power quality, reliability, and longevity requirements of most electronics equipment intended for the medical and energy harvesting industries.  In these industries, there is a large demand for robust, environmentally compatible D&P systems that monitor, analyze, and predict system health in real time and with a high level of confidence. D&P systems are sought that will prevent critical system failure, will ensure higher reliability and full performance of critical equipment, and will reduce overall O&S costs.

The military market also requires equipment that will enable the user to monitor, predict and maintain the health and critical performance characteristics of power equipment in all tactical environments.  The results can be integrated into the existing inventory of power systems and into the new Tactical Electric Power family of power systems.

The D&P system designs that result from this SBIR effort can significantly impact these market segments, providing advantages over current products in many performance and cost areas.

REFERENCES:

1) Review of the State-of-the-Art in Power Electronics Suitable for 10-kW Military Power Systems, by R. H. Staunton, B. Ozpineci, T. J. Theiss, and L. M. Tolbert. 

2) ORNL/TM-2001/222: DEVELOPMENT OF PROOF-OFCONCEPT UNITS FOR THE ADVANCED MEDIUM-SIZED MOBILE POWER SOURCES (AMMPS) PROGRAM; March 2002.
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A05-078 
TITLE: Intelligent Agent Research
TECHNOLOGY AREAS: Information Systems, Materials/Processes

OBJECTIVE: The objective of this effort is to investigate, design, and develop a common agent development environment which facilitate creating new BC domain agents for and integrating with existing agents within a common agent framework.

Intelligent Agents, while developed under a common agent framework, will focus on solving planning and execution problems within the Systems of Systems Common Operating Environment (SoSCOE), Net Centrix Enterprise Services (NCES), and future boundaries of the Future Force.  As a result of the specialized agent frameworks which have emerged up until now, the resulting agents have been designed, developed, and tested within their own specialized environment.  

The existence of toolkits enable a more interoperable environment across all levels of development.  Toolkits allow developers to share a common interface, standard libraries, and practical design patterns, while maintaining interoperability with their intended environments.  An agent toolkit for the common agent framework will help industry, government, and academia design, develop, integrate, and test their agents within the framework and, potentially, across frameworks.

This SBIR topic will address the development of a common agent framework toolkit, from which a set of agents, compatible with each other through the common agent framework, will be made available.

PHASE I: The vendor will develop an initial plan and understanding of the common agent framework along with requirements and architectures depicting the technical composition.  The plan, documented in a final report and presentation, should include the approach, required resources, cost, and schedule associated with the following activities:

· Development of a technical analysis of the toolkit requirements

· Detailed architectures depicting the toolkit components, libraries, and environment

PHASE II: The vendor will develop a toolkit, based upon the previous phase’s work.  The toolkit will provide developers with common agent framework interfaces, prototyped agents, and documentation to facilate the transition from other agent frameworks to a common agent framework.  Development and integration of a tookit and prototypd agents build from the toolkit should be interoperable with the ongoing Army agent development and platforms, specifically ATDs, ACTDs, and ATO-Rs.  The results of this phase will be well documented and implemented toolkit supporting the common agent framework. 

PHASE III: This phase will consist of the applying the toolkit and it’s resulting agents to other frameworks.  Integration of commercial agents with the common agent framework will both enhance the capabilities of the agents supporting the commercial markets, as well as promote interoperability in the commercial market through the use a standardized toolkit.  While maintaining consistency with the Network Centric Operations Industry Consortium (NCOIC) processes and methodologies, the toolkit should be able to support a variety on ongoing agent development efforts, from standardized commercial integration to government ATO-Ds.

REFERENCES:

http://www.ncoic.org

http://jade.tilab.com/

http://www-2.cs.cmu.edu/~softagents/

http://www.compinfo-center.com/tpagnt-t.htm

http://www-cdr.stanford.edu/NextLink/Expert.html

http://digitalenterprise.org/agents/agents.html
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A05-079 
TITLE: MEMS Technology for Sense Through the Wall Applications
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop a technology using Micro-Electro-Mechanical Systems (MEMS) for Sense Through the Wall applications. 

DESCRIPTION:  Micro-Electro-Mechanical Systems (MEMS) is the integration of mechanical elements, sensors, actuators, and electronics on a common silicon substrate through microfabrication technology. The electronics are fabricated using integrated circuit (IC) process sequences. The micromechanical components are fabricated using compatible processes that selectively etch away parts of the silicon wafer or add new structural layers to form the mechanical and electromechanical devices. MEMS allow microsystems to sense and control the environment. Sensors gather information from the environment through measuring mechanical, thermal, biological, chemical, optical, and magnetic phenomena. The electronics then process the information from the sensors and direct the actuators to respond by moving, positioning, regulating, pumping, and filtering, thereby controlling the environment for some desired outcome or purpose.  

The DARPA MEMS Program has developed technology to merge sensing, actuating, and computing in order to realize new systems that bring enhanced levels of perception, control, and performance to weapons systems and the battlefield environment. In August 2001, DARPA completed a program called “Smart Dust” with the University of California at Berkeley. The "Smart Dust" devices are tiny wireless MEMS that can detect everything from light to vibrations. These devices could be as small as a grain of sand and still have the capability to gather data, run computations and communicate the information using two-way radio at distances of 1,000 feet. Such devices could be deployed to track enemy movements.  

The goal of the research project is to exploit the potential of MEMS technology in building a light weight sensor that will detect personnel and threat objects through obstructions such as a building. The information gathered by the MEMS sensor will be relayed back to the user. The size and weight of the sensor, ability to detect a wide range of threats, and ability to sense through light construction materials (drywall) are key elements for the Future Combat System (FCS) as described in the FCS Operational Requirements Document (ORD). The MEMS sensor developed for this topic will tie directly into the Sense Through the Wall (STTW) Army Technology Objective (ATO) in addressing FCS requirements for detecting personnel. The STTW STO has been endorsed by PM RUS, PEO Soldier, PM Sensors and Lasers, Objective Force Warrior, and TRADOC. The MEMS technology developed here will also have applications in homeland security and supporting first responders.

PHASE I:  Investigate the feasibility in using MEMS technology in building a light weight STTW sensor to detect personnel and threat objects through various obstacles (i.e. buildings, walls).   Phase I will determine the size, weight, power, component technology and standoff capability that is achievable with this technology.  The sensor should enhance mission capabilities without impeding the capability to engage threats.  Concept of operations for the system must also be developed.  

PHASE II:  Assemble and demonstrate a STTW prototype system using MEMS technology that will show the ability to detect personnel and threat objects through various obstacles and relay the information back to the user.   

PHASE III:  System will be built for field-testing, testing at I2WD and at the Soldier Battle Lab field test facility.  Transition of this SBIR into Phase III will consist of transition into the Army FCS program, PM RUS, PEO Soldier and possible commercial programs for homeland security and first responder applications. The transition potential to military and commercial usage is considered very high.

REFERENCES:
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A05-080 
TITLE: Hostile Fire Indicator (HFI)
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Weapons

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop a low cost sensor to estimate the weapon firing line for small and medium size automatic weapons as well as indication of rocket propelled grenades (RPGs).  Provide 360 degrees coverage on air and ground vehicles for detection of hostile fire.  Develop software for initiation of a hostile fire countermeasure system.  Demonstrate system capability through field testing on ground and airborne platforms.

DESCRIPTION:  The army requires a dynamic/low cost/viable capability to detect such threats as sniper fire, RPGs, and small to medium size weapon fire. Such systems as the TSI Mobile Counter Fire System (MCFS) which is comprised of an acoustic sensing system to detect the direction of hostile fires is very costly and therefore not a viable option for the US Army.  

A hostile fire indication system needs to have the capability to detect tracer rounds and muzzle flashes from small and medium size caliber weapons such as the AK-47, 50 caliber, and 9 mm.  In order to estimate the weapon firing line, the algorithms could be developed from the behavior of the threats over time and space to establish a firing line location.  The tracer trajectory can then be established and the weapon firing line could be determined through computations.  

With the increasing threats of sniper fire, RPGs, and small to medium size weapon fire against the US Army, it is vital that a system be developed to combat enemy fire.  The Hostile fire Indication Program could be used to increase electronic warfare survivability and lethality for air and ground platforms.  Along with hostile fire indication, the system can then initiate countermeasures for combating the enemy fire.  For example, after detecting hostile fire, the system can cue audio and visual alerts to the air crew of the presence of weapon fire.  

The goal of this program is to develop a low cost system that will provide the US Army with protection against enemy fire.  In order to do so a hostile fire indication system is needed to detect enemy fire and initiate countermeasures and battlefield awareness.  The total cost of the system shall not exceed $100,000 per unit.  The system shall operate at a maximum range of no less than 1000 meters.  The weight of each sensor shall not exceed 3.5 pounds.  The size of each sensor shall not exceed 4.25 inches deep by 4.75 inches in diameter.  The system shall be designed for mounting installation and integration in airborne and ground platforms.  The system shall be powered by the Electronic Control Unit (ECU).  The maximum size of the ECU shall be 11 inches in length by 9.8 inches in width by 5.5 inches in height.  The weight of the ECU shall not exceed 22 pounds.  

PHASE I:  Feasibility study for a low cost sensor with the capability to detect sniper fire, RPGs, and small to medium size arms.  Develop a study of the behavior of the threats over time so that algorithms can be develope to establish a firing point location.  Begin a study to develop software for algorithms and initiation of countermeasures. 

PHASE II:  Design, build and demonstrate prototype sensor system for hostile fire indication for ground and airborne platforms.  Develop and document algorithms for tracer trajectory and computation of weapon line of fire.  Develop and document software for cueing countermeasure system.  

PHASE III:  The completion of this phase would result in a mature technology, which could be successfully applied to both military and commercial applications such as law enforcement and homeland defense.

REFERENCE: 

1) http://www.globalsecurity.org/military/systems/aircraft/systems/siircm.htm
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A05-081 
TITLE: Anomaly Detection in Ground Moving Target Indicating (GMTI) Radar
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  The objective is to develop a real-time algorithm to automatically detect anomalous activities in GMTI radar reports.  Demonstrate the capability of this algorithm to detect activities over wide fields of view, in primarily a simulated environment.  Adapt the developed algorithms to the capabilities of emerging radar systems, such as those that can detect & track dismounted soldiers.

DESCRIPTION:  Future Combat Systems (FCS) is necessarily placing a large emphasis on extensive and persistent Intelligence, Surveillance and reconnaissance (ISR) coverage.  With that emphasis, comes the burden of analyzing the ISR products rapidly and accurately.  In the context of the future force, the addition of manpower to do this is not an option; rather more sophisticated processing and fusion algorithms need to replace or enhance the ability of the intelligence analyst.  A need has therefore developed for assisted and fully automated techniques for exploiting large volumes of data/information.

Ground Moving Target Indicator (GMTI) radar systems, in particular, are very effective at persistently surveilling very large areas.  As such, it is easy for an analyst to become overwhelmed with the volume of potential targets moving in the field of regard.  Also, tactical GMTI radar systems are inherently limited in their ability to identify or classify targets.  The information that the GMTI systems do provide is primarily kinematic.  The challenge of this topic is therefore, to turn large volumes of GMTI radar data into usable information.  Trackers currently exist which correlate multiple GMTI detections into a target track.  This effort will further enhance interpretation of GMTI detections by detecting anomalous activity in the GMTI picture, thereby providing another dimension by which an analyst or algorithm is able to interpret the battlespace.  The key is to alert the analyst to activities, which might be indicative of a potential threat.

In another context, there is a need to employ wide-area staring sensors as a means to cross-cue ID and targeting sensors.  As ID and targeting sensors are generally narrow-field-of-view (NFOV) sensors, they cannot be used efficiently to analyze every moving object in a scene.  The anomaly detection schema indicated above forms a basis upon which NFOV sensors can be efficiently cued to specific areas of concern. 

At a minimum the desired algorithm shall be capable of analyzing anomalies temporally over long periods in time and spatially over smaller instances in time.  Examples might be, but are not limited to, automated extraction of convoy-like patterns (spatial) or detection of suspicious/anomalous activities that do not regularly occur from day-to-day (temporal). It is encouraged that innovative concepts be pursued, in addition to or beyond the examples given.  All approaches should be formulated upon a simple and extendable software architecture that can easily adapt new detection concepts.  The algorithm shall be capable of evaluating wide-areas in near-real-time, as a capability embedded within the radar system.  The baseline data source for this effort will be a Ku or X-band radar system, but the technology shall be extendable in Phase II to accommodate increases in the capability of tactical assets at other frequencies. Additionally, the detection of anomalous personnel activity should be addressed. 

PHASE I:  Investigate, analyze and document an innovative algorithmic approach to detection of anomalous activities in GMTI radar reports.  The feasibility of the concept shall be documented in the phase I report.

PHASE II:  Develop, code, test and demonstrate a real-time algorithm, which implements the concept from Phase I.  The baseline of this program will focus on the detection of anomalies in current tactical GMTI systems, which constrains the problem to vehicular activity.  Extension to dismount activity, however, shall be explored during phase II.  A report shall document and explain the final approach, implementation and results of the overall effort. The contractor will demonstrate the technology to the Government.  Modeling and simulation shall be used for the majority of development activities. Real GMTI radar data will be made available during the test and demonstration phase of this effort.  

PHASE III DUAL USE APPLICATIONS:  Successful technologies developed under this effort will be transitioned for military application.  The algorithm shall be inserted into the Governments systems integration laboratory (SIL) for the Eye-in-the-Sky program and potentially other SILs . Algorithms will be evaluated in the SIL and incrementally improved to facilitate more effective transition.  Many acquisition programs would benefit immediately from this technology including Future Combat Systems (FCS) Unit of Action (UA), Aerial Common Sensor (ACS) and Distributed Common Ground Station - Army (DCGS-A).  Potential commercial applications range from security, wildlife management and border surveillance by the Coast Guard or INS.
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A05-082 
TITLE: Battle Damage Assessment Information Fusion
TECHNOLOGY AREAS: Information Systems, Weapons

OBJECTIVE:  Research and develop automated capabilities to perform Battle Damage Assessment(BDA).  This approach will provide essential BDA functions by including the use of higher levels of information fusion to assist an intelligence analyst’s ability to carry out BDA.  In later phases, BDA functions will demonstrate useful and practical assessments of battle damage reports and products using realistic sources.  The effectiveness of the analyst-assisted BDA will be evaluated in a realistic environment.    

DESCRIPTION:  Definition of BDA:  “The timely and accurate estimate of damage resulting from the application of military force, either lethal or non-lethal, against one or more predetermined objectives.  BDA can be applied to the employment of all types of weapon systems throughout the range of military operations.  BDA is primarily an intelligence responsibility with required inputs and coordination from analysts meeting their Priority Intelligence Requirements (PIRs).  BDA is composed of, as a minimum, physical damage assessment, functional damage assessment, and target system assessment.”

BDA Information Fusion will investigate, develop, and demonstrate a BDA capability modeled as a data fusion process; the data fusion process paradigm will provide a formal basis for semi-automated BDA.  The approach should be understandable within the framework and language of the Joint Directors of Laboratories(JDL) fusion model, which includes levels 0-4, the human-computer interface and the information input interface.  For example, level 1 BDA would be analogous to level 1 fusion, and would concern single entities and their fusion; level 2 would concern higher level concepts of BDA such as effectiveness, lethality, combinations of single entities and associated applicable fusion processes.  Alternatively, Level 1 and Level 2 BDA would be composed of varying degrees of physical, functional and target system damage assessments.  BDA information fusion should, as a minimum, characterize the concepts of physical, functional, and target system damage assessment into the fusion Level 0-4 paradigms, but it is not limited to these areas.   BDA Information Fusion will provide software applications/tools that assist in semi-automated understanding of essential BDA information needs. The paradigm developed under this effort should provide a means for scientific reproducibility in fusion-based experiments in supporting BDA, particularly at the higher levels of fusion, i.e., JDL levels 2-4.  The BDA fusion capability involves inputs from human-generated message sources, open sources and multiple electronic sensors.  In relation to other fusion applications, BDA may have different information requirements than other forms of INTEL.  Unconventional paradigms for viewing sensors, sensor systems, and information fusion in approaching the solution to the BDA problem can be considered.  The preferred order for utilization of information for the BDA/fusion processes is first, human spot reports and open source information, and second, electronic sensors.  Additionally, there is no restriction on electronic sensor types except that they are US Army accessible systems; existing unmanned aerial vehicle(UAV) sensors are favored, but new sensor combinations will be considered.

The overall BDA fusion application should directly support the Unit of Action System concept, and eventually be insertable within the Army’s Science and Technology Objective (STO) entitled Fusion Based Knowledge for the Future Force (FBKFF) and the Distributed Common Ground Station-Army(DCGS-A) System Integration Laboratory (SIL).  The proposed BDA application can support either conventional, or urban warfare, with the priority on urban.  In the later phases, BDA Information Fusion will demonstrate effective intelligence analyst support in answering information requirements (including PIRs) pertaining to BDA using realistic sources, and assess the products and their effectiveness in a realistic FBKFF and DCGS-A test environments.

PHASE I:  Perform a feasibility study of a fusion paradigm/model and describe components for a semi-automated BDA process.  This includes components at lower fusion levels of BDA and higher fusion levels (levels 2-4).  Automation within the fusion processes must accommodate human intervention, but this should be only on an infrequent exception basis.

Specific level 2- and 3-type BDA areas of interest are measures of lethality, mobility, functionality of threats, units, and specific degradations as related to entitles/groups.  Level-1 type BDA areas of interest are measures related to individual entities such as vehicles, bridges, and artillery units.

Develop the BDA fusion model in a theoretical and practical sense, and provide a clear, comprehensive explication of the model.  Provide theoretical and empirical evidence to support the recommended model approaches.   

PHASE II:  Develop a prototype software implementation targeted at a small set of BDA areas of interest applied to Unit of Action problems using a Distributed Interactive Simulation (DIS) Protocol Data Unit (PDU) interface, spot report (at a minimum), with the I2WD government fusion development laboratory. Demonstrate the capability of the model prototype in the development of real/realistic systems for BDA and related fusion tasks.  Using scientifically sound methods (metrics, experiment design, etc.), evaluate the efficiency and operational effectiveness of the prototype.  Include operational effectiveness measures such as reduction in ordinance, time to answer BDA information requirements and PIRs, etc.  Conduct experiments to provide an empirical basis for the evaluation, using a Unit of Action/Future Combat System(FCS) scenario, and interfaced within the I2WD fusion test beds (FBKFF & DCGS-A SIL). 

Identify promising follow-on work to extend the capabilities of the technology, and to increase its maturity to a level adequate for commercial (dual-use) application.

PHASE III:  The technologies developed in Phase II that show promise will be transitioned to Phase III.  Interface to FBKFF and DCGS-A SIL using government furnished equipment(GFE) Intelligence, Surveillance and Reconnaissance(ISR) software capabilities and demonstrate the system during realistic test conditions.  The highest priority application area is Urban Warfare.  Example commercial (dual-use) applications include: information/intelligence analysis for non-military government agencies such as the Immigration and Naturalization Servide, and the Federal Emergency Management Agency.  Transition the system/software to PM DCGS-A or other designated PM office.

REFERENCES:  

1) Antony, R. T.(1995), “Principles of Data Fusion Automation, Artech House.

2) Steinberg, A. Bowman, C., (2004), “Rethinking the JDL Fusion Layers”, NSSDF Proceedings.
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A05-083 
TITLE: Modeling the Effect of Aircraft Rotor Blades on Airborne Direction Finding (DF) Systems
TECHNOLOGY AREAS: Air Platform, Information Systems

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Complete a study and create a complete engineering model of aircraft rotor blade effects to predict and resolve undesirable interference on SIGINT Direction Finding (DF) due to the changing positions and tilt angles of the rotor blades.  Use the model to demonstrate what mitigation techniques can be used to improve or maintain DF accuracy.  The model must be linked to field data to assess accuracy and completeness.  The toolset must be capable of the analysis of signals in ranges less than the microwave range and with varying the dimensions and number of blades, number and location of antennas, and the types of antennas.  One key research concept must include the time-varying multipath caused by the rotating blades.

DESCRIPTION:  Historically, there has been success in coarse DF on a rotorcraft during the EH-60 QuickFix program.  Commercially, there are current systems that can provide coarse DF but require the operator to make judgments to interpret the data.  There have also been achievements in precision DF on rotorcraft in the microwave frequencies for electronic warfare.  In addition, the modeling of Army SIGINT fixed-wing aircraft has been accomplished through the scaling of size and frequency in an anechoic chamber.  This has helped in the design and placement of antennas to minimize interference with other airframe structures or modifications. While this has proven to work well for fixed-wing aircraft, this technique has not been shown to be practical for use with a rotorcraft due to the large range of rotor blade positions and tilt angles for which measurements would be required.  In order to systematize the design and optimization, it is necessary to develop and apply a validated engineering model that can rapidly and accurately calculate these effects, thereby allowing complex trade-studies to be completed in a short time.  

The current Army rotorcraft of choice for SIGINT surveillance is the Northrop Grumman FireScout RQ-8B. The FireScout is a 2.25-ton rotorcraft UAV that holds a payload of anywhere up to 150 pounds.  The FireScout is the Army’s Class IV UAV for the Future Combat System (FCS).  The effects of the FireScout rotor blades on the accuracy and sensitivity of DF are unknown and have never been studied or modeled.

Potential commercial (dual-use) applications include improved modeling and simulation for commercial rotorcraft and helicopter design.  This can also apply to structural analysis for commercial rotor-wing aircraft.

PHASE I:  Perform a study on the effects that rotor blades cause on a DF environment.  This study will include the use of field data such that an accurate setting can be shown.  Also, provide theoretical and practical techniques to mitigate these effects and what the resultant DF accuracy will be.  These proposed techniques must have low size, weight, and power (SWaP) requirements.

PHASE II:  Develop a model and simulation that can accurately demonstrate the effects found in Phase I using field data to verify results.  Show the time-varying multipath effects and apply the mitigation techniques proposed in Phase I in the model to demonstrate their feasibility and tradeoffs in SWaP.

PHASE III:  Technologies developed in Phase II that show promise will be transitioned to Phase III.  This technology will be utilized to improve performance in existing PM Signals Warfare programs.  Flight tests on Army aircraft will be needed to verify design integrity.  These may be performed at I2WD’s test flight activity at NAEC, Lakehurst, NJ using a UH-60 Blackhawk as a surrogate UAV.

REFERENCES:

1)http://www.capitol.northgrum.com/press_releases2/ngpress012704.html
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A05-084 
TITLE: Handheld Software Defined Radio Platform for Force Protection Operations
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Develop an innovative handheld radio-frequency (RF) threat warning device based on cutting edge software defined radio technology.  The hardware/software will provide threat detection, identification, tracking, and targeting for force protection.  The platform/application must function properly in dismounted urban operations where traditional platforms cannot be utilized and where access to higher level information sources is limited.

DESCRIPTION:  RF communications are used by both conventional and unconventional forces to coordinate their operations.  Thus, monitoring the local RF spectrum for the presence of hostile communications can provide significant threat warning and situation awareness information.  Currently, these monitoring functions are conducted by specialized intelligence assets that are typically located at some distance from the area of operations.  This stand-off distance limits both the ability to receive signals of interest and the timeliness with which information is made available to the troops.  Thus there is a need to develop and demonstrate a handheld RF threat warning device that improves both access to the RF signals and the time frame for reporting threats.

Significant technical innovation is required to overcome these operational limitations.  The RF environment in urban areas is characterized by a high density of many different signals, urban canyons causing signal blockages, high numbers of multi-path reflections from building walls, and extreme attenuation of signals once troops enter a building.  Significant innovation is required in order to handle the range of frequencies and signal types, variations in signal levels, etc. in a device small enough and light enough to be practical for ground combat.  Current technologies are impractical with respect to antenna(s), are limited with respect to receivers, and require substantial development with respect to signal processing.

The goal of the proposed research is to identify and develop as required highly integrated and multifunctional components in extremely small form factors that can provide, in a handheld device, RF threat warning capabilities currently limited to transit case and backpack size systems.  One approach to meeting this need would be a highly capable, handheld software defined radio platform that can be tailored for different threat and operational conditions via software and flash card insertions.  The approach to direction-finding is considered a key technology for this research and relates directly to the complexity (number of channels) required for the software defined radio.  The system’s overall performance is directly dependent on the capability of the array.  Its low profile and efficiency are key parameters to the success of the system. If successful, the array may also find applications for smaller Unmanned Aerial Vehicles (UAVs) such as the Shadow 200, Hunter, or Fire Scout.

Many efforts are already underway in industry to develop software defined radios, with the Joint Tactical Radio System (JTRS) as the lead DoD development program.  Every effort should be made to leverage these other ongoing efforts.  The use of a JTRS platform is desirable if practical but not mandated for the prototype RF threat warning system.

The technology developed here will support the Urban Sabre, Manpack ACTD and the Core Soldier System programs.  Example potential commercial (dual-use) applications include Homeland Security for non-military government agencies such as the Federal Communications Commission, the Federal Aviation Administration, the U.S. Coast Guard and law enforcement agencies.

PHASE I:  Perform a feasibility study of handheld RF threat warning and identify the range of options available to meet the requirement.  Provide preliminary system designs for the various options. Identify the critical enabling technologies (antenna, receiver, processor, DSP, etc.) that must be developed under a Phase II effort.  Particular attention should be paid to direction-finding techniques that will work in the urban environment.  Provide theoretical and/or empirical evidence to support the recommended approaches, their ability to address the threat and meet the operational requirements. 

PHASE II:  Develop and demonstrate the prototype handheld software defined radio platform and matching antenna array against a representative set of RF signals.  Design and implement a method (metrics, experiments, testing, etc.) to evaluate the efficiency and operational effectiveness of the handheld prototype. Conduct operationally realistic testing to provide an empirical basis for the evaluation.  Use the demonstration to validate the capability of the architecture to meet full range of RF threat and operational requirements.  Identify promising follow-on efforts to extend the capabilities of the technology and to increase its maturity to the level required for commercial applications.

PHASE III DUAL USE APPLICATIONS:  Technologies developed in Phase II that show promise will be transitioned to Phase III.  The highest priority application area is wide area frequency search, detection and localization in support of force protection in military operations.  Example commercial, dual-use applications include interference localization and transmitter location by the FCC, FAA, USCG and other law enforcement agencies in support of homeland security. 

REFERENCES:

1) Software Defined Radio, SDRforum.org

2) NTIA Report 96-328, RF and IF digitization in Radio Receivers
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A05-085 
TITLE: Tactical Electronic Attack (EA) Simulation (TEAS) for Communications and Radar Jamming
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Develop a tactical Electronic Attack (EA) simulation tool to be used for Army studies of EA technologies.  The simulation tool will determine optimum locations for deployment of ground-based jammers and their effectiveness in disrupting threat communications networks and radars while simultaneously minimizing electronic fratricide of friendly networks.  The simulation tool will also determine the effectiveness of enemy EA against Army systems as required for network exploitation and vulnerability analyses. 

DESCRIPTION:  In keeping with the ever-increasing reliance of modern Armies on wireless communications and networking, there is a growing need to deploy jammers efficiently and effectively on the battlefield in order to disrupt threat communications networks and radars, but without electronic fratricide of the friendly force networks.  While some tools for jammer placement do currently exist, they are substantially limited in the accuracy and precision with which they predict jammer power at a target location, and lack detailed models for the required jammer-to-signal power ratios required for modern radio types.  The Army requires the design and development of an innovative Tactical Electronic Attack Simulation (TEAS) that allow users to set-up, plan, and execute realistic battlefield EA scenarios.  The TEAS should incorporate/integrate both communications and radar jamming models into its architecture.  The TEAS may either directly incorporate an RF propagation module or use the output from Government Off-The-Shelf (GOTS) or other Radio Frequency (RF) propagation software, or both.  Automated jammer placement algorithms should be incorporated into the TEAS to provide an EA mission planning capability.  The proposed TEAS software will provide a suite of tools, to include jammer planning and placement, mission rehearsal, and dynamic visualization of the EA scenario during execution to study the effectiveness of EA within a System-of-Systems (SoS) simulated battlefield environment.

PHASE I:  Design an innovative TEAS software architecture that demonstrates clear potential for substantial improvement over existing jammer placement tools.  The software architecture will identify specific technical approaches for RF propagation calculations and provide a library of jamming techniques for all radio and radar types to be included.  The parameters required to model the effectiveness of the various emitter types will be specified (waveform, antennas, etc.).  The architecture will also specify techniques to be used in determining optimal jammer placement taking into account both desired EA effects and electronic fratricide.  The design will specify the proposed TEAS software development environment (software tools, interface requirements, specifications of input/output data, etc.) for a Windows-based environment (laptop and desktop). 

PHASE II:  Develop and demonstrate a TEAS software prototype.  The TEAS software will incorporate a simple, easy to use Human Computer Interface (HCI) to allow the users to visualize the simulated battlefield communications environment with the needed features using a Windows-based operating system.  The prototype software will display the communications networks and radar systems under consideration along with recommended regions for jammer placement and calculated jamming effects using National Geospatial-Intelligence Agency (NGA) map products.  The TEAS shall be able to interface with other high level architecture federates in a real-time (objective) or near real-time (threshold) SoS simulation environment. A TEAS software prototype will be both demonstrated and delivered to the Army.

PHASE III DUAL USE APPLICATIONS:  The TEAS tool will have application both for Army missions and for Government and civilian security forces tasked with personnel and convoy security.  With the successful transition from Phase II development into Phase III, the TEAS software will be updated and integrated with key Army Modeling and Simulation Environments, to include the RDECOM Modeling Architecture for Technology Research and Experimentation (MATREX) and the TRADOC Battle Lab Simulation Collaboration Environment (BLSCE), to support analysis & experimentation efforts for Future Combat System and Future Force.  The TEAS will be utilized to provide realistic evaluation of the performance of the military Electronic Attack systems.  It will be a simulation tool for use by Army personnel to develop tactics, techniques, and procedures (TTPs) for effective and efficient use of Electronic Attack systems in a network-centric warfare environment, as well as simulation for training Warfighters for jammer planning and placement and mission rehearsal in Advanced Warfare Experiments (AWE).

REFERENCES:

1) Torrieri D, “Principles of military communication systems”, Artech House, Inc., 1982.

2) Schleher C., “Introduction to Electronic Warfare”, Artech House, Inc., 1986.
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A05-086 
TITLE: Multi-Mode Combat ID
TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE:  Develop an innovative and affordable Dismounted Soldier Combat Identification system that does not exceed $100 per fielded soldier system.  The system will employ multiple sensor modalities over a broad spectral region. 

DESCRIPTION:  Joint, allied, and Coalition forces require a multi-mode Combat Identification (CID) system that operates under a wide range of circumstances that include but are not limited to:  electronic counter measures, severe weather, and severe field condition over a broad spectral region.  It must operate in the MOUT (Military Operations in Urban Terrain) environment, which is essential to modern warfare.  The system must work for dismounted soldiers, as well as possibly vehicle platforms.  The purpose of this effort is to develop an innovative architecture for an active target identification system that allows dismounted soldiers as well as vehicle platforms to interrogate a target of interest and receive back a reply if a friendly entity is present.  The multi-mode combat ID approach should be compatible with existing deployed sensors with minimal modification required.  The topic will address practical implementation aspects of physical integration, concept of operations (CONOPS) and operation with other equipment on applicable platforms such as HMMWV’s, infantry fighting vehicles, support vehicles, etc.

PHASE I:  The contractor shall develop an innovative concept for the Multi-mode Combat Identification system.  The contractor shall perform a feasibility analysis of the design and demonstrate is veracity through analysis, simulation, or other means.  This analysis shall include, but not be limited to:  size, weight, power, sensors, waveforms, operational, cost, and other pertinent issues. 

PHASE II:  The contractor will develop, prototype and demonstrate the concept that was developed in Phase I.  The contractor shall construct a software model to predict and analyze the detailed performance of the system.  The contractor shall deliver a prototype of the concept developed in Phase I.  The contractor shall demonstrate the system and compare the measured sensor performance against expected sensor performance values resulting from the phase I modeling efforts.

PHASE III DUAL USE APPLICATIONS:  Technologies for friendly identification have a wide variety of application to commercial applications.  This could be used for law enforcement, homeland security, and emergency response, firefighting, and border patrols.  This system could provide a civilian authority the ability to scan/interrogate an area to determine if any emergency personnel are present.  Many commercial systems require precision tracking of large assets throughout the country.  This technology could be demonstrated as part of the Coalition Target ID ACTD.

REFERENCES:
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A05-087 
TITLE: New Techniques for Concealed Explosive Detection
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE:  Develop a non-traditional method for the detection of concealed explosives.

DESCRIPTION:  Concealed explosives have been a problem to both civilian and military personnel for years and will continue to be a problem for many years to come.  There are methods used for the detection of explosives such as X-ray, neutron activation analysis, dogs and electronic devices whose properties are modified by the adsorption of the out gassed by products from the explosive.  The first two techniques mentioned required sophisticated equipment, which is generally large and immovable.  Dogs need to be right on top of the targets, the same with the electronic sniffers.  

It would be beneficial to develop a system with some stand off capability that could detect the out gassed by products of explosive material and not the triggering components.  

PHASE I:  Conduct a feasibility study to develop a novel method for the detection of the out-gassed by-products from explosive materials and the properties of these by-products.  Develop models of the properties of the by-products that will aid in their detection from a stand off distance of up to 100 meters.  Provide a conceptual design of the proposed system.

PHASE II:  Design and fabricate a system capable of detecting the by-products from a standoff distance (100 meter standoff desirable) based on the results of Phase I. Demonstrate the system’s ability to identify the out-gassed by-products in a laboratory environment.  Upon successful completion of the lab demonstration, test the system in a field environment to determine capabilities in an operational setting.

PHASE III DUAL USE APPLICATIONS:  The technologies developed in Phase II that show promise will be transitioned to Phase III.  Example commercial (dual-use) applications include:  border checkpoints, airport check in areas and check points in hostile regions where the military is operating.

REFERENCES:

1) Terahertz System Conference, Dec 2004, Arlington Va.
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A05-088 
TITLE: Automated Feature/Anomaly Extraction from Synthetic Aperture Radar (SAR) Coherent Change Detection (CCD) Imagery
TECHNOLOGY AREAS: Information Systems, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  The objective is to develop an automated scheme for extraction of change features from Synthetic Aperture Radar (SAR) Coherent Change Detection(CCD) imagery.  A capability to archive changes and extract anomalous or reject repetitive activities shall also be developed. Demonstrate this capability in conjunction with high-frequency (X, Ku or Ka-band) tactical SAR systems. 

DESCRIPTION:  Future Combat Systems (FCS) is necessarily placing a large emphasis on extensive and persistent Intelligence, Surveillance and Reconnaissance (ISR) coverage.  With that emphasis, comes the burden of analyzing the ISR products rapidly and accurately.  In the context of the future force, the addition of manpower to do this is not an option; rather more sophisticated processing and fusion algorithms need to replace or enhance the ability of the intelligence analyst.  A need has therefore developed for assisted and fully automated techniques for exploiting large volumes of data/information.

SAR systems, in particular, are very effective at covering large areas of the battlefield.  As such, analysts often become overwhelmed by huge amounts of SAR imagery, which becomes impractical to analyze in its entirety.  Automated and assisted target recognition algorithms have been under development, which can dramatically reduce the workload that the image analyst would otherwise assume.  These capabilities focus mostly on the features associated directly with a target.  It is often not possible to capture images of the targets themselves as they move through an area, and sometimes the targets are simply not detectable.  Coherent Change processing, however, provides an additional set of features through which targets/activities can be tracked through the battlespace. Whereas automatic target recognition (ATR) algorithms detect the target features, CCD detects activity such as vehicle tracks caused by the vehicle.  These features tell a lot about where vehicles have been and indicate threat activities such as the emplacement of minefields.  The goal of this effort is to provide an automated means of exploiting these products. 

In another context, there is a need to employ wide-area staring sensors as a means to cross-cue ID and targeting sensors.  As ID and targeting sensors are generally narrow-field-of-view (NFOV) sensors, they cannot be used efficiently to analyze every moving object in a scene.  CCD alone provides a significant step forward in the ability to narrow the big picture to smaller areas of concern.  An automated means of exploiting the features present in CCD imagery will enable a paradigm in which CCD can be used "on-the-fly" to enhance multi-int target tracks and provide a means by which NFOV sensors can be efficiently cued to specific areas of concern.  At a minimum the desired solution should provide two capabilities.  First, the solution shall provide a means of automatically extracting useful features from coherent change detection products.  The features extracted should focus on those resulting from human activity, primarily target tracks.  The resultant products would be vector or object-level detections for use in level-1 fusion processes.  The second baseline capability sought should provide the capability to aggregate vectors and reports over time and provide automated temporal and spatial analysis to allow rejection of repetitive activities and detection of anomalous activities within the field of regard.  Alternative approaches, beyond the two listed above, to detecting anomalous changes are also solicited.  The end-goal of this effort is to extract quality detections from CCD imagery that provide critical information to the common operating picture and provide cues to high-value locations for interrogation by high-resolution identification and targeting sensors.  The end solution should address the requirements above, at a minimum, in an application that is efficient and able to be processed in near-real-time as an embedded application.

PHASE I:  Investigate, analyze and document an innovative algorithmic approach to extracting useful features from CCD Images.  The feasibility of the concept shall be documented in the phase I report. 

PHASE II:  Develop, code, test and demonstrate a real-time algorithm, which implements the concept from Phase I.  A report shall document and explain the final approach, implementation and results of the overall effort.  The contractor will demonstrate the technology to the Government. Development shall make full use of modeling and simulation, but real data will be made available based on data requirements derived from phase I.

PHASE III DUAL USE APPLICATIONS:  Successful technologies developed under this effort will be transitioned for military application.  The algorithm shall be inserted into the Governments systems integration laboratory (SIL) for the Eye-in-the-Sky program and potentially other SILs.  Algorithms will be evaluated in the SIL and incrementally improved to facilitate more effective transition.  Many acquisition programs would benefit immediately from this technology including Future Combat Systems (FCS) Unit of Action (UA), Aerial Common Sensor (ACS), Distributed Common Ground Station - Army (DCGS-A) and many other programs across the services.  The capability to recognize and extract patterns from changes in imagery and quantify them over time would provide potential for commercial applications ranging from earth science to medical imaging.
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A05-089 
TITLE: Unmanned Aerial Vehicles (UAV) Precision Geolocation
TECHNOLOGY AREAS: Air Platform, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Develope a prototype unmanned aerial vehicle(UAV) Signal Intelligence(SIGINT) geolocation capability that utilizes commerical off the shelf(COTS) or UAV navigation components and embedded sensor navigation processing to achieve the navigation accuracy required for time difference of arrival(TDOA)/frequency difference of arrival(FDOA).  Demonstrate how this capability can be inserted into a variety of UAV payloads including rotary wing and what the resultant TDOA/FDOA accuracy will be.

DESCRIPTION:  The Army has a requirement for a UAV precision geolocation capability.  The size and capacity of Army aircraft has always been a major factor in geolocation system design due to weight and space requirements.  With the advent of new UAVs, this problem is compounded.  Aside from solving the issues of antenna placements, tuner size and capabilities, and processor and data link throughput, there is an additional constraint on vehicle avionics.  Prior Army manned aircraft SIGINT programs had the resources to evaluated and modify, or even replace if needed, various avionics suite components, including the GPS and inertial navigation system.  With the new UAV systems coming online expected to share multiple mission roles or payloads, SIGINT system designers are now required to use the airframe as-is, which means systems design and trade-off analysis for each individual UAV.  The idea of this effort is to help eliminate one particular tailored aspect on the systems design, the navigation solution.  This effort will characterize an embedded sensor navigation processing software application for a COTs or UAV indigenous navigation system, and demonstrate the best attainable SIGINT geolocation accuracy.  Environmental factors such as speed, reflection off rotor blades, timing constraints, as well as assumed payload parameters shall be included in the technical budget analysis. 

Potential commercial (dual-use) applications include consumer electronics products like remote controlled aircraft and civil airborne surveying or mapping operations. 

PHASE I:  Perform a feasibility study and selection of the best technical approach to satisfy the requirements above.  Validate concept through technical analysis.  Provide cost and schedule estimate for implementation. 

PHASE II: Implement the design by building a prototype system and perform testing against various representative COTS or representative UAV navigation systems to validate the accuracy of the design against the requirements.  

PHASE III DUAL USE APPLICATIONS:  Technologies developed in Phase II that show promise will be transitioned to Phase III.  This technology will be utilized to assist the PM SW and its contractors in the design of space and weight efficient P3I solutions the Tactical SIGINT Payload program.  

REFERENCES:  

1) http://www.navsys.com/papers/0409001.pdf
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A05-090 
TITLE: Directional Multiband Antenna for Synthetic Aperture Radar (SAR) and Ground MovingTarget Indicator (GMTI)
TECHNOLOGY AREAS: Information Systems, Sensors, Electronics

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Develop a directional multiband antenna that can be integrated and used with military airborne Synthetic Aperture Radar (SAR) and Ground Moving Target Indicator (GMTI) systems.  The antenna design must be consistent with size and weight requirements of Firescout/Hunter/Hummingbird-class Unmanned Aerial Vehicle (UAV) applications.  The operating bands of interest are UHF – mm-wave [300 MHz – 35 GHz].

DESCRIPTION:  Current radar applications are limited to a single band of operation and as such can be limited in utility due to the environment effects, clutter, physical phenomenology related to the operating band.  A Multi-banded radar system allows the user to optimize the frequency of interest for various environmental effects, clutter backgrounds, target of interest, and mission needs.  In addition to this, conventional radar systems often find themselves sacrificing specific operating frequencies in observation of frequency restrictions imposed by the Federal Aviation Administration (FAA) and National Telecommunications and Information Administration (NTIA).  The utility of Multi-banded radar systems are limited by available space (size) and the performance (Vertical Standing Wave Ratio(VSWR), side lobes, gain, linearity etc) of antennas over a wide variation over wide operating bands.    

Having a directional multiband antenna has many attractive features that could circumvent the aforementioned challenges especially for SAR/GMTI systems.  Given a particular operational environment e.g. urban, desert, foliage; the war fighter could potentially choose which operating frequency to use in an effort to maximize mission needs, while minimizing Radio Frequency Interference issues.  In addition, the antenna can be designed so that it is tolerant of restricted frequencies given that it employs strict filter requirements through the use of advanced RF microelectronics.  Thus the radar can still operate at its full potential and deliver to the war fighter a complete capability.

PHASE I:  Investigate, Analyze and Document an innovative antenna design for use in common aperture, multi-spectral radar systems.  The design should be consistent with tactical UAV application and be tunable across the UHF - Ka-bands.  Instantaneous operation across at least one contiguous radar frequency band is necessary, with multiple bands desired.  The design should also enable blanking/notching of restricted radio frequencies.

PHASE II:  Physical design, test, and fabrication of the Army-objective directional airborne multiband antenna proposed in the PHASE I effort.  All data, to include simulation results, plots, and equations, shall be made available to the government.  A report shall document and explain the final approach, implementation, and results of the overall effort.  The technology shall be integrated into an available Army airborne asset for demonstration and readiness of the capability.

PHASE III DUAL USE APPLICATIONS:  Successful technologies developed under this effort will be transitioned to military application.  Many acquisition programs would benefit immediately from this technology including Robotic Unmanned Sensors, Aerial Common Sensor, and Unmanned Aerial Vehicle Sensors.  Commercial services that can benefit from this technology are AM/FM broadcasting stations, air traffic control stations, wireless communication systems (CDMA2k, Blue Tooth, GSM), satellite radio broadcasts, and navigational (land and sea) radar systems.

REFERENCES:

1) S. D. Eason, et. al., UHF Fractal Antennas, IEEE Press, 2001.

2) T. Tiehong and Z. Zheng, A Novel Multiband Antenna: Fractal Antenna, Proc. of ICCT, 2003, pp. 1907 – 1910.
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A05-091 
TITLE: Detection of Improvised Explosive Devices
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  To develop sensors capable of detecting and identifying close in improvised explosive devices (IED).

DESCRIPTION:  The Countermine Technology Branch of the Science and Technology Division of the Night Vision and Electronic Sensors Directorate has an interest in technologies for detection of improvised explosive devices.  The explosive may be TNT, RDX, HMX, or nitro.  The sensor must either identify the presence of an explosive, the explosive detonator or uniquely identify commonly used metal containers.  There are two cases of interest.

For case one the sensor will confirm the presence of an IED that is detected by other means.  The amount of explosive may be from 300 gm. to 20 kg.  The minimum standoff distance is 30 cm. and the minimum identification time is 60 sec. Longer standoff distances and shorter times are desirable. The larger items in this class are commonly mortar or artillery shells.  The explosive may be encased in a steel or other metal container of up to 3 mm in thickness. In addition the larger explosive devices explosive may be buried under 8 cm of rocks or soil.  The generic detection of a piece of metal without identification as an IED is not of interest.

For the second case the sensor will detect vehicle borne threats.  The amount of explosive would be from 150 to 400 kg.  The time to scan an average sized car must be less than 60 sec.  The vehicle would be unoccupied and either on the roadside or at a checkpoint.  The standoff distance need not exceed one meter.

PHASE I:  This proof of feasibility phase will focus on laboratory and limited field investigation of the IED detection technique(s) as a potential candidate for application in a tactical system.  The sensitivity of the mine detection technique to discriminate IEDs from clutter objects will be determined.  Phase I will include a demonstration to experimentally confirm the lab results and analyses by utilizing a variety of appropriate IEDs.

PHASE II:  The purpose of this phase is to design and fabricate a brassboard data acquisition system and to use this brassboard system to experimentally confirm the detection capability under varied conditions and undergo testing at Army or contractor facilities.  Practical application of the technology, including proposed host-platform integration, will be investigated. Estimates, with supporting data, will be made of size, weight, power requirements, speed, Pd, false alarm rate and positional accuracy.  Even at this stage all specifications such as detection time need not be met but the contractor must show a straightforward path to meeting all the requirements.

PHASE III DUAL USE APPLICATIONS:  This technology has numerous applications in asymmetric warfare, airport security, border security, etc.

REFERENCES:  A host of information regarding the current state-of-the-art in explosive detection can be obtained through the following conferences: 

 1) Proceedings of SPIE, Defense and Security Symposium (Detection and Remediation Technologies for Mine and Minelike Targets Session) in Orlando, FL, annually 1996-2005, SPIE P.O.Box 10,Bellingham ,WA 98227

2) Mine Warfare Association Conference (MINWARA)

3) Proceedings of the Military Sensing Symposium (MSS)

The following web sites contain information that may be useful: 

1) http://www.globalsecurity.org/military/intro/ied.htm

2) http://www.juxoco.army.mil/

3) http://aec.army.mil/usaec/technology/uxo00.html

KEYWORDS: Explosive, IED

A05-092 
TITLE: Sampling Techniques for Trace Explosive Detection Technologies
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE:  To develop an effective approach to sample air, vapors, particulate matter, etc. surrounding suspicious devices, or areas, in order to determine the presence of explosive compounds (TNT, RDX, TATP, etc.).  The result of the work performed to complete such an effort will directly support the development of ground-based explosive sensors.  The final prototype shall possess the capability to deliver samples continuously or through pulsed techniques to various types of explosive sensors.  The system shall operate under various environmental conditions.  The ideal solution would provide a modular component attachment to an explosive sensor system.  In addition to sampling the available explosive signatures, any means to increase the signature would be very beneficial, which may include a process of preconcentration, suface heating, addition of water vapor, or any other enhancement mechanism 

DESCRIPTION:  Ongoing research efforts to develop chemical trace sensors that can detect explosive related compounds (ERCs) continue to progress.  One difficult hurdle associated with all trace vapor sensor techniques is effective sampling of the region surrounding the suspect area or device.  Many sensors require presentation of a sample to the sensing element, and it is the goal of this SBIR topic to develop effective methods to deliver that sample.  This "Front-end” section of the overall detection system shall be interchangeable with respective vapor trace explosive sensors.  The ability to continuously deliver a true sample is vital to effective real-time chemical sensing.  The protocol to develop systems with the soldier at a safe stand-off distance from the threat requires newly developed systems to be controlled via robotic platform.  The technical risk of this topic includes the potential inability of a vapor sampling system to provide non-contaminated vapor sample to the sensor if the surface within the sampling system is itself contaminated with explosives. 

PHASE I:  In Phase I the offeror will be required to review available and developing explosive sensors and determine how a particular sampling technique could improve upon the current design as well as enhance the source signature.  The proof of concept shall be explored as well as design of prototype. All relative design variables should be defined and modeled, such as, flow  characteristics, flow control, size and shape, and sensor interface.  Laboratory testing will be required to obtain such data for analysis of design variables.

PHASE II:  Construction of prototype apparatus shall be completed. Extensive laboratory testing shall be performed to confirm and/or adjust results of models completed in Phase I.  Prototype shall be demonstrated in multiple field tests as well as one experiment as part of a detection system including integration with an explosive sensor. 

PHASE III DUAL USE APPLICATIONS:  The use of this technology would be applicable to different areas of security/screening such as vehicles, port container, luggage, sent packages, etc.  Multiple applications throughout the DoD, DHS, and other government organizations would benefit greatly from the fusion of an effective ‘front-end’ sampling device to enhance explosive sensor performance, or for other trace detection of chemical substances.

REFERENCES:

1) "Air Sampling Instruments", 9th Edition, Beverly S) Cohen and Sussanne V. Hering, American Conference. of Governmental and Industrial Hygenists (2001). ISBN: 1882417399.

2) Moore, D. S., "Instrumentation for trace detection of high explosives", Review of Scientific Instruments, vol. 75, no.8; August 2004, pp. 2499-2512. and references therein

3) “Commercial Systems for the Direct Detection of Explosives (for Explosive Ordnance Disposal Tasks)”, ExploStudy, Final Report; 17/2/2001.

KEYWORDS: Sampling, collection systems, vapor/particulate extraction

A05-093 
TITLE: Passive/Active Infrared Imaging for Automated Recognition/Classification of 3-Dimensional Objects/Targets
TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE:  To develop algorithms for the automated recognition and classification of 3-dimensional objects using combinations of passive infrared imaging and active (laser-based) imaging--i.e., passive-active 3D ATR (automatic target recognition).  The algorithms will integrate state-of-the-art advances in laser imaging, pattern recognition, and automatic/assisted target recognition.  System will enable real-time learning and situation assessment in a cluttered, urban setting—while minimizing user exposure to enemy identification and attack.  Algorithms will focus on interpretation of human activity as well as traditional ATR goal of vehicle identification. 

DESCRIPTION:  Over the last 20 years, much research has taken place in the fields of automatic target recognition and classifier systems in general—but success remains elusive.  Even more intractable is the problem of using ATR methods to analyze the intentions of humans, singularly and in groups, from their activity in images and image sequences—and to perform real-time threat assessment.  Attempts have been made to improve classifier results and eliminate “ATR clutter” via the selective use of laser imaging.  However such active measures increase the probability of friendly forces being noticed and located by the enemy.  The research goal is to optimize the combination of passive and active (laser) imaging for ATR.  The innovation here over previous work is that as yet, no military system effectively unites passive and active infrared imaging and contemporary strands of classifier system research into an efficient and effective real-time method for discreetly identifying and classifying 3-dimensional objects--determining the intentions and assessing the threat level of vehicles, humans and groups of humans in a cluttered environment. 

PHASE I: (Respondents are not required to develop hardware for program.)  Will investigate, enhance, combine, and create passive/active 3-d object recognition and classification algorithms and methodologies.  Will provide specific and detailed testing plan focused on proving applicability.  Will conduct limited tests. 

PHASE II:  Will conduct full interpretation/classifier system tests.  Will demonstrate functioning and utilizable prototype system.  System will perform successful 3-dimensional object recognition and classification—including human intention analysis and assisted human activity interpretation. 

PHASE III DUAL USE APPLICATIONS:  Commercialization of technology would involve all types of surveillance.  This would include border patrol, building and property security, and patrolling any large area such as a park or urban neighborhood.  Potential applications also are probable where a human-in-the-loop is supervising multiple sensors, such as in a security center or operations room.  In addition, application will exist in commercial vehicle guidance and navigation systems.

REFERENCES: 

1) Kinematic-based human motion analysis in infrared sequences Bhanu, B.; Han, J.; Applications of Computer Vision, 2002. (WACV 2002). Proceedings. Sixth IEEE Workshop on, Dec. 2002, Pages:208 - 212

2) Model-based target recognition in pulsed ladar imagery Qinfen Zheng; Der, S. Z.; Mahmoud, H. I.; Image Processing, IEEE Transactions on, Volume:10, Issue: 4, April 2001, Pages:565 – 572.

3) Identifying vehicles using vibrometry signatures Stevens, M. R.; Snorrason, M.; Petrovich, D.; Pattern Recognition, 2002. Proceedings. 16th International Conference on, Volume: 3, Aug. 2002, Pages:253 - 256 vol.3.

4) Pedestrian Detection for Driver Assistance Using Multiresolution Infrared Vision Bertozzi, M.; Broggi, A.; Fascioli, A.; Graf, T.; Meinecke, M.; Vehicular Technology, IEEE Transactions on , Volume: 53, Issue: 6, Nov. 2004, Pages:1666 - 1678

KEYWORDS: Infrared Imaging, Target Recognition, Laser Imaging, Human Intent Recognition

A05-094 
TITLE: Target Detection Using Disparate Sensor Systems 
TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE:  To develop target detection algorithms for real-time target detection using disparate sensor systems.  The algorithms must be able to fuse information at multiple levels from multiple sensor sources in order to develop a final detection decision.  The focus is on multiple, ground-based stationary imaging sensors such as Infrared and day TV cameras.

DESCRIPTION: Advances in uncooled IR sensors and day TV cameras have improved image resolution and quality and made these less expensive, portable devices viable for use by groups of individual soldiers, on unmanned vehicles, or deployed in unattended ground sensors.  Also, developments in data fusion have increased the ability to combine multiple data representations (both numerical and symbolic) into coherent structures for decision-makers.    

However, as yet, no system has fully utilized these recent advances for target detection when the sensors have incomplete information.  The idea is to develop a target detection decision at one node based on fusing incomplete information from multiple sensors that may not be collocated.  An ultimate goal would be to establish algorithms that can piece incomplete information together from multiple wavebands to allow target detection and false alarm rejection.  It should be noted that information from a single sensor by itself may appear to be complete enough to provide a target detection, but when fused with information from another sensor, may prove the original information to be incomplete or wrong.  Thus, removing a false alarm.  The intended scenarios are ground-to-ground with the typical military target list.

The innovation here over previous work would result from the use of target detection algorithms with multiple inexpensive sensors to create a disparate sensor system.  This would improve target detection probabilities while reducing false alarms allowing for the maximum exploitation of the capabilities of small, inexpensive sensors such as uncooled IR sensors to "own the night".

PHASE I:  (Respondents are not required to develop hardware for program.)  Will develop target detection algorithms using multiple uncooled long wave IR sensor-based from (but not limited to) the above description.  Target detection will be able to detect objects in the scene from naturally occurring clutter such as trees, brush, and rocks.  Will conduct target detection evaluations using data collected with targets in the open with little obscuration.

PHASE II:  Will further target detection algorithm development by incorporating multiple sensors of different wavebands such as day-TV and/or mid-wave IR.  Will conduct further algorithm evaluations using more difficult data collected using obscured targets and targets in militarily significant scenarios.  Target detection algorithms will also detect moving and stationary targets.  Target list will be expanded to be beyond the typical vehicle targets.

PHASE III DUAL USE APPLICATIONS:  Commercialization of technology would involve all types of night surveillance using disparate sensors (mounted, any waveband combination).  This would include borders, building and property security, and surveillance of any large area where operators must monitor a display.   

REFERENCES:

1) Dowski, E, An Information Theory Approach to Incoherent Information Processing Systems, Imaging Systems Laboratory, Department of Electrical Engineering, University of Colorado, Boulder Colorado, funded under ONR contract # N00014-94-1-0761, 1995.

2)  Eckstein, B. A.; Irvine, J. M.; Evaluating the benefits of assisted target recognition, Applied Imagery Pattern Recognition Workshop, AIPR 2001 30th, 10-12 Oct. 2001, Page(s): 39 –45.

3)  Kuperman, G. G.; Human system interface (HSI) issues in assisted target recognition (ASTR), Aerospace and Electronics Conference, 1997. NAECON 1997., Proceedings of the IEEE 1997 National, Volume: 1, 14-17 July 1997, Page(s):37 –48.

4)  Blasch, E.; Assembling a distributed fused information-based human-computer cognitive decision making tool, Aerospace and Electronic Systems Magazine, IEEE, Volume: 15 Issue: 5, May 2000 ,Page(s): 11 -17.

KEYWORDS: Uncooled Infrared, Disparate Sensors, Target Detection   

A05-095 
TITLE: Real Time Video Processing for Anisoplanatic Turbulence Compensation and Image Enhancement
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Develop a processing algorithm and associated hardware capable of processing a video stream in real time to provide compensation for the effects of atmospheric turbulence on the image.  The goal is to provide a drop in solution for current video sensors which would significantly enhance the ability of the sensor to look through turbulence.

DESCRIPTION:  At longer (2+ km) ranges, atmospheric turbulence is often the dominating source of noise in infrared and visible imaging applications.  The Army has a need to compensate for the effects of turbulence in order to extend the effective range of its sensors.  This image processor will be capable of accepting either an analog or digital video feed, and processing the feed in real time to produce an output video, in both analog and digital formats, with enhanced image quality.  The processing algorithm will operate on a sliding series of video frames using techniques such as bispectrum estimation, synthetic imaging, and block-matching to obtain the best estimate of a turbulence free image.  The algorithm will not assume anything about the video sensor or turbulence conditions, i.e., anisoplanatic angle, Fried parameter, optic size, video resolution, etc.  The effort will include a dedicated hardware implementation of the algorithm capable of running the algorithm with no more than a 1 second lag in the video.  It is anticipated that the size and weight of the hardware will be no larger than a standard laptop computer, i.e., 6 lbs. and 250 cu. in.  Although there is no universal metric of image quality, it is anticipated that the algorithm will provide at least a factor of 2 increase in the effective Fried parameter, r0, of the image.  

PHASE I:  A video processing algorithm will be demonstrated, non-real time, on pre-recorded turbulent video, and measurements of the effectiveness of the algorithm will be made on video with several levels of turbulence.  Methods of achieving real time operation using dedicated hardware will be investigated.  

PHASE II:  Develop, test, and deliver to NVESD a prototype hardware implementation of the processing algorithm with all applicable documentation, and provide a real time demonstration of the technology.  

PHASE III DUAL USE APPLICATIONS:  This video enhancer would have a large application in homeland security and commercial security products.  It would also be useful for firefighters as a tool for seeing through the extreme turbulence caused by fires.  Imaging of the retina through the ocular fluid for eye surgery is another commercial area where turbulence is a significant challenge.

REFERENCES:

1) C. J. Carrano, “Speckle Imaging over Horizontal Paths”, Proceedings of the SPIE -High Resolution Wavefront  Control: Methods, Devices, and Applications IV, 4825, 109-120, July 2002. 

2) M. C. Roggemann and B. Welsh, “Imaging Through Turbulence”, CRC Press, Inc., 1996.

3) Mikhail A. Vorontsov, Gary W. Carhart, “Anisoplanatic imaging through turbulent media: image recovery by local information fusion from a set of short-exposure images”, J. Opt. Soc. Am. A, V.18, Issue 6, Pages 1312-1324,  2001.

4) D. Frakes, J. Monaco, M. Smith, “Suppression of Atmospheric Turbulence in Video Using an Adaptive Control Grid Interpolation Approach”. International Conference on Acoustics, Speech, and Signal Processing. Salt Lake City, UT, USA, 2001.

KEYWORDS: correction, image processing, bispectrum, synthetic imaging, real time

A05-096 
TITLE: Low Cost, Light Weight IR Optical Materials
TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE:  Develop an optical material that transmits electromagnetic radiation in the long wave infrared (8-12 micrometers).  The ideal material will be optimized to be inexpensive with low processing cost and a variety of optical properties.

DESCRIPTION:  A limited number of materials suitable for optical design in the long wave infrared (LWIR) spectrum exist.  Typical materials for IR sensor systems, i.e., germanium, have a high material cost and a high processing cost.  The addition of a single new material suitable for military grade LWIR optical design would be a significant step toward improved design flexibility.  Optical materials for military grade long wave infrared sensors ideally should have the following properties:  low cost, low dispersion, low dn/dT, high transmission, high index, low weight, low solubility (non-hygroscopic).  Of these properties, new materials investigated in this research topic must all have low material and processing cost, high transmission, be non-hygroscopic and suitable to withstand a military environment.  In addition, the new materials must have at least one, preferably all, of the following properties:  suitable for injection molding, low dn/dT, and low dispersion (comparable to germanium).

Optical materials typically used in military grade long wave infrared (LWIR) cameras (i.e., germanium) can be the driving cost element in the production of sensor systems.  The relatively high cost of using typical LWIR transmitting materials is due to the bulk material cost and the cost of traditional cut, grind and polish optic manufacturing.  An inexpensive material that lends itself to different processing methods is desirable.  Dispersion is the change of index of refraction of a material as the wavelength of the radiation through that material changes.  Dispersion is the cause of chromatic aberration in an optical design and a low dispersion material can lead to a simpler, less expensive, higher quality imaging system.  The change of index of refraction with temperature, dn/dT, of an optical material must be minimized in a military system that will be fielded in a variety of environments.  Again, low dn/dT leads to a simpler, less expensive, higher quality imaging system. High transmission of LWIR radiation in a material directly relates to a sensor system’s signal to noise ratio, which is essential for early target detection. High index of refraction leads to the ability of a material to bend light.  A higher index means smaller, more compact systems, and less weight. Traditionally, the weight of standard IR optical materials adds to the war-fighter’s burden, where every gram bourn by the soldier counts.  Finally, the material must not absorb or dissolve in water due to the variety of environments in which a military sensor system may be embedded. 

New materials with these properties would drastically reduce micro-bolometer based sensor system costs, increase performance and would be directly applicable to programs such as HMD for FFW, TWS and LFL projectile. 

Possible dual use applications include law enforcement for surveillance, thermal imagers for firefighters, and home security.

PHASE I:  Demonstrate the feasibility of using LWIR transparent materials by fabricating test blanks of 3-5 mm thickness using validated, candidate materials.  Measure the spectral transmission of the test blanks over the 1 to 14 micrometer spectral range. Perform preliminary solubility testing on the test blanks.  Demonstrate the ability to use the material in an optical design compatible with a 320 x 240, 50-micrometer pixel, micro-bolometer array.  

PHASE II:  Measure index of refraction, dn/dT, and dispersion of the test samples over the 1 to 14 micrometer spectral range.  Using the measured index, dn/dT and dispersion data, generate a finalized optical design(s) based on the micro-bolometer array parameters listed in Phase I.  Demonstrate the ability to fabricate the LWIR optical element(s).  Evaluate the performance of the optical element(s) including environmental testing. Build and demonstrate four LWIR imager prototypes based on the finalized optical design.  

PHASE III DUAL USE APPLICATIONS:  Commercialization of the low cost molded optics into a viable option for use in production programs.  

REFERENCES:

1) Yann M Guimond, John Franks, Yann Bellec.  “Comparison of performances between GASIR molded optics and existing IR optics,” Proc. SPIE Vol. 5406, p. 114-120, 2004.

2) Yann M Guimond, Yann Bellec.  “High-precision IR molded lenses,” Proc. SPIE Vol. 5252, p. 103-110, 2004.

3) Jean Marie Bacchus.  “Using new optical materials and DOE in low-cost lenses for uncooled IR cameras,” Proc. SPIE Vol. 5249, p. 425-432, 2004.

4) Amy G. Graham, Richard A. LeBlanc, Ray A. Hilton, Sr.  “Low-cost infrared glass for IR imaging applications,” Proc. SPIE Vol. 5078, p. 216-224, 2003.

KEYWORDS: infrared, optical materials

A05-097 
TITLE: Large-Area Hybrid Substrates for HgCdTe Infrared Detectors 
TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics

OBJECTIVE:  Develop new substrate technologies for integrating high quality HgCdTe photodiode material on large-area, low-cost wafer substrates

DESCRIPTION:  II-VI compound semiconductor alloys of HgCdTe have been shown to be ideal materials for detecting infrared radiation at wavelengths of tactical and strategic interest.  To create useful detector arrays, thin films of crystalline HgCdTe must be deposited on suitable substrate materials.  Suitable substrate materials must have similar bonding properties, crystal lattice spacings, and thermal expansion behavior as the HgCdTe films being deposited above them.  Properly matched substrate materials will enable the deposition of high-quality HgCdTe layers over large areas (>300 cm2) without unwanted propagation of crystalline defects in the HgCdTe material above the interface.  Ideal substrate materials will also permit straightforward integration with Si-based detector readout circuits while providing thermal and mechanical stability under cryogenic operating conditions.  

Current substrates for HgCdTe detector deposition remain limited by high cost and severely limited available areas (CdZnTe bulk crystals), or by unacceptably large defect densities due to large material and thermal mismatch (Si wafers).  Innovative ideas for potential new substrate solutions could include new materials (such as SiGe or InSb), separate from or in combination with new surface preparation technologies for controlling lattice and thermal mismatch (such as substrate patterning or lateral overgrowth).

PHASE I:  Suggest a new substrate material/process for evaluation as a potential substrate for large-area epitaxial HgCdTe/CdTe deposition.  Provide a detailed understanding of the proposed interface between HgCdTe/CdTe device layers and the substrate.  Demonstrate single crystal deposition of HgCdTe or CdTe layers on the substrate, and characterize these layers.

PHASE II:  Optimize growth to yield simple HgCdTe photodiode device structures on the new substrate.  Demonstrate x-ray diffraction rocking curves with film layer FWHM values below 100 arcsec.  Show the practicality of large-area growth with reasonable material uniformity.  Estimate yield of low defect layers and assess cost effectiveness in comparison to industry standard CdZnTe and Si substrates.  Achieve quantum efficiency and operability values within 10% of values currently reported for HgCdTe/Si devices. 

PHASE III DUAL USE APPLICATIONS:  Large-area deposition of HgCdTe photodetectors will enable low-cost manufacturing of high-resolution, high performance infrared focal plane arrays for improved targeting and detection.  Current work on two-color and hyperspectral infrared starring arrays will benefit from fundamental advances in HgCdTe substrate technology.  By reducing total cost per pixel, large-area substrates could enable new commercial applications such as sensor arrays for high-resolution medical imaging, navigation, and fire/rescue aid.

REFERENCES:

1) C. D. Maxey, et al, J. Electron Mater. 32 656(2003).

2) J. B. Varesi, et al, J. Electron Mater. 32, 661 (2003).

3) G. Brill et al, J. Electron Mater. 32, 717 (2003).

4) T. J. de Lyon, J. E. Jensen, M. D. Gorwitz, C. A. Cockrum, S. M. Johnson, and G. M. Venzor, J. Electron. Mater. 28, 705 (1999).
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A05-098 
TITLE: 80-Degree Night Vision Goggle
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE:  Develop a novel approach to provide the soldier a single-channel Night Vision monocular goggle with significantly increased field of view over traditional image-intensified Night Vision goggles.

DESCRIPTION:  A great need exists in the Army for extremely large field of view night vision capability for the soldier.  Today’s soldier finds himself more often in urban battlefields and hindered-mobility situations which require him to be much more aware of his environment, especially at night.  The current night vision goggle capability of a 40-degree field of view is insufficient to meet this growing need. 

Past Army programs and studies have explored the use of wider fields of view for night vision systems (Refs 1, 2, 3).  These programs have proved the usefulness of wider fields of view, but they have also proved that using more than one image-intensifier tube is cost, power, size, and weight prohibitive.  A soldier can not tolerate significantly more mass or power draw than his current PVS-7 or PVS-14 Night Vision Goggle provides (Ref. 12, 13).  Additionally, the Army cannot afford the price to equip every ground soldier with multiple-tube or multiple-sensor systems.  These issues have caused a halt to any research in the area of large-scale, ground-soldier applications for wide field of view.

Research effort must be placed on a novel solution to provide at least an 80-degree, image-intensified field of view to the soldier in a monocular (one-eye) configuration.  This is a non-trivial problem, and will require innovative approaches in optical design.  The cost and power constraints on this problem are very challenging.  The solution requires the use of only one image-intensifier tube, to meet the cost and power goals set by the ground soldier. 

The wide field of view constraint, along with the high resolution, the eye relief, and the significant constraints of the head borne size and weight severely limit the usefulness of traditional approaches.  For simply an eyepiece component example, 80-degree Nagler lenses currently exist for astronomical telescope eyepieces, but they do not match the 16 or 18-mm circular image format of an intensifier tube, and they are extremely large and heavy.   Current traditional components are not suitable for use on a soldier’s head.

All past efforts have focused primarily on traditional lens design and/or configurations involving more than one image intensifier tube.  This SBIR effort requires unique, non-traditional system designs, which allow for low weight and size while operating at a similar power draw to the current PVS-14 Monocular Night Vision Goggle (100mW).

This SBIR topic requires research and development to produce a design concept capable of providing the ground soldier with a low-weight, low-power, wide field of view imaging system.  The SBIR approach must have similar power draw to the 100mW draw of the current Night Vision Goggle and will incorporate existing image-intensifier tube technology.  (See Ref. 9, 12, 13, 14)  The most recent night vision goggle specifications are not immediately available to the general public, but interface data can be provided upon request.

PHASE I:  The first phase shall be a design study to show how a minimum of 80 degrees of field of view shall be provided to the ground soldier.  Low cost and low power solutions will be the most advantageous to the soldier.  The following design requirements must be met by the novel system design.

Design Requirements: 

• TNO<=1.45 for image intensified objective lens

          Where TNO = (F/#) / (sqrt(average lens transmission))

• Unity magnification (Magnification = 1)

• Eye Relief minimum of 15mm at full, 80-degree field of view,

• Eye Relief minimum of 25mm at 40-degree field of view and less

• 5mm Eye Pupil Diameter

• use either 18mm or 16mm format image intensifier tube.

• The system must image all wavelengths from 0.63 to 0.9 microns.

• The system must display visible wavelengths. If from the image intensifier tube’s phosphor output, most of the energy will be in the wavelengths between 0.5 and 0.6 microns.

• The objective requirement for weight shall be for a system that includes the image intensifier tube and power supply and all imaging components and their housings that shall weigh less than 380 grams.

• The objective requirement for forward projection shall be for a system that is less than 155mm from the eye pupil plane to the farthest mechanical projection from the eye, along the line of sight of the eye.

PHASE II:  The second phase shall be to complete a full manufacturability study of the Phase I design, and to build one fully-functioning prototype.  Also, a plan for both marketing and designing for the private sector (Phase III), and implementing the Phase II design into fielded systems shall be presented by the end of the Phase II effort. 

PHASE III DUAL USE APPLICATIONS:  This effort would find direct use in quick-retrofit fielded goggles for the Army, and the lens designs may find dual use in immersive display technology and extremely high magnification telescopes.  Areas to expand in the private sector shall be identified in Phase II, and the Phase III effort shall focus both on refining system design parameters to fit need in that market, as well as on changing design parameters to fit the wide field of view goggle into existing Army programs and soldier systems.
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A05-099 
TITLE: Development of Low Stress Ohmic Contacts to HgCdTe 
TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Develop processes for deposition of low stress ohmic contacts to longwave HgCdTe.

DESCRIPTION:  II-VI compound semiconductor alloys of HgCdTe have been shown to be ideal materials for detecting infrared radiation at wavelengths of tactical and strategic interest.  To create useful detector arrays, contacts must be made to both p- and n-type material.  However, due to its narrow bandgap, depositing ohmic contacts is not straightforward.  Additionally, longwave HgCdTe is particularly susceptible to damage from stress, both before and after anneal.  The ideal contact will have good adhesion, display ohmic electrical characteristics, and add low stress to the underlying material, even after baking.  

PHASE I:  Suggest a contract process for evaluation as potential replacement for current metals used in state of the art HgCdTe detectors.  Novel metals/alloys/polymers are of particular interest.  Demonstrate and characterize the deposition of these contacts on longwave HgCdTe.  Characterization should include but is not limited to electrical characterization and quantitative parameters describing the stress.  

PHASE II:  Optimize deposition to enable ohmic contacts for contact sizes ranging from large to very small.  Develop surface preparation techniques appropriate for a manufacturing environment.  Characterize deposition and behavior fully, to include the interface between the HgCdTe and the contact.  Demonstrate compatibility with longwave devices by fabricating diodes with variable areas and variable contact areas.  Demonstrate bake stability of these contacts.  

PHASE III DUAL USE APPLICATIONS:  Optimization of contact process to HgCdTe, in particular the long wavelength, will improve yield and reliability of current detectors.  The development of a reliable, manufacturing compatible process will reduce cost enabling such applications as medical imaging, navigation and rescue.

KEYWORDS: HgCdTe, longwave, metals, contacts

A05-100 
TITLE: Compact, Short-Pulse, SWIR Laser (1.5 Micron) for Two- and Three-Dimensional Flash Imaging Sensor 
TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop a laser for use in a flash imaging sensor that meets the following requirements: operation at a wavelength of 1.5 microns, size of 50 cubic inches or less, pulse width less than 2 nanoseconds, output energy greater than 20 millijoules per pulse, pulse repetition rate greater than 50 Hz, and beam quality better than 50 mm-mradian.

DESCRIPTION: Target identification is a key component of the Force Operating Capabilities doctrine to see, understand, and act first. Active two-dimensional (2D) and three-dimensional (3D) RSTA sensors are being developed to improve the military’s target identification capability. Identifying targets heavily obscured by foliage or camouflage is a key objective of the MEP for Class II UAV program, while active 2D imaging in the SWIR waveband is being employed to improve our target identification range beyond the enemy’s detection range. A cost-effective laser meeting the requirements laid out in the objective could serve as a source for both types of military sensors. Solid state laser research using novel laser cavity designs or materials are needed to achieve the required energy at 1.5 microns wavelength from a very compact package.  For instance, current compact lasers with less then 2 nanosecond pulse durations emit at relatively low pulse energies, (typically < 1 millijoule) and typical 1.5 micron wavelength lasers with the required energy have pulse lengths greater than 10 nanoseconds.

Flash imaging sensors use flood illumination to image the target using focal plane array (FPA) architecture. Since returned laser energy must be dispersed over the entire FPA, relatively large pulse energies are required. To transmit about 1.2 microjoule of energy per pixel, for a 128 x 128 array, requires 20 millijoules of laser energy per pulse. At these laser energies, an operating wavelength of 1.5 microns is necessary for eyesafe conditions. Very short duration laser pulses are necessary to achieve good range resolution and shorter image gating in active systems. A 1-2 nanosecond pulse duration is required to achieve 9-inch range resolution without sophisticated digital processing.1 Pulse repetition rates of 50 Hz. are required for rapid, multiple image acquisitions to identify a heavily obscured target, and to counter ill effects from laser speckle or turbulence. For flash imaging systems, the laser beam quality is usually not very stringent; however with laser energy at a premium, good beam quality will allow for efficient use of laser energy in a compact package.  These targeting systems will be used on various platforms, like UAVs, so the laser must be light weight and compact (50 cubic inches or less.)

PHASE I: A study and design phase to include laser modeling and laboratory experimentation. The result of Phase I will be the design of a laser capable of meeting all of the program requirements. The laser resonator design will be proven in a laboratory environment in a breadboard configuration, traceable to a compact, lightweight system.  

PHASE II: Develop, test and deliver to NVESD a prototype laser meeting all requirements, including form factor. A full-scale hardware demonstration will be included. Design, construction, characterization and test of the prototype are to be conducted by the contractor.

PHASE III DUAL USE APPLICATIONS: This laser would have application to the commercial world as the source for an eyesafe terrain mapper or a long-range laser rangefinder. A laser meeting these requirements could also be applied to applications such as 3D robotics navigation, obstacle avoidance, or construction site evaluation and monitoring. 
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A05-101 
TITLE: Small, Low Cost, Transimpedance Amplifier Used with InGaAs Photodiode for High Range Resolution Eye Safe Range Finder
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Design, model, and development of a low cost transimpedance amplifier (TIA) also known as a preamplifier for initial signal conditioning of avalanche photodiode detector (APD) and PIN InGaAs photodiodes optimized for sensitivity with 2 nsec FWHM illumination at 1.54 microns.  A constant faction discrimination or similar threshold detection method should be included for a TTL type output signal. System must be rugged and operate over mil-spec temperatures. 

DESCRIPTION:  Current TIA’s are designed around typical laser pulse lengths between 6-20 nsec.  Sensitivity is lost if the preamplifier electrical bandwidth does not match the pulse length of the illumination source.  In this case the laser output pulse length is 2 nsec FWHM. Without matching the illumination source bandwidth to the TIA, the minimum detectable signal level can easily increase by three to ten fold.  This reduces the maximum range detection.  The goal is to detect 5 nW signal level or better with 90% or greater probability for an APD and 30 nW for a PIN detector.  Current state of the art at this illumination level is 6 nW for 50% probability of detection, but with longer pulse lengths using an APD.  The preamplifier must be capable of driving a comparator circuit which begins counting elapsed time of chronometer for ranger measurements.  Typically the system will measure ten laser pulses per second, but must be able to detect single pulse events as well.  The detector, TIA and associated electronics should be either hermetically sealed or design such that it can easily be incorporated into a hermetically sealed package. Proposals that detail improved sensitivity, low noise and ease of incorporating into a rangefinder will receive a more favorable evaluation.  Low cost solutions requirements are required and should be detailed in the proposal. 

PHASE I:  A study will be conducted of the different InGaAs APD and PIN detectors currently available for consideration of optical and electrical characteristics.  Using this information amplifier design(s) for both the APD and PIN type detectors will be developed.  At the end of phase one, the architecture and materials of the amplifier design(s) will be specified along with affordable circuit design(s).  Modeling will validate the design(s).

PHASE II:  Develop, test, and deliver several amplifiers with detectors, both APD and Pin, for evaluation and testing in a rangefinder platform.  Design, construction, characterization and test of the prototype to be conducted by the contractor.

PHASE II DUAL USE APPLICATIONS:  This TIA would have application to the commercial world, particularly for homeland as well as military security.  Small rangefinder systems are being developed for border and/or perimeter protection and this development will allow smaller, cheaper, and more sensitive rangefinders to be fielded.
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A05-102 
TITLE: Tools for Rapid Deployment of Net-Centric Intelligence and Electronic Warfare Capabilities
TECHNOLOGY AREAS: Information Systems, Weapons

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE:  Develop methods and tools to support rapid deployment of net-centric data integration capabilities that enable and leverage the sharing of Intelligence and Electronic Warfare (IEW) information.

DESCRIPTION:  Accelerating the deployment of Future Combat System (FCS) capabilities, such as for IEW, requires integrating information from existing systems, or Programs of Record (PORs), as well as incorporating information from new systems, within a net-centric environment.  The information used by and supplied by the PORs is generally maintained in disparate data sources, which increases the complexity of the overall data architecture and makes the deployment of new capabilities challenging when information from multiple systems is required.  For these situations, traditional approaches are not adequate, resulting in compromises in system capability, sub-optimal timeframes to deploy capabilities, increased risk, and reduced ability to leverage existing POR investments into the new, net-centric environment.

This topic seeks innovative methods and tools to support rapid deployment of new net-centric capabilities for IEW.  Proposed solutions should align with the DOD net-centric data strategy.  As applied to IEW systems, the goal of the net-centric data strategy is to ensure that all IEW data are visible, available and usable, when and where needed, to accelerate decision cycles in support of the warfighter.   

PHASE I:  Research and develop concepts for new methods and tools that overcome limitations of current approaches to the realization of the net-centric data strategy for IEW.  

PHASE II:  Develop and demonstrate a prototype system that demonstrates rapid IEW data integration capabilities for making IEW data visible, available and usable, and how such a system can be used to accelerate decision cycles.

PHASE III DUAL USE APPLICATIONS:  Dual use would be applicable wherever there is a need to facilitate information discovery and sharing in a net-centric environment that is comprised of both new systems and legacy PORs.  Army application would include support to the Warfighter through new capabilities that leverage information from new systems and/or PORs, such as Aerial Common Sensor (ACS), Guardrail Common Sensor (GRCS), and Distributed Common Ground System - Army (DCGS-A).  Within the commercial sector, the rapid ability to deploy new capabilities that provide fast, simple access to information from disparate sources could be used in market intelligence analysis and decision support applications and business operations management of highly distributed enterprises.
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A05-103 
TITLE: Soldier-Borne Biometric Authentication System
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: Future Force Warrior

OBJECTIVE:  Develop the design methodology, algorithms, and functional architectures needed to support the research, design, and prototyping of a soldier-borne biometric authentication system.

DESCRIPTION:  The Army's Future Force Warrior (FFW) ATD program is an infantry modernization program with the goal of bringing enhanced survivability, lethality, and situational awareness capabilities to infantry units through the use of a soldier borne computer system.  The soldier-borne computer system will be a node on the tactical Future Force network.  Deploying a soldier-borne computer on the battlefield creates the need for a strong security system to protect the information on the soldier-borne computer from being used by unauthorized personnel or enemy forces as an entry point into the Future Force network.  The use of a soldier-borne biometric authentication system can greatly enhance the capabilities and security posture of the Future Force Warrior. 

A soldier-borne biometric authentication system must provide a high degree of accuracy in correctly identifying soldiers and support reduced false positives and false negative results.  The system should include a “live-ness” test to determine if the user is alive or deceased in order to prevent spoof attacks with cadavers or artificial equipment.  The biometric should automatically un-authenticate deceased users.  The system should include a persistent measurement capability and provide full transparency so that a soldier does not need to perform any actions (outside of normal mission actions) in order to maintain their authentication.  The biometric system needs to be able to work while a soldier is equipped with nuclear, biological, and chemical protective equipment.  Research and design into prototype concepts for the soldier biometric authentication solution can include multimodal (combinations of different biometric measurements) technology as well as new biometric concepts currently not available such as heart arrhythmia, brainwave patterns, etc.

Additionally, a soldier-borne biometric authentication system should attempt to minimize weight, bulk, and power requirements since it will be included as part of the equipment soldiers carry into battle.  The system should also be “ruggedized” to survive the harsh conditions of a combat environment. 

Specific areas of research within soldier borne authentication devices include:

1) Research to reduce false positive and false negative measurements 

2) Incorporation of an accurate “live-ness” test to determine if soldiers are alive or deceased

3) Persistent and seamless authentication techniques 

4) Investigate new and multimodal methods to accomplish items 1-3

5) Threat assessment of methods hostile forces will use to counteract biometric authentication device that is proposed and how to prevent these vulnerabilities.

6) Reduction in the weight, bulk, power consumption, and electronic signature of researched technology for use in an infantry environment.

PHASE I:  Develop the methodology, computational approaches, and architectural concepts to support design and implementation of a soldier-borne biometric authentication system.  Problem formulation should consider the combined reduction in the rate of false positives and false negatives, methods of persistent authentication, and research into a method for accurately determining “live-ness” of the system user.  Phase I should also include the identification of any specific tools, modeling prototypes, and data collection devices that will be utilized.

PHASE II:  Develop a fully integrated design and prototype to demonstrate the capabilities of a soldier-borne biometric authentication system.  The integrated prototype should consist of a biometric authentication system that can be worn by soldiers. This prototype should demonstrate a high degree of accuracy in authenticating soldiers, persistent measurement capabilities, as well as the ability to determine if soldiers are alive or deceased.  Additionally, it should include consideration for the ease of use for soldiers wearing the system, the power and energy requirements for a wearable system, the weight of the system, and the durability of the system in a combat environment. 

PHASE III DUAL USE APPLICATIONS:  There are a number of dual-use applications for soldier-borne biometric authentication systems both within the defense community and within the private sector.  A wearable biometric authentication system will be useful to other DoD departments as a method for authenticating users for access to secure systems.  Additionally, in the commercial sector, companies and organizations with a security need can use a wearable, seamless, biometric authentication device to allow employees access to specific physical equipment or facilities.  The research on a “live-ness” test and persistent measurement capabilities will provide both the DoD and industry with additional biometric capabilities to reduce the problem of “spoofed” attacks against biometric systems.
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A05-104 
TITLE: Improved Thermal Management for High Power and/or Small Form Factor (SFF) Tactical Radios
TECHNOLOGY AREAS: Materials/Processes, Electronics

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE: Develop or optimize an efficient, cost-effective, and integratable thermal management solution (i.e., materials, techniques, mechanisms, or any combination thereof) to realize significant improvement in heat removal from high power and/or Small Form Factor (SFF) tactical radios.

DESCRIPTION: Evolving military tactical radio requirements call for smaller and lighter, yet more powerful electronic components, systems, and subsystems. One of the most significant and inherent challenges lies in the radio components’ and systems’ ability to dissipate sufficient amounts of heat to enable the device and system: a) to maintain thermal stability, b) to protect itself and neighboring components from thermal damage, and c) to adhere to the system’s reliability requirements, which are impacted by its components’ adherence to device-specific operating temperatures.

This SBIR will: 

· Identify the performance and design requirements of the targeted Joint Tactical Radio System (JTRS) component, subsystem, or Line Replaceable Unit (LRU)

· Utilize thermal Modeling and Simulation (M&S) to study the thermal characteristics of the identified JTRS system, subsystem, or LRU

· Model the identified communications components, systems, or subsystems with the proposed thermal management solution and simulate, characterizing and determining the degree of improved thermal dissipation performance

· Develop and/or tailor the proposed thermal management solution to meet the requirements or changes identified in M&S

· Apply the proposed thermal management solution to a mockup JTRS system, subsystem, or LRU and retest

· Compare the predicted results from M&S with tested results from a mockup JTRS system, subsystem, or LRU.

The proposed thermal management solution shall provide one or more of the following benefits versus traditional heat sink/thermal management solutions:

· A minimum 25% reduction in thermal management device/space volume, with comparable thermal performance

· A minimum 20% increase in heat dissipation performance (e.g., 20% increase in power handling capability) while maintaining LRU form factor

· Other quantitative benefits that demonstrate the clear advantages of the proposed solution.

It is anticipated that the proposed thermal management solution will be realized through the development and application of innovative thermal management materials (e.g. passive graphite foam, carbon nanotubes, synthetic jets, phase change materials, etc…).  However, the proposed solution may also, in conjunction with or in place of a material solution, pursue the development and application of thermal management techniques/mechanisms (e.g. heat pipes, evaporative cooling, heat sinks etc…).

The proposed thermal management solution must be capable of meeting the environmental requirements outlined in MIL-STD-810F. This topic meets objectives for the CERDEC (Communications-Electronics Research Development and Engineering Center) RETNA (Radio Enabling Technologies and Nextgen Applications) ATO (Army Technology Objective), primarily within JTRS Cluster 5 and secondarily within JTRS Clusters 1 and AMF (Airborne and Maritime/Fixed Station).

PHASE I: Identify the performance and design requirements for the targeted JTRS system, subsystem, or LRU (e.g., Wideband Power Amplifier (WBPA) Line Replaceable Unit (LRU) for JTRS Cluster 1 or Cluster 5).  Utilize thermal Modeling and Simulation (M&S) to study the thermal characteristics of the identified JTRS system, subsystem, or LRU (e.g. Power Amplifier). Model the identified communications components, systems, or subsystems with the proposed thermal management solution and simulate to characterize and determine the degree of improved thermal dissipation performance.  Phase I shall include the delivery of a final report, which summarizes the solution design and clearly shows, through analysis, modeling, and/or simulation, results that the solution meets thermal management objectives.

PHASE II: Contractor will work with the RETNA ATO Contractor, supporting JTRS Cluster 1 or 5, to develop and/or tailor the proposed thermal management solution to meet the requirements or changes identified in M&S. Apply the proposed thermal management technology or solution to a RETNA ATO-developed LRU or mockup thereof for Cluster 1 or 5 and retest. Compare the predicted results from M&S with tested results.  Phase II shall include: 1) delivery of the solution prototype, 2) delivery of prototype specifications and test results as part of a final report, and 3) a closeout demonstration to verify that the solution has been built to and satisfies thermal management objectives.

PHASE III DUAL USE APPLICATIONS: Integrate the proposed and tested thermal management solution into actual target system or LRU.

Military Application: Improved thermal management within smaller form factor and/or more powerful tactical radios.

Commercial Application: The market for improved thermal management exists in almost every sector of industry. Smaller and more powerful electronics require innovative thermal management solutions.
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A05-105 
TITLE: Joint Tactical Radio System (JTRS) Cluster 5 Power Amplifier
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Develop a wideband power amplifier with reduced cost, size, weight, and power for the Joint Tactical Radio System (JTRS) Cluster 5 Spiral 2 Small Form Fit (SFF).

DESCRIPTION:  The JTRS Cluster 5 radio is transforming the concept of Department of Defense (DOD) communication systems.  Specifically, it combines the small size, low cost, and increased battery life from the commercial marketplace with the rugged, extended environmental requirements of the Warfighter.  Another enhancement over conventional communication devices is the ability to support the full suite of military waveforms ranging from legacy to next generation, such as SINCGARS and Soldier Radio Waveform (SRW).  The emergence of processing-intensive wideband waveforms, such as SRW and the Wideband Networking Waveform (WNW), present additional thermal challenges that must be addressed. Obviously, these specifications place demands on the overall system design as well as the individual components comprising the radio.  Of particular interest for this specific topic is power efficient, small size, low cost power amplifiers that can support the full complement of Cluster 5 waveforms.

The proposed effort will involve the development of a wideband power amplifier capable of delivering an output power that can be controlled over a range from -22 to +38 dBm over the entire Cluster 5 operating frequency range (2 MHz – 2.8 GHz) with an input power between 7 – 10 dBm.  Demonstration of a new technology approach that reduces the cost, size, weight, and power (SWAP-C) over that presently being implemented in Cluster 5 will be considered for insertion into the Spiral 2 transceiver core module.  The key to a successful design is to manage the thermal challenges presented by the compact, high power module.

PHASE I:  After reviewing the current Cluster 5 approach, identify and provide the implementation of a novel power amplifier module that meets or exceeds the performance requirements with a reduced SWAP-C.  Successful completion of phase 1 work shall include modeling results of the core technology demonstrating the RF, DC, and thermal performance.  Along with these simulations, a roadmap showing the insertion of the technology into the Cluster 5 core transceiver shall be delivered.  The final technical report for phase 1 shall include lessons learned and transition plans to phase 2 brassboards.  

PHASE II:  Design, build, and test a brassboard model that demonstrates the power amplifier defined during the phase 1 development.  The final technical report shall include lessons learned and a plan for transitioning from the phase 2 prototype to a Manufacturing Readiness Level (MRL) 5 module that can be inserted into the Cluster 5 core transceiver.

PHASE III DUAL USE APPLICATIONS:  The power amplifier module has the potential for use across all JTRS Clusters and all branches of the United States Armed Forces.  The power amplifier module can also be utilized for Homeland Security applications or commercial software defined radios.  The final technical report shall include lessons learned.

REFERENCES: 

Affordable Software Defined Radio (SDR) Components for JTRS Cluster 5 Manufacturing Technology Objective #04-01;  http://www.armymantech.com/MTbropgs/mtbroc04/pg5.pdf

Radio Enabling Technologies and NextGen Applications (RETNA) Science and Technology Objective; POC: Jonathan Keller (732)427-0292, jonathan.s.keller@us.army.mil (This reference will be posted on SITIS system - http://www.dodsbir.net/sitis/)

JTRS Home Page: http://jtrs.army.mil/index.htm

General Dynamics JTRS Cluster 5 SFF Home Page with contact information: www.gdds.com/radiosystems/jtrssmallformfactor.html

Research References:

"Linearisation benefits for ultra-wideband amplifiers in SDR RF front-ends for reconfigurable radio environments"; Droma, M.O.   Mgebrishvili, N.; Dept. of Electron. & Comput. Eng., Limerick Univ., Ireland; Personal Mobile Communications Conference, 2003. 5th European (Conf. Publ. No. 492)

"High power wideband AlGaN/GaN HEMT feedback amplifier module with drain and feedback loop inductances" (http://www.mwlab.ee.ucla.edu/publications/2001c/misc/EL_GaNFeedback.pdf); Chung, Y., Cai, S., Lee, W., Lin, Y., Wen, C.P., Wang, K.L., Itoh, T.; Dept. of Electr. Eng., California Univ., Los Angeles, CA; Electronics Letters

"A linearized power amplifier MMIC for 3.5 V battery operated wide-band CDMA handsets"; Hau, G., Nishimura, T.B., Iwata, N.; Kansai Electron. Res. Labs., NEC Corp, Shiga; Microwave Symposium Digest., 2000 IEEE MTT-S International; pg 1503-1506 vol.3

"A 50% efficiency InGaP/GaAs HBT power amplifier module for 1.95 GHz wide-band CDMA handsets"; Nishimura, T.B.; Tanomura, M.; Azuma, K.; Nakai, K.; Hasegawa, Y.; Shimawaki, H.;

Radio Frequency Integrated Circuits (RFIC) Symposium, 2001. Digest of Papers. 2001 IEEE , 20-22 May 2001; pg. 31 – 34
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A05-106 
TITLE: Micro-MIMO (Multiple Input Multiple Output) Radio Technology
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  The objective of this effort is to investigate and assess the feasibility of applying MIMO (Multiple Input Multiple Output) technology to micro-sensor network radios; and, if feasible, to design and build a micro-MIMO radio for energy efficient sensor and/or related networks such as the JTRS Cluster 5. 

DESCRIPTION:  It is well known that MIMO technology offers increased channel capacity at the expense of enhanced signal processing.  This increased can be used for additional user traffic, or for enhanced data survivability (thru redundant transmissions) for ultra reliable communication for missile / artillery shell control.  Furthermore it has been shown (academically) recently that MIMO systems can be theoretically potentially more energy efficient that conventional SISO (Single Input Single Output) systems by trading computation energy for reduced communication energy.  The focus of this effort is to first access the feasibility of this concept, and then to design, develop, and prototype energy efficient MIMO algorithms and demonstrate them in a software defined radio environment.  While several MIMO related programs exist, such as the DARPA Mobile MIMO Networks effort, the application of the MIMO technology to energy efficient ad hoc sensor networking has not been made.  It is the focus of this effort to create and develop innovative solutions to the MIMO environment and demonstrate them in a prototype SDR (Software Defined Radio) environment. Teaming between academic and industrial partners is encouraged.

PHASE I:  In this phase, a feasibility study of the application of the MIMO technology to distributed sensor networks shall be performed. In order to justify, quantify and clearly articulate feasibility, a complete high-level design of the micro-MIMO radio shall be performed.  The effort will include a high level design of all the energy efficient algorithms needed to perform the MIMO processing as well as an implementation in a software defined radio (SDR) environment.  Innovative and creative solutions to both the MIMO architecture, space-time coding, signal processing algorithms and transceiver design are encouraged and expected.  It is anticipated that a combination of analytic modeling, as well as MATLAB  (or equivalent) simulation shall be used in the high-level design phase.  All results shall be documented in the final technical report in sufficient detail as to provide a high level of confidence for a successful implementation of the prototype in Phase II.  The final report must include all trade-offs and assumptions made during the design process, the anticipated MIMO performance (such as bits/sec/Hz, and energy consumption), as well as a recommended hardware platform. 

PHASE II:  In Phase II, a detailed implementation design shall be performed prior to implementation. The innovative and creative solutions should be fully investigated thru detailed simulation and modeling prior to inclusion in the final design.  The detailed design may include more detailed modeling and simulation for performance estimation, as well as some rapid prototyping to flesh out the design prior to the development of the full up prototype in Phase II.  The prototype should include at least 3 nodes, so that MIMO advantage in a broadcast radio environment can be explored and investigated thru laboratory testing.  All simulation, models and analytic results must be fully documented in the final Phase II report.  The developed micro-MIMO radio nodes must demonstrated at STCD (Space Terrestrial Communications Directorate), Ft. Monmouth in a laboratory setting, and delivered to STCD for further testing and analysis. 

PHASE III DUAL USE APPLICATIONS:  It is anticipated the in future every fireman and policeman will be a node for communication and sensor processing.  Increased bandwidth efficiency and more energy usage is a goal for all mobile communications.  Thus, Phase II Dual Use Applications include, but are not limited to Home Land Security, first responders, and related activities.

REFERENCES: 

1) Cui, S., Goldsmith, A., Bahat, A., “Energy Efficiency of MIMO and Cooperative MIMO Techniques in Sensor Networks”, IEEE Journal on Selected Areas in Communication, Vol.22, No.4, August 2004.

2) Cui, S., Goldsmith, A., Bahat, A., “Energy Constrained Modulation Optimization”, IEEE Transactions on Wireless Comm. 2004.

3) Maa, C. S., Wang, Y. C., Chen, J. T, “Low Complexity Channel Adapted Space-Time Coding Scheme for Frequency Selective Wireless MIMO Channels”, IEEE Communications Letters, Vol. 8, No. 2, February 2004.
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A05-107 
TITLE: Reduced Size Weight and Power Consumption for SATCOM Antennas
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  To develop SATCOM antennas with reduced Size Weight and Power consumption (SWaP) for the tactical field army.  

DESCRIPTION:  Current phased array antennas are based on brick, tile or printed wiring board technology for fabrication.  The result is antennas, which are too expensive for all but the most demanding applications.  The challenge is to develop new technology for the fabrication of truly low cost antennas with reduced SWaP.  Candidate technologies include superconducting antennas and RF subsystems as well as wafer based antennas.  Performance examples of Superconducting MicroElectronics (SME) are higher signal to noise ratios in the order of greater than 20dB improvement via enhanced G/T in the order of 3 to 6 dB improvement resulting from the much lower noise temperatures, and enhanced range due to increased sensitivity.  The synergistic integration of Superconducting Antennas (SA) with SME offers enhanced performance and the opportunity to achieve full digital RF distribution directly from the antenna with no analog counterparts.  Wafer based (monolithic fabrication) antennas contain the radiating elements, phase shifters, distribution network and amplifiers on a common substrate, thereby providing reduced SWaP and cost.  

In terms of the current SWaP, the dish antennas can be as small as 18 inches in diameter and 18 inches high, weigh 40 pounds, and consume 200 watts.  The phased arrays antenna can be as large as 40 x 40 x 13 inches each for the transmit and receive arrays, weigh 170 pounds, and consume >2500 watts of power for both transmit and receive.  As for the desired SWaP on the dish antenna, the SWaP is about as small as we can get, limited by the drive motors.  The Phased Array SWaP objectives would be < 24 x 24 x 6 inches, < 75 pounds, < 1000 watts (ideally < 750 watts) for transmit & receive.  As an example, the current size, weight, and power consumption for a typical Ku-Band Satcom On-The-Move Antenna unit that uses a dish antenna with mechanical tracking is measured 28 inches in height and 26 inches in diameter, weighed 55 lbs and consumed 50 watt.  The proposed requirements for the reduced SWAP on SQUIF antennas will be < 17 inches long, < 5 inches wide, < 5 inches high, < 11 lbs and consumed < 30 watt.

These antennas will be utilized in Satellite Communication (SATCOM) systems for the Warfighter Information Network-Tactical (WIN-T) program and line of sight antennas for Future Combat Systems program. These on-the-move SATCOM Antennas are for Global Broadcast Service (GBS), Wideband Gapfiller Satellite (WGS) and Advanced Extremely High Frequency (AEHF).  The line of sight antennas will allow for high speed networking between FCS assemblages while on-the-move.

PHASE I:  The phase I effort will result in the analysis and design of new SWaP and cost reducing technologies for SATCOM antennas.  The reduced SWaP SATCOM antennas will transmit and receive RF in ku-band and ka-band while on-the-move.

PHASE II:  The Phase I designs will be utilized to fabricate, test and evaluate the initial SATCOM antenna SWaP and cost reducing technologies.  The designs will then be modified as necessary to produce the final prototypes.  The final prototypes will be demonstrated to highlight the SWaP and cost reductions as well as general transmit/receive antenna performance parameters.

PHASE III DUAL USE APPLICATIONS:  PM WIN-T program for multibeam phased arrays for GBS, Wideband Gapfiller and Advanced EHF and PM FCS line of sight antennas. Commercial phased arrays for high data rate communications for Land Mobile Distribution Systems as well as automotive and marine markets.

REFERENCES:

1) D. Gupta, O. Mukhanov, "Benefits of superconductive Digital-RF transceiver technology to future wireless systems", in Proc. of the SDR Technical Conference, San Diego, vol. I, pp. 221-226, Nov. 2002.

2) O. A. Mukhanov, S. Sarwana, "Rapid single flux quantum technology for SQUID applications", Physica C 368, 196-202 (2002).
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A05-108 
TITLE: Multi-Band, Multi-Channel Digital RF Receivers and Transceivers
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  Develop a programmable receiver and transceiver architecture that supports multiple input bands ranging from 2 MHz to 2 GHz with potential scalability to 20 GHz and multiple independent channels that can be dynamically assigned to any input band.  

DESCRIPTION:  High speed, digital receivers and transceivers configured for SCA-compliant multi-band and multi-channel operation that supports both terrestrial tactical radio and Satellite Communication (SATCOM) applications are needed for the next generation DoD communication.  Overall configuration and hardware design studies are to focus on direct conversion between analog and digital domains at RF, high-speed programmable digital switch matrices and routing networks and digital signal processors.  The receiver should demonstrate operation at RF frequency band from 2MHz to 2GHz with potential scalability to 20GHz.  The goal is to obtain the maximum use of a single design through software reconfiguration of hardware assets and dynamic reconfiguration of channels.  Benefits could potentially include a reduction in the number of antennas supporting a particular frequency band as well as the elimination of an RF multiplexer.

This topic meets objectives for both the Communications-Electronics Research, Development and Engineering Center (CERDEC), Joint Tactical Radio System (JTRS) and Radio Enabling Technologies and Nextgen Applications (RETNA) Science and Technology Objective (STO) and the planned Direction Antenna for 3D Networks Army Technology Objective (ATO).

PHASE I:  Develop architecture for routing of digital data at clock rates up to 40 GHz for interfacing multiple ADCs and DACs with digital processing elements.  Demonstrate performance via modeling and simulation (M&S) at the component level.  M&S is to address scalability of design to include potential RF data at carrier frequencies up to 20 GHz.

PHASE II:  Demonstrate prototype circuit utilizing RF data at carrier frequencies up to 20GHz.  Demonstrate a receiver with multiple ADCs and multiple programmable digital channelizing units connected by the digital router.

PHASE III DUAL USE APPLICATIONS:  Military application:  Primary applications are digital-RF receivers and transceivers for the next generation terrestrial and satellite communication systems (e.g., JTRS Cluster 1 and AMF, MILSATCOM).  Commercial application: Primary applications are digital-RF receivers and transceivers for the next generation wireless.

REFERENCES:

1) D. Gupta O. Mukhanov, A. Kadin, J. Rosa, and D. Nicholson, “Benefits of superconductive Digital-RF transceiver technology to future wireless systems,” in Proc. of the SDR Technical Conference, San Diego, vol. I, pp. 221-226, Nov. 2002.

2) JTRS Program requirements, per http://jtrs.army.mil
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A05-109 
TITLE: IPv4-IPv6 Transition and Interoperability Using Available Transition Mechanisms
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO EIS

OBJECTIVE:  To develop an optimized interoperability solution using available Transition Mechanisms to enable legacy IPv4 based systems to utilize an IPv6 infrastructure.

DESCRIPTION:  The Department of Defense (DoD) issued a policy mandate on 9 June 2003, for all DoD components to migrate to Internet Protocol version 6 (IPv6) by FY08.  The purpose for this mandate is to take advantage of additional features and capabilities of IPv6 to support the DoD transformation to the Net-Centric Operation and Warfare (NCOW).   Examples of additional IPv6 features and capabilities are mandatory support for IP Security (IPSec), mobile IPv6, Neighbor Discovery and Auto-Configuration (NDAC), Robust Header Compression (RoHC) and lastly tremendous increase in address spaces.  Unlike the Y2K issue, there is no “flag day” for all networking devices, peripherals, hosts and applications to migrate to IPv6.  In fact, IPv4-based applications, hosts and network infrastructure will coexist with IPv6-based applications, hosts and network infrastructure for an extended period of time.  Due to the incompatibility of IPv4 and IPv6 address structure, IPv6 is not backwards compatible with IPv4.  DoD and the Army are taking the approach to migrate the core network infrastructure to IPv6 and reduce Operational and Maintenance (O&M) costs of managing the IPv4 and IPv6 infrastructure.  Transition mechanisms and middleware will need to be developed for legacy IPv4-based applications, hosts and network infrastructure to be part of the NCOW and, more importantly, take advantage of IPv6 core network infrastructure and IPv6 features and capabilities.

Many IPv6 transition mechanisms are available from the Internet Engineering Task Force (IETF).  However, these mechanisms may require administrator intervention for initial setup, configuration and subsequent administration.  In addition, some of the IPv6 features and capabilities will be lost. DoD IPv6 transition implementers need a self-contained device to allow legacy IPv4-based systems to take advantage of IPv6 core infrastructure. This device should be built using hardware and software optimized to minimize delay in transporting the IP-based data.

PHASE I:  The developer will select a legacy Army tactical Command and Control (C2) system as the target network and conduct analysis of available transition mechanisms or a combination of transition mechanisms published by the IETF to develop a high level design and proof of concept for interoperability between IPv4 and IPv6 and capitalize on new IPv6 features and capabilities.  Phase I will also result in a demonstration of end-to-end communications capabilities between an IPv6 host and an IPv4 endpoint using the chosen transition method.  The prototype transition solution will be deployed between the IPv4 edge device and IPv6 networks.   

PHASE II:  Phase II will build upon the Phase I proof of concept and result in a fully self-contained and auto-configuring solution.  The solution should take advantage of any hardware acceleration to ensure minimal packet delay.  This device should support IPv6 security and mobility extensions.  Additional research will be conducted to further reduce production cost and miniaturization of the Phase I design to facilitate mobile and commercial use.  

PHASE III DUAL USE APPLICATIONS:  The resulting implementation can also be used to support IPv6 transition in the commercial marketplace.

REFERENCES:

1) Army IPv6 Transition Plan

Experimental Request for Comment (RFC) Proposal – IETF draft-bound-dstm-exp-01 

2) Internet standards track protocol, Request for Comment (RFC) 2893 - Transition Mechanisms for IPv6 Hosts and Routers (can be obtained through IETF web site - http://www.ietf.org/rfc.html)
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A05-110 
TITLE: Frequency Agile, End Fire Phased Arrays
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  To develop a phased array design utilizing frequency agile driven and parasitic elements.  The end product of Phase II will be a phased array antenna capable of being tuned in frequency and scanned to below the horizon without loss of gain.

DESCRIPTION:  The current problem is that phased arrays are typically designed for a specific frequency band.  New arrays need to be designed when the frequency of interest changes.  Current arrays also rely on elements, which are not capable of end fire operation.  The use off end fire elements would allow scanning below the horizon.  The solution is to design the phased array with reconfigurable elements, which can be selectively designated as driven elements, director or reflector passive elements.  The use of driven and director/reflector passive elements results in an end fire radiation capability, similar to the Yagi antennas utilized for television reception.  Driving all of the elements results in a broadside radiation pattern as utilized by conventional phased arrays.  The efficiency of the antenna can, therefore, be maximized as a function of scan angle by dynamically changing the element configuration from broadside to end fire.  The use of small dimension elements allows the element size to be changed dynamically for various frequencies of operation.

Technologies utilized in the antenna include ferroelectric capacitors and phase shifters and MEMS switches.  This fits in well with CERDEC’s ManTech program for Affordable Phase Shifters For Phased Arrays, which addresses Ferroelectric and MEMS Phase Shifters.

These revolutionary phased arrays have direct application to the WIN-T and MIST programs.  These on-the move phased arrays are for GBS, Wideband Gapfiller and Advanced EHF.  Currently, these arrays cannot scan below 25-30 degrees due to reduced antenna element efficiency.  The new antenna design will allow scanning to -15 degrees or lower to + 90 degrees.

PHASE I:  Phase I will result in the design of a phased array antenna with reconfigurable elements, which is frequency agile and can scan below the horizon.  Technology includes use of Ferroelectric capacitors and phase shifters and MEMS switches.  The design will utilize CAD simulations for design optimization.

PHASE II:  Phase II will start with the Phase I design to fabricate a reconfigurable breadboard subarray.  The subarray will be tested and the design refined and additional subarrays fabricated and tested. The final subarray prototypes will be demonstrated by the contractor to highlight the frequency agility and scanning capabilities.

PHASE III DUAL USE APPLICATIONS:  PM WIN-T programs for multiband phased arrays for GBS, Wideband Gapfiller and Advanced EHF.  Commercial phased arrays for high data rate communications.

REFERENCES:  

1) RF MEMS Circuit Design for Wireless Communications, Hector J. De Los Santos, Artech House, Boston, 2002, pp138-144.

2) Phased Array Antenna Handbook, Robert J. Mailloux, Artech House, Boston, 1994.

3) Phased Array Antennas, R. C. Hansen, John Wiley & Sons, New York, 1998.
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A05-111 
TITLE: Mobile IPv6 in Low Bandwidth Tactical Environment
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PdM CHS

OBJECTIVE:  To develop deployable mobile IPv6 capability for low bandwidth tactical environment.

DESCRIPTION:  Department of Defense (DoD) issued policy mandate [ref1], on 9 June 2003, for all DoD components to migrate to Internet Protocol version 6 (IPv6) by FY08.  The purpose for this mandate is to take advantage of additional features and capabilities of IPv6 to support the DoD transformation to the Net Centric Operation and Warfare (NCOW).  Examples of additional IPv6 features and capabilities are mandatory IP Security (IPSec), mobile IPv6, Neighbor Discovery and auto configuration (NDAC), Robust Header Compression (RoHC) and lastly tremendous increase in address spaces.  Unlike the Y2k issue, there is no “flag day” for all networking devices, peripherals, hosts and applications to migrate to IPv6.  In fact, IPv4 based applications, hosts and network infrastructure will coexist with IPv6 based applications, hosts and network infrastructure for an extended period of time.  Due to the incompatibility of IPv4 and IPv6 address, IPv6 is not backward compatible with IPv4.  DoD and key Army programs are taking the approach to migrate core network infrastructure to IPv6 as pilots and reduce Operational and Maintenance (O&M) costs of managing IPv4 and IPv6 infrastructure.  Transition mechanisms and middleware will need to be developed for legacy IPv4 based applications, hosts and network infrastructure to be part of the NCOW and more importantly take advantage IPv6 CORE network infrastructure.

In a tactical environment, size, weigh, and power (SWAP) are premium.  Some existing IPv4 based system will not be able to transition to IPv6 and benefit from the DoD transformation to NCOW.   The proposed development effort will create a middleware with mobile IPv6 capability that will be easily integrated into existing legacy IPv4 based systems to operate in a highly mobile tactical environment.  In addition to increase in mobility, the mobile IPv6 design will increase effective bandwidth by eliminating unnecessary routing under the ipv4 implementation.

PHASE I: Developer will conduct analysis of available RFCs on IPv6 mobility [ref2, ref3], develop high level design and proof of concept analysis.  In addition, Phase I will result in development of a prototype to demonstrate IPv6 mobility on behalf of an IPv4 edge device.  The prototype should be deployed between the edge-device and its network connection, and allow the mobile IPv6 enabled users to moved outside its home network and maintain connectivity.  

PHASE II:  Phase II will build upon the Phase I implementation and result in a fully self-contained and autoconfiguring solution.  As the same time, further research into miniaturizing the Phase I design that will result in small form factor will be conducted to address SWAP and commercialize for commercial mobile users.  For example, implementation on a PCMCIA card for use in a laptop computer, or on a small chip set embeddable in other devices would be advantageous.  

PHASE III DUAL USE APPLICATIONS:  The resulted implementation can also be used to support mobility in commercial marketplace.

REFERENCES:

1) DoD IPv6 Mandate 9 June 2003

2) RFC 3775 Mobility Support in IPv6 URL: http://www.faqs.org/rfcs/rfc3775.html

3) RFC 3776 Using IPsec to Protect Mobile IPv6 Signaling Between Mobile Nodes and Home Agents URL:  http://www.faqs.org/rfcs/rfc3776.html

KEYWORDS: IPv6, mobility, IPSec, RFC, 3775, mobile, node, mobile nodes, home agents, ndac, Neighbor Discovery, auto configuration, NCOW, Net Centric

A05-112 
TITLE: Ballistic Radomes for SATCOM Antennas
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  To develop radomes for phased array and dish microwave antennas up to 45.5 GHz to minimize damage by small arms fire and fragments from incoming munitions.  The end product of Phase II will be a ballistic radome to replace current standard radomes for small on-the-move dish antennas.

DESCRIPTION:  Current radomes for dish and phased array antennas are vulnerable to small arms fire and fragments from incoming munitions.  Penetration of the radome results in reduced antenna efficiency and/or complete destruction of the antenna due to physical damage.  The challenge is to develop ballistic radomes, which prevent penetration of small arms fire and fragmentation from incoming munitions.

These antennas will be utilized in Satellite Communication (SATCOM) antennas for the Warfighter Information Network-Tactical (WIN-T) program and line of sight antennas for Future Combat Systems program.  These on-the-move SATCOM Antennas are for Global Broadcast Service (GBS), Wideband Gapfiller Satellite (WGS) and Advanced Extremely High Frequency (AEHF).  The line of sight antennas will allow for high speed networking between FCS assemblages while on-the-move.

PHASE I:  Phase I will include the investigation of new materials for ballistic radome design, balancing RF and ballistic performance as well as weight and cost.  Preliminary designs of ballistic radomes will be completed for 20.2-31 GHz and 20.2-45.5 GHz.

PHASE II:  The Phase I designs will be finalized and radome samples will be fabricated and tested.  Utilizing the test results, the most promising designs will be further developed, fabricated and tested.  The final ballistic radome prototype design will then be optimized and fabricated.  The final ballistic radome prototype will be demonstrated by the contractor to highlight the RF and ballistic performance and weight.  Projected production cost will also be given.

PHASE III DUAL USE APPLICATIONS:  PM WIN-T program dish antennas and multibeam phased arrays for GBS, Wideband Gapfiller and Advanced EHF and PM GCS line of sight antennas.  Commercial phased arrays for high data rate communications.

KEYWORDS: radomes, ballistic protection, phased arrays, dish antennas, WIN-T, FCS

A05-113 
TITLE: Seamless Soft Handoff Multi-Layer Protocols
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  This program develops Seamless Soft Handoff Multi-Layer Protocols (SSHMLP) from layer 4 to layer 2 and that work in a cross protocol layer manner.  The SSHMLP protocols are focusing on the dynamic wireless mobile network environment such as that found in the Multi-Dimensional, Assured, Robust Communications for On-the-move Network-i (MARCON-i) and Warfighter Information Network-Tactical (WIN-T) network environment.  In this environment the network nodes are all wireless and all nodes are assumed to be mobile at any time.  There is no fixed stationary communications network infrastructure, and there is no pre-defined knowledge of the number of mobile nodes and their location.  The SSHMLP protocols must be optimized to keep network traffic delays and potential traffic congestion to a minimum.  The SSHMLP protocols must interoperate with Unicast and Multicast  Mobile Ad- Hoc Network (MANET) routing protocols, Auto-Configuration protocols, and Quality of Service protocols such as Differentiated Services with Admission Control.  As a minimum the developed SSHMLP protocols will be demonstrated interoperating with existing Unicast or Multicast Mobile Ad-Hoc Network (MANET) routing protocols and Differentiated Services with Admission Control protocols while supporting various traffic types including streaming and live video, and command and control applications. 

DESCRIPTION:  The seamless soft hand-off multi-layer protocols (SSHMLP) to be developed must maintain existing traffic sessions and support new traffic sessions that are originating from or going to any mobile node that is transiting and moving from one network to another network.  These SSHMLP protocols must support session maintenance over multiple RF links available in the radio at each mobile network node.  This includes diverse RF links such as high bandwidth links, low bandwidth links, satellite links, etc. all of which would be available at each of the mobile network nodes.  The SSHMLP protocols must support various possible network conditions to include as a minimum vertical handoff (from one radio link type to another radio link type), horizontal handoff (from one frequency to another frequency on the same radio link type), and the network conditions when a radio link loses connectivity and then regains connectivity.  The SSHMLP protocols must be able to differentiate  between link congestion and actual loss of link connectivity.  Key factors in the SSHMLP protocol design must include survivability (no single points of failure), scalability to 1000s of nodes, and network layer security such as IPsec.  The SSHMLP protocols shall be resistant to man in the middle attacks and other security vulnerabilities.

PHASE I:  This effort will entail a preliminary SSHMLP protocol architecture, SSHMLP design plan and experimentation suitable for feasibility of practical implementation of SSHMLP protocols.  Innovative and mature ideas from all areas of  network protocols are encouraged.  The Phase I effort may include modeling and simulation, laboratory demonstrations, and proof-of-concept implementations as part of this SSHMLP design effort.  All types of trade-off analyses are encouraged.  The result of Phase I must be a high level system design showing all proposed SSHMLP protocols and their interaction.  The candidate SSHMLP protocols with a high probability of successful implementation will be developed for Phase II.  Proof-of-concept demonstration is required.

PHASE II:  This effort shall implement the SSHMLP protocol design developed in Phase I.  It shall also include the porting, characterization, testing, and lab demonstration of the implemented SSHMLP protocols in a surrogate multi band wireless network consisting of laptop computers with multiple RF wireless links.

The overall goal is to develop final working prototype SSHMLP protocol software based on the concepts and metrics developed during this program.  The final working prototype SSHMLP protocol software shall be delivered and demonstrated in a laboratory and limited field environment.

PHASE III DUAL USE APPLICATIONS:  Commercial applications:  Survivable mobile telecommunication networks for Commerce and Homeland Defense, mobile sensor networks.

Military Applications:  MARCON-I, WIN-T, JTRS, Sensor networking, Future Warriors, Unattended Ground Sensors.

REFERENCES: 

1) CERDEC Multi-Dimensional, Assured, Robust Communications for On-the-move Network-i (MARCON-i) STO Program, Warfighter Information Network-Tactical (WIN-T) Program, Future Combat Systems (FCS) Program, Joint Tactical Radio System  (JTRS) Program.

KEYWORDS: Mobile Ad- Hoc Network (MANET), Soft handoff, On-the-Move communications, Survivability, Multi-layer protocols, Cross-layer protocols, Quality of Service, MANET Unicast Routing, MANET Multicast routing, Auto-Configuration, Scalability, Security Vulnerabilities, IPSec, Transport Layer Protocol, Network Layer Protocol, Link Layer Protocol, IP Mobility Management

A05-114 
TITLE: New Technology, Non-Lubricant Bearings
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE: The purpose of this effort is to develop a state-of-the-art high speed bearing concept. The innovation shall enhance bearing performance by eliminating the need for an oil lubricant or coatings and providing multi-purpose applications.

This program will achieve the following objectives: (1) eliminate periodic maintenance and service; (2) improve bearing performance; (3) reduce weight; (4) improve efficiency; (5) negate the need for sensors alerting impending failure such as low oil level or wear debris composition; (6) reduce noise signature and; (7) lower unit costs by a factor of 2. These objectives are fundamental to both the Army and commercial vehicle/ engine manufacturers for meeting requirements to lower Operation and Support (O&S) costs; provide bearing performance enhancements, and maintain operator/ mission readiness.

DESCRIPTION: The success of Army combat missions is based on ground and airborne vehicle readiness. The availability of vehicles for deployment translates into delivering to the field a well maintained vehicle with minimal downtime and good durability. Ideally, the ultimate goal would be to eliminate periodic vehicle maintenance.  Alternatively, maintenance intervals and downtime can be optimized by developing vehicle subsystems that do not require periodic inspections and service. Wear debris is the primary cause of failure in most subsystems (e.g. engines, drivelines, gear boxes, final drives, transmissions, motors, generators). Common to all ground and airborne vehicle subsystems are roller bearings, a major contributor of wear. The application of sensors, to alert personnel for the need of oil and/or filter replacement, introduces additional componentry to the vehicle with its effect on overall vehicle reliability and increased weight. The elimination of the use of lubricants is the primary goal.

Both the open and closed bearing systems will benefit from lubricant-free, permanent roller bearings. An open bearing system relies on the flow of oil to remove the wear debris from the bearing’s contacting surfaces and reduce the heat generated by the bearing.   In the case of an engine subsystem, the debris generated by cam follower rollers, valve lifter rollers and rocker arms require a filter to remove the debris and an oil pump to circulate the oil. Thus, the reduction or elimination of the debris generated by these bearings can increase the inspection interval and reduce downtime. 

Closed roller bearing applications (i.e. sealed, hanger and steering bearings) require re-lubrication or replacement of the bearing to address wear debris.  The random failures of the Blackhawk tail rotor hanger bearings are a persistent problem requiring a solution.  The new powertrain concepts of the Future Tactical Truck System (FTTS) (e.g. parallel hybrid concepts) will require considerably more lubricated bearings.

PHASE I: Phase I will explore new configuration designs, material composition developments and advances in material processing technologies. The contractor will conduct bench tests to evaluate new and advance materials. He will explore manufacturing processes to minimize costs. The interaction of the designs, material composition and processing will be optimized by trade-off analysis and the best combinations fabricated for comparative evaluation. Modeling and simulation techniques will be applied. In the event of marginal performance differences between samples, the selection will be based on the Army’s recommendation.

The results of these evaluations will identify whether the selected prototype satisfies the seven (7) program objectives outlined above. The feasibility must be demonstrated with test data. The prototype bearing will effectively perform, as a minimum, at the high rpms.  It will not utilize any lubricating oils, greases or coatings, and will not contain any moving parts (balls, cages, or rollers).

PHASE II: The contractor will design/fabricate a number of pre-production prototype samples for compliance in actual tests.  Prior to fabricating samples for compliance, he will provide a detailed plan for follow-on experimental testing, collect data to verify the performance parameters established in Phase I and perform modeling and simulation analysis. The plan will include the use of bench evaluations and vehicular subsystem tests in the implementation process leading to the final prototype design. During this prototype design update and verification process, the material selection and manufacturing processes will be evaluated to establish actual production unit cost savings compared to current roller bearing costs.

The innovative technologies demonstrated by this program will be carefully analyzed to form a basis for application to other current military vehicle programs (e.g. FTTS).

PHASE III DUAL USE APPLICATIONS: The non-lubricated bearing (i.e., roller bearing) will be applicable to all military and commercial engines, vehicles and stationary equipment. The concept will be applicable to current and future high performance turbine engines.  The concept will also provide for non-lubricated bearing to be interchangeable with standard high speed hydrodynamic and ball bearings.

The contractor is expected to partner with a manufacturer, to insure the new technology is incorporated in Army applications: e.g. (1) hanger bearings for the HMMWV transmission driveline or Blackhawk tail rotor; (2) ball bearings for stationary emergency equipment as for generators, pumps or motors; or (3) various ball and/or needle roller bearings on the HMMWV or other tactical and combat vehicle platforms.

The contractor is expected to establish a working relationship with the current Army subsystem supplier, and if more than one application is targeted by the Army, he is expected to support more than one supplier.

REFERENCES:

1) Maciag, Walter J. and Mushenski Mark A., "New Bearing Design Concept - An Innovative, U.S. Army, Design Concept for Tactical Vehicle Bearings and Universal Joints", SAE International, (November 1997).

2) Scott, D., Siefert, W., and Wescott, V.C., Ferrography- "An Advanced Design Aid for the 80's", WEAR, 34, pp. 251-260 (1975)

3) Graham, E., Hanyaloglu, B. and Mural J. "The Use of Ferrography to Study the Mechanism of Wear", Lubrication Engineering, pp. 245-252 ( March, 1992)

4) Kaufmann, R. E., " Particle Size and Composition Analyses of Wear Debris Using Atomic Emission Spectrometry", Lubrication Engineering, pp. 147-153 (1988)

KEYWORDS: Bearings, Engines, Lubrication, Technology, Vehicles, HMMWV, Blackhawk, Dual Use, Commercial, Military, Tactical, Combat, FCS, Airborne, Non-Lubricated Bearing, Maintenance-Free, Lubricant-Free

A05-115 
TITLE: Army Ground Vehicle Roll-Over Elimination and Stability Improvements
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE: Identify, quantify, research, develop, test, and evaluate new, traditional, and non-traditional scientific and engineering approaches to eliminate roll-overs and improve related stability issues for US military and similar commercial trucks.

DESCRIPTION: Roll-over, driver error, excessive speed for conditions, and other stability-induced accidents are the principal cause of the unacceptable results where a significant, but poorly documented, number of soldiers are being injured and killed during military operations world-wide. This situation is particularly acute in the current combat zones of Iraq and Afghanistan with their inherent dangers of urban and suburban combat operations.

The "legacy fleet" of ground vehicles for the Army and other Services, including those vehicles in current production, are generally unsuited for stability improvements and other technology insertions due to obsolete designs, insufficient structural strength for supports and attachments, and non-existent electrical architecture and circuitry. Current stability and roll-over prevention developments by the Big 3 auto makers are not readily adaptable to military ground vehicles as the latter do not have the same level of capability, technology, and design maturity already incorporated in the average US passenger vehicles and sport utility vehicles (SUV). Current and projected state-of-the-art requires electronic (principally hydraulic and electric) brake systems, electronically controlled suspension components, and significant computer capabilities, none of which is commonly present on commercial heavy duty trucks or military vehicles. Current US military vehicles lack the electronic and mechanical wherewithal needed to either modify or apply new technologies, especially on most air-braked vehicles in the tactical fleets and all combat vehicle braking systems. Similar problems exist in the civilian/commercial Heavy Duty truck and off-road vehicle fleets, which are well behind any efforts of the automotive and SUV marketplace. The next anticipated truck "new starts" will not be until 2007 (FTTS) and funding is uncertain, and the replacement/refurbishment of the largest and most visible vehicle system, the HMMWV at 140K+ units, is also uncertain. 

Additional scientific and engineering investigation is needed to quantify the problems, develop and test both traditional and non-traditional solutions, eliminate or significantly mitigate roll-overs, and improve related stability issues on ground vehicles. The ability to maintain stability and avoid single vehicle accidents due to loss of vehicle control, full or partial roll-over, and backing is of significant importance to the safe operation of military ground vehicles. Traditional approaches have proven inappropriate, difficult, or expensive, especially for the legacy truck fleet.

PHASE I: The contractor will conduct research and development to identify and quantify the scope of the problem(s), define and determine design concepts, and establish performance goals on new and cost effective vehicle operation, control, and stability systems for ground vehicles. The solutions must also include or be readily useable or adaptable to 1) the Army's legacy fleets, 2) the same or similar commercial vehicles, and 3) future military and commercial systems. Preventative, protective, and restraint systems are considered equally important, and the contractor may choose to exploit current and advanced technologies as separate programs or combine them to develop common solutions.

PHASE II: New or revised systems and concepts will be developed, demonstrated, and validated based on Phase I modeling and simulation, design, and prototype analysis. Brass-board Phase II prototype hardware systems will be built and extensively tested; test results will be analyzed and results compared to the targeted goals; design upgrades will be performed and experiments repeated where performance and service life goals fall short of performance goals predicted. In order to baseline and stabilize US regulatory requirements for this effort, any new technology development will be required to meet current life cycle requirements for durability and reliability as well as all environmental and pollution control requirements for new US ground vehicles and components as of the date of production.

PHASE III DUAL USE APPLICATIONS: There's an immediate military and civilian need for the anticipated technology and its application hardware in heavy-duty, over-the-road truck (and trailer) and all off-road specialty vehicles.

REFERENCES: 

1. "Countermeasures" magazine by the Army Safety Center, Ft. Rucker, AL

2.Vehicle Accidents Cause Army Deaths, United Press International, 
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5. google.com search for "army vehicle accidents"
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A05-116 
TITLE: Wide Spectrum Transmitter For A Combined Standoff Chem-Bio Sensor
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: JPEO CBD

OBJECTIVE:  We are seeking novel approaches to develop and demonstrate a compact laser transmitter composed of a single laser source (preferred) or multiple integrated lasers and wavelength shifters with outputs in the 3-5 mm band for detection of airborne toxic industrial chemical compounds, the 8-12 mm band for detection of battlefield chemicals, and the uv for detection of biological agents.  Detection ranges against airborne chemical vapors and aerosols and aerosolized bioagents is 5 km using either or both direct detection and coherent detection methods.  It is also a program goal to evaluate these technologies and wavelength bands for standoff detection of surface contamination.

DESCRIPTION:  Innovative and creative approaches to this research and development effort are requested to design and validate a wide spectrum laser transmitter applicable to standoff detection of industrial and battlefield chemicals and bioagents from diverse platforms, including fixed site, vehicle, airborne, and manportable types.  Significant flexibility is allowed in formulating proposed approaches to meet the program goals.  This effort directly supports both short-range and long-range goals for Contamination Avoidance, specifically in the Artemis, Joint Biological Standoff Detection System, Joint Surface Contamination Detector, Joint Service Wide Area Detector, and Joint Decon Visualization System programs. 

At present, two distinctly different types of lasers and sensor systems have shown reliable operation in the field for active standoff detection of chemical and biological agents dispersed in the atmosphere.  These are the uv laser for detection of biological agents by laser induced fluorescence and the MWIR and LWIR laser for detection of chemical agents by DISC and DIAL.  These are the only demonstrated phenomenologies for agent detection at useful standoff ranges.  What is needed is a state-of-the-art transmitter to efficiently produce the required, uv, MWIR, and LWIR wavelengths and to integrate this transmitter into a single, compact sensor for combined detection of chemical and biological agents.

UV laser output for bioagent detection is usually produced by wavelength shifting the well known 1.06 mm Nd:YAG solid state laser through frequency tripling to 353 nm or frequency quadrupling to 265 nm.  Output at 353 nm is preferred over 265 nm because it suffers far less attentuation through the atmosphere.  However, the 353 nm wavelength probes primarily bioagent growth media which presents a problem if the agents are dispersed in the washed state, which is now an easily achieved condition.  The 265 nm wavelength can probe the bioagents themselves, but severe atmospheric attenuation limits currently conceived sensors to very short ranges of less than 1 km.  What is needed is a robust and reliable uv laser emitting in an intermediate wavelength region around 300 nm that can be integrated into a compact sensor package. 

The Nd:YAG laser, among other solid state types, has also been considered as a source for output in the MWIR and LWIR bands.  This has been achieved by single and two-stage OPO wavelength shifting, respectively.  MWIR output can be achieved with good efficiency.  However, operation in the LWIR has been plagued by problems of optical damage, which has limited output pulse energies to levels too low to achieve useful standoff ranges. Nonetheless, a NIR pump laser may be appropriate for generation of output in the uv and MWIR for bioagent and toxic industrial compound detection, respectively.

Detection and identification of chemicals in the LWIR has been proven through numerous field tests.  The standard transmitter in this case is the pulsed CO2 laser which is capable of very long lifetimes with high reliability.  Efficient wavelength shifting outside the nominal 9.3-10.7 mm laser emission band to 8.3 mm has been demonstrated as well as frequency tripling and quadrupling to the MWIR.  Recent work in identifying bioagent signatures in the LWIR have shown encouraging results.  The CO2 laser with wavelength shift modules could offer detection of toxic industrial compounds, battlefield chemical agents, and bioagents in a single sensor.

Another important laser type is the waveguide CO2 laser which has the attributes of extremely long life, robust packaging, and low cost.  Certain key demonstrations are required to prove that this laser type can be applied to chemical detection.  For aerosol detection, it is likely that coherent detection will be required to achieve useful ranges and this imposes additional requirements on laser performance and packaging.

Detection of surface contamination may be possible through by combining reflection, backscattering, and polarization signatures in the uv, MWIR, and LWIR bands.

The results of this effort will be applied in the near-term to the Artemis acquisition program to enhance its CB detection capabilities on the multiple platforms for which it is being developed. 

PHASE I:  Phase I will be directed to analysis and design of a compact transmitter composed of a single laser or multiple integrated lasers with optimally shared components to cover the uv, MWIR, and LWIR spectral bands with sufficient output power to achieve rapid, sub-second detection of bioagents and vapor and aerosol chemical agents at a range of 5 km in a compact sensor using either or both direct and heterodyne detection.  The key developmental components will be identified that would be essential to demonstration of the integrated transmitter.

PHASE II:  All efforts are to be directed toward laboratory demonstration of the key component(s) identified in Phase I.  The data base resulting from the component demonstrations will be used to develop a sensor detailed conceptual design.  An outline will be provided of further work necessary to develop and demonstrate the fully integrated laser and breadboard fieldable testbed sensor.

PHASE III DUAL-USE APPLICATIONS:  Phase III military applications include optimized full-sized CB detectors for contamination avoidance and decontamination.  In addition, dual-use intelligence and homeland defense applications could directly benefit from having a standoff chemical and biological detection device with optimized performance.  Phase III commercial applications include spin-off detectors for standoff environmental pollution monitoring, civil defense, and for drug interdiction.

OPERATING AND SUPPORT (O&S) COST REDUCTION (OSCR):  A single integrated sensor for detection of both chemical and biological agents will have greatly increased capability and reliability and faster response time compared to presently configured independent sensors.  Increased capability will encourage deployment and acceptance of new and improved detection technology. Increased reliability will reduce the burden of O&S resources.  Faster sensor response times associated with combined chemical and biological agent scanning will give timely results, reducing O&S and manpower costs.  Development of a single integrated sensor will reduce development, training, and depot maintenance costs compared to multiple sensors that can only perform a single task.

REFERENCES: 

1) “WILDCAT chemical sensor development,” D. Cohn, C. Swim, and J. Fox, Proceedings of the SPIE 15th Annual International Symposium on Aerospace/Defense Sensing, Simulation, and Controls, April 2001. 

2) D. Cohn, J. Fukumoto, J. Fox, and C. Swim, “Compact DIAL sensor: SHREWD”, Proceedings of the SPIE 15th Annual International Symposium on Aerospace/Defense Sensing, Simulation, and Controls, April 2001. 
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A05-117 
TITLE: Anisotropic Obscurant Packaging
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: JPEO CBD

OBJECTIVE:  Develop a means to package high-aspect ratio solid particles with minor dimensions below one hundred nanometers that will facilitate aerosolization.

DESCRIPTION:  Obscurants are used as countermeasures to sensors.  For infrared and radar applications efficient obscurant particles are, by necessity, high-aspect ratio, electrically conductive fibers or flakes with small minor dimensions (100 nanometers or less).  To be militarily useful these materials must be packaged with a high bulk density and, upon deployment, efficiently aerosolized.  To be tactically useful, the particles must be separated from each other.  Traditional dissemination mechanisms are explosives, pyrotechnics and pneumatics.

PHASE I:  Identify methods to package obscurant materials having characteristics such as highly conductive (most likely metal) nanoparticles fiber and flakes.  Recommend one or more packaging methods which laboratory experimentation demonstrates to have the greatest potential.  Consideration should be given to a payload-efficient method within volume constraints and feasibility to use commercial procedures.

PHASE II:  Develop a packaging prototype for obscurant materials and produce sufficient quantities for chamber evaluation.  Conduct aerosol characterization to demonstrate that the Phase II results meet the research objective.  Show that it is feasible to commercially package the material.

PHASE III DUAL USE APPLICATIONS:  The primary military use of this technology would be in obscurant munitions.  This technology would have commercial application in the areas of paints and coatings, EMI shielding and batteries.  

REFERENCES: 

1) Maximizing Infrared Extinction Coefficients for Metal Discs, Rods, and Sphere", ECBC -TR-226, Dr. Janon Embury, Febuary 2002.

KEYWORDS: Optical properties, extinction coefficient, obscuration, screening, electromagnetic crosse section, metal rods, metal fiber, metal flake, aerosol, smoke, metal disc

A05-118 
TITLE: Data Rich Active Transponder Development
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: PEO EIS

OBJECTIVE:  Develop a means of security assurance for logistics and transportation data stored on and transmitted from Radio Frequency Identification (RFID) tags.

DESCRIPTION:  RFID tags and a wireless infrastructure for tag communication has become a key technology for providing In-Transit Visibility of the DOD logistics pipeline, and is critical technology for providing effective logistical support to DOD forces in operational theaters.  This technology consists of  battery powered data rich (128k) RFID tags operating at unlicensed short range (300-600 feet) commercial frequencies and a supporting infrastructure of interrogating antennas and handheld readers at hundreds of logistic nodes worldwide.  The Assistant Secretary of Defense, Networks and Information Integration (ASD NII) has stated an intent to require encryption between RFID tags and reader/interrogators.  In addition, requirements may be imposed for ‘data at rest’ (data stored on the RFID tags) to be encrypted.

Potential method of providing data security must include encryption of wireless data transmitted between RFID tags and RFID interrogators.  Methods may include encryption of data as stored on RFID tag with encryption accomplished by write station and decryption accomplished throughout entire In-Transit Visibility infrastructure at read and write stations and wireless interrogators.  Firmware and software solutions may be employed, and design considerations should include applicability to current RFID tag capabilities and potential future RFID tag designs.  If methods are not practical within current RFID tag constraints, minimum tag requirements in terms of power and processor capabilities (i.e. speed, processor memory) shall be documented.

PHASE I:  Technology feasibility study and consideration of alternative strategies.  Methods of accomplishing data security may include encryption of data as stored on RFID tags and transmitted, requiring encryption at all write stations and decryption at all reading transportation nodes. Other possibilities include firmware or software encryption handling upon inquiry of tags with data stored unencrypted. Tags have database search capability, complicating encryption of stored data.  Firmware and software methods are to be considered as applied throughout the entire RFID infrastructure, including difficulties of shared ‘keys’ and possibilities of lost/stolen RFID tags.

PHASE II:  Development of ‘breadboard’ level prototype of selected alternative.  This prototype is to be in a demonstrable operational mode, including interface with a write station and RF Interrogators.

PHASE III:  Validation testing, full engineering documentation, and suitable Statement of Work for issuance of contract for production.

REFERENCES:

http://www.eis.army.mil/AIT/contracts/rfidii.asp  for information on current RFID equipment infrastructure

“Use of Commercial Wireless Devices, Services, and Technologies in the Department of Defense (DoD) Global Information Grid (GIG)”, April 14, 2004.  DoDD 8100.2

“FIPS 140-2, 140-3, Security Requirement for Cryptographic Modules”

“ISO / IEC 18000-7  Information Technology - Radio Frequency Identification for Item Management Part 7; Parameters for Active Air Interface Communication at 433 MHz”

KEYWORDS:  RFID, Radio Frequency, Transponders

A05-119 
TITLE: Geographically-Enabled Augmented Reality System for Dismounted Soldiers
TECHNOLOGY AREAS: Information Systems, Battlespace, Human Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  To develop a low cost, rugged, lightweight, wearable “heads up display” (HUD) augmented reality system for a solider.  The hardware will display geospatial-intelligence within the soldier’s field of view.

DESCRIPTION:  A wearable Heads Up Display (HUD) and augmented reality system will provide a soldier on the ground with geospatial-intelligence data without having to look at a map or Global Positioning System (GPS) unit or take their eyes off their surroundings.  The current monocle-type helmet mounted displays being fielded through PM Land Warrior provide situational awareness to dismounted soldiers, but these displays are essentially miniature computer monitors and are not transparent; so the soldier loses binocular vision, depth perception, and peripheral vision when using them. Commercially available systems are large, obtrusive, and fragile, and they do not interface with Geographic Information Systems (GIS) or ruggedized wearable computers or Personal Digital Assistant (PDA).  The hardware must be lightweight, rugged and mounted on a helmet or in protective eyewear.  Software will also need to be developed.  It will determine the direction the soldier is looking and the distance the soldier is away from the object being observed.  The software will display feature data about the surroundings into the soldier’s field of view, such as the names of buildings and streets, GPS waypoints and tracks, locations of friendly forces and other various types of geospatial-intelligence, without obstructing the eyes via the HUD.  The system will read geospatial-intelligence data from shapefiles or geodatabases, and be compatible with a ruggedized device running the Windows CE Operating System. 

PHASE I:  One or more experiments to determine the feasibility of an unobtrusive HUD system will be performed.  Basic development of optics, projection hardware, labeling software, and integration with existing GPS enabled wearable computers or PDAs will be part of the feasibility study.  A report will be generated that addresses both hardware and software issues and includes the results of introductory development and descriptions of the techniques used. 

PHASE II:  A prototype system will be developed consisting of eyewear, projection system and software that are integrated with an existing wearable computer or PDA.  The system should be compatible with GIS applications running in a Windows CE environment and support common GIS data types.  The system will be tested in both rural and urban environments and demonstrated to Army officers as part of the Topographic Engineering Center's Joint Geospatial Enterprise System Prototype (JGES-P) demonstrations.  Recommendations will be developed for successful application of augmented reality to situations of Army tactical interest.  Limitations on the ability to process large data sets will be examined and documented. 

PHASE III DUAL USE APPLICATIONS:  This SBIR will lead to a portable system that feeds the soldier real time geographic intelligence and situational awareness into his field of view, increasing his knowledge of the battlefield.  Commercial civilian applications include land navigation to aid back country search and rescue teams as well as EMS teams in urban environments.  Numerous law enforcement and homeland defense opportunities exist, along with possible tourism applications and applications of the software in the automobile industry. 

REFERENCES: 
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A05-120 
TITLE: Vehicle-Based Automatic Terrain Mapping via Ranging Sensors
TECHNOLOGY AREAS: Battlespace

OBJECTIVE:  Develop hardware and software to define an unknown terrain, particularly the geometry of natural and manmade gaps one to four meters wide in a battlespace environment.  The geometry will be used to determine mobility characteristics, such as the feasibility of crossing a gap.  The hardware should be rugged and compact with the ability to provide sufficient data regardless of environmental conditions such as rain, fog, dust, dense foliage, and varying light conditions.

DESCRIPTION:  The ability to maneuver across unknown terrains under all environmental conditions is crucial for providing assured mobility for military forces.  Acquiring high-fidelity information about unknown terrains can speed up a mission by equipping military forces with the capability of making informed choices.  For instance, the ability to rapidly map the terrain of a potential gap crossing site and utilize this information to perform vehicle mobility assessments in near real-time will greatly enhance route optimization capabilities in the theater of operations and will result in faster and safer troop movements.  Gaps pose a potentially threatening and time-consuming problem for vehicles traveling in unknown terrains.  Gaps can be natural or manmade and are defined as an opening in the ground that could prevent a vehicle from crossing. Knowledge of the gap profile and geometry (length, width, depth, and slope) is necessary in order to make informed choices about defeating or avoiding the gap.  If the length is short enough, the vehicle can detour around the gap. The profile of the gap can be used to define the width, depth, and slope, and these properties are utilized to determine the feasibility of crossing the gap.  Quickly making decisions about defeating a gap requires a sensor that can evaluate the terrain and software that extracts the profile of the gap.  The profile is a three dimensional dataset comprised of a collection of two dimensional datasets (slices) describing the depth of the gap along the width of the gap.  The software should allow for user-defined number of slices and slice width.  The system should be developed for deployment on vehicles in the theater of operation and functional enough to allow for operation by non-engineering personnel.  The sensor should have a horizontal field of view of at least ten feet, range of at least forty feet, and resolution of not more than one inch.  Although this technology will be used while the vehicle is not moving, the sensor should have the ability to detect and profile the gap without being required to travel to the edge of the gap.  For example, the sensor could be mounted on a telescoping arm to allow for adjustment to insure the optimum field of view.  The sensor package must be rugged, compact, and self-contained so that it can be deployable from manned and unmanned platforms and manipulated for automated data reduction and interpretation.  The sensor must be able to collect data under all lighting conditions, i.e., bright sun, nighttime.  The entire sensor package including self-contained power requirements should be less than forty pounds. The developer of this system is free to use any available technology to accomplish the specifications indicated.  Some technologies currently being used for range sensing/terrain mapping include scanning laser range finders, stereovision, ultrasonic, and radar (1).  These sensors provide a possible starting point for this technology.  However, previous evaluations of these technologies have identified the following limitations:  sensitivity to lighting conditions and weather, sensitivity to surface materials, size of the sensor, data acquisition speed, and computation cost. 

PHASE I:  Select sensor technology and develop software that will process the data. Consideration should be given to accuracy, field of view, data acquisition and processing speed, ease of use, and ruggedness.  Preliminary design must include an approximate cost of production and a description of safety hazards.

PHASE II:  Construct working prototype and validate the output from the sensing technology under different types of environmental conditions (rain, fog, dust, varying light).  Demonstrate the model system in operation and validate results.  Modify and refine the technology as deemed necessary from the demonstration.  Two prototype systems must be provided to the Engineer Research and Development Center for independent evaluation.

PHASE III DUAL USE APPLICATIONS:  This system could be easily modified for construction and terrain mapping purposes for both military installation personnel and civilian agencies.  This system could be used with robots that travel in either hazardous environments or environments that are inaccessible to humans.  This system could also be used in construction sites to make measurements easily and quickly.

REFERENCES:

1) Martial Herbert, Active and passive range sensing for robotics, Proceedings of the 2000 IEEE International Conference on Robotics and Automation, p. 102-110, April 2000.
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A05-121 
TITLE: Automatic Extraction of Urban Features from Terrestrial LIDAR Systems
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Design and develop software that can automatically extract very high-resolution 3-D urban features from advanced ground-based LIDAR sensors.

DESCRIPTION: While airborne reconnaissance provides valuable information about urban areas, it naturally tends to give an orthogonal or top-down perspective.  It does not provide critical details about urban features that happen to be located below rooftops and under tree canopies.  These details are vital for the ground-based urban warfighter to understand his environment.  However, acquisition of this kind of information would require an oblique perspective, not an overhead perspective.  Thus, there is research and development underway that focuses on ground-based or terrestrial sensing, from man-portable and vehicle-mounted systems.  Software development tends to lag behind advances in sensor hardware, however.  Therefore, this topic calls for the development of sophisticated software to process data from advanced terrestrial systems, from LIDAR-based systems in particular.  

The software to be developed under this topic must be able to handle massive amounts (e.g., 500,000 to 1,000,000 points per second of collection) of high-resolution (e.g., five centimeter) data as output by advanced terrestrial LIDAR systems, and must be able to extract complex urban features (e.g., building facades, walls, fences, poles, etc.) automatically and in detail.  Furthermore, the software must support 3-D visualization of urban features in sufficient detail for applications such as facility reconnaissance, special operations mission planning and rehearsal, and urban warfare decision-making.  In other words, the software’s output must be of suitable quality and must be provided in a form that can be readily ingested by systems that are utilized for the above purposes.  This new capability will support rapid, accurate characterization of the urban battlespace environment.     

PHASE I: Design a software system to extract very high-resolution 3-D urban features automatically from advanced ground-based LIDAR sensors, and demonstrate the feasibility of this system.

PHASE II: Develop a fully functioning software system for automatically extracting very high-resolution 3-D urban features from advanced ground-based LIDAR sensors, and demonstrate a prototype.

PHASE III DUAL USE APPLICATIONS: This system could support a very broad range of military and civilian applications where a detailed understanding of complex 3-D urban terrain is necessary.  Military applications include urban modeling and simulation, urban mission planning and rehearsal, and post-operation reconstruction.  Obvious civil applications include site surveying, facility surveillance, urban planning, emergency management and response, police force asset management, vulnerability assessment, crime scene investigation, counter-terrorism, tourism, real estate, etc.     
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A05-122 
TITLE: Nanotechnology for Biological Warfare Agent Detection Neutralization and Efficacy Verification for Immune Buildings
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: The objective of this research is to develop and test passive systems using nanotechnologies that have the potential for application in biological warfare agent detection and neutralization. 

DESCRIPTION: Currently, there is no real-time method to determine if biological warfare agents have been disseminated within a building, no real-time indication that the biowarfare agents are present, and the building inhabitants are at risk during the time that they are exposed to the agents. The non-availability of buildings during decontamination is costly and can severely impact the execution of critical missions. Therefore, there is a need to develop and demonstrate new technology that can identify the presence of biological warfare agents in buildings and neutralize them in real time. This effort will require the development of nanotechnology-based systems (typically 5-100 nanometers in size) for accurate and sensitive detection and neutralization of biological warfare agents, such as anthrax, in real time, as well as verification of the efficacy of neutralization by identifying live and killed biowarfare agents. For example, nanoparticles used for immunoassays, have advantages over currently used detection systems, including (1) broad excitation range, (2) size tunable photoluminescence, (3) narrow emission bandwidths, (4) simultaneous excitation of several particle sizes at a single wavelength, (5) high quantum yield and (6) exceptional photochemical stability.  

PHASE I: Determine the feasibility of using nanotechnology in buildings to detect and neutralize biological warfare agent release. The nanotechnology-based devices could signal the presence of a specific biological warfare agent in real time. In addition, the nanotechnology based systems would also release compounds, such as chlorine dioxide, that could neutralize the biological warfare agent. The triggering mechanisms for these reactions could be spore growth or the presence of specific amino acids contained by the biological warfare agent. The technology should be able to distinguish between live pathogens and those killed by biocides, such as chlorine dioxide. The efficacy of the technology needs to be determined using simulants for the following biowarfare agents in a multiplexed situation: (1) Bacterial spores,  (2) viral simulants,  (3) vegetative bacteria, and (4) bacterial toxins.

PHASE II: Develop nanodevices for real-time detection and neutralization of biological warfare agents, such as anthrax, that can be used in buildings to enhance their immunity to internal or external biological warfare agent release. Also demonstrate technology to be used on building surfaces, such as walls and floors, to determine the sensitivity of detection (with a goal of less than 5 colony forming units (cfu) of simulant of biowarfare agent per square centimeter).

PHASE III DUAL USE APPLICATIONS: The use of nanotechnologies for real-time detection of biological warfare agents from a terrorist attack and countermeasures will lead to lower casualties in civilian buildings.  The same nanotechnologies could also be adapted for use in cell labeling immunoassays and medical diagnosis and treatment, such as early detection and precise location of cancers. 

REFERENCES:

1) Liz-Marzan, Luis M., Kamat, Prashant V., Nanoscale Materials, Boston Kluwer Academic Publishers, 2003. 

2) Hari Singh Nalwa, Ed., Encyclopedia of Nanoscience and Nanotechnology, American Scientific Publishers, 2004. 

3) Ellen R. Goldman, George P. Anderson, Phan T. Tran, Hedi Matttoussi, Paul T. Charles, and J. Matthew Mauro, “Conjugation of Luminescent Quantum Dots with Antibodies Using and Engineered Adaptor Protein to Provide New Reagents for Fluoroimmunoassays,” Analytical Chemistry, Vol. 74 (4), pp. 841-847, 2002.
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A05-123 
TITLE: Wireless Backbone to Monitor and Administer Large Remote DoD Acreage
TECHNOLOGY AREAS: Battlespace

OBJECTIVE: To reduce costs and enable remote monitoring and remote data acquisition from multiple sensor systems distributed over vast areas of military lands and training facilities by using low cost state of the art wireless communication systems. The unit must be self-powered and use low power wireless transmissions to transmit data to far off centralized monitoring stations. The unit must be able to modularly support a wide variety of data communication interfaces to be able to plug and play with existing and future sensor systems. The vision is to develop an integrated and automated network of different and similar operational sensors as well as a network designed to automatically collect, process, archive, and disseminate information that supports/enhances environmental management, readiness, safety, security, training and enhanced tactical operation.

DESCRIPTION: The DoD is responsible for administering over 25 million acres of land. Mission activities vary greatly in their spatial and temporal use of installation resources. Understanding the spatial and temporal characteristics of mission related impacts and regular environmental monitoring is critical to assessing land condition, estimating land capacity, and restoring/maintaining lands in support of the Army’s training requirements. All DoD natural resources decision-making, modeling, and simulation technologies require accurate spatial representation of mission activities and impacts. These monitoring activities are enabled by a wide variety of sensor systems. The wireless backbone should also enable networking between sensors: meteorological, oceanographic, acoustic/seismic, security and safety monitoring, perimeter detection, water quality monitoring, invasive and endangered species, disaster warning, etc. Environmental and habitat monitoring represent a class of sensor network applications with enormous potential benefits for scientific communities and society as a whole. Instrumenting natural spaces with numerous networked microsensors can enable long-term data collection at scales and resolutions that are difficult, if not impossible, to obtain otherwise. The intimate connection with its immediate physical environment should allow each sensor to provide localized measurements and detailed information that is hard to obtain through traditional instrumentation. The integration of local processing and storage should allow sensor nodes to perform complex filtering and triggering functions, as well as to apply application-specific or sensor specific data compression algorithms. The ability to communicate should not only allow information and control to be communicated across the network of nodes, but should enable nodes to cooperate in performing more complex tasks, like statistical sampling, data aggregation, and system and health status monitoring. Increased power efficiency will give applications flexibility in resolving fundamental design tradeoffs, e.g., between sampling rates and battery lifetimes. Low-power radios with well-designed protocol stacks should allow generalized communications among network nodes, rather than only point-to-point telemetry. The computing and networking capabilities should allow sensor networks to be reprogrammed or retasked after the deployment in the field. Nodes should have the ability to adapt their operation over time in response to changes in the environment, the condition of the sensor network itself, or the scientific endeavor. Further, sensor networks represent a significant advance over traditional invasive methods of monitoring. The proposed technology should enable sensors to be deployed prior to onset of seasons or other sensitive periods (in case of animals) or while plants are dormant or the ground is frozen (in the case of botanical studies). It should enable deployment of sensor/networks on small islets where it would be unsafe or unwise to repeatedly attempt field studies. The sensor network deployment should represent a substantially more economical method for conducting long-term studies than traditional personnel rich methods. There are a number of research and development challenges that must be addressed to meet the objectives of this effort. Issues of non-scalability due to limited channel capacity, lack of standardization among dissimilar communication equipment, integration of diverse communications equipment and data within a distributed network, and a lack of standardization among sensor instrumentation must be addressed. Research and development is required to formulate and qualify optimal network architecture and protocols that will work within the defined environment and make the proposed approach feasible.

PHASE I: Develop objective requirements and preliminary design of the wireless backbone. Perform requirements analysis for best application of wireless technologies to satisfy the requirements. Validate concepts through qualitative and quantitative technical analysis. Provide ideas with cost and schedule estimate for large-scale implementation. Using simulations or prototypes, demonstrate proof of concept.

PHASE II: Interact with potential users of the wireless backbone such as natural resources personnel interested in environmental, habitat monitoring and protection. Develop requirements for system integration and any other specific or generalized capabilities that could be beneficial to offer along with the data backbone. Develop improved hardware and software, continuing from Phase I. Determine and develop the different interfacing systems and Gateways needed for ubiquitous connectivity. Develop a plan for deployment and demonstration during Phase II, adequate to exhibit an on field demonstration and the benefits of the developed technology to potential users.

PHASE III DUAL USE APPLICATIONS: Examples of potential commercial (dual-use) applications include, usage of the developed capabilities by Homeland Defense missions both military and civilian, Law Enforcement Personnel, the Army’s Future Combat Systems (FCS) and sensor network applications, usage in commercial airports to interconnect subsystems in a mobile environment to monitor the perimeter of the airport facility and Equipment Health Monitoring.
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A05-124 
TITLE: Innovative Structural Material Self-Sensing and Self-Protection Technology for Installations and Infrastructures
TECHNOLOGY AREAS: 

OBJECTIVE:  Develop and demonstrate an innovative structural monitoring technology for building occupancy detection and building security.

DESCRIPTION:  Building occupancy/security monitoring uses surveillance technologies that include guard-patrol, video-camera observation, infrared detection, etc.  These current techniques and methods are particularly inadequate due to being labor-intensive, spatially limited, and the required high cost to implement, maintain, and operate.  In recent years, there have been tremendous advances in multifunctional materials and electronic hardware/software technologies.  Military installations and critical infrastructure facilities can take advantage of these new technologies.  An innovative technology is pursued to meet the above building/facility occupancy determination/security demand.  This technology will use an innovative technique that can support information acquisition, processing, and storage in the field.  The system/technique will be able to sense, by itself, the reversible and irreversible effects of the construction material properties.  The sensing provides an indication of the location and magnitude of loads applied.  For practical application of the technology to currently existing as well as new buildings to be constructed, this project requires the development of a portable microchip built-in hardware/software system for use by surveillance personnel in the field for information acquisition, processing, analysis, and storage.  Multifunctional material property-based self-sensing technology is preferred without using embedded or surface-mounted sensors.  It will also be key for this project to develop a practical technology with low cost to implement and operate. 

PHASE I:  

1) Develop and construct a proof-of-concept system to detect loads as strain on concrete structures based on multifunctional material properties. 

2) Fabricate semi full-scale concrete structural test articles that are representative of concrete building structures. 

3) Demonstrate the feasibility on the load detection of concrete structures. 

PHASE II:

1) Develop a portable load detection system for concrete structure monitoring. 

2) Develop the implementation and operational procedures for the load monitoring system/technique. 

3) Demonstrate and validate the monitoring system/technology on a mock-up structure(s). 

PHASE III DUAL USE APPLICATIONS:  Successful development of this technology will lead to extensive dual-use applications in commercial and military infrastructures.  In addition, this technology will be extendable to monitoring the structural condition of buildings and infrastructure and prevent electromagnetic signal intrusion.
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A05-125 
TITLE: Near-Surface Rapid Soil Characterization System
TECHNOLOGY AREAS: Battlespace

OBJECTIVE:  Design and build the hardware and software components of a system for characterizing soil properties including in situ soil strength, moisture content, and soil classification.  These measurements would be used for the following applications:  (1) selecting optimal locations for vehicle crossings of soil surfaced-terrain obstacles, (2) prediction of soil deformation under vehicular traffic, and (3) site selection for contingency infrastructure facilities. 

DESCRIPTION:  Soil strengths are needed to assess the load carrying capacity of infrastructure under traffic from ground vehicles and aircraft.  The strength and soil type are required to properly model the behavior under loading to estimate the soil deformation.  Soldiers, with little engineering experience, must be capable of rapidly determining these critical properties to define the mobility characteristics of maneuver corridors within the theater of operation.  Traditional methods of determining soil type, moisture content, and soil strength are not adequate for the characterization of soil properties in the theater of operations.  Several classification systems exist, however DoD facilities utilize the Unified Soil Classification System (USCS), as described by Casagrande (1).  In accordance with this method, soil classification is typically characterized using a suite of laboratory tests requiring extensive equipment that cannot be easily deployed.  Alternative field classification methods have been developed (2); however they tend to be qualitatively based and require a highly experienced operator.  In situ soil strength has traditionally been characterized using methods such as the California Bearing Ratio (CBR) test and plate bearing tests.  These methods are subject to severe logistical limitations making them inadequate for rapid soil strength characterization.  These tests require extensive time, labor and equipment.  The time required to perform a single test is often greater than the time available to assess an entire region in theater of operations.  In lieu of performing these tests, DoD personnel typically conduct Dynamic Cone Penetrometer (DCP) tests.  The DCP has been used as a method of estimating soils strength since the 1960’s (3) and it is currently among the most prevalent in situ tests for determining soil strength.  The DCP consists of a rod containing a cone shaped tip and a 17.6 (or 10.1) lb-hammer dropped 22.6 in., as described by Webster et al. (4).  The depth of penetration due to successive drops of the hammer is measured and used to estimate soil strength.  The DCP is labor intensive, requiring two soldiers to properly operate and record test data.  Additionally, the test results must be post processed by the operator to obtain an estimate of soil strength.  The device is subject to several physical limitations, including a noticeable noise signature, problems at the surface of granular media, adhesion in highly plastic soils, and a high potential for operator injury.  Soil moisture content has a significant effect on soil strength and is obtained via oven drying of the soil, a method which is not conducive to field operations.  Quantifying the in situ moisture content can help define the strength characteristics of a soil and provide a method to estimate changes in strength with weather increased rainfall.  Innovative methods of quantifying in situ strength and moisture content are needed to facilitate mobility in the theater of operation.  Thus, a portable system that penetrates the ground and characterizes soil strength, in situ moisture content, and soil type is needed to facilitate soil characterization for DoD missions involving trafficability of unsurfaced pavements and the construction of semi-prepared infrastructure systems, both roadways and airfields.  This system must be portable and rugged enough for off-road transport for the assessment of soils in austere areas.  The system will most likely be semi-destructive, creating a disturbed zone that should be no larger than 3 inches in diameter.  The system must be self-contained and should not require more than five minutes to complete a test.  It must be capable of probing to a depth of three feet below the ground surface in both granular and cohesive media.  Soil types measured by the system must match USCS classification of the materials. The system should be capable of measuring soil strengths from 1- to 100- CBR.  It should produce repeatable strength values that follow trends exhibited in DCP tests.  At strengths less than 10 CBR, the system should be accurate to within 1 CBR.  The desired accuracy in terms of strength should be +/- 1 CBR for low strength soils (CBR < 10), +/- 3 CBR for medium strength soils (CBR= 10-100), and +/- 10 CBR for high strength soils (CBR>20).  In terms of moisture, the device should output the gravimetric moisture content within +/-1% of the oven-dried moisture content.  The components of the measurement system should be optimized for determining soil type, moisture content, and soil strength, however, other properties that would also be extremely valuable include dry density, plasticity, remolded strength, relative density, and modulus. 

PHASE I:  A feasibility study will be performed, and a preliminary design of the system hardware will be submitted.  The feasibility study will investigate several design alternatives for probe testing systems.  The advantages and disadvantages of each system will be evaluated and a final recommendation made for the proposed test device.  A final report summarizing the outcome of the feasibility study will be submitted.  The final report will include the preliminary design, a production cost estimate, and a definition of any issues that may prevent a positive outcome.  Additionally, at the conclusion of Phase I, the developer will make a formal presentation describing the feasibility study and its outcome. 

PHASE II:  A final design of the hardware and software will be prepared, followed by the construction of a working prototype.  The prototype will be brought to ERDC where it will be demonstrated to the technical oversight panel and compared to traditional methods of measuring soil strength, including the DCP.  Upon completion of the demonstration the device will be refined based upon issues observed during the demonstration. Upon completion of the study, a final report documenting the prototype design and operation of the prototype will be prepared and delivered to the ERDC, along with two operational prototypes.  A training session will be provided upon delivery of the prototype systems.

PHASE III DUAL USE APPLICAITONS:  The system can be used by civilian and military geotechnical and pavement engineers to evaluate soils during initial field investigations as well as post construction to maintain that design standards were met.  Military personnel could also use the system as a soils reconnaissance device in the theater of operations.
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A05-126 
TITLE: Predicting the Behavior of Cracked Concrete Exposed to Contamination
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop tools to detect and characterize cracks in reinforced concrete structures.  These tools should also be flexible enough to account for the influence of cracking on the behavior of concrete to chemically aggressive environments, immiscible liquids, and biological agents.  These tools will assist engineers in providing necessary protection/repair against cracking and risk analysis of cracking on key DoD (Department of Defense) facilities.  These tools will be applicable to maintain the highest level of military readiness of the US Army and other DoD reinforced concrete structures throughout the world. 

DESCRIPTION:  This proposed project will include the development field assessment methodology/system and a robust software tool for engineering specialists to evaluate the impact of both microcracks and macro-cracks on the performance of existing structures.  The software tool developed in this project will allow predicting the penetration depth of various types of contaminants in concrete depending on the crack pattern of the material.  The types of contaminants to be considered are:  • Ionic contaminants: penetration of multiple ionic species (e.g. sulfate, chloride, etc.) in concrete and their coupled effect on the hydrated cement paste (chemical reactions); • Immiscible liquids: penetration of oil, industrial contaminant (PCE), etc.; • Biological contaminant: penetration of organic compounds and their evolution (microbial growth) in concrete.  There will be four critical requirements for this proposed development program.  They are:  1) Development of methods to quantify crack network characteristics in field concrete.  The determination of the volume and density of both microcracks and macro-cracks will be necessary to incorporate into numerical modeling to assess the contamination impact on existing structures.  2) A software tool that predicts the penetration of multiple ionic species in cracked concrete and its consequences on the micro-structural and physical properties of the material.  3) A software tool to predict the penetration of biological contaminates and non-miscible liquids into cracked concrete.  This requirement will provide initial prediction of chemical and biological contamination into concrete and to be able to assess effectiveness of protection technologies against this contamination threat.  4) Laboratory and field validation will be necessary for requirements 2. and 3.  The design team must include experiences concrete chemists, concrete modellers and concrete materials practicioners experienced in design, maintenance and repair of reinforced concrete.  The government will accept proposals from innovative firms competent in concrete design and concrete practice and skilled in modeling the concrete chemistry and multiple failure mechanisms.

PHASE I:  Deliverables include a feasibility study for the completion of the requirements.  This phase of work will also require detailed research plans for each of the four requirements.  A complete finite element software prototype shall be developed.

PHASE II:  Develop and demonstrate a working software tool that meets requirements 1., 2., and 3.  This software tool shall have laboratory and field validation included.  It will also be necessary to have a working prototype of a field device or methodology to quantify cracking densities in field concrete.

PHASE III DUAL USE APPLICATIONS:  Cracked concrete affects DoD facilities, but also affects highways, bridges, parking structures, marine facilities, industrial facilities, and waste/water treatment facilities.  The cracking problem and preventions reaches out to all areas of commercial and residential construction.  Those who would have direct needs for this research program are other government agencies (U.S. Navy, Bureau of Reclamation, Federal Highway Administration, State and Local agencies, etc.), design engineers, universities, concrete contractors, material suppliers, and testing organizations. 
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A05-127 
TITLE: Design and Develop Lightweight Thermoplastic Composite Sheet Piling Protection System
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Army operations need rapid deployment of waterfront construction systems including docks, wharfs or bridges.  Conventionally, steel sheet piles are used for these purposes.  But they are heavy and need heavier equipment to drive.  They defeat the quick deployment requirements of the Army.  Lightweight vinyl and thermoset composite sheet piles are commercially available, but they have many problems.  Thermoset composite sheet piles are brittle and expensive, vinyl sheet piles are too soft, flexible, and inadequate to impact loads, and thus these nonmetallic sheet piles have not found Army applications.  On the other hand thermoplastic composite sheet piles will have stiffness, toughhess, and cost advantage.  The reason the thermoplastic composite will be cheaper is because the rate of thermoplastic composite production is several times higher than thermoset composites.  However, heavy duty Army deployable lightweight thermoplastic sheet piles are not yet available commericially.  This project aims to develop thermoplastic composite sheet piles that will be lighter, cheaper and rapidly deployable using lightweight vibrating hammer or waterjet techniques. 

DESCRIPTION:  Sheet piling involves driving specially profiled panels in ground either on a dry land or wet or submerged land.  It enables rapid construction of a wall which can isolate a toxically contaminated area, stops storm surges, protects shores from wave actions, or provides a simple barrier to facilities or structures near water.  A rapidly deployable Army needs very fast construction techniques for such waterfront structures.  Millions of dollars are spent each year for waterfront construction and protection by installing new sheet piles and replacing old corroded steel sheet piles.  Structural considerations lead to the decision on the wall type (cantilever vs. anchored type) and materials (heavy-gauge steel, light gauge steel, wood, concrete, polymer, or composite).  The designer must consider the speed, reliability and cost of the construction and structural integrity of the system.

PHASE I:  In Phase I functional requirements will be assessed and performance criteria developed.  Thermoplastic composition will be optimized, section profile designed and optimized using computer modeling, interlocking and stiffening systems incorporated, and 400 ft of prototypes fabricated.  The profiles will be mechanically tested and design optimized.  The protective application of sheet piles must address concerns about the integrity, durability, impact damage, construction speed, and allowable design of commercially available PVC sheet piles.

PHASE II:  Phase II will involve manufacture long sections by the pultrusion/extrusion process, feed materials optimized, temperature and pressure controls optimized for the highest production speed – several meters per minute.  The sections will then be installed in a waterfront area, driving and performance will be studied and demonstrated.  The prototype sections will be delivered.  A final report will be delivered.

PHASE III DUAL USE APPLICATIONS:  In this phase the system will be completely commercialized.  The Thermoplastic sheet piling system will be available to the Army and the government, it will also be made commercially available to the general public.
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A05-128 
TITLE: High Temperature Bushings for Tracked Vehicles 
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO GCS

OBJECTIVE:  Develop a high operational heat resistant and thermally stable bushing to meet the mobility and sustainability requirements of tracked vehicles operating on paved roads in a high temperature desert environment. 

DESCRIPTION:  High op tempos coupled with high op temperatures have caused a significant decrease in track bushing durability.  Recent advancements in material properties and bushing design have shown promising results.  Candidates will develop a material and/or bushing design with the goal of increasing bushing durability in a high temperature environment.  Material choices and bushing designs’ must be able to meet the combined radial and torsional loads of current track systems.  Bushings need to be stiff enough to control track dynamics, but still provide compliancy to dampen driveline loads and vibrations.

PHASE I: This phase will identify potential bushing designs and develop bushing materials that meet the stated performance requirements.  Conduct thermal and physical simulation and produce test specimens for lab testing as required.

PHASE II: This phase will include final design and material selection.  Production of lab qualification samples and fabrication of a full vehicle track set for on vehicle test and evaluation.

PHASE III DUAL USE APPLICATIONS: These advanced bushings will help the Army to meet the mobility and sustainability requirements for tracked vehicles in a high temperature region.  The automotive industry could apply this bushing to an engine mount.  The construction and heavy equipment industries can use these bushings on tracked vehicles for increased track durability.  

REFERENCES: 

1) “Evaluation of refined bushing compounds and designs”, Scott Bradley, Glen Simula, Michigan Technological University, March 2003

2) SUBJECT: “Track Shoe Sets, Track Shoe Assemblies, Track Shoe Pads and Track Shoe Bushings, Vehicular: Elastomerized”,Mil-dtl-11891G, 25 February 1998.

KEYWORDS: Bushing, elastomer, material, temperature, durability, mobility

A05-129 
TITLE: High Power Density, and Efficient on Board Auxiliary Power Generation System
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO GCS

OBJECTIVE:  The Army is interested in the development and demonstration of an on board auxiliary power or additional power generation systems in the 2-4KW range.  Innovative research is needed for integrating this power generation capability in the current military wheeled and tracked vehicles as well as future military vehicles.

DESCRIPTION:  The current on board auxiliary power systems present great challenges with their weight and volume, they need to be optimized for military vehicles applications, and additional power is needed to integrate FCS technology such as computers, radios, and Active Protection Systems(APS).  In order to meet the power requirement within the small available space in the vehicle, innovative approaches are needed to produce higher power density power generation units with operating temperatures of -40 to +65 degrees Celsius. 

The on board auxiliary power system must be capable of delivering 2–4 KW of continuous power and provide clean power for sensitive communication instruments.  In addition, the on board auxiliary power system must have its own protective system and operate at temperatures of -40 to +65 degrees Celsius. Also, this unit shall be suitable for military environments.

PHASE I:  Research and study a new approach to determine the technical feasibly of a new advanced on board  power generation system for military vehicles consisting of:  a compact, light weight Generator ( 4000-12000 rpm), and a Power Conditioning Unit (PCU).  The power generation system shall provide two DC voltage sources (24 Volt and 270 Volt) and an AC voltage source (120 Volt at 60 Hz), with selectable outputs.  This will demonstrate the flexible capability of providing high voltage DC or low voltage DC or AC voltage at the commonly used frequency.  The objective of the new light weight on board power system is to provide efficient, clean power for military electrical demands (both current and future), and meet the target performance parameters as stated above in the description section. 

PHASE II:  Using the results obtained from Phase I, the contractor shall design and build a prototype power generation system capable of delivering 2-4 KW with the required voltage outputs.  The contractor shall demonstrate and deliver the working prototype to the government for further evaluation. 

PHASE III DUAL USE APPLICATIONS:  Currently, on board auxiliary power units used in military and commercial vehicles are too large and heavy.  The existing design needs to be optimized to meet the power, volume and weight requirements of both commercial and military vehicles. 

REFERENCES: 

1) “All Electric Combat vehicles (AECV) For Future Applications, (RTO-TR-AVT-047), Power Generation and Distribution, July 2004. www.rta.nato.int
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A05-130 
TITLE: Development of Pre- and Post-Exposure Neural Protectants Against Organophosphorus (OP) Compounds Based on Novel and Specific Biochemical Markers of OP Exposure 
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Development of pre- and post-exposure neural protectants against organophosphorus (OP) compounds based on novel and specific biochemical markers of OP exposure. 

DESCRIPTION:  Extensive advances have been made in understanding the details of cellular signaling pathways that mediate responses to endogenous hormones and environmental stressors or toxicants.  However the relevance of these pathways in mediating the toxic effects of OP compounds is poorly understood.  For example, application of modern genetic techniques recently disclosed additional intracellular targets of OP exposure resulting from previously unidentified receptor activation by organophosphate compounds (Winrow et al., 2003).  This topic proposes development of site-specific treatments for OP exposure based on the identification of intracellular signaling pathways activated by OP compounds, including insecticides and pesticides and nerve agents. 

Identification of additional therapeutic targets is essential as OP compounds act rapidly (within minutes)to cause respiratory arrest.  This imposes a need for a rapid and appropriate treatment.  Additionally, aging, the term used to describe the process by which OP compounds bind irreversibly to the acetylcholinesterase enzyme, creates a special need for quick action as the binding renders oxime therapy, the current exposure treatment, much less effective.  These post-exposure problems also make development of next-generation pharmaceutical pretreatments, designed to limit the toxicity of an OP agent exposure, a necessity.  Available literature suggests that many of the identified sites for therapeutic intervention will overlap functionally with sites that are useful for post-exposure neural protection, making the concurrent evaluation of post-exposure biochemical markers a useful adjunct to evaluating pre-exposure intervention sites.  As an example, available research findings identify a limited number of pathways linked to G protein-coupled receptor and ionotropic receptor activation as responsive to most known neurotransmitters. Since some nerve agent exposure (i.e. sarin) leads to release of a well-characterized series of neurotransmitters such as dopamine and glutamate and the signaling pathways and markers within these pathways are reasonably understood by the general scientific community, exploiting this recent knowledge should permit development of pre- and post-OP exposure treatments that are likely to offer equal or better protection than current treatment strategies and will, by their precise intervention targets, permit this protection with fewer diffuse deleterious side-effects. It is likely that current technology will favor protein analysis since identified molecular changes can then be more readily exploited into small molecule therapeutics.

PHASE I:  In Phase I, a determination of appropriate signaling pathways and specific test compounds will be made: this involves compilation of existing scientific data about OP effects on known signaling pathways and determination of reasonable reporters to indicate alteration in activation of these paths on OP exposure: numerous mammalian and non-mammalian test systems are available due to recent research in genetic control of specific signaling pathways in diverse organisms.  An evaluation of available mammalian and non-mammalian systems will be completed to determine the most appropriate means of selecting candidate reporters and pathways.  Conclusion of Phase I will provide one or more methodological solutions to determining control points in one or more specific signaling pathways; that is, at the end of this phase, one or more specific prototype methodologies will be produced for examination of specifically identified pathways and one or more specific biochemical reporters of OP exposure specific to these pathways will be identified.

PHASE II:  In Phase II a pilot study will explore the neural signaling pathways, identified in Phase I and using techniques and methodology tailored for this purpose in phase I, that are activated by OP compounds.  The pilot study will be used to clarify and evaluate associated, OP-stimulated biochemical changes in relevant pathways.  Specific points in the signal transduction pathways altered by OP exposure will be tested to determine whether a minimum of three classes of OP compounds produce similar alterations in the signaling pathways.  A literature search to determine the availability of existing compounds for intervention at the identified points in the signaling pathway will be made and using the biochemical information developed in the initial part of this phase, additional compounds will be identified.  Compounds will be tested in non-mammalian systems identified in Phase I and, if time is available, in mammalian systems to provide an initial evaluation of the efficacy and safety of systemically administered drugs for protection from exposure to OP agents or that reverse aberrant biochemical changes produced by OP exposure.  The end of Phase II will provide one or more specific compounds, that show initial efficacy and safety in an in vivo test system, that are useful for protection from exposure to one or more classes of OP agents, or that reverse aberrant biochemical changes produced by OP exposure.

PHASE III:  A determination will be made as to whether changes associated with specific OP exposures are applicable across additional classes of OP compounds and whether there are changes that are unique to high level, low level, acute or chronic exposure.  Additional work in Phase III, if time and funds permit, will involve altering the formulation for identified compounds for particular indications or optimizing identified compound structure to produce greater efficacy.  Intervention methodology and specific compounds identified in Phase II will be evaluated for patenting and for initiating clinical trials, possibly in collaboration with pharmaceutical and/or biotechnology companies.  Compounds identified and optimized for specific biochemical intervention points will be useful in providing protection pre- or post-exposure to civilian workers in agricultural and industrial fields, where poisoning by OP compounds is a source of concern, as well as to military and homeland defense agencies as protectants against nerve agents and chemical terrorism.  The intervention points identified should also be of value in civilian and military medical practice as a basis for construction of therapeutic strategies to treat congenital or degenerative conditions where cholinergic function or acetylcholinesterase activity is compromised.  And, the identified intervention points (and therapeutics designed to up or down regulate the pathways at these point) should be useful in treating cognitive deficits that accompany Alzheimer’s disease (where chosen intervention points would impact the cholinergic system) and schizophrenia (where there is an compensatory impact on dopamine and serotonin neurotransmitter systems).

REFERENCES:
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A05-131 
TITLE: Chemical Casualty Care:  Wound Dressings Designed to Speed Wound Closure Following Debridement of Cutaneous Vesicant Injuries
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Design and manufacture a wound dressing that can be placed over vesicant burns that have been debrided of damaged tissue, to greatly enhance the rate of wound closure.  Such a dressing should be capable of absorbing wound fluids (exudates), speed up the rate of re-epithelialization that one would expect in a moist wound healing environment (e.g., contain embedded growth factors and factors to control protein dissolving enzymes), require few dressing changes (e.g., can be left in place for up to 7 days), provide antibacterial action, deliver nutritive substances, have a long shelf life (e.g., 1 year), and not require special storage conditions (e.g., freezing).  

DESCRIPTION:  Chemical warfare agents such as sulfur mustard and Lewisite induce blistering skin injuries which can vary in severity between second degree and third degree.  These injuries can take several months to heal, necessitate lengthy hospitalizations, and result in significant cosmetic and/or functional deficits.  There are currently no standardized or optimized methods of casualty management that prevent or minimize deficits and provide for speedy wound healing.  Recent advances have been made in improving the healing of these skin injuries using a variety of techniques to debride (remove) damaged tissue, including the use of medical lasers.  Following debridement of deep injuries (third degree), skin grafting is required.  Following debridement of more superficial injuries (second degree), the cleansed wounds need to be covered with a dressing that will minimize wound contraction and scar tissue formation, and promote ingrowth of new skin cells (keratinocytes) to cover the wound in a process known as re-epithelialization.  The increased speed of wound healing afforded by debridement can be further improved through the use of an appropriate wound dressing that can provide a moist wound healing environment, absorb moderate amounts of wound fluids (exudates), provide antibacterial action, control the action of protein dissolving enzymes (proteases), and deliver nutritive substances and growth factors.  A variety dressings are commercially available for the healing of burns and chronic ulcers, including engineered skin substitutes, hydrocolloids, hydrogels, foam dressings, alginates, and transparent film dressings.  Many of these dressings not only provide a moist wound healing environment, but also absorb wound exudates.  Other dressings, such as those that deliver silver ions to the wound, are designed to provide antibacterial action.  Many wound healing dressings require frequent changes, thereby inflicting added burden on the medical logistical system.  Similarly, additions of various growth factors, antiproteases, and nutritive substances have been shown to be beneficial when added to the wound bed.  There is a need for a product which can be used to treat chemical casualties that combine the features of several of these products.  The current effort would use existing technology or products to develop a single, new dressing with all of these features.  This is expected to be technically challenging, and will require innovative and creative approaches to meet the technical goals.  For use in battlefield scenarios and upper echelon medical facilities, such a product should have a long shelf life (e.g., 1 year), and not require special storage conditions (e.g., freezing).  The aim of this current effort is to design a wound dressing that will return damaged skin to optimal appearance and normal function in the shortest time.  Improved treatment will result in a better cosmetic and functional outcome for the patient, and a speedier return to duty, thereby decreasing medical logistical burden, sustaining operational tempo, and deterring use by enemy forces. 

PHASE I:  Develop overall design of wound dressing, with preliminary in vitro or in vivo proof-of-concept experiments showing promising results.

PHASE II: Develop and demonstrate efficacy of a prototype wound dressing.  Conduct in-depth testing in an appropriate animal wound healing model, comparing prototype dressing with a standard moisture-retentive dressing.

PHASE III DUAL USE APPLICATIONS:  This wound dressing could be used in a broad range of military and civilian medical settings.  Dressing would benefit military and civilian patients suffering from vesicant burns, thermal burns, and chronic skin ulcers such as decubitus ulcers, venous stasis ulcers, arterial insufficiency ulcers, and diabetic foot ulcers.
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A05-132 
TITLE: Advanced Air Target Track Fusion Processing of Data from Multiple Distributed Sensors
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Design Construct and test new or improved innovative processing methods for fusion track and classification processing of air tracks.  Substantially improved fusion track processing methods are sought to deal with challenging or anomalous conditions of the measurement (or track) data used as input to fusion track processing.

DESCRIPTION:  The substantial improvements in processors capability now makes it practical to implement advanced algorithms that require more complex processing than is in current operational systems.  Improvements are sought in network centric tracking performance while not substantially increasing the communications loads.  Of particular concern is to achieve a single integrated air picture (SIAP), i.e., all participating blue forces working from virtually identical information (including track numbers) on all targets and objects of interest in real-time.  (This consistency of target track information across all sensor and processing platforms facilitates efficient coordination of resources across all platforms.)  

Some air target track processing methods and related algorithms of interest are those that reduce the number of degraded, redundant, and spurious fusion tracks and fusion tracks that switch targets; that can accommodate modified or new target designs or target model mismatches; and improvement of track accuracy and the quality of processed features and attributes at the output of the fusion track processing.  Employment of very useful measurement data that occurs infrequently, improved processing methods to deal with unresolved closely spaced objects, and methods to estimate whether a track has become corrupted or switched targets is also desired.  Related processing intensive functions of interest includes measurement bias estimation and methods for deciding what is the more critical data that should be distributed when the available data exceeds the communications capacity on some or all links.  

PHASE I:  Conduct research, simulations, and analysis as needed to show the feasibility of algorithms for improved target tracking in sensor data fusion with data from distributed, legacy-sensor platforms.  Develop a demonstration or proof-of-concept of performance improvement, reduction in communications load, and/or improvement in operator working conditions based on pertinent proposed evaluation metrics using a Monte Carlo simulation environment. 

PHASE II:  Develop and evaluate a working prototype of the proposed algorithms for target track and/or classification fusion processing with data from distributed, legacy-sensor platforms.  Build the algorithms in MATLAB (or other appropriate code) and identify performance evaluation metrics.  Evaluation of fusion algorithm performance will be conducted using the IAMD Benchmark (a Monte Carlo simulation environment, the development of which will be complete March 05, for evaluating network centric algorithms and processing methods).  The air defense scenarios in the IAMD Benchmark include targets with abrupt maneuvers, unresolved closely spaced objects, and conditions conducive to data misassociation and document results.  

PHASE III:  Commercialization and transition/transfer of developed products to the military and commercial markets.  This includes conversion to compiled C++, or other languages appropriate for run-time improvements field-testing.

PHASE III DUAL USE APPLICATIONS:  The improvements provided by this technology should be useful in air traffic control systems, in network security intrusion detection, the national weather service, physical security systems, homeland security, medical applications, robotics, etc.
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A05-133 
TITLE: Object Oriented Repository for the Management of Systems, Software, and Modeling and Simulation Data Structures
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  Develop an efficient, robust object oriented repository with a flexible schema for the storage and analysis of Systems Engineering, Software Engineering, and Modeling and Simulation data.  While this the proposed developed will have wide and varied use, the specific concern is to develop a repository for the Integrated Architecture Behavior Model (IABM) that will enable a Joint common combatant view of the aerospace (Single Integrated Air Picture). The IABM is a Joint Service initiative under development by the Joint Single Integrated Air Picture System Engineering Organziation (JSSEO).

DESCRIPTION:  The disciplines of Systems Engineering, Software Engineering, and Modeling and Simulation are making more use of object oriented models in their development.  The creation of object oriented models allows more validation and analysis to be performed up front prior to the costly stage of implementation.  This has the potential to cut lifecycle costs by reducing development time, and reducing maintenance costs by improving the initial quality of the system, software, or simulation being developed.  These models however, do not lend themselves to representation in a relational database.  Also, as systems of systems become larger the models that represent them become larger as well.  The need exists for an efficient Object Oriented Engineering Repository that can handle arbitrarily large numbers of (e.g. 109) objects while preserving representation of the complexity of an Object Oriented data structure, which includes inheritance and polymorphism, requires a complex series of inner joins in the relational database that prevents easy schema modification.  In such a repository access of a single Object or a group of objects should occur in less that a second and object creation time should not increase as the size of the repository increases.  In order to service the needs of the IABM, this repsitory must possess a number of novel characteristics.  It must store a variety of defining characteristics becyond simple kinematic information, e.g., radar, radio and altimeter signatures, ooptical signatures in both the visible and non-visible spectrums, and affliation designations.  In addition, the repository must be abel to maintain an archive so that "very late" data can be attached to object representations.  These capabilities do not exists in current database technologies.

The repository schema should also be flexible to allow for customizations to take place from within a given domain.  The schema should enable automated or semi-automated completeness verifications on the Objects represented.  For example, when UML Class Models are created for the purpose of software engineering, they should be related to relevant behavioral models, functional models, architectural elements, generated source code, documentation, test plans, and requirements.  The Object Oriented Repository should provide a way to indicate when an object is not completely specified in a given context..  For example, a system function may require that it be traced back to a requirement.  If the function does not have a requirement, then that should trigger an alert of some kind that informs someone that the function’s specification needs to be completed.  The interface should indicate which elements are not complete (e.g. the Requirement satisfied by the Function), and provide a list of possible candidates (e.g. the list of available Requirements in the repository) for relationship generation.  

PHASE I:  Develop the requirement specification of the Object Oriented Repository.  The specification should include the performance requirements described above (i.e. handle millions of Objects efficiently), and the description of the flexible schema.  It should also identify candidate technology to be used for implementing the repository and mechanisms for creating/deleting/modifying the repository data.

PHASE II:  Develop a full-scale prototype of the Object Oriented Repository that fits the specification developed in Phase I.  

PHASE III DUAL USE APPLICATIONS:  Implement and operate the Object Oriented Repository for a specified acquisition programs and private sector large scale engineering projects.  The development of an efficient, flexible Object Oriented Repository is expected to have a wide impact on a number of commercial applications including the areas of Information Systems, Data Mining, Search engine development, as well as Modeling and Simulation, commercial Systems and Software Engineering.  

REFERENCES: 

1) Franklin, S., “Object Oriented Databases Are Worth a Closer Look”, http://www.devx.com/dbzone/articles/sf0601/sf0601-1.asp. 

2)  Habela, P., “Metamodel for Object-Oriented Database Management Systems” Ph.D. Thesis Submitted to the Scientific Council of the Institute of Computer Science, Polish Academy of Sciences, Warsaw, November 2002

3) Buessow, R., Grieskamp, W., Heicking, W., and Harrman, S., “An Open Environment for the Integration of Heterogeneous Modelling Techniques and Tools”  Technische Universitaet Berlin, Institut fuer Kommunikaetions- und Softwaeretechnik, FR. 5-6, Franklinsrt, 28/92, D-10587 Berlin. 

KEYWORDS: repository, object-oriented, schema, model, data structures, software engineering, system engineering, modeling and simulation

A05-134 
TITLE: Development of a Novel, Less Toxic Replacement For Monomethyl Hydrazine
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Air Space and Missile Defense

OBJECTIVE:  Develop an alternative liquid fuel that has higher energy and density and lower vapor pressure and ignition delay than MonoMethyl Hydrazine (MMH) and is not carcinogenic and much less toxic.

DESCRIPTION:  Gelled propellants have significant safety and handling advantages over liquid propellants due to their physical properties while maintaining the ability of liquids to throttle and turn on and off.  Tandem propellant tanks containing gelled fuel and oxidizer gels have passed bullet impact, fast cook-off, slow cook-off, and shaped charge jet Insensitive Munition (IM) tests.  Currently, all fuel gel formulations are based on MMH as the liquid phase.  MMH is a suspected carcinogen and has very low exposure limits.  This increases the potential hazards during manufacture, transportation, and storage of missiles containing MMH-based fuels.  A fuel gel formulation containing a less toxic, non-carcinogenic fuel will greatly reduce the complexity and cost of missiles containing a gel propulsion system.  

PHASE I:  Using molecular modeling and/or other similar techniques, existing and novel candidate fuels will be identified.  Properties of the candidates, such as heat of formation, density, and vapor pressure will be determined, measured, or predicted.  A methodology will be developed to rank the candidates and qualify them for Phase II.

PHASE II:  Sufficient quantities of at least three candidate alternatives will be purchased or synthesized for subsequent testing.  A standard ignition delay method will be used to screen candidate fuels on a small scale using Inhibited Red Fuming Nitric Acid (IRFNA) as the oxidizer.  Promising candidate fuels will be combusted with IRFNA in a liquid rocket engine to determine ignition delay and determine the affect of mixture ratio on performance (thrust and specific impulse).  The results of these tests will be used to down-select to one candidate.  This candidate will be formulated into a fuel gel and the same engine tests will be performed using IRFNA gelled with 4.5% fumed silica.  

PHASE III DUAL-USE APPLICATIONS:  Gel bi-propulsion systems can be used by the National Aeronautical and Space Administration (NASA) for launch vehicles, spacecraft, and satellites.  They are applicable for simple boosters as well as where variable thrust is required.  The lower toxicity fuel and the increased safety of gels decrease the hazards of manned space flights and ground operations.  For instance, a single engine could be used for changing from low to high earth orbit, as well as precision positioning of the satellite for operational purposes, such as detecting leaking dams or mapping crop infestations.  Gel propulsion can also be used in  Air Force, Navy, and Missile Defense Agency applications.  
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6) The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation,
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A05-135 
TITLE: Extension to Estimation Theory for Fast Hit-to-Kill Interceptors
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO C3T

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Extend and demonstrate estimation theory to accommodate interceptor command guidance corrections for short time-of-flight engagement of rockets, artillery and mortar targets.

DESCRIPTION:  Hostile fire from rudimentary mortar weapons has historically been the greatest cause U.S. causalities and is currently a significant killer in Iraq.  These enemy mortar engagements are very short in time and are, therefore, difficult to defeat.  The Chief of Staff of the Army has emphasis that the enemy mortar threat must be negated.   Fast response, high velocity, gun-launched interceptors with lethal penatrator projectiles have the capability to destroy the enemy mortar in flight before impacting its intended target.  This approach results in the firing of hundreds of unguided interceptors (bullets) to defeat a single enemy mortar with the potential of producing significant collateral damage.  A more cost-effective approach that will significantly reduce the collateral damage is to develop simple guidance techniques to control interception of an enemy mortar with the firing of only a few guided gun-launched interceptors (guided bullets) instead of the 300 plus unguided interceptors currently fired to defeat a mortar in flight.  A low-cost, command-guided approach is being studied to provide course correction to the gun-launched interceptor during its one second time of flight.  The guidance commands will be generated by fire control radar and associated algorithms and up-linked to the guided bullet in flight. The quality of this simple guidance is dependent on mortar trajectory estimation from a noisy radar signal in order to compute a fire control intercept point and provide the simple guidance commands.  Current Kalman Filtering estimation techniques do not have provisions to account for known events that occur during command guidance and are found to be inadequate for more than one course correction because the filter settling time is too long for the short engagement.  Our simulations are indicating that the intercept accuracy decreases for multiple guidance commands in lieu of a single guidance command.  This is because the Kalman Filter has not had adequate time to “settle out”.  It is anticipated that some technique can be employed to provide known information to the fire control and the guided interceptor to simplify the Kalman Filtering and allow for multiple guidance commands thereby increasing the intercept accuracy.   An extension to current estimation theory or a new approach is desired to accommodate command guidance corrections in short time-of-flight counter-mortar engagements that are disrupted by guidance corrections using current estimation techniques.

PHASE I:  Develop an extension to current estimation techniques or a new estimation method to compute a fire control intercept point and short time-of-flight command guidance signals for of a high velocity hit-to-kill interceptor and analytically quantify the proposed improvement. 

PHASE II:  Demonstrate the improved estimation technique on a short time-of-flight, command guided, high velocity, hit-to-kill interceptor problem provided by the government through a high fidelity simulation.

PHASE III DUAL USE APPLICATIONS:  These estimation algorithms would be useful for a multitude of applications where estimators are used to include state observers, navigation, tracking, and guidance and has a very wide potential for commercial applications where noisy signals occur – for example, improved GPS navigation.
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A05-136 
TITLE: Hardware-Based Anti-Tamper Techniques
TECHNOLOGY AREAS: Materials/Processes, Electronics

ACQUISITION PROGRAM: PEO Tactical Missiles 

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Design and implement new hardware anti-tamper (AT) techniques that can be employed to delay or make economically infeasible the reverse engineering or compromise of U.S. developed technologies utilized in U.S. Army weapon systems.

DESCRIPTION:  All U.S. Army Program Executive Offices (PEOs) and Program Managers (PMs) are now charged with executing Army and Department of Defense (DoD) anti-tamper policies in the design and implementation of their systems to afford maximum protection of U.S. technologies, thus providing maximum protection against them being obtained and utilized and/or exploited by foreign adversaries.  One area of vulnerability is in the electronics of the weapon system, where there are many critical technologies that can be compromised.  Techniques are now emerging to begin to try to combat this loss of the U.S. technological advantage, but further advances are necessary to provide useful toolsets to the U.S. Army PEOs and PMs for employment in their systems.  As AT is a relatively new area of concern, the development of AT techniques is in a somewhat immature state and new ideas are always needed.  This effort will focus on identifying new hardware design and protection techniques and technologies that will delay reverse engineering and exploitation, slowing an adversary as much as possible in compromising U.S. technologies when they fall under their control.  To date, much Government and industry effort has focused on passive board/chip coatings and self-destruct concepts, but as the U.S. Army and DoD AT organizations have evaluated them, the effectiveness and PEO and PM acceptance of these types of techniques has been limited.  Other concepts that have been assessed by the AT community include manufacturing processes, obfuscation, encryption, active coatings, volume protection and other such techniques, and these and others would certainly be valid areas for further study.  It should also be noted that the use of off-the-shelf components in a system can seriously compromise an AT design due to the ready availability of open-source documentation.  The effort should therefore focus on denying an adversary access to enough information to begin such a data search.  The technologies/techniques developed should inhibit an adversary’s exploitation and/or reverse engineering effort to a point where it will require a significant resource investment to compromise, allowing the U.S. time to advance its own technology or otherwise mitigate the loss.  As a result, the U.S. Army can continue to maintain a technological edge in support of its warfighters.

PHASE I:  The contractor will design and analyze the effectiveness of new and innovative anti-tamper techniques/technologies to protect weapon system critical components.  The focus should be on denying an adversary access to details about radio frequency electronics such as solid-state transmitters, receivers, oscillators, and monolithic microwave integrated circuits (MMICs), or digital components such as analog-to-digital (A/D) converters, application specific integrated circuits (ASICs), and field programmable gate arrays (FPGAs).

PHASE II:  Based on the Phase I effort, the contractor shall further develop and incorporate the hardware anti-tamper techniques/technologies into a prototype.  A required Phase II deliverable shall be a prototype of the anti-tampered hardware module(s), along with documentation of the hardware AT technique, to allow for Government assessment of the techniques in preventing compromise of critical software.

PHASE III DUAL USE APPLICATIONS:  The U.S. faces both military and economic threats to its technological advantage, thus providing good potential for an offeror to commercialize a successful Phase II effort.  The intent of the Phase III effort will be to take the Phase II product and secure non-SBIR funding, Government or private sector, to develop it into a viable product.  If accomplished, the product should have ready customers throughout the weapons system, electronics, aviation, space and other such markets for inclusion in technology protection applications for products developed for the U.S. military.
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A05-137 
TITLE: Long Term Missile Aging Reliability Prediction for Lead-Free Solder Interconnects
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Tactical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The objective of this SBIR topic is to develop a reliability analysis/prediction tool for long-term missile aging of lead-free solder joints, based on existing finite-element model code developed by Sandia National Laboratories.

DESCRIPTION:  Technical Coordinating Group for Predictive Materials Aging and Reliability (TCG XIV) was developed and is supported by Department of Defense (DOD) and Department of Energy (DOE).  The objective of TCG XIV is to develop a toolset of computational models that are able to quantitatively predict materials aging processes for improving the long-term reliability of weapons systems, sub-assemblies, and/or components.  TCG XIV supports investigations to improve the understanding of materials degradation in weapons systems in order to develop computational models that can simulate materials aging mechanisms.  These models will enhance our ability to determine, quantitatively, the reliability of fielded hardware.  The advantages to having methodologies that can more accurately quantify the useful lifetimes of weapons and their components include a more efficient management of existing resources and effective planning for replacement designs and hardware.  This project integrates experimental observations and characterizations with materials modeling and simulation towards the goal of developing computational tools with which to predict future performance and reliability of weapon systems.

This topic will focus specifically on long-term aging and reliability of lead-free solder interconnects for United States Army missiles.  Solder interconnections are susceptible to degradation from fatigue and interface reaction mechanisms.  As part of the TCG XIV efforts, Sandia National Laboratories has undertaken the scientific investigation necessary to understand and model the response of lead-free solder joints over long periods of time.  The result will be a computational code that models the response of lead-free solder interconnects, given the solder joint configuration, the materials set, and time-temperature history. The solder joint should be reliable, meaning no damage propagation, material degradation, or failures are noted. Any indication of damage or degradation will deem the solder joint unreliable. The Sandia code is not completed at this time, but will be available before the start of Phase I. The code will be validated by Sandia using experimental data and model data prior to completion. The software is being developed by modifying the ANSYS commercial package with a new constitutive equation relevant to the lead-free solder. 

Although the Sandia code provides the scientific underpinning of the lead-free solder joint response, it does not provide standard reliability outputs per se.  The purpose of this SBIR is to develop a reliability prediction tool, based on the Sandia code, which provides reliability analysis and prediction in a user-friendly fashion for the missile reliability engineer. 

During the proposal phase, all information concerning the computational model will be provided by the United States Army Aviation and Missile Research, Development and Engineering Center.  Contractors shall not interface with Sandia National Laboratories during the proposal phase. After contract award, contractors may interface with Sandia National Laboratories to a limited extent for necessary technical interchange.

PHASE I:  The contractor shall perform a feasibility study and identify the tasks and/or risk involved to develop a reliability prediction tool based on the Sandia computational model.  One copy of the Sandia computation model will be provided to the contractor.  The contractor must furnish a suitable computer platform (i.e. standard workstation).  The contractor shall address two primary modes of operation:  1) reliability analysis based on actual environmental history; and 2) reliability prediction based on “what if” scenarios for future missile environment.  The contractor shall identify the necessary data inputs, such as solder joint configuration, temperature readings, missile storage history, etc., for the tool.  The contractor shall identify how the tool will input the necessary data in a user-friendly manner and convert it for use by the underlying computational model. The contractor shall identify appropriate reliability outputs, such as reliability parameter estimates with 95% confidence interval.  The contractor may develop mock-ups of input/output screens during Phase I.  Graphical outputs should be considered in addition to numerical outputs.

PHASE II:  The contractor shall develop a usable reliability prediction tool suitable for United States Army missile reliability analysis, based on the Sandia computational model.  The tool shall implement the features described in Phase I and shall operate on a standard workstation.  The tool must be tested and validated in a formal manner with appropriate documentation.  The delivered tool shall include any necessary operating system software and any other software necessary to the operation of the tool, but shall not include the workstation itself.  The contractor shall deliver one copy of all source code for the tool.  The contractor shall deliver one copy of an installable executable of the tool.  The contractor shall also deliver a user manual and any other documentation necessary to understand how to use the tool.

PHASE III DUAL USE APPLICATIONS:  The contractor shall develop a commercial version of the reliability prediction tool for lead-free solder interconnect reliability.  Due to environmental concerns, nearly all electronics-based products are moving to lead-free solder.  One specific area this would impact is the Joint Common Missile.  This tool would be suitable for nearly any commercial electronics product.  The commercial version could also include complementary training and tutorial modules to enhance the value of the tool.
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A05-138 
TITLE: Near Net Shape Forming of AlON or Spinel
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Tactical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The goal of this SBIR is to demonstrate near net shape casting or molding of optically transparent AlON or Spinel and a path for transitioning that process to production.

DESCRIPTION:  Aluminum Oxynitride (AlON) and Magnesium Aluminate Spinel (Spinel) are two infrared optical ceramics receiving considerable attention for military applications.  Potential applications include both missile domes and sensor pods windows.  One such application is the Joint Common Missile (JCM) seeker dome.  Typically, these components are formed from a combination of pressing and sintering techniques.  Missile domes, for example, are made with a Cold Isostatic Pressing (CIP) followed by sintering process.  These techniques are expensive to start with and result in parts needing extensive fabrication (grinding) after forming.  The generating steps are also expensive and result in material waste.  A far more cost effective method with potentially higher yields would be to cast or mold near net shape parts.  Casting or molding would require much less starting material, need less material removed during fabrication, and eliminate steps in powder preparation.  Casting or molding would also be very useful for conformal optical shapes such as tangent ogive domes.  

PHASE I:  Demonstrate near net shape casting or molding of a 3” diameter or larger hemisphere AlON or spinel.  The resulting hemisphere must be optically transparent with transmission characteristics equal to parts formed by the current CIP/sinter process.  Evidence should also be provided that the technique is scaleable and that production costs would be lower than the current approaches.

PHASE II:  Demonstrate near net shape casting or molding of a JCM sized (7” diameter) hemisphere in AlON or spinel.  The resulting hemisphere must be optically transparent with transmission characteristics equal to parts formed by the current CIP/sinter process.  Evidence should also be provided that the technique is scaleable to full scale production rates and that production costs would be lower than the current approaches.

PHASE III DUAL USE APPLICATIONS:  Near net shape forming by casting or molding of optically transparent ceramics would be useful for a variety of military seeker and sensor systems as well as commercial applications such as point of sale scanner windows.

REFERENCES:
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A05-139 
TITLE: Development of a Coupled Environment Code for Design Optimization of Missile Radomes
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  The objective of this topic is to develop a validated design & analysis software package that couples important engineering disciplines for the rapid design and optimization of high-performance, low-cost, missile radomes.  The current decoupled design methodologies employed today require multiple iterations through various engineering disciplines thereby stretching out design times and increasing system costs.  Current radome designs cost tens of thousands of dollars per unit. Significant test and evaluation efforts must be conducted to ensure development of an optimum design.  These test efforts generally require fabrication of multiple designs for ground aerothermal and structural evaluation prior to arriving at a final design.  It is expected that this radome optimization design tool would potentially decrease system component acquisition costs by more than 50% through reduction of design and analysis time and iterative test and evaluation efforts. 

This task promises to provide a significant opportunity for future missile systems to greatly decrease missile component costs while simultaneously increasing missile performance and versatility.  This opportunity can be realized by linking aerothermodynamic boundary condition prediction methods (including weather) with thermal/structural and electrical response algorithms.  An optimization routine can then be used to rapidly assess and rank any set of design constraints.  As a result of this task, the Army will be able to rapidly generate optimized radome solutions to any set of performance, environment, and schedule parameters at a fraction of the cost of today’s systems.

DESCRIPTION:  An optimization routine will form the highest-level of the software architecture so that thousands of hands-free trade studies can be performed in order to assess the most optimal design for the problem at hand.  The user interface should incorporate a Graphical User Interface (GUI) for ease of use.  The lower-tier algorithms need to be able to assess the radome material (thermal and structural) and electrical responses to a given aerothermodynamic environment. This methodology would enable trades to be made on radome shape, material type, wall thickness, electrical performance, and drag in order to produce an optimal design for a given set of performance requirements across all engineering disciplines.  Additional opportunities exist in the analysis and assessment of rain erosion effects on electrical performance.  The software needs to run on personal computers running Microsoft operating systems.

PHASE I:  The focus of the Phase I effort is to develop a software hierarchy as to what methodologies, codes, or techniques will be used to deliver the radome analysis and optimization software.  The elements that must be present in the software include: material selection, thermal response, material stress, electrical performance, rain erosion effects, and missile drag calculations for generic radome shapes and missile trajectories.  The elements identified can be either new or existing analytic tools or methods. This effort will also identify any software that needs to be upgraded or modified to accomplish the goals of the Phase II program.  The GUI layout and preliminary functionality must be demonstrated.  A parametric study should be performed to rank the various approaches investigated based on computation time, prediction accuracy, level of validation, and ease of use. 

PHASE II:  The Phase II effort will provide a completed and integrated radome software package enabling pre- and post-processing, analysis, and optimization of missile radome shapes.  The code shall be fully checked and benchmarked with the results presented.  A full set of user documentation shall be provided which will enable end users to fully utilize the capabilities of the software.  The checkout cases utilized in validating the software during the Phase I and Phase II efforts will be detailed.  The source code for the software package will be a deliverable at the end of the Phase II effort.

PHASE III DUAL USE APPLICATION:  The Phase III use for this topic exists in enabling both Government and major system integrators to produce superior performance radomes at minimal costs.  The completed software package could be marketed as an enabling technology to perform rapid system trade studies that cannot be performed now due to cost and schedule constraints.  Additional applicability exists in the ability to design subsonic windows and radome systems for commercial applications.  Phase III efforts also exist for developing an infrared window and dome optimization capability as an extension of the radome design tool.
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A05-140 
TITLE: High Temperature Packaging Technology for Semiconductors
TECHNOLOGY AREAS: Materials/Processes, Electronics

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  Develop electronic device packaging technology to leverage recent advances in high temperature wide band-gap semiconductor materials, such as silicon carbide, that can operate above 300° C. 

DESCRIPTION:  This project will develop processes and materials for packaging semiconductor devices, including transistors, diodes, and radio frequency amplifiers, capable of high temperature operation.  A major limitation to fully realizing the potential of these semiconductor materials in military and commercial systems is the lack of qualified packaging systems above 250° C.  This new packaging technology will allow reliable operation for package case temperatures exceeding 300° C that will enable potential solutions for higher efficiency power conversion, higher radio frequency (RF) power, and high temperature operation requiring less system cooling capacity, and corresponding decrease in system weight and power use.  These capabilities can translate into increased missile radar transmit times, and decreased weight and improved efficiency of power conversion units (DC/DC and AC/DC), such as those used for ground radar generators.  This project will demonstrate the capability to manufacture and qualify devices, such as transistors, diodes, and RF amplifiers, in packages for military and other applications requiring high reliability and operation under a wide range of environmental conditions.

PHASE I:  Identify semiconductor materials and device technologies most useful for high temperature applications, and select particular devices types for package development that support power conversion circuits, such as transistors, diodes, and control integrated circuits, and RF amplifiers.  Perform initial testing to aid in material and assembly processes selection for Phase II.

PHASE II:  Assemble selected device types (e.g., transistors, diodes, integrated circuits for power conversion control, and RF amplifiers) in appropriate package technologies for integration into higher assemblies that will function reliably at over 300° C, and develop appropriate accelerated tests to confirm long-term reliability for both electric power conversion and radio frequency applications.  Perform reliability assessment tests to characterize capability of the devices to operate at over 300°C and down to -55° C.

PHASE III DUAL USE APPLICATION:  Perform qualification testing for various intended applications. On-engine controls, such as automotive under-hood, will present many near-term opportunities for commercialization, in addition to power conversion products.  Radio frequency applications will present more opportunities in the future with the extension of capability of high temperature semiconductor integrated circuits, such as power amplifiers, at these frequencies.
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A05-141 
TITLE: Feature Based Sensor Fusion Using Evolutionary Algorithms 
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Tactical Missiles 

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Develop a method(s) for detecting, segmenting, and identifying manmade objects from background terrain from sensor fused data for missile applications using Evolutionary Algorithms (EA).

DESCRIPTION:  As the number of tactical sensors increase in the future battlefield (on both weapons and weapons platforms), there will be an opportunity to make real time use of images of the same scene from different sensor types including TV, Infrared, and Laser Radar (Ladar) systems.  Automatic methods of processing this sensor information to extract targeting and intelligence information will be needed to aid human operators and to deal with the potentially large volume of sensor information.  The automatic fusion of TV, Infrared, and Ladar targeting data must account for images taken at different ranges, aspects and resolutions.  

Evolutionary Algorithms are the common term used for algorithms based on principles of nature (evolution, genetic).  Evolutionary Algorithms contain genetic algorithms, evolution strategies, evolutionary programming and genetic programming.  Evolutionary Algorithms (EA), loosely based on the biological evolutionary process, are able to develop a wide variety of target acquisition algorithms based on examples of correct answers in training data sets.  Specifically, EAs offer great potential in developing fusion algorithms at both the pixel to pixel level (when image registration is possible) and at the feature level (where only correlation of objects in a scene is possible) because they can identify unknown correlations and relationships between features extracted from the images from the different sensors.  For example, EAs can develop detection and identification algorithms that use a feature vector, which includes features separately extracted from Forward- Looking Infrared (FLIR), Ladar, and TV images.  Furthermore, sensor fusion at the feature level need not be limited to Electro-Optical imaging sensors.  Real Aperture Radar (RAR) and Synthetic Aperture Radar (SAR) targeting or reconnaissance data yield target classification features that can be included in the fused feature vector.

PHASE I:  Identify battlefield sensors that are candidates for a real time fusion application and determine what data is available or could reasonably be made available to demonstrate an EA fusion algorithm.  Develop a sensor fusion design and sensor fusion feature set based on existing target detection and identification systems for these sensors or new targeting algorithms (developed by EAs).  

PHASE II:  Develop and demonstrate an EA based automatic sensor fusion algorithm for FLIR, TV and Ladar sensors (as a minimum) to detect and identify tactical targets.  A combination of measured and synthetic image data would be used as necessary to obtain the necessary images from all three sensors for the same scenes.  Performance of the fused algorithm would be compared to performance of algorithms operating on a single sensor.

PHASE III DUAL USE APPLICATIONS:  Applications of the developed EA sensor fusion technology include military tactical fire control and intelligence systems, homeland security systems, and commercial security systems where multiple sensor systems are employed.
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A05-142 
TITLE: Development of an Ultra-Fast Optical Beam Scanner for Tactical Laser Radar (LADAR) Seeker
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Tactical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The objective of this effort is to develop an ultra-fast speed optical beam scanner for a tactical laser radar (LADAR) seeker.  The major technical requirements for this scanner include:  1) high scanning speed (up to ns range), 2) low driving voltage (less than 15 V), 3) wide scanning angle +/- 45 deg, 4) high light efficiency, and 5) compact size and high light efficiency.  This unique ultra-fast beam scanner will be a key component in a high speed tactical LADAR seeker, which can help a flying missile find and track a fast moving target.

DESCRIPTION:  An optical beam scanner is an indispensable device for the missile LADAR seeker.  In recent years, several types of optical beam scanners were proposed and developed, including liquid crystal and micro electrical machines (MEMS)-based devices.  Although, these scanners can effectively scan the laser beams, they have a limited scanning speed, which is usually slower than 1 ìs.  In principle, electro-optic effect based scanners (such as electro-optic prisms or gratings) can operate at speeds in the ns range, but they require a high driving voltage (e.g., 1000 V), which makes it very difficult to achieve ns range high speed operation.  To achieve fast automatic target tracking and recognition, a fast scanning (up to ns range), low driving voltage (<15 V), compact size and low cost optical beam scanner (e. g., in the range of ns) is needed for future tactical missile seekers.

PHASE I:  Conduct feasibility study on a low driving voltage, fast scanning speed, compact optical beam scanner for tactical missile seekers.  The study should include the detailed scanner design, performance analysis (such as scanning speed, range,  of fabricated low cost, high precision, micro sensor coils. Provide test data and analysis.and driving voltage), and cost evaluation.  Perform some preliminary experiments to demonstrate the feasibility of the approach.

PHASE II: Develop a low driving voltage, fast scanning speed, optical beam scanner prototype based on the design accomplished in Phase I.  Experimentally test the performance of the scanner.  Investigate the application of this optical beam scanner to real world LADAR seeker applications.

PHASE III DUAL USE APPLICATIONS:  The technology developed under this Small Business Innovative Research can also be used in non-military applications such as free space optical communications, high speed LIDAR for environmental protection, large screen display, fast speed laser manufacturing (such as ultra fast laser printers), et. al.

REFERENCES:

1)  P. B. Ruffin, “Optical MEMS-Based Arrays,” SPIE 5055, p. 230-241, 2003.

2) N. Fourikis, “Phased Array-Based Systems and Applications,” John Wiley & Sons, Inc. 1997.

KEYWORDS: Optical beam scanner, LADAR seeker, missile seeker, automatic target recognition, MEMS, liquid crystals, optical communications

A05-143 
TITLE: Three Dimensional Imaging for Missile Damage Assessment 
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: MDA

OBJECTIVE:  Develop a three dimensional diagnostic/prognostic imaging system for in-situ assessment of missile structures that can improve reliability, survivability and mission success.

DESCRIPTION:  Monitoring the structural integrity of missiles can be crucial in order to decrease operational and maintenance costs and increase their survivability during usage.  Filament wound fiber reinforced composite solid rocket motor cases are used primarily on account of their low weight-to-strength or weight-to-stiffness ratio.  However, from the time of manufacture of the motor case until its final use, significant performance and behavior characteristics of the composite structure can be affected by degradation resulting from exposure to environmental conditions or damage resulting from handling conditions such as impact, loading abrasion, operator abuse, or neglect.  These factors can have potentially catastrophic consequences for the missile performance.  The goal of this venture is to develop a system that utilizes built-in sensors to collect and display diagnostic information from a missile structure using a three dimensional imaging tool that is also interfaced with life-prediction models.

The first challenge to achieving these objectives is to develop an on-board diagnostic system that can provide real-time information on the integrity of missile structures.  The system should have the ability to detect impact damage during transportation as well as structural degradation.  In addition, the system should utilize a network of sensors incorportaed during the time of manufacturing of the structure itself that is necessary to provide built-in damage sensing capability.  The diagnostics information from the sensor network needs to be clearly portrayed using a three-dimensional imaging tool that can be fed into life-prediction models.  This will assist the field commanders to make a go-no-go decision on the launching of the weapon system.  Incorporation of built-in sensing, three-dimensional imaging, diagnostic and prognostic capabilities can make a complete cradle-to-grave system.

PHASE I:  Develop a methodology for a three dimensional diagnostic/prognostic imaging system.  Demonstrate the feasibility of creating a three dimensional structural damage detection and imaging system integrated with commercially off the shelf built-in sensors for use on typical missile systems.  Demonstrate the ability to detect and display a three dimensional image of at least one type of damage such as impact damage. 

PHASE II:  Develop a prototype system that can integrate the three dimensional diagnostic/prognostic imaging system with various types of sensors necessary for monitoring all aspects of the structure pertaining to its overall health condition.  Sensor types can include those for monitoring damage, temperature, moisture and impact.  Integrate the three dimensional diagnostic imaging with prognostic models to enable rapid assessment of the structure and service life.  Demonstrate the developed system for use in monitoring of damage in missile systems such as rocket motors.  

PHASE III:  Collaborate with manufacturers to demonstrate on an actual system used by the Army.  Work with missile manufacturers and the Army to validate system and integrate it with missile structures.  Advancements in structural condition monitoring technology contribute to the Revolution in Military Logistics, whereby the Army will reap enormous benefits in streamlined maintenance, efficient supply, lower operating and support costs, and assured effectiveness.  The diagnostic imaging tools system can potentially be used for structural condition monitoring of any type of structures used in aircraft, ships, spacecraft and automobiles.

REFERENCES: 

1) Shawn Beard, Peter X. Qing, Michael Hamilton, David Zhang, Multifunctional Software Suite for Structural Health Monitoring Using SMART Technology, 2nd European Workshop on Structural Health Monitoring, Munich, Germany, July, 2004.

2) “Real-Time 3-D Ultrasonic Diagnostic Imager for Battlefield Application”, White, Timothy; Nicoli, Anthony M.; Erikson, Kenneth, Contract Number: DAMD17-94-J-4511, Annual rept. 1, Oct 95-30 Sep 96

KEYWORDS: Diagnostic imaging, self-learning, self-calibrating, structural integrity, sensors, diagnosis, damage 

A05-144 
TITLE: Application of an Infrared Transmitting Dielectric to Concave Spherical Surfaces
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Tactical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The purpose of this topic is to development the techniques necessary to apply a thick (approximately 0.030”) layer of an infrared transmitting dielectric to the inner surface of an aluminum oxynitride (AlON) or spinel dome and to demonstrate such a system.

DESCRIPTION:  Multimode seekers are receiving significant attention as a way to provide more capability in the same package.  In some cases, both optical and millimeter wave seekers are being combined in a way that requires a common aperture.  The requirements for such a system place a tremendous burden on the dome.  Multilayer dome structures have been proposed which require a durable outer shell of a hard ceramic such as AlON or Spinel and a thick inner dielectric layer.  Current approaches include bonding shells of similar material, however, this would be a very expensive dome to make.  Another option would be to coat the inside of the AlON or spinel dome with an infrared transmitting dielectric.  Barium Gallium Germanate (BGG) is an optically transparent infrared glass under development at the Naval Research Laboratory.  BGG could be used as the inner dielectric layer if it can be coated on the inside on a hemispherical surface.  Other infrared transmitting glasses would also be acceptable dielectrics.

PHASE I:  Demonstrate a thick layer (approximately 0.030”) of BGG or other infrared transmitting dielectric applied to the inner surface of a 3.5” diameter AlON or spinel dome.  The interface should be free of any bubbles or other defects.  The BGG or other dielectric must be shown to be transmissive at the required thickness at 1.06 microns and in the 3-5 micron infrared band.  Adhesion during slow temperature cycling between -65 degrees Fahrenheit and +200 degrees Fahrenheit must also be demonstrated.

PHASE II:  Demonstrate a thick layer (approximately 0.030”) of BGG or other infrared transmitting dielectric from Phase I applied to the inner surface of a 7” diameter AlON or spinel dome.  The interface should be free of any bubbles or other defects.  The BGG or other dielectric must be shown to be transmissive at the required thickness at 1.06 microns and in the 3-5 micron infrared band.  Adhesion during final polishing of the dielectric surface and during rapid heating from -65 degrees Fahrenheit and +200 degrees Fahrenheit to simulate flight conditions must also be demonstrated.

PHASE III DUAL USE APPLICATIONS:  Multimode seekers are becoming more common in the military and their use will only increase.  Systems combining optical and millimeter wave sensors will require similar dome designs which would be very expensive without the research proposed in this topic.

REFERENCES:

Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

Kirsch, James C, et al, Tri-Mode Seeker Dome Considerations, Window & Dome Technologies and Materials IX, Proceedings of the SPIE, Orlando, FL March 2005.  Preprints will be available upon request.

KEYWORDS: optical ceramics, aluminum oxynitride, spinel, barium gallium germinate, BGG

A05-145 
TITLE: Data Mining for Integrated Structural Health Management of Missiles
TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors, Weapons

ACQUISITION PROGRAM: MDA

OBJECTIVE:  Develop a data mining tool to provide intelligent diagnostic condition monitoring for structural health management 

DESCRIPTION:  The main purpose of structural health management is to add intelligence to a structure so as to provide fleet managers with the key information on the integrity of the structure.  Integrated structural health management involves the utilization of a sensor suite, which measures numerous physical parameters such as strain, temperature, humidity, vibration, etc.  To interpret the measurements made, it is necessary to develop a data mining tool that can work with different data types, of different resolution measured with different digitizers.  The output of this data mining tool should have the capability to display information on structural diagnostics graphically and identify the various types and corresponding causes of damage measured by the sensor suite.  The diagnostics provided by the data mining tool can then be linked up with prognostic models that will provide a measure on the remaining useful life of a structural component and/or entire structure itself.  The system will require the development of an information management infrastructure that identifies appropriate sensor positions, allows for a systematic method for sensor selection, accurately detect failure modes, and accurately predict the occurrence of failure modes.  Such a system will provide enduring value to the Army as well as other agencies interested in the structural health management of any type of structures whose safety, reliability, and performance are critical to mission success.

PHASE I:  Develop data mining methods and framework for data interpretation and health management for structures.  Develop the methodology for an interface between the diagnostic data and prognostic models.

PHASE II:  Develop a prototype of the data understanding and information management system. Develop the interface to prognostic models.  Interaction with major missile and aircraft manufacturers is recommended. Develop appropriate hardware and software tools required to achieve the goals identified above.  Demonstrate and validate the developed system on representative structure.

PHASE III:  Commercialize the developed system with the U.S. Army. Information management can aid the Army in making decisions on vehicle combat readiness and in the design of future combat aircraft and missile structures. 

REFERENCES: 

1)“NASA Aviation Safety Program Aircraft Engine Health Management Data Mining Tools Roadmap”, Litt, Jonathan; Simon, Donald L.; Meyer, Claudia; DePold, Hans; Curtiss, J. R., Report number NASA-E-12227

2)“Utilizing Data and Knowledge Mining for Probabilistic Knowledge Bases”, Stein, Daniel J., III, DEC 1996, Master’s Thesis, Air Force Inst of Tech Wright-Patterson AFB-OH

KEYWORDS: data mining, structural health management, diagnostic, prognostic

A05-146 
TITLE: Model for Hypergolic Reactions of Gelled Propellants
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Air, Space and Missile Defense

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Develop a model to describe hypergolic reactions of gelled propellants.

DESCRIPTION:  The ignition delay of liquid hypergolic propellants is a key parameter in the design of propulsion systems.  The longer the ignition delay, the larger the combustion chamber must be to avoid pressure spikes that could rupture the engine.  For small tactical missiles, which are volume limited, a larger engine means less propellant and, therefore, less range.  Gelling the liquid fuel and oxidizer immobilizes the liquids and reduces their volatility, increasing the safety of the propulsion system.  Gelling the propellants, however, may affect the ignition delay because of changes in the physical properties of the propellants.  The model developed by this program will include a chemistry module that describes the reaction between fuel and oxidizer and a fluid dynamics model of the spray formation and mixing of the gels as they are injected into the combustion chamber.  A model for hypergolic reactions of gelled propellants will be used to effectively and efficiently develop gel propellant formulations and propulsion systems.  

PHASE I:  Identify key parameters that will be needed to develop a hypergolic model for gelled propellants and how the parameters have been used in models for the hypergolic reactions of liquid propellants.  An outline of the model, which contains both the chemistry and fluid dynamic modules, and a rudimentary conceptual model will be developed in Phase I.  The properties of the carbon-loaded MonoMethyl Hydrazine (MMH) fuel gel and Inhibited Red Fuming Nitric Acid (IRFNA) oxidizer gel used by the Future Missile Technology Integration (FMTI) program will be used to compare the predictions of the conceptual model to experimental results.  These results will be compared to those for liquid dimethylaminoethylazide (DMAZ) with liquid IRFNA, which are known to have a significantly larger ignition delay than MMH with IRFNA.  

PHASE II:  A detailed model will be developed based on the conceptual model.  The detailed model will use engine test data from the following combinations: 1) the FMTI propellants studied in Phase I; 2)MMH fuel gel loaded with 60% aluminum and IRFNA gel loaded with 35% lithium nitrate; and 3) DMAZ fuel gel with IRFNA gel.  The model will be validated by comparing engine test data to the ignition delay predictions of a fuel/oxidizer gel combination currently being developed.  Phase II will also include the characterization of spray formation and the determination of the interfacial tensions between the gel and air and between the liquid phase and the gellant.     

PHASE III DUAL-USE APPLICATIONS:  Gel bi-propulsion systems can be used by the National Aeronautics Space Administration (NASA) for launch vehicles, spacecraft, and satellites.  They are applicable for simple boosters as well as where variable thrust is required.  The increase in safety of gels over hypergolic liquids decreases the hazards of manned space flights and ground operations.  For instance, a single engine could be used for changing from low to high earth orbits as well as precision positioning of the satellite for operational purposes (e.g. detecting leaking dams or mapping crop infestations.  Gel propulsion can also be used in Air Force, Navy, and Missile Defense Agency missiles.  

REFERENCES:

George P. Sutton, “Rocket Propulsion Elements: an introduction to the engineering of rockets.” 7th Edition, John Wiley & Sons, 2001.

Dieter K. Huzel and David H. Huang, “Modern Engineering for Design of Liquid Propellant Rocket Engines,” progress in Astronautics and Aeronautics, A. Richard Seebas, editor, Volume 147, American Institute of Aeronautics and Astronautics, Washington, DC 1992.

Stanley F. Sarner, “Propellant Chemistry,” Reinhold Publishing Corporation, New York 1966.

Gabriel D. Roy (editor), “Advances in Chemical Propulsion,” CRC Press. New York, 2002.  

Kenneth K. Kuo, “Principles of Combustion,” John Wiley & Sons, New York 1986.

KEYWORDS: gelled propellants, fuel gels, oxidizer gels, hypergolic reactions, ignition delay, ignition kinetics, interfacial tension, spray formation, computer modeling

A05-147 
TITLE: Microelectromechanical Systems Packaging
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Identify current and evolving MicroElectroMechanical Systems (MEMS) packaging and any of their known failure modes for package types most suitable for high-g MEMS applications.

DESCRIPTION:  MicroElectroMechanical Systems (MEMS) are under investigation for use as inertial measurement units (IMU) in military munitions.  While MEMS are making inroads into several commercial products there remains much work to be done concerning the long term survivability and reliability of these devices.  This is of particular interest to the military since most munitions spend long times in storage prior to use.  The military also has a concern about the reliability of MEMS devices when subjected to a high-G shock such as when munitions are fired from cannons.  Research conducted by Government agencies and commercial activities concerning MEMS agree that the biggest unknown in the long term and shock reliability of MEMS devices lies in the way it is packaged or protected from the environment.  This is acerbated by the fact that currently most MEMS applications require a unique packaging scheme for that particular application making it hard for designers to determine the best way to proceed on their project. 

PHASE I: Perform a feasibility study that identifies and assesses known and suspected failure modes and mechanisms in high-g MEMS devices and develop concepts for package types or packaging concepts that will mitigate damage or failure in high-g applications.  The presentation of findings and concepts in a searchable database would be a valuable way to convey the results. 

PHASE II:  Develop and demonstrate the most promising MEMS packaging concepts for use in devices like Inertial Measurement Unit (IMU) and Environmental Sensors.  A proof-of-principle demonstration of these mitigations for each type package that appears to promising for the military requirement will be performed.

PHASE III DUAL USE APPLICATIONS:  This would be the commercialization of promising techniques and procedures for MEMS packaging.  Commercialization of such packing would be benefical to the commercial and government industries.

REFERENCES:

"MIG INDUSTRY REPORT FOCUS ON RELIABILITY" April 2004, MEMS Industry Group, 240 Sidney Street, Suite 275, Pittsburgh, PA 15203. (Need to be a member to get to this document, I got to view it on one time deal and can't afford to sign up as a member. Their web for this document is http://www.memsindustrygroup.org/reliability)

"Mixed-Effects Logistic Regression Model for Missile Reliability Prediction" Small Business Innovative Research Army #03-152, Awarded 10Dec03 to Scientific Systems Co., Inc., 500 Cummings Park, Suite 3000, Woburn, MA 01801. (Write up attached with web site included on SITIS)

"MEMS Inertial Measurement Unit (IMU) for Common Guidance", Science & Technology Objective Number IV.WP.2002.01 (Copy of STO posted to SITIS. The STO has been revised from it's original format so it can be provided for SBIR topic A05-147 inquiries. The original STO contains classified material for Army use only.)
KEYWORDS: MicroElectroMechanical Systems (MEMS), packaging, long term survivability, and reliability 

A05-148 
TITLE: Fast Algorithms for Impact Point Prediction of Rocket, Artillery and Mortar Trajectories
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Design and implement algorithms for predicting, with a high degree of confidence, the future location of ballistic and potentially non-ballistic fast moving airborne targets given limited measured information on the trajectory and initial conditions.

DESCRIPTION:  As recent world events have made clear, rockets, artillery, and mortars continue to present a significant threat to the welfare and effectiveness of modern armies.  It would be highly desirable, first, to detect the presence of incoming rounds; second, provide those assets targeted with adequate warning; and, third, to successfully negate the threat.  The first of these issues is adequately addressed by existing sensing technologies.  The third issue is addressed both by on-going government research and by existing counter-fire systems.  The second issue, providing adequate warning to the target area, has proved problematic.

Present counter-fire sensors are optimized for providing information on the source of incoming rounds.  This is based on a few seconds of actual tracking information and performing simple ballistic calculations to backtrack to the point of origin.  There is some capability to project the flight to point of impact; but given the short tracking time and the uncertainty in initial conditions and flight characteristics of the round, the uncertainty in the actual impact point can be on the order of hundreds of meters.  Given this level of uncertainty, over time, warnings based on this information will be ignored, with a resultant loss of life.

What is desired in this solicitation is a set of algorithms which improve the error on impact point prediction (IPP) to tens of meters.  It must be assumed that no more information would be available to the algorithms than is now available to the counter-fire sensors.  Given a nominal flight time of 20 seconds for an incoming round, it is highly desirable that IPP calculations be completed at least 10 seconds before the predicted impact.

PHASE I:  Perform a trade study on existing Impact Point Prediction algorithms, noting performance, robustness, and areas of improvement.  Provide recommendation on algorithms for achieving better than 50 meters circular error probable (CEP) utilizing only that data available to present counter-fire systems (radar range, doppler, velocity estimates, weather, as examples).  Demonstrate feasibility and path ahead via simulation.

PHASE II:  Develop IPP algorithms that provide an accuracy better than 50 meter CEP.  Demonstrate on desktop computer via simulation.  Provide porting of algorithm over to existing Army counter-fire systems.

PHASE III:  These types of algorithms could be used in a number of civilian and Homeland Security applications.  These include pin-point warning of small, fast threats; advanced traffic control at intersections; improved Air traffic control; and collision avoidance, among others.

REFERENCES:  http://www-106.ibm.com/developerworks/library/j-pred-targeting/

http://www.aero.org/publications/crosslink/summer2002/05.html

http://www.dfrc.nasa.gov/DTRS/1997/PDF/H-2200.pdf

http://www.weblab.dlr.de/rbrt/pdf/EuRock_03.pdf.

KEYWORDS: Sensors, radar, impact point prediction, tracking, ballistic algorithms

A05-149 
TITLE: Nano-Scale Infrared Photodectors for Missile Seeker Applications
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  To demonstrate the inherent benefits of nanoscale (nanoparticles, nanowires, or nanotudes) device technology through the investigation and development of nanoscale photodiodes for use in medium wavelength and long wavelength infrared missile seekers and commercial sensors.  To include solutions with a primary emphasis on band gap tenability, quantum confinement effects, lower input power, smaller apertures, and affordability.  Prototype assemblies should allow evaluation of new nanoscale sensor technologies, such as infrared detector assemblies, for use in missile systems and other commercial applications.

DESCRIPTION:  The application of imaging infrared technology covers a broad spectrum of use within the U.S. military.  The Aviation and Missile Research, Development, and Engineering Center is proposing a SBIR program to address a key technology within the Department of Defense for Sensors by researching and developing nanoscale photodiode technology as an alternative to cooled and uncooled imaging infrared.  The program will investigate the benefits of nanoscale devices in terms of performance, cost, and manufacturability compared to existing infrared technologies and will focus on medium wavelength and long wavelength infrared photodiodes.  The proposed SBIR program provides the Army with an opportunity to advance the state-of-other-art of imaging infrared photodiodes by exploiting a new and innovative technology with the potential to lower cost, improve diode uniformities, and demonstrate a repeatable manufacturing process.  

Inorganic solids in the order of nanometers behave like “super-molecules” or new “chemical species”.  Unknown behavior properties of nanoscale devices may possibly allow existing products to be re-engineered using nanoscale building blocks (nanoparticles, nanowires and nanotubes) or new products to be developed using the new properties that these new chemicals might possess.  Thus, nanoscale photodiodes may simplify and make more affordable missile seeker applications by reducing the sensor complexity, size, weight, input power requirements.  Multi-spectral sensors tuned to wavelengths of interest may reduce the complexity and size of the seeker system.  Imaging arrays bonded to contoured substrates promise flexibility in manufacturing as well as innovative applications.  The use of nanoscale devices may offer the potential to minimize or eliminate the cooling requirements of typical infrared detectors, which could yield smaller detector packages and lower power requirements, and advance the Department of Defense’s key technologies in the area of Sensors.  Ultimately, a successfully SBIR program, as a minimum, shall initiate the transition of nanoscale photodiode technology from today’s basic research to a maturation level more conducive to advanced research and development.

PHASE I:  Investigate the technical feasibility of new and innovative nanoparticles, nanowires, and nanotudes imaging infrared devices for use in staring missile seekers.  Conduct feasibility studies, trade studies, and analyses for the design of a low cost sensor assembly for use in Army missile seekers, which could be used with emerging infrared detector technology.  Compare radiometric characteristics of the nanoscale, photodiodes to existing cooled, infrared photovoltaic detectors and uncooled, infrared, thermal microbolometers.  Investigate manufacturing techniques for fabrication of nanoscale imaging photodiode devices.

PHASE II:  Fabricate staring imaging infrared photodiode devices based on nanoscale technology.  Demonstrate performance of this new and innovative technology at the seeker/sensor level through laboratory, tower, and/or field tests.

PHASE III:  There are numerous commercial applications for inexpensive imaging infrared sensors using nanoscale photodiode technology.  Some commercial applications that may benefit from this SBIR include medical for thermographs; transportation for enhanced vision systems for airplanes, helicopters, sea vehicles, and automobiles; law enforcement for  drug prevention and tracking criminals; predictive maintenance to locate overheated or abnormally cold components in plants; forest industry for fighting forest fires; and environmental monitoring and control for global warming, pollution, weather, water flow, and chemical imbalances.

REFERENCES:

1) University of Louisville, Research, Nanotech Applications, The Internet, 23 Mar 05, http://www.cvd.louisville.edu/Research/Nanotech%20Applications/NANO.htm

KEYWORDS: Nanoscale device, nanotechnology, infrared sensors, imaging infrared technology

A05-150 
TITLE: Innovative Software-Based Anti-Tamper Techniques
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  Develop and implement new innovative software anti-tamper (AT) techniques that demonstrate the capability to delay, or make economically infeasible, the reverse engineering or compromise of U.S. developed software embedded in U.S. Army weapon systems.  

DESCRIPTION:  All U.S. Army PEOs and PMs are now charged with executing Army and DoD AT policies in the design and implementation of their systems. Embedded software is at the core of modern weapon systems and is one of the most critical technologies to be protected.  AT provides protection of U.S. technologies against exploitation via reverse engineering.  Standard compiled code with no AT is easy to reverse engineer, so the goal of employed AT techniques will be to make that effort more difficult.  In attacking software, reverse engineers have a wide array of tools available to them, including debuggers, decompilers, disassemblers, as well as static and dynamic analysis techniques.  AT techniques are being developed to combat the loss of the U.S. technological advantage, but further advances are necessary to provide useful, effective and varied toolsets to U.S. Army PEOs and PMs.  Current software AT techniques, such as code obfuscation, anti-static and dynamics analysis tools, and anti-debug tools are often only marginally effective.  This effort will focus on developing innovative new software AT techniques and technologies that provide more protection from compromise than such current methods.  In most cases, these real-time embedded systems utilize code developed in C++, and then operate on real-time operating systems like Wind River’s VxWorks on embedded processors, such as the PowerPC, in a target weapon platform. Attention will be placed on integration into embedded platforms and their “real-time” processing requirements.  The goal of software AT technologies/techniques developed is to provide a substantial layer of protection against reverse engineering, allowing for maximum delay in an adversary compromising the protected code.  This capability will then allow the U.S. time to advance its own technology or otherwise mitigate any loss. As a result, the U.S. Army can continue to maintain a technological edge in support of its warfighters.

PHASE I:  The contractor shall design and develop new and innovative software-based AT techniques/technologies to protect the total system software or critical portions thereof from compromise via reverse engineering.  The contractor will also perform an analysis to estimate the degree of protection afforded by the AT techniques and provide an analytical rationale for the estimate. 

PHASE II:  Based on the Phase I effort, the contractor shall further develop and incorporate the software AT techniques into one or more prototype software modules written in C++ and estimate the effectiveness of the techniques employed and their applicability to real-time applications.  A required Phase II deliverable shall be a copy of the anti-tampered software module(s), along with documented software AT technique code, to allow for Government assessment of the techniques in preventing compromise of critical software.

PHASE III DUAL USE APPLICATION:  The contractor shall integrate selected AT techniques into embedded critical system software, for a military and/or civilian platform.  This phase will demonstrate the product’s utility against reverse engineering/exploitation or industrial espionage, a problem that also impacts the U.S. Army and its mission.  When complete, an analysis will be conducted to evaluate the ability of the technologies/techniques to protect against tampering in a real-world situation. 

REFERENCES: 
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3) Cerven, P. Crackproof Your Software: Protect Your Software Against Crackers, No Starch Press, 2002.

4) Erickson, J. Hacking: The Art of Exploitation, No Starch Press, 2003.

5) Arxan Technologies White Paper: Anti-Tamper Software Protection, Arxan Defense Systems, 2003

6) Koziol, J., Litchfield, D., etc. The Shellcoder's Handbook : Discovering and Exploiting Security Holes, John Wiley & Sons, 2004.

7) Kaspersky, K., Tarkova, N., Laing, J.. Hacker Disassembling Uncovered, A-List Publishing, 2003.

8) Hoglund, G., Gary McGraw. Exploiting Software: How to Break Code, Addison-Wesley, 2004.

9) Aladdin Software Protection Whitepaper- The Need, the Solutions, and the Rewards, Aladdin Knowledge Systems, 2003.
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A05-151 
TITLE: Transmitted Wavefront Metrology on Large Domes and Windows
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO TActical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The goal of this SBIR is to demonstrate an economical process to measure the transmitted wavefront of large hemispherical domes and windows

DESCRIPTION:  Aluminum Oxynitride (AlON) and Magnesium Aluminate Spinel (Spinel) are two infrared optical ceramics receiving considerable attention for military applications.  Potential applications include both missile domes and sensor pods windows.  One such application is the Joint Common Missile (JCM) seeker dome.  It is imperative that metrology be performed on the domes during manufacturing to ensure they meet the design tolerances.  Current testing of large domes for transmitted wavefront, seven inches or greater is expensive and is not readily available.  Testing is usually done on small subaperatures but this approach does not provide a complete picture.  A method needs to be developed that can test the transmitted wavefront over the full aperture without the need for large (> 4" diameter) and very expensive reference optics. 

PHASE I:  Conduct and engineering and feasibility study to develop one or two approaches for providing full aperture transmitted wavefront metrology on a 7" diameter hemispherical dome.  The metrology technique must provide data comparable to that obtained from standard interferometric techniques used on smaller optics.

PHASE II:  Develop the hardware and software to implement the most promising solution from Phase I.  Demonstrate characterization of the transmitted wavefront on the full aperture of a 7" diameter Joint Common Missile dome.  

PHASE III DUAL USE APPLICATIONS:  High accuracy testing capability of large domes and other optics would be useful for a variety of military seeker and sensor systems as well as commercial applications for security systems.

REFERENCES:

Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999..

KEYWORDS: optical testing, optical metrology, interferometry, transmitted wavefront

A05-152 
TITLE: Frangible Penetrating Projectile Development
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO C3T

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  Design, build, and demonstrate an inexpensive frangible (i.e., self-destruct) penetrating projectile that can be deployed in urban environments that is capable of intercepting rockets, artillery, and mortars with sufficient lethality to cause a kill of the incoming threat while eliminating collateral damage.

DESCRIPTION:  Historically, the greatest killers on the battlefield are rockets, artillery, and mortars (RAM).  Recent programs have proposed the use of a gun-based interceptor system that fires several rounds at the incoming threat, with a few resulting in a successful intercept and kill.  However, the majority of these projectiles does not intercept the threat and result in collateral damage and fatalities due to the fallen projectiles.  Civilian law enforcement officials often utilize frangible ammunition in urban terrain to combat the collateral damage effects; however, such ammunition lacks the lethal effects necessary to negate armored threats.  The US ARMY has a need for a penetrator projectile that has sufficient lethality to negate these heavily armored RAM threats, while eliminating collateral damage of the projectiles that do not intercept the threat.  The penetrator may reduce collateral damage by dissolving over time, or by means of a self-destruct feature. 

PHASE I:  Develop overall projectile design that includes specification of material and hardware, along with lethality analyses verifying lethality against RAM threat.

PHASE II:  Develop and demonstrate a prototype frangible penetrating projectile.  Conduct testing against RAM threat hardware.  Demonstrate frangible feature to prove feasibility of use in urban environments.

PHASE III DUAL USE APPLICATIONS:  This technology could be used in a broad range of military and civilian applications where collateral damage is a concern, for example, reduced fratricide for vehicle active protective systems in urban environments, and armor penetration for law enforcement applications.

REFERENCES:

1) Laible, Roy C., Ballistic Materials and Penetration Mechanics, Elsevier Science, Dec 1980.

2) Mullins, John, Frangible Ammunition: The New Wave in Firearms Ammunition, Paladin Press, Sep 2001.

KEYWORDS: frangible, self-destruct, penetrator, ammunition, interceptor

A05-153 
TITLE: Innovative Technology Development for Laser Radar (LADAR) for Missile Applications
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  Investigate and develop high speed, high fidelity behavioral models for direct detection laser radar sensors operating within complex battlefield environments. 

DESCRIPTION:  Performance prediction simulations for laser radar sensors currently lack the fidelity and complexity necessary to adequately represent the performance of a direct detection sensor on a complex realistic battlefield.  

The imaging capability of laser radar sensors for targets deployed in foliage and in the presence of volumetric obscurants is not predictable to a sufficient degree of fidelity with current digital simulation tools.   Consequently, operational and design trades may be performed without adequate test data or using simulations with insufficient fidelity to support the analysis.

Dynamic, first principal-based effects models and signature simulation for targets and the environment as well as a configurable and flexible sensor simulation tool is needed within the community.  

PHASE I:  Develop a notional approach and design for a direct detection sensor performance simulation and architecture to support sensor trade studies and performance predictions in realistic battle field conditions.  For the Phase I, develop the preliminary and critical design documents for the simulation describing the module level interfaces and key algorithmic approaches to signal synthesis and processing models.  

PHASE II:  Based on the Phase I evaluation and approach, implement and demonstrate the critical design and develop realistic environmental models to validate the performance of the sensor simulation tool.  The implementation and operational environment for the system must be a commercially available PC-based architecture.

PHASE III DUAL USE COMMERCIALIZATION:  The sensor simulation and design tool will have direct applicability to the law enforcement and imaging industries for a variety of related sensor types. 

REFERENCES:

1) A. Jelalian, "laser Radar Systems," Artch House, Boston 1992

2) Electro-Optics Handbook, RCA Solid State Division, Lancaster PA, 1974

3) I. Melngailis, W. E. Keicher, C. Freed, S. Marcus, B. Edwards,

A. Sanchez, T. Y. Fan, and D. L. Spears, "Laser radar component

technology," in Proceedings of the IEEE, vol. 84, No. 2,

pp.227-267, February 1996.

4) G. R. Osche, and D. S. Young, "Imaging laser radar in the near

and far infrared," in Proceedings of the IEEE, vol. 84, No.2,

pp. 103-125, February 1996.

KEYWORDS: Laser Radar (LADAR), Laser Ranging (rangfinder), Direct Detection, Pulse Capture, Laser, Dector, Scanning, Optics, Mid-IR

A05-154 
TITLE: Uncooled, Medium Wavelength Infrared Optical Test Bed
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Investigate, design and build a low F/# optical system for use with uncooled focal plane arrays (FPA) that operate broadband infrared, 3um-14um (BBIR) and provide the capability for selecting either the medium wavelength IR, 3-5um (MWIR) or long wavelength IR 8-14um (LWIR).

DESCRIPTION:  Existing uncooled FPAs provide an inexpensive solution to infrared imaging.  The microbolometer FPAs are thermal detectors and therefore have the capability of operating in a broadband fashion.  The large majority of existing uncooled FPA for both commercial and military applications operate in the LWIR band due to sensitivity limitations.  Due to sensitivity limitations, the accompanying optical system must have near F/1 design.  As the detector technology advances, operation of these devices in the MWIR has been demonstrated.  This is a significant advancement because it facilitates the exploitation of infrared signatures that are strongest in the MWIR band.  The detectors can be packaged with a broadband window that would allow a single device to be utilized in MWIR, LWIR, or BBIR provided the optical system facilitates this type of operation.  Currently optics must be designed in a single band in order to optimize the sensor operation for a given application.  The proposed SBIR will investigate, design, and build an optical system that would facilitate optimum performance in all the aforementioned wavebands.  This innovative approach to optical design and waveband selectivity will provide the community with a single optical system that can be optimized for mission specific applications without purchasing multiple optical systems or making hardware modifications in the field.  The low F/# design will not preclude use with cooled imaging IR systems, but will provide an optimal solution for the proliferating uncooled technology, although significant risk is related to acceptable optical performance in all three bands with a single opto-mechanical system.  The proposed effort will be beneficial to Extended Range Javelin; Low Cost Precision Kill; Smaller, Lighter, Cheaper technology initiatives within AMRDEC; and International joint programs with the United Kingdom.  It will also benefit commercial applications by providing a single solution to missions such as firefighting, rescue and law enforcement.

PHASE I:  Design an opto-mechanical system that will facilitate operation in the BBIR, MWIR, and LWIR spectral bands and provide the capability to select the desired band of operation.  The design should consider integration with FPA packages and electronics in order to demonstrate the optical systems capability as part of an imaging system.  FPA packages and accompanying sensor electronics should be identified for use in the demonstration.  A development plan will be established for building the opto-mechanical system with consideration to schedule, laboratory characterization tests, field demonstration of capability, and cost.

PHASE II:  The designed opto-mechanical system will be built under the second phase of this effort.  Each band of operation of the system will be characterized in the laboratory and demonstrated in the field in an imaging fashion.

PHASE III:  A successful Phase II program will result in a new and innovative approach to optical design that allows the user to optimize sensor performance with a single optical solution.  Many thousands of uncooled sensors have been developed for commercial and military applications.  The waveband selective optical design has the potential to support all of these applications.  More specifically, military programs such as Waterwatch and Overwatch and commercial applications such as rescue and law enforcement could utilize the same optical system thus reducing the cost due to increased production volume.  Existing missile programs such as NLOS-LS and JAVELIN could leverage this capability to tune the missile response based on the environment and/or engagement scenario anticipated for a mission.

REFERENCES:

1) Army Aviation and Missile Command Redstone Arsenal AL., “Night Owl Universal Optics for Uncooled LWIR Applications”, 01 May 2002, Accession Number. DA363855.

2) Army Communications-Electronics Command Fort Belvoir VA Night Vision and Electronics Sensors Directorate, “Lightweight Laser Designator Rangefinder (LLDR): Next-Generation Targeting For US Ground Forces”, 01 July 2000, AD Number. ADD951397.

3) Gordon, Neil T., “High Performance, 2D MWIR HgCd Array Operating at 220K”, Infrared Technology and Applications XXX, edited by Bjorn F. Andresen, Gabor F. Fulop, Proc. Of SPIE Vol. 5406 pages 145-151.
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A05-155 
TITLE: Advanced Strategically Tuned Absolutely Resilient Structures (STARS)
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: MDA

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: The development of highly resilient, damage tolerant, fatigue resistant innovative structures that morph upon demand and self heal after damage is sustained.

DESCRIPTION: Strategically Tuned Absolutely Resilient Structures (STARS) are composites, fabricated by placing a low modulus, lightweight inorganic matrix over multiple layers of a relatively stiff reinforcement. These remarkable concoctions are designed so that they can be highly stressed and deformed to store large amounts of elastic strain energy. When the structural response is modified as the service loads are decreased, the energy is released in a controlled fashion to do useful work.  

The research will involve the development of advanced STARS that morph upon demand and self heal after damaged is sustained. These attributes may rely on feedback from embedded sensors and changes in stiffness or shape produced by control elements, as well as the micro and macro properties of the materials and the interaction between these constituents. Performance may be derived through new, advanced materials for components, coatings, manufacturing methods, tooling, sensors, and detectors. Research could involve the application of nanocomposites, metal-matrix nanocomposites, and nanocarbon composites to build structures that have the desired attributes by changing properties such as stiffness, thermal conductivity, electrical conduction, static charge dissipation, and sensor functionality.

PHASE I: Explore the concepts of morphing and self-healing for a highly resilient, damage tolerant, and fatigue resistant structure. Provide a feasibility study that addresses cost, service methods, safety, reliability and efficiency. Demonstrate the technology using a simple structure (a composite structural system) fabricated from realistic structural materials. Perform a manufacturability analysis and cost benefit analysis of deployment showing that the structure can be produced in reasonable quantities and at reasonable cost/yields, based on quantifiable benefits, by employing techniques suitable for scale up. Provide a report on scalability, performance characteristics, anticipated yield, and volume costs.

PHASE II: Based on the results and findings of phase I, implement the technology, fabricate, and test a prototype with a complex structural system. Demonstrate the system’s viability and superiority under a wide variety of conditions typical of both normal and extreme operating conditions. Develop structural analysis software to analyze this new class of composites. Demonstrate scaleable manufacturing technology during production of the articles. 

PHASE III DUAL USE APPLICATIONS: Verification of overall approach. Provide a final design for an innovative composite structure that will withstand potentially catastrophic conditions. The proposed technology under this effort would advance the state-of-the-art in structural performance, safety, life extension, preventative and other maintenance, homeland security sensing, medical applications (e.g., automatic body function monitoring and multiple pharmaceutical dispensing), enhanced turbine blade performance for wind energy production in low speed/turbulent conditions, earthquake resistant buildings, deformable hydrofoils for high performance submersibles, bionic structures for sports (e.g. race cars, etc.) and in a spectrum of other areas, for both the government and private sectors. Demonstrate commercial scalability of the manufacturing process and the implementation of the software-based design tools for the commercial development and deployment of advanced structures. Commercialize the technology for both military and civilian applications.

REFERENCES: 

1)Brown, E. N., White, S. R., Sottos, N. R., “Microcapsule induced toughening in a self-healing polymer composite,” Journal of Materials Science. 2004;39, 1703-1710.

2)Gano, S. E., Renaud, J. E., “Optimized unmanned aerial vehicle with wing morphing for extended range and endurance,” 9th AIAA/ISSMO Symposium and Exhibit on Multidisciplinary Analysis and Optimization, Paper No. 5668, 2002.

3)White, S. R., Sottos, N. R., Geubelle, P. H., Moore, J. S., Kessler, M. R., Sriram, S. R., Brown, E. N., Viswanathan, S.: Autonomic Healing of Polymer Composites. Nature 409: 794–797, 2001.
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A05-156 
TITLE: Affordable Multimode Seeker Dome Demonstration
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Tactical Missiles

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The goal of this topic is to develop the adhesive and the techniques to cost effectively manufacture multilayer domes for multimode seeker applications.

DESCRIPTION:  Multimode seekers are receiving significant attention as a way to provide more capability in the same package.  In some cases, both optical and millimeter wave seekers are being combined in a way that requires a common aperture.  The requirements for such a system place a tremendous burden on the dome.  Multilayer dome structures have been proposed which require a durable outer shell of a hard ceramic such as aluminum oxynitride (AlON) or Spinel and a thick inner dielectric layer with a thin metal grid sandwiched between.  Current approaches include bonding shells of similar material, however, this is a very expensive approach.  The outer shell is relatively thick, however, the inner shell is on the order of 0.030” thick.  

PHASE I:  Demonstrate an adhesive and bonding technique to bond two spherical optical surfaces together.   The technique and the adhesive must be applicable to AlON and spinel domes where the outer shell is relatively thick but the finished inner shell is on the order of 0.030” thick.  The adhesive must survive an operating temperature range of -65F  to +200F at a minimum.  The demonstration can use cheaper substrates such as glass microscope slides to start with and progress to spherical shapes by the end of Phase I.  The adhesive must be shown to have good transmission at 1.06 microns and from 3-5 microns in thicknesses around 25 microns.  Samples of bonded flats shall be provided early in Phase I for accelerated sunlight/ultraviolet aging tests and must pass transmission requirements after aging.

PHASE II:  Demonstrate bonding of AlON-AlON or spinel-spinel domes.  The domes shall be 7” in diameter.  Up to 3 inner and outer domes will be provided by the Government.  The technique and the adhesive must be applicable to AlON and spinel domes where the outer shell is relatively thick but the finished inner shell is on the order of 0.030” thick.  Finishing of the inner and outer surfaces after bonding will be the responsibility of the offeror.  The adhesive must survive an operating temperature range of -65F  to +200F at a minimum.  The adhesive must be shown to have good transmission at 1.06 microns and from 3-5 microns in thicknesses around 25 microns.  If changes to the adhesive are made in Phase II, bonded flats must again be provided early in the program to allow for a repeat of the aging tests.

PHASE III DUAL USE APPLICATIONS:  Multimode seekers are becoming more common in the military and their use will only increase.  Systems combining optical and millimeter wave sensors will require similar dome designs which would be very expensive without the research proposed in this topic.

REFERENCES:

Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

Kirsch, James C, et al, Tri-Mode Seeker Dome Considerations, Window & Dome Technologies and Materials IX, Proceedings of the SPIE, Orlando, FL March 2005.  Preprints will be available upon request.

KEYWORDS: optical ceramics, aluminum oxynitride, spinel, multimode dome

A05-157 
TITLE: Real-Time Panoramic Viewer
TECHNOLOGY AREAS: Battlespace

ACQUISITION PROGRAM: MDA-GMG-K

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  The development of a panoramic viewer that surrounds the user with real-time, continuous images of objects captured through a remote panoramic imaging system.

DESCRIPTION:  In recent years, a number of attempts have been made to acquire and project panoramic images for applications ranging from entertainment to inspection and measurement.  Prior art imaging systems generally rely on a standard camera and lens system to record image data over a limited field of view.  Panoramic data is typically acquired by scanning the surroundings using a single camera or by using multiple cameras to capture different portions of the scene.  The scanning approach precludes the possibility of recording real-time, continuous images making it impossible to capture highly dynamic events.  Since many different images must be combined to produce a panoramic image of the objects that originally surrounded the recording system, the presentation of a panoramic image typically requires computational manipulation and/or intricate projection schemes.

In general, several images must be stitched together prior to presentation.  In some cases, different sections of the panoramic scene are projected onto separate portions of the viewing screen using different projectors.  This increases the overall cost of the projection system and, since the images are discontinuous, it may be difficult to align.

The proposed work addresses a number of these problems through the development of a viewer that that surrounds the user with real-time, continuous images of objects captured though a remote panoramic imaging system.

PHASE I:  Explore the concepts of panoramic acquisition, projection, and viewing. Perform a feasibility study and demonstrate the approach via a small-scale or simple prototype.  Perform a manufacturability analysis and cost benefit analysis of deployment showing that the panoramic viewer can be produced in reasonable quantities and at reasonable cost/yields, based on quantifiable benefits, by employing techniques suitable for scale up.  Provide a report on scalability, performance characteristics, anticipated yield, and volume costs.

PHASE II:  Based on the results and findings of phase I, implement the technology, fabricate, and test a prototype. Demonstrate the system’s capability and quantify the performance characteristics (range, resolution, etc.) of the acquisition/projection/viewing system.  Demonstrate scaleable manufacturing technology during production of the article(s).

PHASE III DUAL USE APPLICATIONS:  Verification of overall approach. Provide a final design for an innovative panoramic viewer.  Demonstrate commercial scalability of the manufacturing process and implement commercial development and deployment of advanced systems.  Commercialize the technology for both military and civilian applications.

REFERENCES: 

1) Sun, X., Kimber, D., Foote, J., Manjunath, B., Detecting path intersections in panoramic video,” IEEE International Conference on Multimedia and Expo 2002, August 26, 2002.

2) Kimber, D., Foote, J., “Fly about spatially indexed panoramic video,” Proc. ACM Multimedia, 2001, Ottawa, Canada, October 2001.

3) Peleg, S., Herman, J., “Panoramic mosaics by manifold projection,” 1997 Conference on Computer Vision and Pattern Recognition, Puerto Rico, June 17-19, 1997.

KEYWORDS: panoramic imaging, panoramic projection, three-dimensional imaging, optical recognition, image acquisition and processing

A05-158 
TITLE: Weapon Cost Minimization Using Intelligent Search Algorithm Design Optimization 
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  The objective of this Small Business Innovative Research (SBIR) proposal is to develop an innovative, automated system level weapon development and manufacturing cost simulation that will reduce weapon system development and manufacturing costs by more than 10%.  Army Transformation is driving a new generation of manned and unmanned weapons and platform systems with challenging weight, performance and cost requirements.  To meet these requirements, the US Army Aviation & Missile Research, Development & Engineering Center (AMRDEC) is developing automated distributed architecture simulation and design optimization tools that give the weapon system developer many material, technology and design choices.  This SBIR will utilize a combination of supplier generated cost data and automated web-based component price information as inputs to a distributed architecture pricing algorithm that will identify both the development and manufacturing costs associated with each weight and performance option.  Since the design optimization tools consider tens or hundreds of thousands of options for each weapons system, this SBIR product will ensure that the most affordable yet fully viable alternatives are found and are combined into the final design.  Production cost savings of multiple millions of dollars are expected to result from identifying the most affordable overall combination of technology, materials, and configuration at the beginning of the weapon design process.

DESCRIPTION:  The use of advanced intelligent search algorithm techniques for shape, size, and topology structural optimization is an active research field.  Efforts have been made [1, 2, 3] to bring process-based cost models into the optimization process to trade affordability versus performance.  This topic will advance the state-of-the-art in this field by utilizing current cost data from either supplier databases or from automated web-based search techniques as inputs into a next-generation weapon system development and manufacturing cost modeling simulation that can be integrated into the AMRDEC distributed architecture performance-based structural optimization package.  The cost modeling package will function as a module in the optimization suite so that development and manufacturing cost can be used along with structural parameters in the optimization.  The package will also rank acceptable weapon configurations by development and manufacturing cost at the completion of the optimization process.  No software currently exists that calculates, using current pricing data, both the development and manufacturing costs for complex weapons systems such as guided missiles.  No software currently exists that allows the types of trades that this package will allow, such as considering the ramifications of commercial, industrial, or mil-spec electronics components versus the performance requirements and the overall development and manufacturing price for the system.

PHASE I:  For Phase I, the contractor should perform research into the design and manufacturing cost drivers for missile systems; analyze the relative weighting of factors such as materials selection, electronic component ratings, and manufacturing process alternatives; determine effective means to use internet based resources and manufacturers databases to develop and maintain current information; and develop a design proposal for a software module that calculates development and manufacturing costs for a given missile configuration.  The software should be capable of distributed processing across a network of computers using TCP/IP protocol and should have a scriptable interface that exposes an Application Programming Interface.  The software should be invariant to the computer’s operating system (cross platform).  The software should be capable of accepting cost updates and new cost algorithm information from both supplier databases and automated online searches, or from previously generated and stored data.  The software must be capable of providing accurate cost data and estimates within a +/- 10% range and should be applicable to a variety of weapon platforms and materials.

PHASE II:  For Phase II, the contractor should implement the software design proposed in Phase I, providing sufficient package flexibility to allow analysis of missile systems as well as commercial aerospace platforms.  The contractor should demonstrate that the software has the capability to perform accurate development and manufacturing cost estimations for a system chosen cooperatively by the government and the contractor during Phase II as a demonstration/validation test case.  Additionally, the contractor should provide to the government a comprehensive user’s manual, software documentation, and training in the use of the Phase II software package.  

PHASE III DUAL USE APPLICATIONS:  The commercialization potential for this topic is excellent.  As several researchers have noted, structural optimization without consideration for development and manufacturing cost can yield solutions of similar performance but greatly disparate cost.  At the same time, high and low cost components of equivalent performance can be scattered throughout different configurations, so a manual analysis of the top two or three configurations after the optimization is complete misses the goal as well.  The potential market includes the major aerospace corporations and automobile manufacturers. 

REFERENCES:

1) Bao, Han P. and Samareh, J. A., “Affordable Design: A Methodology To Implement Process-Based Manufacturing Cost Models Into The Traditional Performance-Focused Multidisciplinary Design Optimization,” AIAA-2000-4839.

2) Martinez, Michael P., Messac, Achille, and Rais-Rohani, Masoud, “Manufacturability Based Optimization of Aircraft Structures Using Physical Programming,” AIAA Journal, Vol. 39, No. 3, March 2001, pp. 517-525. 

3) Rigo, Philippe, “Least-Cost Structural Optimization Oriented Preliminary Design,” Journal of Ship Production, Vol. 17, No. 4, pp. 202-215.
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A05-159 
TITLE: Optimized Numerics for Missile Aero-Propulsive Flow Modeling on Massive Clustered Computational Resources
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Air, Missile and Space Defense

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE:  To deveop the methdology to optimize Navier-Stokes based missile aero-propulsive flow model solutions on massively clustered computer systems.

DESCRIPTION:  Solution of the Navier-Stokes equations for modeling three-dimensional missile aero-propulsive flowfields has only become a practical reality with the recent development of course grain parallelization (otherwise known as domain decomposition) techniques for use on multi-processor computer systems with high speed processor-to-processor data transfer rates.  Even so, with a limited number of processors, the requirements of 64-bit computational precision, numerical grid resolution, and a large equation set can result in run times exceeding weeks and/or months.  The potential, however, for reasonable turnaround times using this approach has lead to the recent development of massive clustered computer systems with well over one thousand networked nodes using reasonably priced 64-bit processors.

Despite this progress in the realization of affordable and dedicated massive clustered systems, aero-propulsive flows for Army tactical and interceptor missiles encompass complex physics and aerochemistry and flow regions with widely disparate length and time scales which are not readily amenable to the efficient use of such resources.  Modern structured and unstructured Navier-Stokes codes have been used to analyze varied aero-propulsive flows (plumes, divert jets, scramjets, etc.) on such massively parallel clustered computer systems but the numerics implemented for nonequilibrium processes involving turbulence, chemistry, and particulates results in significant load imbalance using domain decomposition with conventional load balancing concepts, i.e., the same number of grid points on each processor.  This is because such nonequilibrium processes occur only in limited regions of the overall flow and, because the work per node can differ substantially dependent on the time scales needed to resolve such processes.

Clearly, new and innovative approaches are needed to deal with such processes in a much more efficient manner on massive clustered computational systems while giving special consideration to the following: 

1. The modeling architecture must incorporate the existing and extensive time -accurate, finite-volume, Reynolds-averaged, Navier-Stokes flowfield solution methodology including models for two-phase, gas-particle flows, and finite-rate chemistry.

2. Turbulence length scales vary over a wide range. 

3. Particulates vary greatly in size and do not necessarily occupy all cells.

4. Characteristic times for fluid dynamics and chemistry may differ from at least a factor of 5 to 50.

5. Multi-grid definition of the flowfield may be required.

6. Time must be preserved.

7. Problem decomposition and load balancing must be considered as a dynamic process which evolve as time-dependent flowfields develop.

PHASE I:  Phase I proposals must demonstrate:  (1) a thorough understanding of the Topic area, (2) technical comprehension of the key physical and numerical incompatibilities which currently limit the technology, and (3) previous computational fluid dynamics experience in modeling multi-phase, nonequilibrium gas-particle, chemically reacting missile aero-propulsion flows on multi-processor clustered computer systems using domain decomposition techniques.

Technical approaches will be formulated in Phase I to address each of the key problem areas currently limiting the technology.  If proven feasible, at least one innovative, meaningful demonstration of an advanced CFD decomposition approach will be conducted during Phase I to assess the potential for Phase II success.

PHASE II:  Phase II efforts will focus on the extended development and refinement of the Phase I approach with continued applications to varied missile aero-propulsion problems to demonstrate the full and inclusive potential of the innovation.

PHASE III DUAL-USE APPLICATIONS:  Computer hardware availability is the principal limitation to fast throughput in high fidelity missile system analyses.  Successful operation of large cluster computational systems will significantly increase the number of simulations that can be performed for supporting the varied modeling efforts of the CFD community via substantially reducing computational costs.  Demonstration of a very low-cost, paralleled/networked framework complete with a benchmarked and validated CFD analysis tool will offer significant marketing opportunities in both the Government and commercial sectors.

REFERENCES:

1) IEEE Computer Society Task Force on Cluster Computing, http://www.ieeetfcc.org

2) Smith, B., Bjorstad, P., and Groop, W., Domain Decomposition: Parallel Multilevel Methods for Elliptic Partial Differential Equations, Cambridge University Press, ISBN 0-521-49589-X.
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5) http://www.sci-tech-today.com/story.xhtml?story_id=25518
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A05-160 
TITLE: A Device for Continuous Monitoring of Changes in Pulse Pressure, Heart Rate Variability and Baroreflex Sensitivity
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  To develop a device capable of recording data from the ECG and finger photoplethysmograph and performing instantaneous (or near instantaneous) analyses of pulse pressure, Fourier-derived spectral analysis, and baroreflex sensitivity analysis from either the time or frequency domain for the purpose of tracking physiological compensations to hemorrhage in humans.

DESCRIPTION:  Traumatic injury is the leading cause of death for people under 45 years of age, and approximately 40 percent of patients suffering fatal traumatic injuries die before they reach a hospital (1).  In the military environment this number is up to 90% (2).  In these patients, arterial pressure, heart rate, arterial oxygen saturation and mentation are monitored periodically during transport:  when abnormal they clearly are related to mortality and prompt rapid evacuation and immediate interventions.  However, these changes are relatively late secondary (decompensated physiologic responses), rather than primary manifestations of hemorrhagic shock, and as such may not provide the first responder with adequate information regarding triage categories, evacuation priority and required interventions.  Of primary importance is the ability to estimate reductions of central blood volume easily and non-invasively from measured physiological signals, but arterial pressure, heart rate, arterial oxygen saturation, and mentation do not change as a function of blood loss:  by the time they do change, the patient is well on their way toward hemorrhagic shock (3).  There is emerging evidence that changes in pulse pressure (systolic minus diastolic), rather than arterial pressure, is useful in tracking reductions of central blood volume.  In addition, changes in heart rate variability and the sensitivity of the arterial baroreflex (the ability of the heart to respond rapidly to changes in arterial pressure) also seem to change predictably as central blood volume is decreased.  Monitoring of pulse pressure, heart rate variability, and/or baroreflex sensitivity in bleeding patients may provide the first responder with an earlier indicator of injury severity than current measures, and therefore may assist the first responder with triage decisions and patient status and prognosis.   

PHASE I:  Proof-of-concept that algorithms to analyze heart rate variability and beat-by-beat arterial pressures can be incorporated into one device.  Contractors should explore novel approaches to real-time analysis of physiological signals to develop an effective plan for device development.  A successful device will obtain clean ECG signals in a potentially noisy environment (such as a helicopter or other evacuation vehicle) such that R-waves are readily and reliably identifiable.  It will analyze heart rate variability in real time or close to real time and include in its output low frequency and high frequency spectral bands from frequency domain analyses.  It will analyze beat-by-beat arterial pressure from finger photoplethysmographic devices (such as the Portapres®) and calculate pulse pressure and baroreflex sensitivity (4, 5). 

PHASE II:  Optimization of data collection and analysis will be tested in humans during hemorrhage simulation and/or during actual transport to a hospital in an evacuation vehicle.  Evaluation of data quality and consistency will be conducted. 

PHASE III DUAL USE APPLICATIONS:  A device capable of providing near real-time estimates of hemorrhage severity would assist combat and civilian medics in triage prioritization and intervention decision early in the progression of injury.  An added benefit of this approach is that information could theoretically be generated from a remote location before a medic even reaches a casualty.  Such a device could save lives by providing critical information on injury severity, and should be of great commercial interest for all branches of the U.S. armed services as well as trauma units around the world.
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A05-161 
TITLE: Development of Advanced Military Prosthetic Shoulder System
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Design and build prosthetic shoulder system that can be deployed in military environments, which can function easily through multiple planes of motion under loaded conditions, using a light weight material design with customized body fitting to support consistent control of the system.

DESCRIPTION:  Current prosthetic shoulder systems continue to lag behind in technical advancements compared to prosthetic lower limbs.  Recent upper limb losses by our young men and women in combat highlight the increased need for more capable upper limb prostheses.  Therefore, the current solicitation invites the development of an artificial shoulder system for young, highly active traumatic amputees who desire to remain in military service to their country. Major difficulties exist in assuming and maintaining an anterior limb position during daily activities.  Additional loads exerted during lifting tasks further exacerbate the problem due to the increased moments placed upon the body-base.  In addition, controls of these shoulder systems currently use either "body-powered" controls (use of other body movements to drive a pulley-cable system) or "myoelectric" controls (amplification of intact muscle activity in the chest and back to drive component motion).  Both technologies demonstrate problems with durability, increased weight of the system on the user, challenges with customized fittings for comfort which interfere with proper control of the limb, and a limited range of motion.  Technical advancements in a prosthetic shoulder system should support functional range of motion through both the anterior and lateral planes of motion.  In addition, the resulting limb should be able to perform under loaded conditions specific to military skills i.e., Lifting loads up to shoulder level (minimum lift capability of 20 kg), tasks requiring a fixed anterior or lateral position of the limb, and quick limb responses (less than or equal to 100 msec) for position changes.  The newly developed shoulder system should also be designed for moisture control (i.e., heavy sweating conditions) and provide no more than a 2.5 kg load (weight of prosthesis) on the prosthetic user. Last of all, the prosthetic limb system design should utilize a body suspension system which is easily modifiable to accommodate a variety of body types for comfort and customized fitting.

PHASE I:  Develop a proof of concept and design an artificial shoulder system that can be used by military persons with upper extremity full limb loss.  Conduct an engineering study to incorporate identified necessary changes into the design followed by fabrication of manufacturing precursor devices for testing.  Coordinate with applicable government and civilian health care organizations and facilities to access what would be required to execute Phase II.

PHASE II:  Build a prototype and test the advanced prosthetic shoulder system within a suitable civilian/military clinical population.  Demonstrate the prosthetic shoulder system as part of a performance study for military/civilian activities.  Evaluate the commercialization potential for the new device(s) and begin market surveys.

PHASE III:  Move the prototype from the laboratory into production and the marketplace.  Develop, provide and execute a training program that will support the proliferation of new devices to all appropriate patients.  Program should address the unique needs of each of the following groups: prosthetic providers, ordering physicians, occupational and physical therapists, vocational counselors, and patients.  Program may be on-site, virtual, or computer based - including didactic and hands-on modules that prepare the target population for maximizing the benefits of this technology in both vocational and avocational pursuits.  Funding sources other than the SBIR will be sought and utilized for this commercialization. Provided the prosthesis meets phase I and phase II requirements, it may be utilized in DoD and VA facilities for military amputee patients as applicable.
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A05-162 
TITLE: Field Deployable Electroencephalogram (EEG) for Assessing Nonconvulsive Seizures
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: DSA, MRMC

OBJECTIVE:  Design and build, or acquire, an inexpensive portable detector, suitable for far-forward use by combat medics/Navy corpsmen, which noninvasively and reliably tells the operator whether or not a patient is experiencing electrical seizure activity.

DESCRIPTON:  Technology has matured sufficiently that it one can now perform outpatient surface electrode electroencephalographic tracings reliably.  In patients who have survived significant poisoning with organophosphonate nerve agents, first responders may experience great difficulty in evaluating patients, particularly those in chemical protective gear, who have altered mental status.  In these patients, care by the first responder would be greatly improved if the responder knew whether the patient is still experiencing seizures.  Presence or absence of convulsions is not reliable here.  For example, a nerve agent casualty who has depleted muscular stores of ATP will not manifest convulsions but may well be in non-convulsive status epilepticus.  If electrical status epilepticus is still present, anticonvulsant should be given, but if the patient is not seizing or is post-ictal, additional doses of anticonvulsant can endanger the patient by compromising respiration.  To make this determination, a multilead electroenecephalogram is not necessary.  All that is required is a relatively simple, go-no go determination for the presence or absence of active, diffuse electrical seizure activity, as is seen in nerve agent poisoning.  This would stand in contrast to conventional systems, which are designed to detect subtle abnormalities but have serious constraints on their use such as lack of portability and needs for electrical shielding and precise lead placement.  The desired detector should be lightweight, rugged, capable of functioning in a wide variety of environments (hot, cold, dry, humid), not easily damaged by being dropped in a rucksack or vehicle, self-powered, and easy for a combat medic/Navy corpsman to use in the field while wearing full chemical protective gear.

PHASE I:  Develop monitor or employ commercially available (off-the-shelf) monitors and test in an approved hospital seizure monitoring unit to show that the readout correlates with seizure activity as measured by standard electroencephalographic parameters.

PHASE II:  Test this item in the field by employing paramedics or other first responders, in a clinical trial sufficiently powered to answer the questions of reliability, ease of use, and correlation with hospital electroencephalograms.

PHASE III DUAL USE APPLICATIONS:  This item could be used in civilian first responder practice for patients who have suffered a variety of insults including poisoning, asphyxiation, acute stroke, and non-penetrating head trauma.  Within the military, it has specific applicability to nerve agent poisoning and non-penetrating head trauma.
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A05-163 
TITLE: Digital Wound Detection System
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  To develop a soldier-wearable, low-power detection system that can process the signals associated with a wounding event and report the location and severity of the resultant trauma. 

DESCRIPTION:  The next generation warfighter platform is expected to include physiological monitoring capabilities.  The purpose of this monitoring is two-fold.  The primary mode is that of operational medicine, designed to keep the soldier in the fight by monitoring derived parameters such as heat stress, among others.  The second purpose of the physiological monitoring supports a combat casualty care scenario if the soldier is wounded.  A wounding detection system will be the trigger mechanism to switch the soldiers monitoring equipment from an operational state to a combat casualty state providing the combat medic with information to assist in saving the soldiers life. 

Proof-of-concept work at the Walter Reed Army Institute of Research has demonstrated the possibility of detecting ballistic impact and blast events associated with traumatic wounding.  This work has yielded an analog circuit which acoustically detects frequencies created from a wound-causing impact and signals when an impact has occurred.  The goal of this SBIR is to build upon the current system and create a digital wound detection system which can acquire the signals and process them to determine the location of the wound and provide information about the severity of the wound.  The preliminary work indicates that frequencies associated with impacts and blast can be distinguished from acoustic signatures created by normal soldier movements (running, jumping, etc.).  These data were used to set frequency filter bands and threshold cutoffs in the analogue circuit.  However, it is likely that there is more information contained within the signals.  Information of interest would be discrimination between blast and impact, determination if bones are broken, determination if an exit wound occurred.  Future benefits of a digital system could provide corroboration of other physiological signals such as heart rate, respiration rate and could be used to process breath sounds for pneumothorax detection.  

Proposals should take into account the technical risk of continuous, real-time physiological monitoring of the active soldier.  Any system will have to be small, lightweight, low-powered and extremely durable.  Successful proposals will demonstrate a mastery of digital signal processing (DSP), especially acoustic related, coupled with knowledge and facility with the latest DSP hardware.  The wound detection system is envisioned to integrate with the Warfighter Personal Status Monitor (WPSM) being developed at the US Army Institute of Environmental Medicine and should meet the engineering specifications for size, weight and power.  WPSM-IC specifications and preliminary impact acoustic signature data will be available to successful candidates.

PHASE I:  Analyze existing impact signatures along with pathology reports (government furnished items) to determine what information can be extracted.  Complete a design for digital impact detection system.  This design need not be functional, but should demonstrate a clear plan for development and a conceptual understanding of project.

PHASE II:  Complete prototype development and optimization to include miniaturization, self-containment, and battlefield suitability.  Demonstrate functionality in an animal model using impacts comparable to threats faced by soldiers. 

PHASE III:  This device will be primarily used as part of the Future Force Warrior program; however, a potential dual use market exists for civilian police forces and SWAT teams. 
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A05-164 
TITLE: Rapid Cell-Based Indicators of Toxicity
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  The objective is to develop vertebrate cell-based indicators that respond rapidly upon exposure to toxic chemicals by producing a signal suitable for automated monitoring.  Advances in this area will provide techniques that enhance to the Environmental Sentinel Biomonitor (ESB) system being developed by the U.S. Army Center for Environmental Health Research (USACEHR) to rapidly identify potential health effects on deployed forces resulting from water-borne exposures to a wide array of toxic chemicals.

DESCRIPTION:  As part of a research program to identify environmental hazards to soldiers resulting from exposure to toxic industrial chemicals, USACEHR is seeking new methods for providing rapid toxicity evaluation of water samples.  Although vertebrate cells have considerable potential as toxicity sensors, there is a need to develop sensitive endpoints at the cellular or biomolecular levels that can respond rapidly to a wide range of chemicals.  Furthermore, these endpoints must be quantitative and measurable with automated data acquisition methods, e.g., with optical outputs (visible, fluorescent, or luminescent).  We are seeking innovative and creative research and development approaches that take advantage of recent advances in cellular and molecular biology, materials science, and image technology to provide an efficient, rapid screening tool for toxicity in water samples.

PHASE I:  Conduct research to provide a proof of concept demonstration of a vertebrate cell-based toxicity sensor technique for water.  The concept will be original or will represent significant extensions, applications, or improvements over published approaches.  Design and performance considerations for a proof of concept demonstration are listed below.  

1. The endpoint(s) selected must be responsive to toxicity induced by different modes of toxic action representative of a broad spectrum of industrial chemicals.  Industrial chemicals of military concern include those for which Military Exposure Guidelines (MEGs) have been developed (USACHPPM, 2004).  Endpoint responsiveness should be demonstrated with three MEG chemicals having different modes of toxic action; appropriate sensitivity will be evaluated with respect to the corresponding 7-14 day MEG concentration for water.

2. Responses by the endpoint(s) must occur within an hour of the initiation of toxicant exposure.  

3. Endpoint(s) that require minimal processing steps and that can be easily and rapidly monitored and evaluated with automated technology are preferred.

PHASE II:  Expand upon the Phase I proof of concept effort to develop an efficient technique for aquatic toxicity evaluation.  Demonstrate technique sensitivity (with respect to the 7-14 day MEG concentration for water) and rapidity of response (within an hour) with at least 12 chemicals with varying modes of toxic action for which MEGs are available.  The technique should be designed for straightforward data interpretation and to minimize logistical requirements to maximize the potential for eventual field use.  Demonstrate that the technique has a low false positive rate in water matrices typical of Army field water supplies.  

PHASE III DUAL-USE APPLICATION:  Evaluate the ability of the toxicity sensor technique to assess the suitability of drinking water for deployed troops under field conditions to enhance the toxicity sensor capabilities of the USACEHR ESB system.  Field tests will involve testing at Army water production facilities.  Given current on-going concerns regarding accidental or intentional contamination of water supplies, this technology will have broad application for water utilities as well as state and local governments.  In addition, the toxicity evaluation technique should be broadly usable for high-throughput screening of pharmaceutical products for efficacy and toxicity.  A well-formulated marketing strategy will be critical for success in these commercial applications.

OPERATING AND SUPPORT COST REDUCTION (OSCR):  Failure to rapidly identify toxic hazards in water may lead to health impairments during or after deployment, resulting in loss of readiness and increased medical costs.  Rapid chemical detection capabilities are limited and do not address potential health hazards from exposure to industrial or agricultural chemicals encountered by soldiers during deployment as a result of damaged infrastructures, accidental spills, or hostile acts.  The technique developed by this project will contribute to the USACEHR ESB system, allowing rapid identification of acute toxic hazards in water and providing increased protection of deployed soldiers from health risks related to chemically-contaminated water.
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A05-165 
TITLE: Development of a “Universal Virus Detection System” 
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Adapt state-of-the-art technology to develop a diagnostic system capable of detecting all known, genetically modified and unidentified viruses (RNA and DNA) in human serum samples.  This system will be used to:  1) detect contaminating viruses in banked blood, 2) detect genetically modified viruses that could potentially be used as bio-warfare agents, and 3) detect viruses causing infections of unknown origin in deployed military personnel.  

DESCRIPTION:  We envision a bench-top assay that uses modern molecular technology to detect in under three hours all known, genetically modified and unidentified viruses (RNA and DNA) from infected human serum.  In addition to detecting all viruses, the system should allow for cloning of the diagnostic products resulting in complete viral sequences.  The assay should be FDA cleared for use in any CAP or CLIA certified clinical laboratory.

Currently used diagnostic assays only detect specific pathogens that the assay was developed for – as such they only provide limited information (e.g., pathogen “A” is present or not present in a particular sample).  Currently used assays cannot determine if a non-target pathogen is present (for example, retrospective studies have demonstrated that banked blood samples were contaminated with Hepatitis C virus 22 years before the virus was identified).

New strategies to detect and identify viruses that do not rely on a particular pathogen’s genomic or proteomic expression profile are essential for the defense against emerging and bioengineered viral pathogens.  Specific applications of a “Universal Virus Detection System” include: 

a) Blood Banking: HIV and Hepatitis C contaminated the blood supply for 5 and 22 years, respectively, prior to the identification of the virus.  The development of methods to universally detect viruses is critical to prevent the rapid spread of emerging viruses in our blood banking system.

b) Bioterrorism: The capacity to recombine viruses is wide-spread, and benign viruses can be manipulated for the purposes of enhanced pathogenecity and stealth.  Such recombined viruses cannot be detected using standard DNA chip or PCR diagnostics.

c) Infections of Unknown Origin - Acute and chronic illnesses with infection hallmarks (i.e., fever, leukocytosis, inflammation) are routinely undiagnosed despite extensive testing.  Unidentified viruses may be in part responsible for these idiopathic illnesses.  

The goal of this project is to develop a rapid, simple, highly-specific diagnostic test that will detect in under three hours all known, genetically modified and unidentified viruses (RNA and DNA) from infected human serum.  In addition to detecting all viruses, the system should allow for cloning of the diagnostic products resulting in complete viral sequences. 

PHASE I:  Selected contractor determines the feasibility of the concept by developing a prototype diagnostic assay that has the potential to meet the broad needs discussed in this topic.  Selected contractor uses this prototype diagnostic assay to detect unknown viruses in a panel of 50 serum samples and successfully clones and sequences 10 viruses.  Specificity and sensitivity of the assay are >85%.  

The development and validation of the required diagnostic assay will require support (primarily a blinded panel of serum samples containing known viruses) from the Walter Reed Army Institute of Research in Silver Spring, Maryland.  The candidate contractor should coordinate with the COR for any required support prior to the submission of the proposal. 

PHASE II: Selected contractor produces a diagnostic platform that meets the requirements of this topic, conducts laboratory validation of the assay, and completes regulatory requirements to obtain clearance to use this assay with human serum samples.  Sensitivity and specificity should be >95% using a panel of 200 blinded samples that contain known pathogens.  

PHASE III:  The developed technology would be used by a variety of clinical laboratories throughout the world. Government or commercial medical centers, clinical laboratories and blood-banks would use this technology to detect unknown viruses in serum samples.  Universal detection systems could theoretically be applied to other groups of pathogens in addition to viruses.
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A05-166 
TITLE: Development of a “High-Throughput Molecular Differentiation Device”  
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Adapt state-of-the-art technology to develop a diagnostic system capable of simultaneously detecting and identifying up to 100 militarily relevant pathogens/targets from human blood or serum samples.

DESCRIPTION:  The goal is to develop a prototype diagnostic system that is capable of simultaneously (in a single reaction/tube) detecting and rapidly identifying up to 100 militarily relevant pathogens/targets from clinical blood samples.    

Currently used diagnostic assays normally only detect a single pathogen or at most several pathogens – as such they only provide limited information (e.g., pathogen “A” is present or not present in a particular sample) that clinicians can use to assist them in the diagnosis of infectious agents causing human disease.  

The ideal assay would be able to detect the primary pathogens of concern in a particular type of sample.  For example, blood from a person presenting with a fever of unknown origin should be tested for the presence of infectious agents such as Plasmodium sps., Leptospira sps., Leishmania sps., Rickettsia sps., Brucella sps. and various viruses (among others).

We envision a bench-top assay that uses modern molecular technology to simultaneously detect and differentiate up to 100 distinct pathogens/targets (to include viruses, bacteria, protozoan parasites and rickettsia) in a single reaction using clinical blood or serum samples.  The assay should have the following characteristics:  (1) low background with minimal probability of primer-dimer formation, (2) high sensitivity for each pathogen compared to reference assays, (3) high specificity compared to reference assays, (4) detection reaction for all pathogens carried out in a single tube, and (5) a flexible platform that readily allows for the incorporation of additional pathogen targets without significant re-optimization of the assay.  The ultimate goal is to develop an assay that is available as a commercially available ASR (Analyte Specific Reagent) for use in any CAP/CLIA certified clinical laboratory.

PHASE I:  Selected contractor develops a proof of concept to construct a prototype diagnostic assay that has the potential to meet the broad needs discussed in this topic.  The prototype should be able to detect the following 11 pathogens:  1) Plasmodium sps. (Plasmodium generic assay), 2) P. falciparum, 3) P. vivax, 4) dengue virus (all serotypes), 5) Leptospira sps. (Leptospira generic assay), 6) Rickettsia sps. (Rickettsia generic assay), 7) Orientia tsutsugamushi, 8) Salmonella typhi, 9) Coxiella burnetti, 10) Leishmania donovoni, and 11) Hantaan virus.  Selected contractor uses this prototype diagnostic assay to evaluate a blinded panel of 100 serum samples (provided by the COR) with >95% sensitivity and specificity.    

The development and validation of the required diagnostic assay will require support (primarily a blinded panel of serum samples containing known pathogens) from the Walter Reed Army Institute of Research in Silver Spring, Maryland.  The candidate contractor should coordinate with the COR for any required support prior to the submission of the proposal. 

PHASE II:  Selected contractor develops a diagnostic assay that meets the requirements of this topic.  The assay should be able to simultaneously detect and identify up to 100 pathogens/targets in a single tube using a whole blood sample.  The exact list of pathogens/targets will be provided prior to the contractor prior to requesting a Phase II proposal.  The contractor works with the Walter Reed Army Institute of Research and associated laboratories to conducts laboratory and clinical validation of the assay, and completes regulatory requirements to legally sell this assay as an ASR (Analyte Specific Reagent).  Sensitivity and specificity of the assay should be >98% using a panel of 500 blinded samples that contain known pathogens.  

PHASE III:  The developed technology would be used by a variety of clinical laboratories throughout the world.  Government or commercial medical centers, clinical laboratories and blood-banks would use this technology to detect pathogens in blood and serum samples. This technology could be potentially used for a variety of related applications (i.e., testing for genetic disorders).
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A05-167 
TITLE: Rapid, Lightweight, and Compact Heat Sterilization of Medical and Dental Instruments in Forward and Theater Medical/Dental Units
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Develop a Lightweight and Compact Portable Sterilization System (PSS) that uses steam to rapidly sterilize medical and dental instruments without a requirement for external water or power sources.  The device will sterilize medical, dental, or optionally other bio-contaminated articles within flexible (bags) or rigid enclosures.

DESCRIPTION:  The military has an on-going need to post troops for long periods to austere locations around the globe, which drives a need to disinfect and sterilize medical or dental instruments in environments where power and clean water are difficult to obtain, and the ability to carry bulky autoclaves is limited.  Moreover, the military is under continuous pressure to reduce the volume, weight, and size of items deployed to support troops in the field.  An effective Portable Sterilization System (PSS) will allow surgical/dental procedures to continue to be performed with newly-sterilized instruments in the absence of conventional autoclaves and will therefore enhance the medical care capabilities of far-forward and theater medical care units and will decrease large autoclave logistic demands.  It is envisioned that a PSS will also have significant utility for sterilizing health care instruments in developing countries, rural areas, disaster areas, or other scenarios where sterilizing facilities of any kind are not readily available.  A chemical method of creating the steam is envisioned to negate the need for power and keep the total weight and cube small.  Sterilization should be completed within one hour or less.  The device in its final packaging should be rugged, compact, and portable. The chemicals should be safe and storable for one year.  The device should be environmentally friendly.

PHASE I:  Conduct a proof-of-concept device that can heat-steam sterilize medical or dental instruments contaminated with standard test microorganisms with an efficacy equivalent to existing steam autoclaves.

PHASE II:  Develop and test a Portable Sterilization System prototype in fieldable form and demonstrate system to interested end-user communities within the Army and other military branches.  Sterilization of all pathogen classes (bacterial, fungal, viral) to be accomplished within a fraction of an hour, to be as effective as conventional steam autoclaves, and will leave instruments undamaged.  The shelf-life of chemical feedstock for the steam generator should be documented to exceed one year.  A 510(k) Pre-market Notification to the Food and Drug Administration will be submitted for a claim as a sterilizing device.

PHASE III DUAL USE APPLICATIONS:  Operating rooms, mobile veterinary practices, developing countries and aid agencies, homeland security response teams, and de-centralized medical facilities all have a need for an inexpensive, mass-produced Portable Sterilization System (PSS) with the ability to de-contaminate small or large batches (or sizes) of instruments and articles in an environmentally sound manner.  This device could revolutionize sterilization of medical instruments by de-centralizing sterilization resources.
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A05-168 
TITLE: Robotic Bioagent Detector for Combat Casualty Care & Force Protection
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

ACQUISITION PROGRAM: Joint Robotics Prgrm PM Force Protection FIRRE IPT

OBJECTIVE:  Design and prototype a robotic field bioagent detection and identification system capable of autonmous or teleoperation; integrate it with and implement it on the emerging family of Joint Architecture for Unmanned Systems (JAUS) compliant unmanned ground vehicles (UGVs) intended for medical force health protection and combat casualty care missions.

DESCRIPTION:  Several efforts are underway to leverage the emerging Army Future Combat System (FCS), DOD Joint Robotics Program (JRP), and PM Force Protection Family of Rapid Response Equipment (FIRRE) JAUS compliant UGVs for a variety of force protection missions including casualty location, assessment, treatment and evacuation.  Several of these UGV robots have been equipped with the Army Chemical School chemical and radiation detection package known as CHARS by the Navy Space & Naval Warfare Systems Center (SPAWAR) and subsequently tested with troops in the field to include combat operations in Iraq.  The CHARS package includes three standard sensors:  the MultiRAE hazmat environmental gas sensor, the Joint Chemical Agent Detector(JCAD) nerve, blister and blood agent sensor, and the AN/URD Radiac 13 gamma and neutron radiation detector.  CHARS has been implemented with JAUS on several medical combat casualty location and evacuation robots so that potential chemical and radiation contamination can be detected by the robots prior to and simultaneously with casualty location, assessment and extraction.  Equally important to first responders and subsequent combat casualty care providers is knowledge of the presence and potential exposure of casualties to biowarfare agents. However, no mobile robotic capability to detect and identify biowarfare agents in the field currently exists.  Such capability will enable first responder medics to monitor and detect bioagents without risky exposure.  While  several previous approaches to field detection of bioagents have been attempted previously, significant research is needed to develop a bioassay device which can autonomously or semiautonousmously (via teleoperation) collect environment samples and perform assays on those samples remotely such that the device could be implemented on an unmanned ground vehicle and sent off to survey a designated area around a combat casualty for contamination by biowarfare agents.  Some previous research strategies in handheld bioassay technologies include: light based fluorescence polarization (Ref 1), nanotechnology (Refs 2, 14), 3) fiber optics (Ref 3), 4) biological recognition based on bacteriophage displayed peptide receptors (Ref 4), and fluorometric and light scatter spectra (Ref 5).  While the technologies employed by these techniques are robust, the problem with current hand-held detectors is that in order to collect and process the samples, the first responder medic operators are potentially exposed to contamination or infection themselves.  Research questions that need to be addressed include:  1) prototype design or adaptation of robotic manipulator(s) for collecting samples from the environment (water, soil, and air, and potentially human fluids) and from exposed equipment; 2) prototype design or adaptation of bioagent detection and assay device; promising research directions are discussed above, and in references 3) miniaturization of prototype robotic sample collector and assay device sufficient to be mounted on a small (<80 pound) UGV; 4) prototype design and implementation of sampling and assay application software via onboard and/or remote processors; 5) integration and implementation of JAUS compliant, command and control of the robotic environmental sampling tool and assay device.  JAUS is required to enable operation of the robotic sampling and assay device from any of the FCS or JRP UGV controllers, 6) integration and implementation of remote teleoperation command and control communication for sample collector and assay device on the base UGV communication system. 

PHASE I: 

1) Design robotic manipulator(s) for collecting samples from the environment (water, soil, and air) or from exposed equipment.

2) Design bioagent detection and assay technology; instantiate design for at least two potential biowarfare agents.

3) Design JAUS compliant command and control system for robotic environmental sampling tool and assay devices.

4) Formulate strategy for integration of environmental sampling tool and bioagent assay device with communication and computer processing systems onboard an FCS, JRP, or FIRRE combat casualty care UGV. 

PHASE II:

1) Prototype, test, and demonstrate robotic manipulator(s) for collecting samples from the environment (water, soil, and air) or from exposed equipment.

2) Prototype, test, and demonstrate bioagent detection and assay technology for anthrax, smallpox, tularemia, plague, botulism, and VHF.

3) Prototype, test, and demonstrate JAUS compliant command and control system for robotic enviromental sampling tool and assay device on an unmanned ground vehicle.

PHASE III DUAL USE APPLICATIONS:

1.  Implement and test the environmental sampling tool and bioagent assay device on an FCS, JRP, FIRRE  or equivalent civilian first responder unmanned ground vehicle and integrate with onboard communication and computer processing systems.

2. Assist topic author in transitioning the prototype system to operational testing under the Future Combat System (FCS), PM Force Protection FIRRE IPT, DOD JRP, Robotic Follower Advanced Technology Demonstration (ATD), or the Personnel Recovery, Extraction, Survivability/Smart-Sensors (PRESS) Advanced Concepts Technology Demonstration (ACTD).

3. Transition the system to dual use casualty rescue applications with civilian police, fire, and medical first responders through ongoing US Army Medical Research and Materiel Command (USAMRMC) Telemedicine and Advanced Technology Research Center (TATRC) administered civilian first responder programs. Candidate dual-use civilian emergency first responder programs include the Center of Excellence for Remote and Medically Underserved Areas (CERMUSA) Robotic Emergency Medicine & Danger - Detection (REMED-D) program, the National Bioterrorism Civilian Medical Response Center (CiMeRC), and the Texas Training and Technology for Trauma and Training (T5) program.
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A05-169 
TITLE: Use of Micro Impulse/Ultra-Wideband Radar to Detect Pneumothorax and Hemothorax
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  The development of a device using ultra-wideband radar that can be used to detect changes in density in the thoracic region that would indicate a pneumothorax or hemothorax in a patient.

DESCRIPTION:  Presently, medics treating wounded casualties on the battlefield have no means to detect or confirm the existence of a pneumothorax or hemothorax.  Although easily treatable if detected, pneumothorax or hemothorax become lethal conditions if undetected.  Currently effective ultrasound techniques that rely on acoustical evaluation of lungs sounds are significantly limited in the noisy battlefield environment.  However, ultra-wideband radar has shown great potential to penetrate the human body and provide a caregiver with information about the accumulation of air or blood in the thoracic cavity by detecting changes in medium density within the thoracic region.  If an ultra-wideband radar device can be developed, the medic can have a small, hand-held, non-invasive instrument that he/she can use to detect/comfirm a pneumothorax or hemothorax without requiring extensive training or experience with acoustical evaluation.

PHASE I:  In Phase I, the contractor(s) should demonstrate both in theory and practice that their ultra-wideband radar device actually detects changes in density within the thoracic region that can lead to identification of a pneumothorax or hemothorax.  The size of the device is not important for Phase I but the contractor(s) should demonstrate the potential to package the device into a hand-held instrument.

PHASE II:  In Phase II the contractor(s) should build a working prototype that is hand-held in size and hardened for combat use.  The contractor(s) should test the instrument to ensure that it works correctly and accurately shows both pneumothorax and hemothorax.  The contractor(s) should also develop any software algorithms necessary to translate instrument measurements into information that is useful to the medic.

PHASE III DUAL USE APPLICATIONS:  The development of an instrument to detects/confirms pneumothorax and hemothorax in field settings has applications for combat medics of all services.  In addition, it will be useful for first responders and paramedics in the civilian community to get a non-invasive look at accident victims and determine their potential for problems.
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A05-170 
TITLE: Enhanced Detection, Containment and Treatment of Acinetobacter Baumannii Infections
TECHNOLOGY AREAS: Biomedical

OBJECTIVE:  To design and implement an Intervention Model for reducing morbidity and mortality due to Acinetobacter baumannii infections in Medical Treatment Facilities, including US Military Treatment facilities. 

DESCRIPTION:  Acinetobacter bacteria organisms are of low virulence, but are capable of causing infection (1).  Such infections usually occur when immune compromised patients are exposed to the bacteria through medical equipment such as contaminated catheter lines mechanical ventilators, monitoring devices, surgical drains, and indwelling urinary catheters (2).  These organisms usually result in organ system infections including the respiratory tract, peritoneum, and urinary tract (3).  Acinetobacter bacteria organisms cause approximately 3% of hospital-acquired pneumonias and blood stream infections in the United States and are difficult to treat due to multi-antibiotic resistance (4). 

Acinetobacter bacteria have also been known to contaminate wounds in military operational settings, and were among the most common bacteria isolated from injured troops during the Vietnam War.  Acinetobacter baumannii (A. baumannii) infections, originating from the theater of military operations are currently complicating the care of medically evacuated troops.  Infected and colonized patients transport this organism to Military Treatment Facilities.  A. baumannii infections are generating excess morbidity and mortality through nosocomial transmission at the Military Treatment Facilities where troops are evacuated.  Efforts to eradicate A. baumannii infections have presented significant challenges.  The technologies developed under this topic should provided critical intervention measures against A. baumannii infections and associated complications, including increased morbidity and mortality.  These outcomes will be applicable to both military and civilian Medical Treatment Facilities. 

PHASE I:  Design a feasibility study for applying appropriate Interventions targeting A. baumannii infection; containment; and eradication in Medical Treatment Facilities.  This feasibility study should include strict enforcement measures.  

PHASE II:  Studies must demonstrate effectiveness of the Intervention Model on A. baumannii containment and eradication at Medical Treatment Facility test site.  

PHASE III:  This phase should demonstrate applicability of the Intervention Model in military and civilian Medical Treatment Facilities.  This intervention has the potential to greatly reduce or eliminate morbidity and mortality impacting hospitalized civilian immune-compromised patients as well as injured US Warfighters evacuated to Military Treatment Facilities. 
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A05-171 
TITLE: Enhanced DNA Vaccine Delivery to Protect Against Biothreat Agents
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  To develop a nonviral DNA delivery system to convey vaccine candidate(s) that target biothreat agents or their toxic products.  To vaccinate with DNA encoding bacterial (vegetative cell or spore) or viral proteins or toxic antigens, to target different pathogens as well as different stages during infection with one pathogen.  The goal of the former is the provision of multi-agent protection and of the latter is the prevention of both infection and disease caused by one pathogen.  To use the prototype model to test and evaluate the safety and efficacy of a novel delivery system for administering multi-component vaccines targeting disease agents.

DESCRIPTION: The goal of this topic is to establish effective and efficient vaccines against pathogenic microorganisms and toxins with biothreat potential.  One approach to reaching this goal is the development of DNA vaccines that could be used as single agent vaccines or combined as part of a multivalent vaccine. Gene delivery allows the antigenic protein to be produced within target cells using host expression machinery and can take advantage of host antigen presentation mechanisms.   In order to effectively immunize with DNA, there is a need to establish safe, efficient, and reproducible DNA delivery procedures.  Delivery systems have employed both viral and non-viral approaches.  For non-viral delivery, the desired gene is delivered to tissues by manual injection or by chemical or physical procedures designed to enhance delivery (such as liposome-mediated DNA transfer or gene gun delivery).  Many of these methods have resulted in partial immune stimulation in animal models yet have often failed to produce complete protection in the absence of a prime boost with protein antigen.

The objective of research submitted for this topic will be to develop a novel system that delivers DNA vaccine candidates against biological targets of bioterrorism in a manner that is effective, controllable, safe, and reproducible.  Further emphasis is placed on approaches:  (1) with versatile delivery technologies that can target diverse tissue types and can be controlled so as to impart a specific pattern and duration of protection; and (2) plasmid vectors or other viral or nonviral vehicles that can function as a multivalent platform.  Criterion (1) is exemplified by newer procedures which have been shown to be efficacious, highly versatile, and safe ways of delivering plasmid DNA, e.g., replication-defective viruses and electroporation.  Criterion (2) is exemplified by platforms that deliver genes encoding more than one viral or bacterial pathogen or toxin in a manner that allows noncompetitive or even synergistic expression of antigens.  It is also represented by delivery systems that carry different genes from one pathogen that encode antigens expressed at different stages during its growth in the host.  This situation is represented for example by the dormant spore to toxin-producing bacillus life cycle of Bacillus anthracis in the infected host.  The development of anthrax vaccines that target the initial spore stage of the infection and that block the effects of the terminal intoxication represents a new approach.  

PHASE I:  To construct recombinant plasmids to be used in the multi-component vaccine; initially will include known, effective vaccine antigens, e.g., PA for anthrax and F1 capsule plus V virulence antigen for plague.  To develop a plan to thoroughly evaluate the selected system for delivering the DNA to specific sites of immune stimulation, such as skin, muscle, or lung; parameters will include:  1) time course of expression, 2) level of antibody production and 3) extent of a cellular immune response.  To perform pilot evaluation of the plan in animal model exhibiting responses appropriate for all agents covered by vaccine. 

PHASE II:  To fully evaluate the protocol and parameters of the design built in Phase I for testing the protective efficacy of a DNA vaccine directed against the selected prototype agent(s).  To determine the optimal set of antigens for the final candidate vaccine and the best vaccination parameters to elicit protection against the final candidate vaccine, in the selected animal model.

PHASE III DUAL or MULTI-USE APPLICATIONS:

The most efficacious candidate and vaccination parameters based on results with the first two phases will selected for final animal testing.  If significant protective efficacy is demonstrated in the models, advanced development and preclinical trials to determine human immunogenicity and safety will be performed.  The development of an efficient DNA delivery protocol and vaccine for agents of biological warfare (BW) such as anthrax, plague and other bacterial, toxin, and viral biothreats will provide a valuable tool for protecting at risk populations in a safe, efficient and cost effective manner.  The product could be used to protect both military as well as civilian populations.  The latter would include laboratory workers involved in BW agent research and laboratory identification; first responders to a BW agent terrorist attack; firefighters and hazmat personnel; veterinarian;, and industrial workers (such as factories that make BW vaccines or that process potentially spore-contaminated animal products).  In addition, the strategy developed in the study should be applicable to DNA vaccines that protect against other infectious agents, multiple agents, and other immune targets.    
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A05-172 
TITLE: Compartment Syndrome Simulator
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  To develop a proof-of -concept, design, build and demonstrate a Personal Computer (PC)-based simulation training system replicating compartment syndrome of the lower extremity, to assist in the training of military and civilian health care professionals in establishing timely diagnosis and performance of complete, anatomically appropriate compartment releases.

DESCRIPTION:  Compartment syndrome (CS) of the lower extremity can result in devastating consequences if not recognized and treated expeditiously. Common contributors to the development of compartment syndrome include fractures, crush injuries, vascular injuries, burns, high or low velocity injuries, and external pressure from casts.  Recent combat has resulted in large numbers of casualties requiring compartment release of either upper or lower extremities.  In some cases over 30% of the casualties at a single medical support facility have undergone lower extremity compartment releases. In both the military and civilian arena, compartment syndrome is at times missed and incompletely released.

The early management of compartment syndrome includes knowledge of mechanisms of injury and clinical manifestations.  Confirmation of compartment syndrome can be obtained through measurement of compartment pressures (typical in the non-combat setting).  Treatment mainstay is performance of compartment releases. When diagnosed and managed properly, extremity func tion returns to normal. Complications of missed CS and incomplete compartment releases include muscle necrosis, nerve ischemia, and vascular thrombosis.  Misdiagnosis and/or incomplete compartment releases may also, ultimately, result in the necessity for limb amputation.  Experience in diagnosing and treating compartment syndrome can maintain extremity function following this potentially devastating condition.

The development of a CS simulator would afford health care providers the opportunity to assess the presence, confirm the presence and surgically manage lower extremity CS appropriately.  A simulation system will facilitate the acquisition and maintenance of skill not possible with medical training methods currently in use.  In the development of such a system, it should be able to replicate calf swelling, provide feedback regarding calf compartment tension, and allow measurement of compartment pressure in each of the three calf compartments.  The simulator should be able to replicate posterior tibial and dorsalis pedis pulses. It should also provide feedback of neurological and vascular changes in the foot as a result of increasing compartment pressure.  Simulated compartment changes following release are also desirable.

The following performance objectives should be met:  Simulator should provide visual and tactile feedback consistent with the visualization and palpation of the lower extremity to include posterior tibial and dorsalis pedis pulses as well as the appearance of swelling, tactile feedback of tense tissue compartments and responsiveness to provocative testing (toe extension).

1. Techniques for simulation of physiologic events should be considered.  Integrate realistic modeling surface and compartment tissue deformation. 

2. Integrate a computer-based model of the lower extremity that can display tissue changes in response to increasing pressure, long standing pressure and following compartment release.

3. Integrate device tracking, multimedia and graphics that will apply to all real-time environments.

4. Include real time positioning of pressure monitoring equipment.

5. Include technologies and techniques that allow the user to treat the condition presented by the simulation. Treatment and techniques should be based on clinical standards developed and accepted by credentialed orthopaedic and trauma surgeons.

6. Cases and treatment should be based on embedded metrics for performance assessment and training

7. User interface should contain a module that allows teaching, rehearsal, testing and results tracking of the user

8. Didactic content should encompass diagnostic aspects of lower extremity CS, surgical release technique and complications.

PHASE I:  Phase I will develop a feasibility concept and plan for developing and/or applying various innovative simulation technologies to the diagnosis and treatment of lower extremity compartment syndrome.

PHASE II:  Phase II will develop and demonstrate a working functional prototype of the CS simulator.  The interface platform will enable the integration of patient cases and therapeutic treatment.  The simulation should include approximately five patient cases presenting various mechanisms of injury leading to CS. 

PHASE III DUAL-USE COMMERCIALIZATION:  The focus will be on commercializing a lower extremity CS training system that is effective in both military and civilian environments.

REFERENCES:

1) Bowen, T. E., Bellamy, R. Emergency War Surgery, U.S. GPO 1988. http://www.vnh.org/EWSurg/EWSTOC.html 

2) Paula, Richard, Compartment Syndrome, Extremity, http://www.emedicine.com/EMERG/topic739.htm

3) Jha, Ashish K., Duncan, Bradford W., Bates, David W. Simulator-Based Training and Patient Safety. http://www.ahrq.gov/clinic/ptsafety/chap45.htm

4) Satava, Richard M., Advanced Simulation Technologies for Surgical Education; American College of Surgeons http://www.facs.org/about/committees/rci/81777.html 

5) Liu, A., Cotin, S., et al  MICCAI 2003 Tutorial: Simulation for Medical Education,

http://www.simcen.org/miccai2003/index.php 

6) Swain, Randall, Ross, David, Lower extremity compartment syndrome:

When to suspect acute or chronic pressure buildup Postgraduate Medicine Vol 105 No 3, March 1999 http://www.postgradmed.com/issues/1999/03_99/swain.htm 

7) Wheeless, C.R. ‘Compartment Syndrome’ in Wheeless’ Textbook of Orthopedics Online http://www.wheelessonline.com/oa2/72.htm 

8) Bourne, R. B., Rorabeck, C. H. Compartment Syndrome of the Lower Leg.  Clin Orthop 240:97-104, 1989

KEYWORDS: surgical simulation; compartment syndrome; orthopedic surgery; field surgery; combat casualty care; training; simulation; trauma; military medicine; surgical skills training

A05-173 
TITLE: High Through-Put Proteomics Assay Using a Cellular Modeling Approach
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  The development of a high through-put proteomics system based on a defined cellular network pathway. 

DESCRIPTION:  Current progress in proteomics analysis has focused on general biomarker identification for diseases.  While this approach has gathered information and supplied some clues to disease biomarkers, it has been limited by the lack of integration with known molecular systems for a specific disease.  Disease cellular modeling and design on the molecular level could revolutionize diagnosis and treatment.  By targeting proteomics analysis to a specific cellular network or signal pathway, the merger of technology and the basic understanding of cellular systems may occur to bring about diagnosis and personalized treatment for diseases.  Additionally, it may be possible to utilize selected cellular networks to categorize disease progression.  

This topic seeks the development of a high through-put proteomics assay based on a defined cellular pathway for the area of endometrial/ovarian diseases (polycystic ovarian syndrome, endometriosis, cancer, etc).  The chosen cellular pathway should be specific for the disease.  The biological relevance of the chosen cellular network with respect to the selected disease should be based on accepted published results.  Array technology proposed must be highly specific, highly selective and demonstrate ultra-sensitive detection capabilities.  Resulting data should provide information on protein expression, and/or post-translational modifications.  The emphasis should be placed on protein activity in the targeted cellular pathway. The main aim of the response should distinguish new methods of protein chip fabrication, novel protein microarray systems and/or new detection systems.  All responses must deliver a reasonable method for working with complex biological specimens (serum, biopsy, etc).  The fabricated system should be extendable; the basic proteomics platform must be able to be modified for use with different cellular pathways to study another disease (a different cancer, infectious disease, etc).  Early detection of diseases is needed for military force protection initiatives.  The adaptability of the platform with a newly specified cellular pathway may be a powerful tool for military applications. Furthermore the importance of integrating these proteomics data outcomes with other information sources (i.e., genomic data, demographic data) should be taken into account to create a whole system delivery for diagnosis and treatment.  Options to consider this should be discussed.

PHASE I:  Identify, outline and design a proteomics platform integrated with a defined cellular pathway for endometrial/ovarian diseases. 

PHASE II:  Develop the proteomics platform and perform preliminary in vitro testing of the platform.  Develop the platform as a clinical testing tool and demonstrate the utility in biological samples.  Employ methodology to work with complex biological samples in a rapid multi-sample system.  Demonstrate the ability of the platform to rapidly and accurately detect and identify the disease (specificity and sensitivity should be greater than 95%) and disease progression.  Results should correlate with clinical and pathological findings.

PHASE III:  Demonstrate the universality of the platform to show the range of use in military applications and civilian.  This phase would include clinical trials to determine the safety, efficacy and utility of the proteomics platform, and may include manufacture of the technology.  This proteomics platform will be highly applicable to the military environment including force protection. Early diagnosis and treatment of female pelvic diseases could decrease costs to the military and decrease sick leave of military personnel. Early detection of cancers and infectious diseases is needed to best care for military personnel and their beneficiaries, and to reduce the associated health care costs.  Direct application of this technology to military settings is for rapid and accurate detection of exposure to infectious diseases and biological and chemical agents in the environment.

A high throughput proteomics assay should enhance the ability to detect specific diseases and reduce the time required to identify the disease.  Infectious diseases epidemics, either through terrorism or natural worldwide outbreaks, must be detected, identified and tracked in order to deal with managing the initial response, targeting resources, evaluating effectiveness, and managing the responses.
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A05-174 
TITLE: Deployment Web-Based Interface Tool
TECHNOLOGY AREAS: Biomedical

OBJECTIVE:  To develop an inter-active, internet-based, proactive information-gathering system for use by top-level decision makers within the U.S. Army Medical Command.  This tool will provide substantially different information from traditional information-gathering mechanisms in a more timely manner, and will permit tracking of associated action items designed to alleviate issues of concern.  This data-driven approach for eliminating defects and improving performance will enhance the responsiveness and operational decision-making capability of the U.S. Army Medical Command to the Warfighter.

DESCRIPTION:  During training, medical platoon leaders consistently participate in the task force Military Decision-making Process (MDMP) in order to plan effective casualty evacuation support.  However, this unfailing participation ceases when training ends and deployment begins.  Instead information necessary to initiate changes in tactics and techniques is gathered from deployed medical personnel through “lessons learned”.  Currently, three methods are used to gather “lessons learned” for top level decision making; a) After Action Reports, b) personal interviews and focus groups, and c) soliciting email via a website.  While each method has pros and cons, none of them permit pin-pointing a particular target group, quick answers to topics of immediate interest, or anonymity.  None of the three takes full advantage of available new technologies.  Unfortunately, this means top-level medical decision makers must make operational related decisions without the very information they need to make the best and most accurate judgments or they must wait months for accurate information.

This topic proposes to create, test, and validate a tool that will provide senior staff access to essential information for resolution of immediate concerns by targeting and querying soldiers with the most pertinent experience, while ensuring anonymity.  It is anticipated that the information gained from this methodology will yield substantially different information in a more timely manner than other methods of gaining information from troops.  Research techniques to evaluate the effectiveness of this new tool include comparisons of content (Does content differ compared with other methods of gaining lessons learned?), comparisons of content-in-time (Do issues come to light earlier with this new methodology?), the timeliness of actions to resolve issues (Are methods to resolve issues put into effect earlier?), and subjective measures of usefulness (Do top decision-makers believed they are better informed?). 

This real time method of data gathering can be used to assess any topic of immediate interest including warfighter physical and emotional health, medical logistics, equipment, or casualty evacuation.  The information can then be put to immediate action through modifications to treatment regimens, medical training, medical Tactics, Techniques and Procedures (TTPs), or doctrine and policy.  As such, it is imperative that the data gathering, data base administration, and information analysis be ergonomically designed so each element is easy to use, quick to evaluate, and does not require high level of staffing for maintenance.

Significant challenges to overcome in the development and testing of this tool are: ensuring anonymity, providing convincing evidence to participants that information submitted will be anonymous and eliciting their participation, comparing findings with those of existing systems (which may not simultaneously track actions and resolutions to issues), creating an ergonomic interface and trend analysis system, and measuring subjective effectiveness of both medical personnel and the Warfighters they support.

PHASE I:  Phase I will include a proof of concept for the development of the interactive internet-based medical tool.  This research must be original or represent a significant enhancement over an existing system.  The tool parameters will be defined for data generation, storage, and analysis.  The tool must be a user-friendly system that provides an interface capability with existing Department of Defense data source systems.  It must contain appropriate firewalls to ensure data security during information transmission and manipulation.  It must possess the capability to manipulate and analyze data entries based on “key words” or demographic parameters.  Finally, the system must ensure respondent anonymity. 

PHASE II:  In Phase II, the project will expand upon the plan initiated during Phase I for the proof of concept demonstration.  This will include constructing a prototype system tool and database and conducting a pilot study to demonstrate tool validity and efficacy.  The study should demonstrate effective interacting links between select DoD databases and the tool database.  Pilot study results must be compared with results of other lessons learned data gathering techniques as described above.

PHASE III:  During Phase II, the tool will be implemented.  This tool will serve as a prototype for other Army Commands, to provide a fourth methodology to gain lessons learned, in order to provide the most well-rounded and effective means of identifying and remediating problematic issues among healthcare delivery services.  The tool will offer similar benefit to major Health Maintenance Organizations as well as State and Federal organizations (i.e., Public Health agencies).  Through harnessing available technology, necessary information can be gathered quickly to support an Future Force that is more responsive, deployable, agile, versatile, lethal, and survivable—yet sustainable.
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A05-175 
TITLE: Chloroplast Genetic Engineering to Produce Diagnostic Antigens and Vaccines
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Develop a strategy and methods for the rapid production of antigens in transgenic plant chloroplasts for use in diagnostic assays or vaccines.

DESCRIPTION:  Chloroplasts are found in plant cells and are used for conducting photosynthesis.  Recently, methods have been developed to introduce foreign genes of interest into chloroplasts, resulting in production of high quality expression products.  The chloroplast transformation system offers several advantages over more traditional plant transformation methods, in which genes are introduced into the plant cells’ nuclei.  Chloroplasts contain about 100 copies of the plant’s genome, and there are about 100 chloroplasts in each cell.  Consequently, about 10,000 copies per cell of the foreign gene are made in transformed chloroplasts, as compared to one or two copies per cell as typically found after nuclear transformation.  This, in turn, results in the generation of very high levels of the desired expression product.  Importantly, chloroplast transformation also provides better environmental containment than transgenic plants derived through other means.  Because chloroplasts are inherited maternally, they are not functional in pollen and cannot be transferred by pollen to conventional crops or other sexually compatible plants in the environment.  Other desirable attributes of chloroplast tranformation include the possibility of expressing multiple genes in a single plant, oral delivery of vaccine antigens, improved solubility of certain proteins, and the ease and rapidity of plant expression as compared to mammalian cell expression.  

The overarching objective of the Topic is to determine if this new and innovative technology can be advanced from concept to application, with a specific goal of developing the chloroplast expression platform for rapid production of antigens needed to diagnose or prevent emerging, endemic, or epidemic diseases.

It is expected that the outcome of the project will be a pliable expression platform that can be readily manipulated to quickly produce high quantities of desired antigens.

PHASE I:  Engineer plant chloroplasts to express sufficient quantities of at least one glycoprotein (e.g., a hantaviral envelope glycoprotein) and one non-glycosylated protein (e.g., a hantaviral nucleocapsid protein) to be evaluated in antigenicity assays.  This portion of the Phase I study will be considered successful if the products are shown to be of sufficient quality and quantity for continued development as a diagnostic antigen or vaccine candidate. 

Develop a strategy for rapid production of novel gene products that could be used in response to a newly emerging threat or unpredicted epidemic.  This portion of the Phase I study will be considered successful if methods are established which permit rapid (within 8 weeks) pilot lots of antigens to be produced.

PHASE II:  Develop methods for producing multiple gene products per plant.  This portion of the Phase II study will be considered successful if methods are established which demonstrate that at least two different expression products can be produced in a single plant.

Using best methods/plants discovered in Phase I, produce sufficient quantity and purity of at least one diagnostic antigen for testing in a platform such as a rapid chromatographic antibody assay, strip immunoblot assay, or enzyme linked immunosorbent assay. 

Using best methods/plants discovered in Phase I, produce sufficient quantity and quality of at least antigen for immunogenicity testing in an appropriate animal model of disease.  Delivery of the immunogen can be by means such as peripheral inoculation, skin adsorption, or oral ingestion.  

PHASE III DUAL USE APPLICATIONS:  It is expected that successful development of this technology will allow cost-effective and rapid response to emergent needs for diagnostic antigens or vaccines.  An example of a dual use product is a hantavirus diagnostic assay that is inexpensive and readily used in field conditions.  Such an assay would have great value both commercially and for DoD use in identifying patients with hemorrhagic fever with renal syndrome in Europe and Asia, or hantavirus pulmonary syndrome in the Americas.  Similarly, plant-derived immunogens offer the potential for dual use as multiagent or novel vaccines that can be eaten or delivered by more conventional means.  It is conceivable that “region specific” edible vaccines could be developed for specific geographic regions of the world.  Such vaccines would have commercial application for preventing endemic diseases of indigenous populations and DoD application for protecting troops entering those regions.

Both Phase III applications, diagnostics and vaccines, will likely require additional partnering to leverage existing delivery systems and methods.  For example, if high quality diagnostic antigens are produced, commercialization would most effectively be accomplished by partnering with a company that has already developed a test platform (e.g., rapid chromatographic assay for another disease, such as HIV).  This would allow more rapid marketing of the product, than could be accomplished if a new test platform had to be developed.  Similarly, by partnering with a company familiar with vaccine delivery, the plant products could achieve commercial use more expeditiously. 
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A05-176 
TITLE: Field-Expedient Combat Load Assessment Device (CLAD)
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  Develop a state-of-the-art scale that deployed Light Infantry units can use at the platoon level to quantify the loads warfighters carry into the field for either training or combat missions.  

DESCRIPTION: Although dismounted warfighters commonly carry total loads of 60 to 130 lbs, they rarely have even a rough estimate of the actual weight they are carrying due to the fact that the Army does not currently equip its units with portable weight scales.  The ability to quantify weight - whether body weight, equipment weight, expendable logistics weight, or total weight – will encourage further “load discipline” and more informed packing of rucksacks by enabling the small unit leaders to carefully track and manage the loads that their Soldiers are about to carry on an operation.  For example, leaders will become cognizant of whether their Soldiers’ load weights are equally dispersed across the unit, are consistent with expectations for the mission, are meeting training standards, or are in line with doctrine.  In addition, small units will be able to determine the body weight of their Soldiers during the conduct of semi-annual physical fitness examinations.  Gathering these body weights while in the field or in a combat zone can prove difficult even though fitness tests are still administered while a unit is overseas.  

The goal of this proposal is the development of a Soldier-acceptable, field-expedient scale that meets the need to quantify body weight, equipment weight, and total load weights carried by warfighters when dressed for training or combat operations.  This scale will typically be used in forward operating bases away from both power and light prior to initiating combat or combat training missions. 

Currently, the only scales that are available to the small unit are the medical scales that line companies and line batteries maintain in their barracks, or the identical scales that medics maintain in garrison and deploy with overseas.  These scales are too large, require two Soldiers to carry, require delicate calibration, need flat floors, are too fragile for use in a far-forward environment, and are not taken on deployments by line units.  In total, an infantry battalion might own six of these scales in garrison but during a deployment may take only one with the medical platoon.  

Portable scales are available on the commercial market but these are not configured for Soldier use in remote areas overseas.  The most robust portable scales, used to quantify the weight at each wheel of  a race car to determine center of gravity, or total weight of large trucks for enforcement actions, are physically large and heavy, have limited battery life, and have load measurement ranges too great to have the precision required for weighing  soldiers and the loads they carry.  Similarly, medical scales with the required capacity are too large and heavy for forward deployment.  All these devices are very expensive.  Portable scales targeted at consumer applications, while lighter weight and lower cost, are still too heavy, and typically do not have the capacity to weigh soldiers with their loads, and are not as robust enough for high load, high duty cycle use.  None of these devices may be operated reliably without being placed on a hard, level surface.

Meeting the requirements of this topic involves technological risk in that the CLAD must have an unusual combination of characteristics.  The device needs to be (a) light weight (at least less than 2 kg, and preferably  less than 1 kg), (b) low volume (less than 4900 cubic centimeters; 300 cubic inches), (c) rugged (able to withstand a four-foot drop to a concrete surface; able to tolerate daily weighing of a 120-man company of fully loaded soldiers; dust and dirt resistant; waterproof to 3 feet for 30 minutes, able to tolerate being transported off-road via HMMWV ), (d) battery operated with a battery life of a minimum of 90 days with 200 measurements per day, and (e) low cost (objective = <$50 each, threshold = $100 each, with a production run of 50,000).  In addition it should be capable of (f) weighing up to 200 kg with a precision of at least ± 0.05 kg (440.0 ± 0.1 lbs), (g) compensating for uneven ground, and providing a visual alert to the user when the ground is too uneven for proper operation, (h) providing a digital readout that can be used in low light as well as intense sunlight, (i) supporting data entry of job type (rifleman, mortarman, etc.), and load type (no load, fighting load, approach march load, emergency approach march load), (j) operating over a wide range of temperatures (-20 to +50 deg. C) and humidity (20 to 100% relative humidity), (k) and capable of storing data and providing a USB output, for connection to Battlefield Medical Information System (BMIS-T) or other medic or computer devices to ensure data capture.  The device also needs to incorporate a means of providing a digital height measurement of the soldier being weighed and automatically link that datum to the weight being measured.  This measurement of a Soldier’s height is required in addition to his/her weight for the Army Physical Fitness Test.

Opportunities for innovation in this topic include sensing/transduction technologies that will meet both the environmental and measurement precision requirements; integration of the chosen sensing technologies into the structure of the device in a way that meets the ruggedness requirements; novel approaches to capturing, storing, and using digital height and weight, date, individual, mission information; materials for the device that will meet weight, strength, and cost requirements; algorithms that will automatically detect and compensate for use on surfaces that are not level.  Meeting the low power requirements will likely require novel approaches to the overall design of the electronic subsystems.   

A civilian variant of the CLAD, with its ability to be used on uneven surfaces and its computer interface, could have numerous applications to include the transport of cargo such as packages, the weighing of raw materials, such as hardware items, the weighing of feed for animals, and the weighing of animals at veterinarian officers.  The CLAD’s light weight, portability, low cost, and ability to connect to communications devices such as a modem, would make it useful in a home care setting for routine patient evaluations.

PHASE I: Develop a strategy for meeting functional requirements within power, volume, and weight constraints. Provide a quantitative trade analysis justifying chosen approach(es) based on an understanding of existing technologies and literature.  Criteria: achieve a design approach that meets threshold requirements for 8 of 10 performance criteria, including weight and cost.  

PHASE II: Develop at least three  prototypes of each device that are suitable for testing.  Provide bench test data demonstrating device durability and functionality.  Coordinate with the U.S. Army to collect experimental data to confirm functionality.  This phase should culminate in a detailed specification and demonstration of prototype system(s) that meet minimum criteria stated above.

PHASE III: This phase focuses on (a) producing a CLAD system to the specification and performance standards established in the Phase II effort, and (b) performing the tests needed for type classification (formal acceptance of the CLAD as an inventory item.  The ultimate goal is to develop an effective, easy-to-use technology that meets the need for far-forward weight assessments at the individual warfighter level, and meets the need for weight assessment in civilians such as firefighters and personnel encapsulated in biological/ chemical protective ensembles.
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A05-177 
TITLE: Targeted Therapy for Neoplastic Diseases
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE: Develop a nanoencapsulated transposon for the targeted treatment of disease

DESCRIPTION: The intent of this topic is to develop the feasibility of using nanoencapsulated transposon for the targeted treatment of disease. The approach incorporates the benefits of a combination of two new technologies: (A) Nanotechnology-related delivery systems for targeted delivery; (B) Novel nonviral transposon transgene transfer system. Nanotechnology systems whose size ranges from 0.1 to 100 nanometers, exhibit novel and significantly improved physical, chemical, and biological properties, phenomena, and processes due to their nanoscale size. The nanotechnologies include nanospores, nanotubes/nanocapsules, magnetic nanoparticles, quantum dots, nanoshells, and gold particles (1-8). These nanotools have converged to produce many potential biological applications (1-10). Transposon systems have many attractive features for using as a vector for gene therapy such as: a) can accommodate a much larger transgene than viral vectors; b) being a nonviral, it does not appear to induce an immune response in rodent models; c) it mediates efficient transgene integration which is stable and shows persistent expression (11). A key factor in the success of gene therapy is the development of gene delivery systems that are capable of efficient gene transfer in a broad variety of tissues, without causing any pathogenic effect.  Combining these two technologies will enable their use in targeting specific cells or tissues thus creating a smart therapeutic bomb. 

Gene therapy is a promising therapeutic modality as a treatment involving genetic alterations of cells. Its applications have great potential for the treatment of the diseases and it is becoming a major anti-cancer force. Ovarian cancer is one of the most aggressive gynecological malignancies among neoplastic diseases and is considered to be the result of acquired genetic alterations. Gene therapy offers a novel approach for the treatment of ovarian cancer. Vectors based on a common respiratory virus, adenoviruses (Ads), have been widely used for gene transfer, but Ad mediated gene therapy for ovarian cancer remains limited in vivo by inefficient and nonspecific gene transfer. The clinical utility remains limited because clinical trials using Ad-based gene therapy failed to show significant clinical responses due to low infectivity of tumor cells (12-15). Hence, there is an urgent need for novel therapies to improve patient outcome. For effective gene therapy of cancer, most essential requirements are: a) a therapeutic gene with high therapeutic potential and low or minimal toxicity to normal tissues and b) a suitable vector to deliver genes with high in vivo gene delivery efficiency to tumors. Both technologies have strong potential for targeted therapies. A combination of nanotechnologies and nonviral therapeutic will demonstrate a greatly improved sensitivity and specificity over that used alone.

PHASE I: Demonstrate the feasibility and applicability of using a nanoencapsulated transposon transgene transfer system for the treatment of ovarian cancer that includes: (a) Proof of principle for nanoparticulate molecular carriers (nanosomes); (b) Construction and testing of in vitro transposon plasmids expressing ovarian cancer transgene.

PHASE II: The phase II studies must demonstrate ability to mediate therapeutic levels of gene expression for long duration in an ovarian cancer animal model using nanoencapsulated transposon. Since it is not known when the recombinant nonviral vector containing the transgene introduced in vivo protein expression will be for how long and in what amounts in circulation and tissues, the phase II research will be dedicated for this purpose. Protocol will involve delivery of nanoencapsulated transposon containing ovarian cancer causing transgene using i.v. or i.m. delivery system and examination of transgene expression/production in rodents (mice). The experimental animals will be examined for immune response. If the gene delivery protocol works, extend the studies to higher order animals and determine therapeutic dose window and prepare for clinical trials. 

PHASE III: Pre-clinical and submission of IND. Manufacture pilot lot of test article under Good Manufacturing Conditions for human clinical trials. Gene therapy using nanoencapsulated transposon system will greatly impact both military and civilian populations for all cancer treatment as well as other disease treatments.  Non-viral gene therapy may potentially be used to treat, cure, and ultimately prevent viral and bacterial diseases, obesity, tissues repair and regeneration and wound healing, in the soldier’s battlefield environment. In addition, non-viral gene therapy system can be used to deliver the vaccines against infectious disease agents, biological and chemical agents in the soldiers. Also, this non-viral gene delivery system will be the most effective way of protecting the soldiers by introducing a bioscavenger in vivo for achieving long lasting protection against chemical warfare agents. The same process and advantage would apply for any first responders (civilians) reacting to terrorist attack.
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A05-178 
TITLE: Needleless Intradermal Vaccine Delivery System Using Ultrasound
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Evaluate a new and novel vaccine delivery system using ultrasound technology that has the capability of delivering candidate vaccines directly below the epidermis where large populations of Langerhans cells reside resulting in an improved immune response to vaccine antigens.  

DESCRIPTION:  The Department of Defense has several candidate vaccines against malaria, dengue and the enteric organisms in phase I or II human clinical trials.  Many of these vaccines though promising, lack complete protection and total immunogenicity.  Dendritic cells and its skin correlate, Langerhans cells, play an important role in orchestrating the innate host immune response and have been demonstrated to be permissive to infection by dengue virus and stimulation by vaccine adjuvants.  The ideal vaccine delivery system for use in soldiers would require no needles, deliver the vaccine directly to dendritic cells, be transportable, and simplistic requiring minimal training.  The ideal vaccine in soldiers will result in complete protection after one dose of vaccine, requiring no booster and can be delivered at the time of deployment and result in protection within weeks after vaccination.  Recently FDA 510K approval has been given to a device using ultrasound technology that creates skin micropores for blood glucose level monitoring.  Such a device can be applied and adapted for vaccine delivery.  The device when applied to the skin, creates micropores directly to the subcutaneous area and thereby to the dendritic cells.  Using special vaccine delivery patches, this delivery system is able to deliver vaccines directly to dendritic cells and potentially have an improved immune response as compared to conventional vaccine methods.  Potential outcomes would be reduction in the number of vaccine doses required, shorter period from vaccination to protective immunogenicity, and longer protective immunity.  This proposal seeks to evaluate this delivery system with the DoD vaccine candidates and evaluate the host immune response to this system as compared to conventional vaccine delivery.  

PHASE I:  Phase I will consist of a proof of concept comparing the safety and immune response of the ultrasonic delivery of a candidate vaccine as compared to conventional techniques.  Approximately 20 human volunteers (10 in an ultrasound delivery arm and 10 in a conventional vaccine arm) will receive a licensed hepatitis B vaccine.  Safety and immunogenicity of the ultrasound vaccine arm will be compared to the conventional vaccination arm.

PHASE II:  Will consist of a safety and immunogencity study using an experimental vaccine (dengue live-attenuated vaccine) as compared to conventional vaccination techniques.  Approximately 20 human volunteers (10 in each arm) will be used. 

PHASE III:  Based on Phase I and II data, if the ultrasound vaccination delivery system proves equivalent or superior to conventional vaccination methods, the DoD and its commercial partner will seek FDA 510 K approval and use of the device in a phase III dengue vaccine efficacy study.  A dual FDA license could be obtained for a dengue vaccine and an ultrasonic delivery mechanism.
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A05-179 
TITLE: Generation of Stable Eukaryotic Cell Lines Expressing High Yields of Therapeutic Human Antibodies Against Biowarfare Viral Threat Agents
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Engineer an expression system for the generation of stable eukaryotic cell lines that express high levels of therapeutic human antibodies against biowarfare viral threat agents using a process that is both rapid and cost-effective compared to existing methods, that permits rapid optimization of large-scale fermentation processes to achieve maximum antibody production yields, and that generates clinical grade quality material using Good Laboratory Practice (GLP) manufacturing standards.

DESCRIPTION:  The potential use of viruses (e.g. poxviruses, filoviruses) as bioweapons is a growing concern, especially with regard to human diseases for which effective countermeasures are presently unavailable.  Administration of therapeutic antibodies represents a relevant strategy for treatment and/or prophylaxis of individuals exposed to or infected by viral disease agents of significance to the military and anti-bioterrorism efforts (Casadevall et al., 2002).  Recent advances in antibody humanization techniques as well as the generation of fully human antibodies in Xenomice and from combinatorial libraries have enhanced the capability for generating antiviral therapeutics, which require large-scale testing in animal models and potential Food and Drug Administration (FDA) licensure (Wu et al., 1999; Wells, 2000; Hoogenboom et al., 1998).  A cost-effective, expression system that rapidly generates high levels of virus-specific human antibodies by a process that adheres to GLP principles will provide antiviral reagents suitable for protective efficacy studies in animals (e.g. nonhuman primates) and will facilitate the transition of therapeutic antibodies from proof-of-concept phase development to future FDA licensure.  To meet the needs of the biodefense community in a timely and cost-effective manner, the requirement is to engineer a system for rapid production of stable eukaryotic cell lines that are adapted to serum-free medium (SFM) and express levels of GLP-grade therapeutic human antibodies at concentrations sufficient to support investigational studies in vivo using established animal models.  Though a process fully compliant with current Good Manufacturing Practices is not required for this system, the contractor will comply with GLP principles to maintain consistent and optimal production.  The biologically-active antibodies produced by this process will potentially serve as reagents that will offset the threat of natural and/or engineered pathogens, making this system a valuable tool for generating medical countermeasures that improve protection of the warfighter and, collaterally, civilian populations.  The contractor will furnish all need materials and will apply an innovative approach to developing a cost-effective system for generating stable cell lines that reduces the time by half of that required for existing methods.  The antibodies generated from this system will be safe, accessible, and will maintain their therapeutic potency.

PHASE I:  Proof-of-concept that stable eukaryotic cell lines can be generated in a manner that meets the objective.  Contractors should develop an overall system design that includes generation of stable, clonal cell lines with Specific Productivity Rates (SPR) greater than 30 pg of monoclonal antibody per cell per day, which are subjected to optimization matrices in order to identify robust medium and cell culture processes for large-scale fermentation.  Innovative and creative methods should be employed to design and implement streamlined, targeted approaches that greatly facilitate the development of stable cell lines, with significantly reduced timelines and with limited expense than required when standard methods are employed.  Success will be the rapid and cost-effective generation of least one stable cell line that expresses high levels of a biologically active human antibody targeted against a viral threat agent.

PHASE II:  Scale-up individual clones to benchtop bioreactors and optimize fermentation processes using the parameters and custom SFM formulations developed in Phase I.  Employ analytical tools to characterize the recombinant antibody product of each cell line qualitatively in order to aid in discovery-based efforts to further improve all aspects of the fermentation, purification, and formulation processes.  Demonstrate that the final product possesses the desired biochemical properties that would fully support its biological function(s).  Evaluate the capacity of human antibodies generated by this system to provide protection against biological warfare agents.

PHASE III DUAL USE APPLICATIONS:  This system could provide a rapid and cost-effective means for generating human antibodies against biowarfare viral threat agents and thereby would improve protection of both the warfighter and the civilian population.  In addition to benefits related to biodefense and homeland security, this system could also generate a broad range of immunotherapeutics that target non-biowarfare threat agents (e.g. new and emerging viruses such as the SARS coronavirus), which would improve healthcare and would enhance national scientific resources.  Furthermore, antibodies generated by this system could also serve as diagnostic tools for detection of natural or engineered threats.  In this manner, this system would provide rapid access to reagents that could detect a pathogen as well as address the subsequent course of action required to mitigate the threat.
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A05-180 
TITLE: Pre-Hospital Trauma Data Collection and Mining
TECHNOLOGY AREAS: Biomedical

OBJECTIVE:  Collect continuous pre-hospital physiologic data of civilian trauma casualties and analyze the data to determine key predictive and diagnostic features for use in forecasting militarily relevant clinical outcomes.  

DESCRIPTION:  The lack of consensus on the key physiologic indicators of clinical outcome of trauma casualties prevents the development of computer-based decision support systems for medical triage in the battlefield.  Such an impediment can be eliminated through the collection of continuous physiologic vital signs data of trauma patients in civilian settings, followed by thorough mining of the time-series physiologic data and associated clinical outcomes.  The collection of continuous pre-hospital (helicopter and/or ambulance) data of trauma casualties from the location of the injury to a trauma center and during the first 12-24 hours of hospitalization in a civilian trauma center could serve as a (surrogate) knowledge base from which information can be inferred to develop the needed military relevant triage systems.  For example, analysis of continuous pre- and in-hospital physiologic data could be employed to identify physiologic parameters that are early indicators of some clinical outcome, such as a need for a life saving intervention, leading to battlefield-usable triage algorithms that help the combat medic identify the immediate need for casualty evacuation.

PHASE I:  Conceptualize a comprehensive research plan and establish a data collection infrastructure, including (1) the identification of physiologic variables that are collected under standard quality of care; (2) the identification and appropriate modification of physiology data collection devices so that the continuous physiologic data are time synchronized and the timing and type of key events, such as life saving interventions, are annotated; and (3) the identification of clinical outcomes that need to be recorded based on review of hospital charts and the trauma registry.  During the Phase I effort, sufficient, high-quality continuous pre- and in-hospital physiologic data of trauma casualties and associated interventions and clinical outcomes shall be collected to demonstrate the feasibility of the approach.  Preliminary extraction of features with diagnostic and/or prognostic value from the collected data will be performed, based on hypotheses to be supplied by the research institution.  It is incumbent on the research institution to be compliant with the Health Insurance Portability and Accountability Act of 1996 (HIPPA) so that analyses are performed in de-identified data.  Furthermore, it may be required that the research institution obtain local Institutional Review Board approval prior to commencement of the project.

PHASE II: Extend the concepts developed during the Phase I effort.  In Phase II, significantly augment the amount of data collected and refine the data mining algorithms to precisely identify informative variables and develop predictive models. 

PHASE III DUAL USE APPLICATIONS:  This project has both military and civilian applications.  In the civilian environment, it will provide the necessary information for asset optimization by reducing under/over triage and dispatching trauma victims to the most appropriate trauma center, and by allowing appropriate acute care resources to be in place before arrival of the patient at the trauma center.  In the military environment, it will provide the needed information to optimize casualty triage by identifying soldiers that require immediate evacuation and the need for a life saving intervention. 
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A05-181 
TITLE: Development of a Serum Based Biomarker for the Detection of Prostate Cancer
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Deputy for Acquisition and Advanced Development

OBJECTIVE:  Develop, design, evaluate and validate innovative screening assays for early detection and monitoring of prostate cancer in blood or serum samples.

DESCRIPTION:  The development of effective screening biomarkers to detect and/or diagnose prostate cancer and to monitor the effectiveness of treatment or recurrence of prostate cancer is needed to enhance diagnosis and treatment.  PSA is used widely as a serum marker for the early detection of prostate cancer and for monitoring disease recurrence after therapy.  Unfortunately, PSA has limitations as a screening test, and there is no clear consensus among expert panels on the use of PSA measurements for the early detection of prostate cancer (1,2,3,4).  Clinical care would benefit substantially from the identification of markers that were more sensitive and specific.  The biomarker most commonly used in prostate cancer, PSA, is limited in its sensitivity and specificity (5), and has limited value in androgen independent prostate cancer (6).  Better screening and monitoring biomarkers are needed to facilitate early diagnosis and to monitor treatment or recurrence.  Patient care would be enhanced if cancer could be detected earlier in the course of the disease and monitored during the course of treatment.  Additionally, the course of therapy could be modified, potentially increasing effectiveness, if immediate assessment of efficacy using a blood or serum based marker could be used.  It is intended that the biomarkers to be developed will demonstrate a greatly improved sensitivity and specificity over that currently reported for PSA.  The overall goal of this solicitation is to develop standardized assays that can act as reliable predictors and indicators of cancer development, effectiveness of treatment, and/or recurrence.  The program is seeking the identification, testing, and validation of biomarkers that are highly sensitive and specific for prostate cancer.  The bulk of the prostate cancer biomarker research being funded by agencies like CDMRP is hypothesis driven with typical endpoints being identification of potentially valuable markers.  The SBIR mechanism, being very much product driven, complements this very well and provides an avenue for the essential next steps that will result in marketing urgently needed, specific and sensitive markers for prostate cancer diagnosis and progression.  

PHASE I:  The objective of Phase I is to discover new serum biomarkers for diagnosis of prostate cancer and/or for assessing treatment effectiveness or disease recurrence.  The feasibility of this putative biomarker as a prostate cancer biomarker must be demonstrated by its detectability in prostate cancer tissue or prostate cancer cell lines.  

PHASE II:  The objective of Phase II is to ascertain the detectability of this biomarker in blood or serum samples, and to test the potential of the biomarker and the assay in prostate cancer patients.  This phase will include the development of an assay for the biomarker and testing with clinical samples to determine sensitivity and specificity.  The goals for sensitivity and specificity are > 95%.

PHASE III DUAL USE APPLICATIONS:  The development of highly sensitive and specific biomarker assays that would accurately detect, diagnose, and/or monitor prostate cancer would be an invaluable tool for clinicians to detect cancer early and to customize treatment for individual patients.  This phase would involve clinical trials of the screening assay for Food and Drug Administration marketability.  Early diagnosis of prostate cancer is needed to enhance the survival of military personnel and DOD beneficiaries with this disease and to reduce health care costs.
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A05-182 
TITLE: Interactive Textiles for Improved Parachute Performance
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  To develop and demonstrate new concepts in integrating advanced high technologies and fabrics to develop interactive textiles for improved parachute performance.  The interactive textiles will provide a capability to vary parachute performance, such as drag and lift forces, during flight for a highly maneuverable and effective airdrop operation.  

DESCRIPTION:  Parachutes are widely used in the U.S. Army for airdrop/aerial delivery of personnel and cargo.  It is well known that the performance (drag, lift, stability, etc.,) of a parachute is a function of the physical properties of the canopy fabric, such as porosity, and geometry of the canopy, such as air-vent openings.  These variables remain constant (therefore, constant drag and lift) during the operation of current standard Army parachutes.  A capability to change these variables and the parachute drag and lift characteristics during flight will greatly widen the performance envelope of a parachute and the maneuverability and versatility of the airdrop mission.  The Army is currently actively pursuing precision airdrop using guided parafoils and round parachutes (Ref. 1, 2 and 3) from high altitudes (25,000 ft) and large offset distances (10 miles) away from the ground target. High altitude parachutes for humanitarian airdrop of food and medical supplies are also being developed. Large air-vents in the canopy for high altitude parachute deployment are desirable to avoid canopy fabric damage from the high opening shock forces.  But close to the ground prior to landing, low canopy porosity is needed to provide low landing velocities and impact forces for the payload.  This is one of the many examples demonstrating the advantage and need for a parachute with variable property (porosity) during flight. Another example is to vary the geometry and glide ratio of a parafoil during flight to allow for minimal control input, more optimum flight control, and more precise ground impact point.  With recent advances in electronics, optical fibers, shape memory materials, conducting polymers, photonics, wireless communication, etc., interactive textiles using these innovative technologies have been successfully developed and applied to fabrics for clothing systems (Ref. 4 and 5).  These advanced technologies will form a strong technology base for further research and development to provide smart and interactive fabrics for parachutes.  Smart/interactive textiles for improved parachute performance will be explored and exploited in this SBIR research.

PHASE I:  In this Phase, consider all current advanced technologies in miniaturized electronics, photonics, conducting polymers, shape memory materials, wireless communications, etc., and investigate their feasibility and capability for integration with parachute canopy fabrics.  Concepts and techniques in using these technologies will be developed and integrated with canopy fabrics and other parachute components, such as suspension lines, to vary their physical and geometric properties, such as fabric and geometric porosities, canopy profile and geometry, suspension line length, etc.  Application of these technologies and the performance of the interactive textiles implemented in the parachute will be demonstrated using small-scale round parachutes and parafoils in laboratory tests first.  In addition to the enhanced performance, the system design has to show its robustness and scalability for full-scale parachutes and airdrop operation.  

PHASE II:  In this Phase, the techniques and technologies developed in Phase I will continue to be tested and improved in more realistic laboratory conditions.  These technologies will then be implemented in full-scale parachutes.  Their effectiveness and feasibility will be demonstrated in full-scale free drop tests first.  Finally their performance will be demonstrated in full-scale airdrop tests from military transport aircraft (which can be furnished by the Army).  The system employing the technology must show safety and compatibility with current military aircraft, and simplicity and low bulk for quick airdrop mobility. 

PHASE III DUAL USE APPLICATIONS:  The developed technology/system will provide a wide spectrum and capability for precision military airdrop, and quick battlefield mobility for the future Army.  The technology should also benefit the commercial market in recreational sport jumping and fire fighting by smoke jumpers. 
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A05-183 
TITLE: Inconspicuous Taggant for Combat Uniforms
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop an inconspicuous passive taggant for a fiber or fabric to be used in the combat uniforms.  

DESCRIPTION:  Friendly fire continues to be the cause of many deaths to our military personnel during combat.  Accurate passive combat identification methods and technologies are needed to protect our combatants without compromising security.  This effort will explore innovative technologies to be added to textile fibers or fabrics used on the combat uniforms for the purpose of combat identification.  While materials exist for identification in the near-infrared frequencies, while using night vision goggles, these materials work over a limited frequency range.  The development of new materials that span other frequency ranges and can be integrated into textile materials are sought under this topic.  This effort will investigate technologies that will allow materials to be instantly and intelligently recognized as unique or genuine and be covered/removed from use as desired by the user.  Taggants should be imbedded or applied to a textile substrate and be invisible to the naked eye.  The development of advanced materials used as taggants will be nontoxic and not adversely affect any of the functional properties of the current materials or garments.  The taggant should be designed to have a variety of easily changed, mission unique combinations to decrease the likelihood of compromise.  Taggant should be detectable by instrumentation that is currently fielded and operating in frequencies other than near infrared, such as those operating in the 3 to 5 and 8 to 12 micron range of thermal imagers, or by low-cost equipment that can be easily fielded that recognize other electromagnetic frequencies.  Taggants should not add significant weight to the Soldier’s garment and be completely passive, not requiring any power input.  The proposed approach is for a low cost easily fielded technology to increase Soldier survivability and decrease the threat of fratricide.  

PHASE I:  Research and develop innovative materials for fiber or fabric based inconspicuous, passive taggant technology for use in combat uniforms.  Demonstrate effectiveness of such materials and technology in a textile substrate.  Evaluate treated fiber or fabric for all pertinent properties to ensure that they are not adversely affected by treatment. Determine the most effective designs and materials for Phase II efforts.

PHASE II: Optimize the application process or methods for integrating selected taggant into textiles.  Perform field evaluation for effectiveness against appropriate equipment.  All research, development, and prototype designs shall be documented with detailed descriptions and specifications of the materials, designs, processes, and performance. 

PHASE III DUAL-USE APPLICATIONS: The technology may be used in the commercial market to check for product authenticity and insure brand security to complement other forms of identification.  This could prevent counterfeiting on items such as currency or apparel and accessories.  There are currently no high technology solutions for these commercial applications.  The developed technology could be integrated into a tag, coating, or be incorporated within fibers of the textile structure of a product to be scanned for authenticity.  Other duel use applications may include identifying and locating personnel, high-risk patients or criminals, children in a recreational setting, within a crowded venue, or after a natural or terrorist disaster. 
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A05-184 
TITLE: Agent Based Modeling of Dismount Infantry Through Inclusion of Perceptions, Inferences and Associations
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop methods to translate ground truth data into information/knowledge structures and infer meaning to support autonomous agent decision-making within a dismounted infantry-centric combat simulation. 

DESCRIPTION:  U.S. Army development programs are focusing on what the next generation of Soldier systems should include.  Many of the capabilities being examined are meant to provide warfighters with improved battle command, situational awareness and situational understanding.  The next generation of combat simulations must include more realistic human behavior representation if we are to be able assess the contribution of these capabilities to improved operational effectiveness.  An individual will use associations, deduction and/or induction to infer meaning from data and information to support their decision-making.  As individuals, we take this process for granted.  

Inclusion of behavior representation within agent based combat simulations requires the explicit representation of elements of perception, data fusion, association and inference.  Combat models look to include these elements to support autonomous agent decision-making (e.g., target acquisition and engagement, threat assessments, battle damage assessment, path selection, movement formations, communications, etc.).  

Of particular importance are required inputs to decision processes, which are not explicitly provided by the existing ground truth data.  These decision inputs need to be inferred from multiple data elements (e.g., Blue location, opposing forces (OPFOR) location, Blue weapon, OPFOR weapon; Blue out of OPFOR weapons range, but OPFOR inside of Blue weapons range).  The desired capability will provide simulation entities with the ability to infer meaning from these separate pieces of data and information, and then use this meaning as an input for decision-making processes.  The small business needs to clearly define and link data inputs and outputs so they are consistent with ground truth, perception based, and decision process input data structures.  Research must be conducted and products developed in the following areas.

• Algorithms to translate ground truth values into perception based information/knowledge structures (with errors and uncertainty)

• Infantry-centric inferences and associations drawn from perception based information / knowledge structures used to support autonomous agent decision-making.

• Simple & complex infantry-centric information/knowledge structures supporting autonomous agent decision-making.

PHASE I:  Identify potential methods and sources of information needed to develop translations of ground truth data into perceptual inputs, information/knowledge structures, and associations/inferences (may have to depend upon subject matter expert (SME) input and results of experimentation).  Assess potential methodologies for the attainment and characterization of needed information.  Develop a roadmap of inferences/associations that can support a variety of infantry decisions.  The small business will develop the concept and structure for the software solution and demonstrate in Phase II.  The company will show proof that their software concepts are compatible with a simulation, such as the Infantry Warrior Simulation (IWARS).  Document results in the form of a report.

PHASE II:  Use knowledge elicitation to translate military domain expertise utilizing multiple sources (infantry SMEs, military publications or military combat footage and descriptions) into inputs needed by modeling and simulation to accomplish the goals contained in the description.  Develop a wide range of infantry related inferences/associations. Identify or develop a limited set of algorithms, translations/associations and information/knowledge structures, either horizontally or vertically with the potential of realizing the goals in the description above.  Priority will be placed on target acquisition and engagement behaviors, especially assessing threat (intent, capability, etc.).  Develop a small set for inclusion in a constructive simulation, such as IWARS, Combat XII, OneSAF, for desirable Proof-of-Principal demonstration.  Develop products and files consistent with software development practices, e.g. XML, C++, providing the data needed to characterize ground truth data, perceptual based knowledge/information structures and associations and inferences to support integration with combat simulations.  Provide development of an applications program interface (API) that will allow information to be accessed by DoD simulations.  Develop and document basic algorithms or associations that allow the knowledge data structures to be updated based upon new data, information or simulation events.  Extend and populate the number of algorithms, translations/associations identified and developed.  Deliver a report documenting code, data structures, software products, algorithms, process, methodologies and findings sufficient to support transition of the work to model developers in Phase III and to support verification and validation activities.  Phase II does not anticipate integration of the software/algorithms.  All integration will occur in Phase III.  Software and/or algorithms will be in a format that can be transferred to developers of combat simulations and to material development programs.   Performance and compliance of the algorithms and other software will be demonstrated.  The proposed effort would add to the modeling community’s knowledge base, advance the state-of-the-art in understanding inference construction, and provide a significant step in the ability to represent autonomous decision-making.

PHASE III DUAL USE APPLICATIONS:  Inclusion of perceptions, inferences and associations meeting the requirement outlined in this effort would be applicable in both military and civilian simulations arenas, in particular DoD combat simulations with autonomous agents, training simulations and commercial video games.  The capability resulting from this effort will provide direct support to Land Warrior, Future Force Warrior, Future Combat System (FCS), and the Objective Individual Combat Weapon (OICW) and to programs developing operational decision support aids.     
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A05-185 
TITLE: Acoustic Noise Reduction for Fabric Shelters
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  Develop an innovative technique or material to minimize disturbing ambient noise levels and vibrations inside fabric shelters caused by surrounding equipment such as environmental control units (ECUs).  The new product should minimize the disturbances in accordance to MIL-STD-1472F.

DESCRIPTION:  Excessive noise in military soft shelters impacts many operations such as medical, command/control, and rest/relief.  Contributors to noise include generators, environmental control units (ECUs), passing vehicles, aircraft, and gunfire/explosions.  Ideally mobile command posts and medical shelters should have a maximum ambient noise level of 65 dBA.  A typical ECU generates an average noise level of 80 dBA (the ECU meets noise level requirements for field equipment).  A 400 square foot shelter with a single-ply liner reduces this noise to between 70 and 75 dBA.  The same shelter with a thermal liner reduces the noise to between 68 and 72 dBA.  The goal of this project is to create a lightweight system integrated into the shelter to dampen ambient noise levels and meet the required ambient noise levels for mobile command and medical shelters.  

In the past granular materials such as sand and lead shot have been used to reduce noise and vibration in structures.  The use of these materials has been somewhat limited because of the high cost and weight added to the structure by the high-density granular materials.  Some emerging technologies are incorporating a low-density granular material such as polyethylene and glass into structural components or fabrics, introducing a lightweight solution to the past technology.  Low-density granular materials incorporated into fabrics have been proven to reduce noise levels by up to 40 dB for mid-range frequencies and by up to 20 dB for low-range frequencies.  These acoustic damping fabric structures could reduce ambient noise from many different sources without adding excessive weight to the shelter.  A fabric solution should weigh less than 30 ounces/square yard, be less than 0.25 inches thick, and cost less than $50/square yard.  Another recent technology that may be considered to reduce noise and vibration in shelters is an electronic noise cancellation system.  These systems use an adaptive filter that effectively “listens” to the surrounding noises and amplifies an opposing signal to cancel the noise in any frequency.  The opposing electrical signal may be used to cancel vibrations in the shelter wall material.  An electronic system should not exceed 1 cubic foot in size or 30 pounds in weight.  

Overall, the system should reduce ambient noise, but not block all noise such that soldiers inside the shelter would be able to hear noises caused by an emergency situation.  If the system is to be a fabric incorporated into the shelter, it is to be breathable as well as flame resistant.  The noise reduction system could also be of dual use incorporated into the shelter’s liner or fabric wall so that deployment time can be minimized.  The reduction of high ambient noise levels in soft shelter command posts will allow for effective communication to complete mission critical objectives in the field.  Medical shelters will have the quiet environments vital for the treatment and recovery of patients.  Furthermore, sleep deprivation is becoming common in the battlefield due to night operations.  Warfighters will benefit tremendously if ambient noise is reduced in sleeping quarters to offer soldiers a restful environment for sleeping.  

PHASE I:  Phase I of the project should be focused on the investigation of methods and materials for acoustic noise reduction.  Calculations and model analysis will be implemented to optimize the noise reduction level using these methods and materials.  Preliminary laboratory testing should also be done on sample products.  Considerations will be made to minimize cost, weight, feasibility, and size of the product used to reduce noise.  A practical implementation will be determined for effective use in the field.  A report should document the research, trade studies, laboratory testing, analysis used to determine the best method of noise reduction, and the steps that will be taken to further develop this product to meet the goals of the project.  TRL 3 should be met at the end of Phase I.

PHASE II:  A prototype for the noise reduction method discovered in Phase I should be developed in Phase II.  The prototype will be tested to determine how effective the system is in reducing ambient noise and vibration in both time and frequency domains.  The prototype will also be evaluated on its weight, cost, cube, and ease of implementation.  Manufacturing techniques and assembly methods will then be optimized.  TRL 5 should be met at the end of Phase II.  

PHASE III DUAL USE APPLICATIONS: Commercial uses of the project’s design would depend on the type of product that was implemented.  Lightweight noise damping fabrics may prove useful in commercial fabric shelters and in mobile medical shelters to reduce ambient noises.  These fabrics may also be incorporated into walls and partitions for noise sensitive buildings and offices.  Noise damping materials may also meet many needs in the automotive, aviation, and HVAC industries to reduce such things as engine noise.  Electronic noise cancellation devices may also prove useful in the automotive industry by reducing engine and road noises.  
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A05-186 
TITLE: High Performance, Self-Leveling Flooring System for Soft Shelters
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  Develop a modular, lightweight, durable, low cost flooring system for use in shelters that self-levels using a non-mechanical technology.

DESCRIPTION:  Currently fielded soft shelters are deployed with floors that consist of either a layer of fabric or plywood boards laid on the ground.  The fabric flooring lacks durability and commonly rips, tears, or wears through.  Since this floor is sometimes an integral part of the shelter, this type of damage affects the performance of the entire shelter.  In addition, fabric flooring does not compensate for or provide protection from variations in the level or texture of the ground.  This challenges the movement of equipment and personnel (i.e., patients on litters), inhibiting the mission of the Soldier.  The alternative, plywood boards, is an attempt to stabilize the ground and provide a relatively smooth surface.  The plywood is heavy, bulky, splinters, and warps.  Plywood also absorbs fluids and cannot be easily cleaned, which is unacceptable for medical environments.  Due to these durability issues, Soldiers consider plywood a one-time use item that is continuously repurchased and then disposed of.  Market investigations are repeatedly conducted, to include what are commercially available and emerging products.  Commercially products tend to be modular, tiled floor that consists of polymer composites.  While these commercial products are highly durable, the flooring alone takes up more packing volume, weighs more, and takes more time to install than the shelter itself.  These challenges do not support the increasingly mobile Army, which is why plywood is still regularly used.  

A new flooring system is needed that compensates for ground inconsistencies in smooth variations up to three inches in 10 linear feet and smoothes over holes with up to two inches in diameter while providing a  stable top surface.  This flooring system must be rapidly deployable, not adding to the set-up time of the shelter system, to keep up with the mobility of the Soldier and prevent interference with the mission.  The new flooring system must also be lightweight, less than ½ lb per square foot, and easily packaged, no more than 18 cubic inches of packed volume per square foot of flooring covered, and shall not add to the strike time of the shelter system.  Overall this system will reduce the logistical footprint on the battlefield.  It must be durable, reusable, easily cleaned and repairable, and modular to fit a variety of configurations.  Because this flooring system is re-useable, a cost target of $10/square foot will still be much less expensive than the total cost of new plywood flooring over multiple deployments.  Since shelters are used for a variety of applications, the floor must have the structural strength to withstand the heavy point loads of furniture and equipment.  In accordance with MIL-STD-907, the floor must withstand a uniform load of 65 pounds per square foot as well as a point load of 125 pounds per square inch.  Meeting these requirements, this flooring system would benefit all military shelter users for a wide range of applications, including medical, command and control, billeting, and maintenance.

PHASE I:  The intention of Phase I of the program is to develop materials and technologies that provide the strength, durability, and self-leveling required.  This effort includes designing and incorporating a non-mechanical technology that will automatically compensate for variation in the level of the ground and provide an even surface on the interior of the shelter.  Structural analysis must be conducted on current load conditions in order to establish design criteria.  Included in this design criterion must also be potential environmental effects including humidity, temperature, and contamination (i.e., rain, dirt, sand, fuel, medical waste).  Design concepts and models will be established to prove feasibility and recommendations made as to the most promising concepts deserving further investigation.

PHASE II:  The design concepts developed during Phase I of the program will be used for further development during Phase II.  Phase II will fabricate prototypes of the recommended designs and test against the design criteria established in Phase I.  Based on these physical tests, the designs will be down-selected to the best performer.  The chosen design will then be optimized for system performance.  To be successful, the system will be designed for modularity/interconnectivity and will not have any slip or trip hazards.  The Soldier must be able to roll equipment and patients into and out of the shelter with ease.  The design will also be optimized for minimal transportation logistics and rapid deployability.  Phase II will conclude with outfitting a shelter with a prototype of the optimized flooring system and evaluating its operational performance.

PHASE III:  The focus of Phase I and II of this program would be integrating the system into soft shelters for the military.  This would prove beneficial to current systems such as command posts, Deployable Medical Systems (DEPMEDS), and Force Provider systems.  It would also be beneficial and directly applicable to next-generation systems such as Future Medical Shelter Systems and the Joint Expeditionary Collective Protection.  This advanced flooring system could be applied to all military services for a wide range of shelter applications.  The technology could also be used in commercial industries such as homeland defense, camping, construction, emergency sites, and outdoor events.
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A05-187 
TITLE: Modeling Suppression in an Urban Environment
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Utilize a modular and extensible framework to develop and implement more complete representations of suppression within infantry centric constructive combat simulations, such as the Infantry Warrior Simulation (IWARS), in support of systems analysis, concepts development and training.

DESCRIPTION:  Suppression is an integral part of combat at the level of the individual dismounted combatant.  The ability to interrupt, impede, or suspend enemy operations may satisfy mission objectives as well as the destruction of enemy forces. Urban operations are characterized by compression of OPTEMPO in terms of both time and space.  Under such conditions, the role of suppression becomes critical to operational outcomes.  New technologies being developed for the individual combatant will impact the individual’s ability to suppress (through increased lethality and precision) and avoid being suppressed (through increased situation awareness and survivability). Current analytical techniques for projection of suppressive effects are inadequate to fully assess the value of these new technologies.  The effort will implement a cue (aural, visual, tactile)– response suppression paradigm/framework that is extensible, consistent with agent-based models and that allows components to be modified as better representations or data becomes available.  The modules will include; suppression cues and characterizations, agent based knowledge structures, basic algorithms or associations that allow the knowledge data structures to be updated based upon the passage of time or based upon simulation events, identification of behaviors that are prone to suppression effects and inclusion of suppression effects as a factor in decision processes.  The effort should primarily focus on reactive behaviors to incoming fire, but should also expand the use of engagement decision logic to include the use of offensive suppressive fire to achieve task and mission objectives.  The goal of this effort is to be able to deliver suppression behavior models and related cues, agent based knowledge structures, data, algorithms and documentations sufficient to allow for inclusion into commercial games and into combat simulations utilizing autonomous or semi-autonomous agents. 

PHASE I:  Research and analysis leading to development of candidate suppression methodologies with the potential of realizing the goals in the description above.  Identify potential sources of information needed to populate the suppression methodology modules (may have to depend upon SME input and results of experimentation for the majority of characterizations and behaviors).  Review methods of incorporating behaviors into selected DoD combat simulations (IWARS, COMBATXXI and OneSAF) to ensure that the candidate suppression methodologies and products are consistent with these DoD simulations.  Identify or develop methodologies for the attainment and characterization of the needed data. Populate modules in the suppression methodology sufficient to show proof-of-concept.  Document results in the form of a report. 

PHASE II:  Refine, extend and populate the suppression methodology researched and developed in Phase I in such a manner as to support inclusion into selected DOD combat simulations and to support transition to potential commercial applications.  Research, develop, and document the modules needed to populate the suppression methodology.  Areas of likely focus include: suppressive cue characterization, Soldier entity data/knowledge structures, baseline and alternate behaviors sets and basic algorithms or associations that allow the knowledge data structures to be updated based upon the passage of time or based upon simulation events.  Utilize multiple sources for conducting knowledge engineering activities as needed.  Products will include the final suppression methodology developed, the modules that are developed to populate the suppression methodology and any supporting methods that were developed or used for the conduct of any knowledge acquisition activities.  Develop files, e.g. XML based data structures, C++ code; providing the data needed to characterize cues, data/knowledge structures and baseline behavior sets and to support integration with combat simulations and potential commercial applications.  Deliver a report documenting the products, methodologies and findings sufficient to support verification and validation activities and to support transition of the work to potential commercial applications and to model developers, e.g., IWARS, COMBATXXI and OneSAF). 

PHASE III DUAL-USE APPLICATIONS:  A technique or system meeting the requirement outlined in this effort would be applicable in both military analysts and civilian gaming arenas.  Numerous military combat simulations would be able to incorporate the suppression model.  Candidate simulations include; Infantry Warrior Simulation (IWARS), COMBATXXI and OneSAF Objective System (OOS).  The commercial gaming industry would benefit immensely by including more realistic and adaptive behavior sets pertaining to suppression.   It would result in a greater depth of behaviors and responses.  The more realistic and adaptive the computer entities are, the greater demands it will place on the human operator.  It will also allow the human operator a greater range of options on how he responds.  Both of these will enhance game-play for experienced users.  
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A05-188 
TITLE: Flame Resistant Material For Use in Protective Garment Applications
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop a flame resistant material that can be incorporated into a war-fighter garment.

DESCRIPTION:  Currently there is an inadequate flame resistant capability provided to war-fighters who are extremely likely to encounter a threat of severe fire situations in air and ground combat vehicles thus requiring this form of protection.  Materials currently utilized in aviation and tanker garments are not adequate for extreme situations.  Heat flux for battlefield threats and hazards can range from 0.2 to 10 cal/cm2sec.  These threats range from small fires to high explosive flame weapons.  Thermal performance for military clothing has recommended protection values of no second degree burn injury at a heat flux of 2.0 cal/cm2sec for 6 seconds.  Advanced materials are intended to provide an increased performance factor against large-scale flame and thermal hazards such as burning propellant, methane mine explosion and JP-4 pool fires.  Therefore materials provided through this effort are indeed to protect against heat fluxes greater than 3.5 cal/cm2sec.

There is a need for high performance materials which can be incorporated into garments specifically designed to give extreme protection against flame and thermal threats, while not degrading the core capabilities of the war-fighter.  The technology challenge lies in creating a fiber that will protect against heat fluxes of 3.5 cal/cm2sec or greater.  Materials currently utilized for flame resistant garments are expensive, bulky, and provide only a baseline level of protection.  Development of improved flame resistant material will focus on enhancing flame resistance capabilities and providing an increased level of insulation to prevent heat transfer through the material.  The successful optimization of a new fiber will improve the current flame resistance and thermal resistance capabilities while minimizing the layers of material required, providing an overall enhanced protection level while at the same time reducing the overall bulk and weight. 

There are enormous potential applications for material manufactured from the fiber.  The superior material will be incorporated into garments that provide significant improvements to currently utilized garments with a 10% reduction in cost.  This technology would apply to every war-fighter required to wear flame resistant garments.  Also, this technology could be incorporated into all war-fighter garments ranging from the Special Operations Forces, dismounted infantry soldier, fire fighters and other Homeland Defense Personnel showing significant improvement over current flame resistant materials with regard to such factors as durability, comfort, moisture vapor transport, weight and bulk.   

PHASE I:  Survey a variety of fibers/technologies which provide flame resistance and thermal resistance.  Develop a new fiber or select fibers/technologies displaying improved flame resistance and integrate it into new textile materials.  Demonstrate and provide pre-prototype materials or components (fabric samples/swatches) for extensive testing.  

Laboratory testing will include flame and thermal resistance as well as a battery of physical properties testing.  Testing metrics for this effort are as follows when compared against currently utilized polyaramid materials:

o Reduction of weight by 10% threshold (15% objective) – Utilizing standard test method ASTM D 3776 to evaluate the fabric mass per unit of area.

o Increased flame protection 15% threshold (20% objective) – utilizing standard test method ASTM D 6413 used to measure the vertical flame resistance of textiles and measures the flame resistance, afterflame and afterglow characteristics of the material.

o Increased thermal protection 10% threshold (15% objective) - utilizing the Thermal Barrier Test Apparatus which evaluates flame retardant materials based on their flame/thermal protective performance at a heat flux simulating battlefield flame/thermal hazards. This test is a quick and inexpensive method to get valuable information such as skin temperature profiles and burn injury times.

o Increased resistance to petroleum, oils and lubricants (POLs) 10% threshold (15% objective) – utilizing standard test method AATCC 118 to evaluate the fabric’s resistance to wetting by a selected series of liquid hydrocarbons of different surface tensions.

o Reduction in cost 10% threshold (30% objective) – as compared to current pricing of similar Nomex garments.

o Equal to or better than Nomex for all characteristics sited in current Nomex material specification used in ground combat vehicles.

Provide methods of integration and proof-of-concept that the materials/technologies can be integrated into a fully functional garment item.  The technical feasibility to integrate the technologies into garments will be established by showing methods, designs, and analysis on how the materials can be integrated.  The most effective designs and materials will be determined and proposed for Phase II efforts.  (Technology Readiness Level, TRL-4)

PHASE II:  The basic flame resistant and thermal resistant technology/material components shall be integrated into functional garments.  These garments shall be subjected to further testing to include, but not limited to, full system level flame and durability testing.  This phase will focus on perfecting the material/technology in a fully functional prototype form factor.  All research, development and prototype designs shall be documented with detailed descriptions and specifications of the materials, designs, processes, and performance. (TRL-5).

PHASE III DUAL-USE APPLICATIONS:  Commercial applications in the area of flame protection are anticipated.  Other industrial and protection services in the Homeland Security arena (police, firefighters, first responders) are expected to benefit.  Align with consumer product markets and industrial protective services for commercial variants of the flame and thermal resistant protective garments.  Commercial wear prototypes shall be capable of being tested in a simulated operational environment (TRL 6).
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A05-189 
TITLE: Tailorable Insulation Materials
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  To develop thin, lightweight under layer materials which can be modified to adapt to varying environmental changes and/or soldiers needs.  The insulation value must be “tailored” so that it provides increased thermal properties in cooler temperatures or when there is a decrease in soldier work load and likewise dissipate heat in warmer environments or when there is an increase in workload.

DESCRIPTION:  Future Force Operations in the future will require support and sustainment needs different from current levels.  Joint forces must be capable of rapid deployment anywhere in the world and the ability to respond and dominate over an expanded range of mission environments and threats.  War fighting readiness is the Army’s top priority and the soldiers remain the centerpiece.  The ultimate goal is to be capable of conducting rapid and decisive operations and sustain them while having the ability to transition among missions without loss of momentum.  Therefore “tailoring” for the projected crisis and versatility for sustainment over extended regional engagements and land combat is important.  Future systems need to be lighter and the costs associated with sustainment must be balanced with the cost of procurement.  Currently, there are separate uniform systems which are used in hot and cold weather environments.  Cold weather clothing systems are designed with several layers in order to “tailor” the garment to the environmental and/or individual soldier’s needs.  Not all soldiers require the same layers to sustain them at the same temperature ranges, therefore, each solider must determine the level of protection he requires.  This involves the removal or addition of various components within the system.  A basic system which could be adjusted, according to need, would eliminate bulk result in the reduction of layers and weight reduction, while providing a uniform system that would be more versatile and able to sustain soldiers over a multitude of mission environments.  Currently commercial resistive heating technologies require power sources, which add additional weight to the system and require a lot of power to be effective.  A low/no power alternative is being sought.  A lightweight material is needed that would eliminate the need for an insulative outer layer and/or that would prevent overheating due to too much insulation in under layers.  The system should be versatile to allow soldiers to meet individual environmental needs, and adaptable to sustain the soldier over extended temperature ranges (which may vary) without impeding missions.  There are some materials available on the market which claim to provide dynamic insulative properties such as phase change materials and aerogels.  These materials tend to add considerable weight to the garment and provide very limited insulation (150 – 200 J/g) increases over a small temperature range.  Considerable work has been done to develop fibrous insulation systems which provide increased insulation utilizing fine denier fibers, incorporating air spaces and  increasing loft however these battings are used for cold weather applications (-60 F) only and must be removed in warmer environments. FFW is designed to protect in –20 to 110 F temperature ranges.  Therefore if the best characteristics of all the techniques mentioned could be incorporated into a single concept that would allow a reversable dynamic change to occur  over varying temperature ranges individual requirements can be accommodated to allow the soldier maximum mobility in varying environments and control over his own thermal regulation.    

PHASE I: The proposal for Phase I should identify concepts for developing one or more light weight materials/systems which could provide a versatile, tailorable insulation component to be incorporated into the combat ensemble.  In Phase I, the technical feasibility of the concepts should be explored keeping in mind the program objective and integration into the FFW Integrated Combat Ensemble.  A cost estimate for incorporating the proposed concept into the uniform should be provided.  A drawing of all concepts with all required components should be included in the Phase I report.  Phase I is a 6-month time period.  The objective Technology Readiness Level (TRL) at the conclusion of Phase I is TRL 4.  

PHASE II: In Phase II, research and development of the most promising concept (as determined by DOD based on the Phase I feasibility) will be conducted.  At the end of Phase II a prototype of the tailorable insulation material layer which can be integrated into the uniform should be delivered as well as a report detailing various alternatives explored.  Data should be provided demonstrating the ability of the material, in a uniform ensemble, to adapt to changing environmental temperatures.   Temperature limitations, if any, should be identified.  Phase II is a 2- year period with an objective TRL of 6.

Transition to System Development Demonstration is 30 months.  Expected transition date would be Dec 2008; 1Q FY09.

PHASE III DUAL USE APPLICATIONS:  An adaptable insulation system would reduce the need for several different uniform systems/layers reducing overall inventory and reducing associated costs. Commercially, the outdoor sporting industry (mountain climbers, skiers, fishermen, sledders) would benefit tremendously from this technology.
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A05-190 
TITLE: Development of Composite High Performance Cordage for Military Application
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  To create a technically superior composite cordage for military applications based on novel fiber entanglement assembly technologies as opposed to the conventional yarn making, twisting and braiding process in order to reduce the lifecycle costs, weight, increase strength, maintain stretch ratio and reduce costs between 20 – 25 %.

DESCRIPTION:  The traditional textile technology based cordage is being outsourced to foreign countries for the purpose obtaining lower prices.  The cordage manufacturing process is labor-intensive and thus the end-use items are very high in cost, based on the labor, when manufactured in the US. The effort that is being proposed would lower the price of the cordage and derive significant improvements in physical properties along with a price reduction to make the US industry competitive.  Advances in non-woven material design have resulted in extremely strong materials, up to 20% higher in strength at 20 to 25% lowered weights.  Similar gains in cordage could be realized through development work being proposed that would involve entanglement of fibers. Success in doing this would result in decreases in weight and increases in strength similar to the non-woven fabrics.  In addition, the resulting cordage would also be thinner.  In addition to the physical enhancements the reduction cost, between 20-25%, would eliminate the need to buy outside of the US.  The successful development of the entangled cordage would be applicable to all types of high performance fibers including, aramids, polyaramids, polyethylene, etc.  

PHASE I:  In Phase I, the feasibility of using alternative textile/fiber technologies or processes/assemblies other than traditional manufacturing processes for enhancing the technical performance of typical round or flat cordage used for climbing/descending for mission related activities.  The use of various types and blends of fibers, and their assemblies that will by-pass the conventional yarn making processes and needs to include durability, inter-fiber friction, creep-resistance, stretch recovery, UV-light resistance, flame (FR), water-proofness (WP) properties along with the capability for the materials to be knotted, dyed, printed, finished or float in water.  For Phase I, submit proposal to develop moderate strength round/flat cordage at a 2-2.5 mm diameter/thickness, exceeding 350 lbs at a nominal weight 0.4 Kg/100 meter spool of rope, including complete cost breakdown and projected production savings.  The mechanical properties of the ropes shall be evaluated according to ASTM D-3776 for Mass Per Unit Area and ASTM D-4268 for Breaking Strength/% Elongation along with abrasion resistance, cycling, and others in accordance to ASTM methodologies. 

PHASE II:  Develop prototypes of cordage based on Phase I manufacturing process and produce enough to conduct developmental testing.  Material properties should be verified on prototypes per ASTM methodologies before producing semi-commercial ropes or associated items.  Manufacturing issues will be documented to include design, production and finishing processes.  Prototype cordage type structures shall be produced for field evaluation in a minimum of 100 ft lengths.  The results of the research, developmental testing and field evaluation will be documented in a technical report with conclusions on the utility of composite ropes for various military applications.

PHASE III DUAL USE COMMERCIALIZATION: The high-performance, composite cordage shall have applications to both military and civilian markets.  Develop partnerships and Marketing Plan to develop a large consumer base to bring production cost down along with Web-Site denoting relationship between base rope design combined with all related properties such as durability, strength, abrasion resistance and creep-resistance and end-item assembly processes.
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A05-191 
TITLE: Low Cost Parafoil Deceleration Canopy for One Time Use
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  To develop and demonstrate a low cost, high performance deceleration canopy for airdrop missions involving Army combat resupply with dual us potential for humanitarian relief and emergency response.  

DESCRIPTION:  Current conditions throughout the world have caused the United States to rely more on airdrop missions to resupply troops and provide swift humanitarian aid in remote, inaccessible regions.  It is this growing need for aerial resupply that has caused the U.S. Army to take action in supporting not only the troops but also the millions of individuals that have been affected by political unrest, hazardous conditions, and natural elements.

To help ensure the aircraft remains safe during combat resupply missions, the Air Force wants to fly above 20,000 ft MSL, which is out of the threat zone.  Landing accuracy is much more difficult from these altitudes, so use of precision guided autonomous systems is indicated.  These systems are more expensive than conventional airdrop systems, increasing the need for low cost, high performance deceleration canopies.  

In addition to combat resupply missions, the low cost, high performance deceleration canopy can be utilized for humanitarian relief in politically unstable locations as well as emergency situations such as for the Forestry Service.  Although the deceleration canopy will be utilized mostly with combat resupply missions, the canopy could potentially replace some of the current standard Army canopies if costs are decreased and performance matches or exceeds current equipment.  

The deceleration canopy should have a capacity of 500 lbs threshold and 2200lbs objective and should have a load survivability rate of 90% or better.  The parafoil needs to be able to withstand opening shocks of 20Gs at altitudes up to 25,000 ft MSL and temperature ranges of -70&#730;F at drop altitude to +160&#730;F on the drop zone in direct sun.  Materials that could potentially replace ripstop nylon should be investigated for usage and cost comparison to the materials currently utilized on Army wide canopies such the G-11, G-12, T-10, and MC-5.  NSC expectation is that canopy would be sufficiently cheap for one time use.  To achieve low cost objectives, new materials and manufacturing techniques are being solicited in addition to innovative canopy designs.  In addition, new manufacturing methods such heat sealing, mechanical connections between cells, pressure sealants, and new sewing methods and thread materials should be investigated for cost effectiveness and operational feasibility.  New designs for a low cost deceleration canopy can also be investigated for more efficient glide characteristics as well as canopy survivability during opening shock and high impact landings.              

PHASE I:  Phase I should include investigations of low cost materials and manufacturing methods as well as research into canopy designs.  Trade studies should be conducted for materials and manufacturing methods that will produce the highest quality product for the design selected.  Once the trade studies are completed, models of the new concept(s) should be created and data should be collected to show the new design(s) meet the performance parameters as well as payload capability.  If several designs are modeled and tested, the contractor should recommend at most two to the government, with supporting data.  The Phase I report should indicate the sources of materials and planning for the Phase II prototype build.

PHASE II: During Phase II, the contractor should build prototype(s) of the deceleration canopy design(s) from Phase I.  Two prototypes should be created and each will be airdropped from a military transport aircraft to evaluate performance and effectiveness.  The government will provide no-cost military transport aircraft service for measuring the performance of the system at intervals in the research and development process to facilitate the introduction of refinements to the final prototype design.  The final prototype design will be selected based upon drop test results and canopy performance as compared to the given performance parameters.  

PHASE III DUAL-USE APPLICATIONS:  One major commercial application for this technology is for combat and humanitarian resupply missions by foreign governments.  A low cost, high performance deceleration canopy will be a valuable tool for all foreign countries to acquire and will dramatically reduce costs associated with canopies that will not be reused.  Low cost deceleration canopies can also be used for forestry applications such as equipment and personnel delivery to hazardous areas and fire suppression.  The Global War on Terror also has a need for low cost deceleration canopies with applications existing for explosive deliveries and intelligence missions.  

In addition to defense departments, the low cost deceleration canopy can be utilized in the sport parachute industry to help reduce the cost of high performance canopies through utilization of the canopy itself or the materials and manufacturing methods utilized in the canopy design.  The materials can also be utilized in other sport industries such a sailing with the low cost materials being incorporated into sail and parasail designs as well as incorporation of the materials into sports apparel such as rain gear and as tent material for both consumer and military outdoor shelters.  Finally, the deceleration canopy design can be incorporated into current Army guided airdrop systems for replacement of expensive high performance canopies.  This replacement will allow for more effective replacement of canopies when damage occurs without the incurred costs associated with expensive canopy repairs or replacement.   
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A05-192 
TITLE: Navigation Without GPS
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  To develop and demonstrate a low weight, low cost navigation software, processing and sensor suite that would operate effectively in GPS-denied areas.  This system would be used by a wide variety of autonomous vehicles (guided airdrop systems, Unattended Air Vehicles (UAV), mobile land robots, etc.) to maintain self-location performance in areas or situations where the GPS satellite constellation is not available for any reason.   Scenarios that could cause GPS denial include navigation in urban canyons, enemy jamming of GPS signals, or enemy physical attack against GPS system assets.  

Desired characteristics for such a system would include:

ƒá
Output system state to include at least:

o
Position (latitude, longitude, altitude)

o
Attitude (roll, pitch, yaw)

o
Attitude rate (roll, pitch, yaw)

o
Time of data (Universal Time Coordinated)

ƒá
Performance threshold: equivalent to commercial GPS; objective: equivalent to militarized GPS

ƒá
Unit cost (lots of 100) threshold $ 5K; objective < $ 2K

ƒá
Weight threshold 5 pounds; objective < 2 pounds

ƒá
Form-factor to integrate readily into a variety of vehicles

ƒá
Operational altitude threshold 18,000 feet; objective 35,000 feet.

ƒá
Operational mission time 30 minutes

ƒá
Able to withstand a broad range of environmental conditions conventionally encountered by military vehicles, to include shock, vibration, temperature, and humidity

DESCRIPTION:  Over the last 10 years at least, the Department of Defense, in fact, the entire world, has come to depend on accurate navigation provided by the Global Positioning System (GPS) satellite constellation.  The world transportation system, and our burgeoning wireless telephone networks, and our strategic deterrent, to name a few systems, would collapse without GPS.  This technology is so ubiquitous that the DoD must plan to survive and prevail in operations in which GPS has been totally denied, whether due to GPS system attack/failure, jamming, or blockage from urban or natural canyons.  The system envisioned would provide a range of vehicles with the same level of navigational performance that is provided by GPS, using almost entirely self-contained sensors and software algorithms.   A notional solution could involve extremely high-performance (minimal drift and other errors) Micro-electromechanical (MEMS) accelerometers and rate gyros, augmented by some novel external navigation reference (not GPS).  It is possible that these would need to be accompanied by advanced software algorithms as well.  The offeror is expected to utilize state-of-the-art inertial sensors, innovating in terms of any external reference used and unique software algorithms.

PHASE I:  In this phase, a sensor hardware and software architecture should be developed and its feasibility justified.  Analyses should be conducted to establish the achievable performance of a fielded system.  The identified architectures should be justified based on a balance between cost, weight, system performance, reliability, and robustness to environmental conditions.

PHASE II:  In this phase, a prototype system should be field-demonstrated.  Based on the results of all analyses and demonstration results obtained, designs should be revised to better meet performance requirements.  Pre-production prototypes should be built, field-demonstrated under realistic operational conditions, and their performance against the topic requirements (above) evaluated.  Natick Soldier Center will provide the demonstration environment at a facility like Yuma Proving Ground.

PHASE III DUAL USE APPLICATIONS:  For military application, this technology can be used by a variety of autonomous air vehicles, including intelligence platforms as well as combat air vehicles.  This technology would be valuable for precision guided airdrop systems, particularly for small payloads that would be inserted into small, tight target areas.  It is expected that such military systems could be adapted for civilian (commercial) use, for accurately delivering disaster relief supplies by air to difficult to reach locations, including mountainous terrain.  
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A05-193 
TITLE: Towed Parachutist Identification
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  To develop and demonstrate an affordable and easily (aircraft and/or parachutist) mountable technology for the express purpose of quickly and positively identifying a towed parachutist during mass tactical airborne operations (day or night).  Achievement of this objective will provide the aircrew the ability to more quickly recognize a towed parachutist thereby allowing the aircrew to:  1) stop the flow of parachutists remaining in the stick to avoid potentially fatal contact with the towed parachutist, and 2) more rapidly initiate towed parachutist retrieval procedures to minimize injuries to the towed parachutist. 

DESCRIPTION:  In U.S. Army personnel airborne operations, up to 102 parachutists may deploy from each aircraft in sticks of 51 per door (two doors), using static line deployed round parachutes.  Army static lines are 15-20 feet long, depending on the type of aircraft being jumped.  One end the static line is attached to the parachute pack and inner deployment bag that contains the main parachute worn by the jumper.  The other end of the static line has a snap hook for attachment to the aircraft anchor line cable.  The excess static line length is stowed in rubber bands on the back of the jumper’s parachute pack.  As jumpers prepare to exit an aircraft, they partially un-stow the snap hook end of the line and attach the snap hook to the appropriate anchor line cable inside the aircraft.  As the jumper exits and falls away from the aircraft, the remaining length of static line is automatically un-stowed.  When the line is fully extended, it transmits a force sufficient to open the parachute pack and to pull out the deployment bag.  As the deployment bag is pulled, the main parachute that is packed within the deployment bag is automatically stripped out until it’s completely extended and begins to inflate.  Once the static line and parachute are completely extended, the parachute breaks away from the deployment bag.

This typical pattern of parachute deployment can be interrupted if the jumper or his equipment becomes entangled with the static line as it is un-stowed.  In such cases, various factors (jumper weight, location of entanglement, etc.) may result in the jumper being permanently entangled and towed outside the aircraft door.  Between 1974 and 1999 there were 17 airborne fatalities attributed to static line entanglements.  Six of the those 17 fatalities involved towed jumpers or jumpers contacting a towed jumper.  The remaining 11 fatalities involved towed jumpers whose static lines ruptured at some point during the towing process.

There are currently established aircrew and aircraft emergency procedures and equipment for retrieving a towed parachutist; however, there is currently no means to quickly and accurately identify a towed parachutist, since mass tactical jumps (whether training or operation) are typically conducted at night under low light conditions.  Consequently, towed jumpers are not immediately recognized.  In fact, at least one Army jumper had been previously towed for a lengthy period of time and broke away from the aircraft without the aircrew ever recognizing the jumper was towed.  Typically, and unless the jumper is very heavy and towed just outside the aircraft door, the towed jumper is not recognized until the entire stick has exited the aircraft and the trailing static lines and deployment bags are being retrieved inside the aircraft.   

The ability to quickly and accurately identify a towed parachutist increases the chances of saving the towed parachutist’s life, as well as avoiding potentially fatal contact with follow-on jumpers.

Any technology developed to meet this objective must be accurate, rugged, user friendly, and must be easily mountable on different aircraft and/or parachutists.  Affordable technologies that minimize or eliminate structural modifications to the aircraft and static line assembly are strongly desired.  Technologies to be considered include, but are not limited to, the following:

Optical sensing technologies coupled with specially designed filtering algorithms may provide a means to optically sense a towed jumper outside of the aircraft.

Force or pressure measurement technologies may provide a means to monitor force in a static line, in the anchor cable, or against the aircraft door edge to determine if a jumper is towed by his static line.

Proximity or motion sensing technologies (acoustics, radar, infrared, radio wave, etc.) may provide a means to determine if the jumper has separated from the aircraft.

Micro Miniature Infrared Video technologies may provide the means to directly observe the jumpers as their exiting and to visually determine if a jumper is towed.

Mechanical or textile material force indicators may provide visual indicators when the static line achieves a load level consistent with a towed jumper.

Acoustic sensing technologies coupled with specially designed filtering algorithms may provide a means to pick up and isolate vibrations of a towed jumper against the aircraft fuselage, or the vibrations in the aircraft anchor cable system when a jumper is being towed.

With any technology brought to bear on this problem, the challenge is to ensure highly reliable operation to very quickly identify a towed jumper with minimum false-positives.  Additionally, the system must operate in a highly dynamic environment, must not interfere with normal airborne or emergency operations (e.g., towed jumper recovery) and must be compatible (physically, environmentally and if applicable, electronically) with the jumpers, the aircrew and the aircraft.

PHASE I: In this phase, the problem must be thoroughly defined and the solution boundaries developed based on a clear technical and operational understanding of current personnel airborne operations, procedures and equipment.  With the problem defined and the solution boundaries established, several concepts will be developed based on an initial feasibility study of innovative technologies/methodologies that show potential for achieving the objective.  The most promising concept(s) will be arrived at through trade off analyses considering all required and desired characteristics.  A bread-board of the most promising concept(s) will then be fabricated and a proof of principle demonstration will be performed.  If required, the government will provide airborne equipment and will provide access to a representative aircraft to conduct the proof of principle demonstration in a ground environment.

PHASE II: In this phase, at least two prototype systems shall be developed and demonstrated in actual in-flight use, on-board representative aircraft using airdropped and simulated towed mannequins.  The government will provide aircraft and airdrop test assets as Government Furnished Property (GFP) for a series of flight demonstrations to evaluate the performance of the system(s).  Operational aircrew members and airborne personnel will participate in the flight demonstrations to provide an initial user assessment of the system(s).

PHASE III:  If this initiative is successful, the resulting technology can be readily adapted for military use by other services and allied nations that employ static line personnel parachute systems on a wide variety of aircraft.  Depending on the resulting technology from this initiative, the following is a list of some possible dual use examples:

Application to commercial safety harness or safety suspension systems.

Application to proximity detection systems, home security systems, etc.

Application to automotive back-up safety systems

Application as overload detector for climbing and rapelling ropes
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A05-194 
TITLE: Automatic Body Protection for Paratrooper Landings
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Develop and demonstrate an automatic system to protect paratroopers from body injuries at landings.

DESCRIPTION:  Although parachutes have been used for personnel airdrop for several decades, body injuries still occur at landings on or near (trees) the ground.  The current Ankle Brace in the Army system is bulky, heavy and awkward  to use and its effectiveness is uncertain (Ref. 1, 2 and 3).  Therefore, it is used only occasionally by soldiers in training but rarely in combat.  Hazardous ground conditions, such as high winds, poor visibility and uneven terrains, often cause injuries at landings. Very often these ground conditions occur suddenly and unexpectedly.  Under these situations, a paratrooper has very limited time or no time at all to react and control the landing to avoid body injuries.  What is needed is a smart/automatic protective device that can detect these unanticipated ground conditions and anticipate the present danger.  The automatic device then sends a warning signal to the paratrooper and trigger a protective device either at the command of the paratrooper or automatically (like the automatic operation of an automobile airbag during a collision).  After system activation, the device absorbs the ground impact energy and provides a safe landing for the paratrooper.  Injury statistics for Army paratroopers shows that most body injuries at landings occur on lower extremities in forms of ankle and knee sprains, and ankle, foot and leg fracture (Ref. 1, 2 and 3).  As a first step in this approach using an automatic device, protection of the lower extremities should be investigated first.  But other body protection ideas are also welcome.  Since a paratrooper performs normal functions as a foot soldier, the protective device should be lightweight, low bulk and should not interfere with his or her mobility in a battlefield.  Further more, it should be absolutely safe inside the aircraft without any false alarm or system activation. 

PHASE I:  This phase will begin with a brief review and analysis of body injury history/statistics of Army airborne soldiers.  The analysis will form a base and rationale for the new concept and design of the automatic protection system.  Human factors, and safety of the device will have to be addressed, such as compatibility with current soldier clothing system and footwear.  A simple design of the system will be fabricated. Preliminary laboratory jump demonstrations will be conducted to prove its performance and effectiveness. 

PHASE II:  In this Phase, test results from Phase I will be analyzed and the prototype will be modified and improved.  Controlled laboratory jump demonstrations will be conducted to investigate the improved prototype.  Improvement of the protective system will continue through further laboratory trials until a satisfactory protective system is achieved.  The effectiveness and safety of the protective system will finally be demonstrated from a military transport aircraft.

PHASE III DUAL USE APPLICATIONS:  The protective system will be very useful for training and combat of the airborne soldiers for safe landings, to minimize body injuries and to improve their ground combat effectiveness.  The protective system should also benefit the commercial market in recreational sport jumping, fire fighting by smoke jumpers, and sports.    
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A05-195 
TITLE: Self-Contained Ration Heater
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  To develop packaging configurations for self-contained exothermic reactions for use with the Meal, Ready-to-Eat ration.

DESCRIPTION:  DoD uses a lightweight, low cost, easy-to-use chemical heater called the Flameless Ration Heater (FRH) to heat the standard operation ration, the Meal, Ready-to-Eat (MRE).  An FRH is packed with every MRE and over 36 million are procured and used each year.  The FRH weighs ½ ounce and raises the temperature of the 8-ounce MRE entrée by 100°F in 10 minutes.  Adding approximately 1 ounce of water activates the Mg-Fe heater.  It is preferred that the FRH be entirely self-contained, i.e., all reactants are contained within the packaging to eliminate a need for the Warfighter to utilize essential drinking water.  Therefore, a packaging solution is required that will allow for the ration heater to activate without any addition or input by the Warfighter.  Packaging the current FRH as to eliminate the need to add water is an example of a potential solution, but other exothermic reactions, particularly those that produce no hazardous byproducts (such as the FRH’s hydrogen), will be considered.  Minimum weight, cost, complexity, and size are desired characteristics, in order of importance.  It is also desired that the, active ingredients be useful as a secondary fuel in a “waste to energy process”.  In addition, the product must be dispensable and maintain a 3-year shelf life, which is the shelf life of the MRE.  Both the packaging and activator must maintain their operational capability at temperatures from –25° F to 120° F.  All materials, both packaging and heating system, shall also be safe for operation, transportation, storage, and disposal (activated or not) IAW DOT/EPA/FAA regulations.

PHASE I:  Phase I will consist of research of packaging technologies such as multiple chambers, frangible seals, reactive packaging, port fittings and material properties including chemical resistance, barrier films, heat/cold resistance, and storage life.  The research shall focus on integrating these packaging technologies with an exothermic reaction system such as acid/base, fuel/catalyst, and oxidation/reduction systems.  Potential configurations and interfaces with the MRE entrée will also be evaluated.  The strengths and weaknesses of each alternative shall be detailed in terms of weight, cost, size, health hazards, safety, ruggedness, shelf life, environmental impact, and stability.  From this data, trade off studies will be performed to determine what characteristics are preferred for the heater and packaging.  Proof-of-principle will be established and demonstrated for the best alternative(s).

PHASE II:  Phase II would consist of developing full-scale heater prototypes that will be integrated with MRE entrees.  Development will include a comprehensive investigation for compliance to all safety and health regulations with respect to the operation, transportation, storage, and disposal of the reactants and packaging (e.g. DOT, EPA, FAA, TRANSCOM, etc.).  Manufacturing issues will be addressed and a cost analysis will be performed.

PHASE III DUAL-USE APPLICATIONS:  This new heater packaging could have wide spread application within the medical, outdoors, and sporting markets.  In addition, there is a growing market for commuter meals, self-heated beverages, and mobile catering (especially where fire codes do not permit open flames).
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A05-196 
TITLE: Self-Heated Self-Hydrated Combat Ration Components
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  Develop a safe, self-heating, self-hydrating kit for combat ration components. 

DESCRIPTION: A need exists to provide the individual Warfighter with hot beverages and ration components that can be heated while on the move.  The current Flameless Ration Heater (FRH) provides an acceptable means for heating prepackaged shelf-stable foods that are already hydrated.  However, it is inadequate for heating dehydrated rations and water for beverages.  The Trioxane Fuel Bar (as well as the upcoming introduction of PyroPac) has a number of logistical shortfalls as it is a class 3 item.  It emits a thermal signature, is time consuming, and requires the use of a metal cup that must be cleaned after each use, and its use prevents mobility on the battlefield.  A self-heating, self-hydrating kit will be utilized to heat and hydrate beverage bases, compressed meals, and dehydrated components such as those found in the Ration Cold Weather/Long Range Patrol (RCW/LRP).  The Warfighter can heat and hydrate while on the move or in a Future Combat Vehicle (FCV).  This concept will increase the mobility and lighten the load of the Future Force Warrior (FFW).  A self-heating, self-hydrating pouch will be developed by integrating advanced membrane technology with ration heater technology.   The water-activated heater technology used in the MRE serves as an exceptional candidate for this purpose, as heated water would migrate through the membrane.  Thus, in a single step, the Warfighter would be able to quickly heat and reconstitute beverages, dehydrated rations and intermediate moisture foods (IMF) to get a hot, fully reconstituted, high quality product while performing his mission.

Other chemical heat sources will also be considered, including anhydrous phosphorus pentoxide/calcium oxide, potassium permanganate/glycerin, and other heating mechanisms that are safe for use with food.  In 1971, a patent was awarded to Ralston Purina Co. for developing an exothermic chemical coating.  When the coated dry cereal-type food product was mixed with water, it elevated the temperature from 80°F to about 120°F and provided moisture to soften the dry product, increasing palatability.  Chemical heat sources used included calcium oxide(Generally Regarded as Safe, GRAS), phosphorus pentoxide, strontium oxide and barium oxide. 

In addition to safety, other measures of performance to be considered include heater weight, rate of heating, and amount of activating water required.  The most suitable chemical heating technology will then be coupled within a unique membrane-cavity heating and hydrating package that is safe, low cost, and environmentally friendly.  Forward Osmosis (FO) will permit water and restrict solutes (bacteria, viruses, pyrogens, and ions) through specific membranes, allowing the use of non-potable water sources to heat and hydrate components within a single bag.  Previous studies have shown that an increased water temperature will increase the flux rate through the FO membrane and hydration of the ration components.  For an electrolyte beverage product, it takes about 4 hours to filter 12 ounces of water @60° F, 2 hours @80°F and 90 minutes @100° F.  Flameless ration heater technology provides water that reaches temperatures above 200° F.  At these temperatures, the rehydration process can potentially be reduced to less than 30 minutes.   

The self-heating, self-hydrating kit can utilize both potable and non-potable water sources and will support on-demand feeding of the Future Force Warfighter and the Future Force Maneuver Sustainment concept by providing heating and reconstitution capability on the move.  This effort will result in a nontoxic, safe, reliable, lightweight, self-contained, easy to use self-heating and self-hydrating pouch that provides hot beverages, soups, and ration components in the field.  The capabilities provided by the self-heating, self-hydrating kit include improving the quality and variety of military rations, reducing the logistical burden associated with field feeding (equipment, weight, cube, fuel, water, and labor), decreasing waste, reducing soldier footprint, and enhancing operational flexibility.  

PHASE I:  Explore, develop and conceptualize a technique/heating system design that achieves the goals described above using advances in chemical heating, food processing and osmosis.  Provide technical specifications for a self-hydrating membrane pouch and identify as commercial-off-the-shelf to be used in the study and development of the heating system.  The developmental approach shall address technical hurdles that must be overcome and candidate designs that will be explored. Conduct technical test, including analytical modeling as needed, to assess the design and performance of critical components to demonstrate the feasibility and practicality of the proposed concept, (e.g. rough handling, flex cracking of the membrane, etc).  Provide associated risks and factors limiting system development and performance.  Initially use a simple component such as dehydrated coffee or cocoa beverage powder to identify any heater byproducts that pass through the membrane and determine if those byproducts have an effect on safety or sensory properties.  As the technology matures, demonstrate the self-heating, self-hydrating pouches ability to produce a fresh, hot scrambled egg in the field from a commercially available powdered egg, thereby improving ration quality and decreasing waste.  This effort will support the Combat Ration Breakfast Technologies program, JSN 02-5.  Deliver a report documenting the research and development effort along with a detailed description of the proposed technique/system to include specifications of key components.    

PHASE II:  Develop the technique/heating system identified in Phase I.  Identify packaging materials and membranes that will complement the system; fabricate and demonstrate various ways of integrating the heater system to an existing membrane pouch or as an additive in the form of a sachet or pellet; determine and improve heater efficiencies; characterize and refine the self-heating, self-hydrating kit in accordance with the goals in the description above; apply the technology to compressed meals and RCW/LRP components.  

PHASE III DUAL USE APPLICATIONS:  Produce and deliver prototypes to support technical and user testing.  Make modifications to most successful prototype based on Warfighter feedback.  A small-scale production capability will be established to demonstrate the manufacturing feasibility of the proposed self-heating, self-hydrating kit.  Deliver a report documenting the theory, design component specifications, performance characterization and scale-up projection for establishing a large-scale production capability.  The concept meeting the requirement outlined in this effort would be applicable to both military and civilians (camping, trucking, disaster relief).  A commercialization strategy shall be outlined and a commercialization partner, if required, shall be defined to demonstrate a well-defined path toward commercialization of the self-heating, self-hydrating kit.
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A05-197 
TITLE: Flameless Heating Technology
TECHNOLOGY AREAS: Human Systems

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  Develop a single-use, flameless heater package capable of heating shelf-stable foods contained in the Unitized Group Ration – Express (UGR-E). 

DESCRIPTION:  Army field feeding doctrine calls for two group meals and one individual meal per day.  The group meals consist of the UGR-A (includes frozen meat) and UGR H&S (all thermally processed shelf stable products).  Both require cooks, kitchens, fuel and water.  To reduce logistics, a new type of ration has been developed called the UGR-E.

The UGR-E is a one-time use, shelf stable and self-heating feeding system designed for use in remote locations or when the OPTEMPO and logistics (METT-T) of the battlefield make the UGRs impracticable.  It is modular, compact, self-contained and automatically heats group-sized rations independently of field kitchens and food service personnel.  A stack of four separate polymeric trays contain a shelf stable entrée, vegetable, starch, or dessert.  Accessories included are compartmented dining trays, disposable eating and serving utensils, condiments, beverage powders, napkins, wet-naps, and a trash bag.  The UGR-E can either be transported by the users or prepositioned.  When the user desires hot food, a heating device integrated into the UGR-E packaging system is activated.  In 30 to 40 minutes the ration module is opened and hot food is distributed.  After the meal, waste materials are returned to the original container to provide a compact cube for disposal. 

Current prototypes of the UGR-E utilize a magnesium and iron (Mg-Fe) chemical heater that was originally developed for the Meal, Ready-to-Eat (MRE).  The UGR-E Mg-Fe heater is activated by rupturing a pouch of 2.5 percent saline solution integrated into each heating tray.  Each Mg-Fe heater weights 130 grams, is activated by 350 grams of saline solution, and is capable of raising the temperature of the food from 40oF to 140oF in approximately 40 minutes.  The Mg-Fe heater has a relatively high energy to weight ratio, representing about one tenth the weight and volume of the product to be heated.  It is also intrinsically safe in that the heat it produces is self-regulating and will not surpass the temperature of boiling water (212°F). However, there are many constraints associated with the Mg-Fe heater that limits its suitability for use with the UGR-E.  Regulatory restrictions due to the flammability of Mg and its associated hazardous gas by-products limit handling, storage, transportation, use and disposal of the heaters.  There are also challenges associated with the packaging to prevent accidental heater activation, from either the activator solution or the brine content of the food. Thus, the goal of this SBIR initiative is to provide a heater as effective as the Mg-Fe heater in terms of offering a comparable heat density, self regulating properties and cost, yet is specifically designed for use with UGR-E foods and is intrinsically free of hazards or regulatory restrictions.  

PHASE I:  Investigate safe, inexpensive, flameless, and disposable heating systems and devices that will sufficiently heat the 24 pounds of shelf-stable food contained in each UGR-E.  Heating technologies for consideration include, but are not limited to, exothermic chemical systems that may require activating substances, and alcohol-based catalytic membrane heaters that heat food through surface contact.  If an activating substance is required, it may be added to the package at time of use or already be fully contained within the package.  An innovative package design must fully integrate the current shelf-stable food package with the heating device in a way that facilitates ease of use and minimizes user contact with the heater and heater products.  The heater package must optimize thermal transfer to the prepackaged foods, must not produce hazardous or flammable by-products, and must be fully disposable after use.  It is also desired that the, active ingredients be useful as a secondary fuel in a “waste to energy process”.   Reusable or recyclable heating systems will be considered but are not preferred.  The heater package must meet all performance, strength, durability, storage, and safety requirements for shelf stable, self-heating group rations.  A cost assessment of the proposed heater package shall be prepared.  For comparison, the heating system used in the current UGR-E prototype is estimated to be $15.00.  The Phase I deliverable will include candidate heater materials and package design(s); expected or actual heating performance capabilities; instructions for use; and an environmental, safety, and economic analysis that addresses operation, transportation and storage considerations.  A demonstration of the technology that includes heating at least one UGR-E food tray (containing 6 lbs of product) is required to validate the concept. 

PHASE II:  Develop, fabricate, and test candidate heater packages.  The heater materials and package configurations are to be optimized for maximizing heater performance, while minimizing the heater size, weight, and cost.  The manufacturability of the heater shall be assessed and demonstrated.  Given the limited thermal conductivity of food packaged in polymeric trays, the integration of the heater package within the UGR-E must be tailored to maximize heat transfer and provide the structural support/insulation needed to meet rough handling and transportability requirements.  Develop a relationship with a UGR-E assembler and perform trial runs to validate the Phase I study and obtain heating performance data.  Determine and resolve performance, physical protection, durability and ration assembly issues.  Phase II deliverables will include assembled UGR-Es that meet established criteria, as well as all supporting safety, health hazard, environmental impact, and transportability documentation. 

PHASE III DUAL USE APPLICATIONS:  Commercial and institutional catering, group-size sporting events, and outdoor shelf-heating food service markets.  
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A05-198 
TITLE: Separation of Fragmented Energetic Materials via Directed Ultrasonic Energy
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Demilitarization

OBJECTIVE:  Develop and demonstrate a process to separate cast-loaded energetic materials (e.g., Composition B, PBXN-5, PBXN-105, LX-14) removed from medium and large caliber ammunition by ultrasonic technology.  The ultrasonic removal will cause in-situ controlled fragmentation of the explosive material.  The resulting material will be used in a process to demonstrate the safe, efficient separation and recovery of the energetic materials into their component parts during demilitarization operations.

DESCRIPTION:  The United States stockpile of unserviceable and obsolete munitions exceeds 500K tons.  A significant portion of this inventory is made up of medium and large caliber ammunition loaded with TNT and Composition B.  Historically, demilitarization of this ammunition has been carried out by open detonation, and more recently, using an autoclave to melt out the energetic material and separate the metal parts.  The autoclaving process is labor intensive (and thus costly with operators put at some risk) and generates pink water that must be processed as a hazardous waste.  When high intensity ultrasound is applied to a liquid medium adjacent to solid material, the stress produced by “acoustic cavitation” in the liquid causes fragmentation of the material.  The stress (or pressure) produced by the cavitation of the liquid is a function of the properties of the liquid.  High vapor pressure and surface tension greatly enhance the reaction.  It is proposed to use this process to produce granulated energetic material which can be used to develop separation methods which will allow recovery of valuable materials from cast-loaded explosives.  Previous research has demonstrated the feasibility of such an approach through experiments conducted on TNT and Composition B simulants.  The proposed project will build on this initial work and use live energetic materials to establish a process followed by parametric studies to investigate process performance and develop an optimized pilot process.

PHASE I:  Carry out laboratory fragmentation of the energetic materials via ultrasonic energy using explosive-filled 100-ml beakers.  The fragmented material will be used to develop processes and methods which will allow separation of the component parts of the cast energetic material.  Methods to remove binders, waxes, plasticizers, crosslinkers and catalysts from the energetic components will be a high priority.  Where appropriate, computer modeling will be used to study process phenomena and evaluate parameter interactions.  A preliminary process flow sheet and material balance will be developed.

PHASE II:  Based on the preliminary process developed in Phase I, a pilot scale process will be developed, evaluated, and optimized.  Rate of yield of recovered energetic material and quality of the material is a high priority.  The developed process will be used as a secondary process in another program to recover energetic materials from medium to large cast loaded projectiles.  Actual munitions items (e.g., 60-mm, 81-mm, and 105-mm projectiles) will be used in the pilot process demonstration, and design data sufficient to allow scale-up to a prototype demilitarization process will be generated.

PHASE III DUAL USE APPLICATIONS:  In the area of demilitarization, this technology has application to many different munitions.  Valuable components would be available for reuse in other energetic cast materials.  In the private sector, this technology could be used in the process industries to dislodge scale, energetic material or other foreign material build-up from the interior of process piping.

REFERENCES:  

1) Presentation entitled: "Progress on Ultrasonic Fragmentation of Cast Energetic Materials" by David Emery, US Army Army Armament Research, Development and Engineering Center and Catherine Malins, TPL Corporation; presented at the 2005 Global Demilitarization Symposium and Exhibition, 9-12 May 2005, Reno NV.
KEYWORDS: ultrasound, explosive, demilitarization

A05-199 
TITLE: Light Weight Electronic Pointing Device
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO Ammo

OBJECTIVE: Develop and produce an accurate, small, lightweight, rugged, low cost Pointing Device (PD) for use with dismounted mortar weapons (120mm, 81mm, and 60mm). The PD quickly determines the weapons' true tube azimuth and elevation. It is proposed to create a lightweight pointing device, utilizing an interferometer fiber-optic gyroscope, that could be used with dismounted mortars as well as be able to replace the pointing systems being employed currently with mounted mortar systems. The system would meet pointing accuracy requirements and be 25-50% lighter than the current system.

DESCRIPTION: Current mortar weapon "pointing devices" e.g. Honeywell Talin II-3000 are too heavy [12.8 lbs] for use with dismounted mortar systems. The current systems have high power requirements and battery consumption [24volts +/- 60 DC], utilize heavy brackets and isolators for shock protection, and employ rudimentary sensor technology. Alternative critical enabling technologies (e.g., interferometer fiber-optic gyroscope) are available to create a lightweight [1 to 4 lbs] PD for dismounted mortar weapons. It will also be much smaller in size e.g. required dimensions - 3”x2”x2” from current system - 10”x9”x5”. The system would have a pointing accuracy of 2 mils required/1 mils desired in azimuth with 1 mil required/ 0.5 mils desired in elevation and roll. It would be desired to operate the new system below 1 Volt of DC supply. The system would provide bidirectional communications to support interface to the mortar fire control computer, and be 75% lighter than the current system.

The new battlefield pointing system must be lightweight, rugged, responsive, accurate, cost effective, and simple to use. Exploiting recent technological advances, the lightweight PD would be able to quickly and accurately determine tube azimuth and elevation, resulting in accurate gun fire. To assure operational performance, accuracy requirements are planned to be demonstrated. The PD would also improve adjust fire, shoot and scoot operation, and massed fires timelines. The PD would provide rapid response in all kind of battlefield environments. The PD will be employed by the host artillery/mortar system on a non interfering basis.

PHASE I: Design and develop a conceptual, cost effective, lightweight PD system. The conceptual operational electronic capabilities of the PD will be defined and demonstrated in a bread board configuration.

PHASE II: This effect will focus on designing, fabricating and testing of one PD. The unit will be operable with the M224 (60 mm), M252 (81 mm), and M120 (120 mm) series mortars. The PD will be capable of being introduced without causing interference to function of weapon parts, weapon operability, firing and safety.

PHASE III: DUAL USE APPLICATIONS: The PD will be able to be utilized on any dismounted US mortar weapon system (60, 81, and 120mm), and is also applicable to mounted mortar systems. With appropriate modifications, the PD could accurately determine azimuth and elevation of other weapons platforms such as 105 and 155mm howitzers, and NLOS-M. The technology developed herein would have possible applications to vehicles, ships, and aircraft.

REFERENCES: 

1) “Guidance Navigation and Control from Instrumentation to Information Management,” Eli Gai, Journal of Guidance, Control, and Dynamic, Vol 19, No. 1, pp. 10-14 - Technical Journal

2) “The Developments of Modern Inertial Navigation System,” W.X. Fu and C. Rizos, Proc. 3rd Satellite Navigation Technology Conference, Sydney, Australia, 8-10 April, paper no. 11. - Technical Journal

3) “Modern Navigation, Guidance, Control,” Ching-Fang Lin, Prenctice Hall, 1991. – Text Book

4) “Navy and Industry Investigate New Super-accurate Optical Gyros for Possible Use of Ballistic Missile Submarines,” Edward Walsh, Military & Aerospace Electronics, December 2001. – Technical Journal

KEYWORDS: electronic pointing device, indirect fire weapons, mortars, interferometric fiber-optic gyroscope, lightweight, massed area fires, dismounted 

A05-200 
TITLE: Imaging of Long-Range Objects
TECHNOLOGY AREAS: Sensors, Electronics & Electronic Warfare; Battlespace Environments
ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  Develop Laser Imaging technology for characterizing long-range objects from the ground. 

DESCRIPTION:  As potential adversaries gain greater access to long-range and stand-off capabilities through the development of their own systems or the purchase of third party products, there is a growing need for US ground forces to rapidly characterize long-range objects.  A small mobile ground-based imaging system would provide information about actions and intent to assist future force commanders in conducting operations and protecting their forces.  

Current systems for long-range surveillance are primarily large, fixed site radars.  However, there has been progress with non-radar technologies to develop means for long-range object imaging in a more tactically responsive manner.    Non-radar technologies such as Synthetic Aperture Ladar (SAL), Inverse SAL, Laser Tomographic Imaging, Inteferometric Imaging, etc. will provide additional data for characterizing potential long-range threats, as well as missile threats. Or this technology could be the primary mobile sensor to permit tactical surveillance capability not now possible with large fixed radars.  The developments could be advances in existing non-radar techniques or the application of a new technological discovery.  The non-radar data could supplement radar data to provide a more comprehensive data set that, when fused, would yield a more accurate identification, classification, and/or discrimination; or the technique could provide a discrimination/classification determination based on the (non-radar) data alone.  This effort is soliciting efforts that require RDT&E budget activity 2, 3, or 4 that involve a current significant degree of technical risk. The technical feasibility of using any of the non-radar technologies may have been envisioned but risk buy down has not occurred.

PHASE I:  Assess current non-radar technologies and select the most promising to pursue for this effort.  Develop a functional model of the hardware/software necessary for conducting ground-based long-range imaging and characterization.  Conduct a demonstration that verifies the feasibility of using non-radar technology as a mobile capability for the Army’s future force and provides the data required to perform the level of discrimination/classification desired for determining threat intentions.

PHASE II:  Develop a proof-of-principle prototype of the SBIR contractor’s choice that will meet the tactical size, weight, and power requirements of the platform on which the device will be inserted in a fielded system.  Perform testing and demonstration of the prototype in a high fidelity laboratory environment or in a simulated operational environment.

PHASE III:  Integrate the prototype with system level radar data, and test the device on a mobile platform against live targets. 

Coordinate with the US Army Program Executive Office for Missiles and Space (PEO MS) to determine how the data acquired by the developed non-radar capability can be incorporated with other data for an integrated discrimination/classification process.   Perform design of device to be manufactured.  Develop the processes and software for incorporating non-radar device data into systems and develop/incorporate sensor fusion algorithms to optimize synthesis of all data.  In system tests, test capability of inserted device and sensor fusion techniques to achieve the expected discrimination and classification levels. 

In addition to the critical military use of ground-based laser imaging to characterize long-range objects, there are many other uses for this technology.  Laser imaging systems could characterize long-range activity that might adversely impact homeland defense and drug enforcement operations.  Any friendly systems operator (national strategic, NASA, commercial, or allies) could use laser imaging to rapidly and inexpensively assess the extent of physical damage to their long-range systems, especially if there is a loss or degradation of communication.  In summary, Laser imaging technology would provide a wide range of civilian and commercial applications beyond the intended tactical military use.

REFERENCES:


1) “Selected Papers on Laser Radar”, Gary W. Kamerman, editor, SPIE Milestone Series, Volume MS 133, 1997.

2) “Laser Radar Systems”, Albert V. Jelalian, Artech House, Boston, 1991.

3) “The Infrared Handbook”, revised edition, William L. Wolfe and George J. Zissis, editors, Environmental Research Institute of Michigan, 1985.

4) “Ground-Based Deep-Space Ladar for Satellite Detection: A Parametric Study, Kevin F. Davey,  Report Number AFIT/GSO/ENP/ENS/89-D1, Air Force Institute of Technology, 1989

5) "SAIL: Synthetic Aperture Imaging Ladar," W. F. Buell, N. J. Marechal, D. Kozlowski, R. P. Dickinson, and S. M. Beck, Proceedings of the 2002 Military Sensing Symposia: Active EO Systems (2002)

6) “History and Principles of Shack-Hartman Wavefront Sensing”, Ben C. Platt and Roland Shack, Journal of Refractive Surgery, Volume 17, September/October 2001, S573-S577. http://www.mpia.de/AO/INSTRUMENTS/FPRAKT/HistoryOfShackHartmann.pdf

7) “Ground-Based Laser Energy Projection”, AFRL, http://www.afrlhorizons.com/Briefs/Sept01/DE0108.html

8) “GEO Light Imaging National Testbed (GLINT)”, Trex Enterprises, http://www.trexenterprises.com/new_mexico/pages/nmglint.html

9) “Enabling the Future:  Lidar Space Vision Systems for Next Generation On-Orbiting Servicing”, http://www.on-orbit-servicing.com/workshop_2002/OOS-Docs-ST6-1/4-3a.pdf

10) “Laser Radar for Scientific Space Applications”, http://esapub.esrin.esa.it/bulletin/bullet101/flatscher.pdf

11) “Professor’s Math Clears View of Telescopes, Lasers”, http://www.wfu.edu/wfunews/1997/022497p.htm
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A05-201 
TITLE: Insensitive Munitions Modeling and Simulation 
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  The objective of this effort is to develop modeling and software tools to analyze propulsion systems’ materials, processes and other protective measures for their compliance with insensitive munitions requirements.

DESCRIPTION:  No propellant meets Department of Defense Instruction (DoDI) 5000.2 Insensitive Munitions (IM) requirements.  Rocket motors hit by bullets or fragments burn violently, destroying adjacent missiles and launch platform, and may destroy adjacent launchers.  Large quantities of stored materiel can be destroyed by a single bullet or fragment.  What are the barriers to solving this problem?  Technology is needed to make propellants with adequate performance that react less violently to battlefield threats.  And there is a poor understanding of propellant physical properties (chemical and manufacturing processes) and resulting IM response.  Actual testing of rocket motors IM capabilities is expensive and time consuming. Software tools are needed to analyze propulsion systems’ materials, processes and other protective measures for their compliance with insensitive munitions requirements. There is a need to develop impact and thermal response models. The results will be modeling and simulation data demonstrating reduced violence in bullet and fragment impacts, a better understanding of propellant physical properties versus IM responses, and learning how to formulate and produce survivable propellants.  

PHASE I:  Conduct a feasibility study of existing software tools and models that could be adaptable to predicting rocket motor and propellant responses to IM stimuli.  Identify and define requirements for software tools that can analyze propulsion systems' materials, processes and other protective measures for their compliance with insensitive munitions requirements.  

PHASE II: Adapt and develop software tools that can analyze propulsion systems' materials, processes, and other protective measures for their compliance with IM requirements.  Demonstrate the model applicability and predictability to known IM response of a selected rocket motor such as the PAC-3 MSE. 

PHASE III:  Expand the model's predictive capability to other non-detonable rocket motors such as GMLRS, ATACMS, and possibly the THAAD motor (if available).  The technologies developed under this SBIR topic would have applicability to areas such transportation, theater/combat threat exposures, IEDs, and hostile area transportation.

REFERENCES:

1) US Code Title 10 chapter 141 CHAPTER 141 - Miscellaneous Procurement Provisions, Section 2389, “Ensuring Safety Regarding Insensitive Munitions”, http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=browse_usc&docid=Cite:+10USC2389

2) Department Acquisition Guidebook, Chap 4.4.16, http://akss.dau.mil/dag/DoD5000.asp?view=document&doc=2

3) “Hazard Assessment Tests for Non-Nuclear Munitions”, MIL STD 2105 C

4) “Maintaining Readiness through Environmental Stewardship and Enhancement of Explosives Safety in the Life Cycle Management of Munitions”, Operational and Environmental Executive Steering Committee for Munitions, November 2001, https://www.denix.osd.mil/denix/Public/Library/Munitions/MAPCRD/map-finalnov01.doc

KEYWORDS: Insensitive munitions, Propellants, Propulsion, Ballistics protection, 

A05-202 
TITLE: Lightweight Infrared Optics
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE: Investigate, design, and build lighter weight and more affordable optics and housing for use with cooled and uncooled imaging infrared sensors for manportable fire control and missile systems. 

DESCRIPTION: The Aviation and Missile Command has applications for manportable fire control and missile systems. These applications employ imaging long wavelength infrared (LWIR) technology for target detection, recognition, and identification. Weight and affordability are important considerations for manportable weaponry. The Aviation and Missile Research, Development, and Engineering Command is proposing a SBIR program to investigate alternative LWIR optics and housings for these applications. The program will focus on lighter weight and more affordable optics and housings for use with cooled and uncooled imaging infrared sensors. The emphasis will be on alternative materials such as plastics and composites to demonstrate innovative reflective and/or refractive optical designs and housings for use in manportable applications. This program will demonstrate new and innovative concepts to an existing afocal design, which employs a scanning 240x2 cooled LWIR detector, and concepts for a new afocal design employing uncooled LWIR microbolometers. The program will demonstrate a significant percent weight reduction (400 grams or less) for both afocal configurations and a significant percent cost reduction ($10,000 or less) compared to existing design costs and traditional F/1 optical designs, respectively. The weight and cost metrics will be achieved while maintaining existing sensor performance. The proposed SBIR program provides the Army with an opportunity to improve existing capabilities by reducing the weight and costs of LWIR optics for a critical technology. 

PHASE I: Using lightweight materials, develop alternative optical and housing designs for use in manportable target acquisition sensors employing cooled and uncooled LWIR technology. Verify environmental and optical performance through simulations. 

PHASE II: Develop prototype cooled and uncooled LWIR afocals.  Demonstrate required weight and affordability metrics.  Plan for integration of new hardware configurations onto an existing manportable target acquisition system. 

PHASE III: Integrate the new hardware configurations onto an existing manportable target acquisition system.  Additionally, there are numerous commercial applications for lightweight and affordable optics for imaging infrared sensors. Some commercial applications that may benefit from this SBIR include medical for thermography; transportation for enhanced vision systems for airplanes, helicopters, sea vehicles, and automobiles; law enforcement for drug prevention and tracking criminals; predictive maintenance to locate overheated or abnormally cold components in plants; forest industry for fighting forest fires; and environmental monitoring and control for global warming, pollution, weather, water flow, and chemical imbalances. 

REFERENCES:

1) Army Aviation and Missile Command Redstone Arsenal AL., “Night Owl Universal Optics for Uncooled LWIR Applications”, 01 May 2002, Accession Number. DA363855.

2) Army Communications-Electronics Command Fort Belvoir VA Night Vision and Electronics Sensors Directorate, “Lightweight Laser Designator Rangefinder (LLDR): Next-Generation Targeting For US Ground Forces”, 01 July 2000, AD Number. ADD951397.

KEYWORDS: Imaging infrared, LWIR Optics, Manportable Sensors, Lightweight

A05-203 
TITLE: Unique Identification (UID)/Radio Frequency Identification (RFID) Integration
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE: To integrate UID and RFID technologies including RF links and data base access/development on identified DoD items using existing DOD automated information systems. The technology development, implementation and integration will be cost effective and transparent to warfighter while capturing reliable and accurate technical data. The technology will improve acquisition, financial, and logistics business processes over the life cycle of weapon system while complying with DoD UID/RFID/AIT Policies.

DESCRIPTION: Unique Identification (UID): Unique Identification (UID) is a globally unique, unambiguous, and robust set of data marked on items ensuring data information quality throughout a prescribed monitoring period that supports multi-faceted business applications and users. The UID is normally applied at the item level. The UID program is the foundation for enabling Department of Defense (DoD) to reach established goals and objectives through enhanced total asset visibility, improved life cycle item management and accountability, and efficient accurate financial audits. It is important to note the UID is data while an item such as a Data Matrix bar code is one of numerous Automatic Identification Technologies (AIT) used to carry the data. 

Radio Frequency Identification (RFID): The Government intends to use RFID technology in applications demanding performance beyond the current bar code and other automated data storage and retrieval technologies. RFID transponders (more commonly known as “Tags”) will be affixed to assets or other objects of interest to capture and transmit varying amounts of data, which can be stored (either permanently or temporarily) and processed. The Government will use RFID Interrogators to communicate with Tags through RF energy. The Interrogator shall read information from all tags, and write information to tags with a read/write capability. This feature enables a user to locate, track, and monitor the status of a Tag and its associated commodity and asset, or to alter the data stored in a tag. Interrogators, tags, and RF Relays may be linked together to create an RFID system network. 

RFID tags will be applied at the most efficient and economical level (individual item, case, pallets, etc) to items meeting minimum tagging requirements such as high strategic or tactical importance, cost, and or volatility. Automated data collection and RFID will deliver immediate, positive benefits to government agencies, DoD and business with embedded electronic product codes (EPC) for tracking and identifying items at the individual crate and pallet level.

The obstacles, challenges, benefits, appropriateness and suitability for use of Active and Passive RFID technologies will be explored. Both use radio frequency energy to communicate between a tag and a reader; however the method of powering the tags is different. Active RFID uses an internal power source (battery) within the tag to continuously power the tag and its RF communication circuitry, whereas Passive RFID relies on RF energy transferred from the reader to the tag to power the tag.

PHASE I: Phase I objectives:

•
Identify implementation and integration requirements IAW DOD policy.

•
Identify metrics for minimum/maximum density, volume and weight requirements for current passive and active RFID technologies and the estimated metrics of future trends in the applicable technologies.

•
Investigate challenges that may be encountered in implementation of UID/RFID at the system level.

•
Investigate processes/methods for integrating and minimizing the size of UID/RFID tags and the capability trade offs required to meet identified future size requirements. Identify the transponder power requirements based on a 10 year life and a 100m, 1KM and 100Km transponding range. Establish a crosswalk comparing size vs. capabilities.

•
Investigate requirements for interfacing with existing and known planned health monitoring systems.

•
Establish a plan to ensure seamless/transparent integration of processes/methods inserting UID/RFID data into existing Army logistical wholesale data bases.

•
Identify Electromagnetic Environmental Effects (E3), Electromagnetic Interference (EMI) and Environmental concerns relative to implementation of proposed RFID technology (ies) and the E3, EMI and environmental parameters of existing and proposed UID/RFID systems.

PHASE II: Phase II objectives: 

•
Integrate prototype UID and RFID technologies into identified host items validating the concept.

•
Demonstrate and document identified growth potential.

•
Validate Phase I estimated cost savings.

•
Establish a program confirming intelligent power consumption techniques and battery shelf life. 

PHASE III: Phase III objectives: 

•
Identify commercial and additional government applications/users for the validated UID/RFID technologies/techniques.

•
Conduct an analysis identifying all economical opportunities to insert IUD/RFID technologies into identified systems thereby increasing efficiency while decreasing cost through quantity of buy purchases.

REFERENCES:

1) Memorandum, USD (AT&L) Subject: "Policy for Unique Identification (UID) of Tangible Items - New Equipment, Major Modifications, and Reprocurements of Equipment and Spares, July 29, 2003

2) Memorandum, USD (AT&L) Subject: Update to Policy for Unique Identification (UID) of Tangible Items, September 3, 2004

3) Memorandum, USD (AT&L) Subject: Radio Frequency Identification (RFID) Policy, July 30, 2004 (Previous issuances of October 2, 2003 and February 20, 2004 are superseded). 

4) Memorandum, USD (AT&L) Subject: Radio Frequency Identification (RFID) Policy – UPDATE, February 20, 2004.

5) Memorandum, USD (AT&L) Subject: Radio Frequency Identification (RFID) Policy, October 02, 2003.
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A05-204 
TITLE: Smart Battle Command Information Discovery and Filtering Agents
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO C3T

OBJECTIVE:  This project is to produce an innovative data discovery framework that enable users/applications to quickly discover and subscribe to relevant information/data. The project will produce and data filtering algorithms that transforms and integrates data into relevant information clusters.  The data discovery and filtering framework must work in a heterogeneous networking environment (GIG to tactical network) in which data/information content maybe locally stored or distributed across the network.  

DESCRIPTION:  With the continuing enhancements in networking/communication architectures and DoD’s continued effort to expose data to the Global Information Grid (GIG), the amount of data/information available to the warfighter continues to expand at an exponential rate.  Unfortunately, unless the warfighter has a prior knowledge of the content and its location, the information is often not discovered and integrated into the warfighter’s mission.  Thus the identification and development of broader applicable intelligent discovery and filtering technologies is required to support the warfighter.  Since data is being exposed across the network, these technologies would have greater utility across all battle command applications but must minimizing impacts of processing speeds, network bandwidth and quality of service (QoS).  The results of the aforementioned research areas would be leveraged to influence subsequent development of smart data discovery and filtering tools designed to run within the ABCS 6.4/CPOF software environment targeted for the 2007-2011 timeframe.  Potential research avenues could include rule-based and work-flow-based methodologies.  

This SBIR focuses on two primary research areas:  1) exploring and identifying innovative data discovery approaches and mechanisms that can allow non-traditional users to rapidly find and subscribe to unanticipated data streams of interest, and 2) investigating smart data filtering/sorting algorithms and techniques that can transform large repositories of data into relevant concise information clusters.

The technologies described within this topic are soliciting Research & Development - i.e., projects involving a degree of technical risk-rather than procurement.

The technologies within this topic are restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services.  Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.

PHASE I:  Define the offeror’s approach for exploring, investigating, and identifying the feasibility of high potential innovative data discovery mechanisms and smart data filtering algorithms to be prototyped in PHASE II.  Provide specific real-world examples showing the benefits of these proposed technologies within the context of an ABCS 6.4/PASS/AIS/CPOF infrastructure using appropriate operational and system paradigms.  These examples should demonstrate a clear understanding of the end-state target environment, problem set, and potential beneficial impact.  Final work product of this PHASE is a well-documented White Paper Report that clearly articulates the feasibility of prototyping the proposed data discovery mechanisms and smart data filtering algorithms along with a proposed research execution plan for the PHASE II prototyping effort.  The length of this PHASE I effort, from PHASE I contract award to final report delivery, shall not exceed four months.  

PHASE II:  Explore, investigate, and prototype one or more of the data discovery mechanisms and smart data filtering algorithms based on the research execution plan proposed in PHASE I.  These prototypes will be demonstrated within the context of an ABCS 6.4/PASS/AIS/CPOF infrastructure targeted for the 2007-2011 timeframe.  The merit of these demonstrated prototypes will be judged based on their low risk potential for further development to positively impact warfighter utility, ease of use, infrastructure, QoS, portability, and broad applicability across the Battle Command domain.  Other judged merits include potential for reuse, future integration constraints, efficiency, coding documentation, information assurance/vulnerability, affordability (including intellectual property rights), and maintainability.  Actual integration of any successful prototypes into specific Battle Command systems would be a potential Phase III effort.  The final work product of this PHASE will provide the government:  1) one or more prototypes with corresponding documented software (both executable and full source code), 2) all demonstration results and data, and 3) a technical implementation strategy to further develop and integrate the successfully prototyped and demonstrated data discovery mechanisms and smart data filtering algorithms into actual Battle Command Programs of Record.  This final work product should be supported by any other documentation necessary for the government to make a well-informed decision regarding cost and risk of further development and integration of these prototyped data discovery mechanisms and smart data filtering algorithms.  The length of this PHASE II effort, from PHASE II contract award to final work product delivery, shall not exceed eighteen months.  

PHASE III:  Information Technology architectures are increasingly being implemented consistent with the Net Centric Strategy and paradigm in the commercial environments in order to support sharing and utilization of information resources across disparate autonomously developed and maintained environments.  The end-state demonstrated prototypes being researched within this topic should have dual-use value in commercial and government application.   The vendor is responsible for marketing its demonstrated prototypes for further development and maturation for potential Post-PHASE II transition and integration opportunities including actual Battle Command Programs of Record and any dual-use applications to other government and industry business areas.

REFERENCES:   

1) DOD Net Centric Strategy, 9 May 2003 – DOD CIO

2) ABCS Documentation (whatever is releasable and available from PEO, PMs, and CTSF such as SVs, OVs, SIAs, etc.).

3) AIS Documentation and Code (whatever is releasable and available from PdM Common Software.  May need binding non-disclosure agreements signed).

4) CPOF Documentation and Code (whatever is releasable and available from Army PD CPOF and DARPA PM CPOF.  May need binding non-disclosure agreements signed).

KEYWORDS: Data Discovery, Data Filtering, Army Battle Command System, Publish and Subscribe Services, Command Post of the Future, Visualization, Software, Net Centric, Battle Command

A05-205 
TITLE: Policy Manager for Access Controls
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO IEW&S

OBJECTIVE: To produce tools and methodologies to enable the efficient and effective modification of access control policy frameworks. Such technologies will enable and foster more effective mechanisms to create and modify access controls over data in accordance with appropriate policies. Such frameworks and access control models are applicable to systems that serve or store-and-forward data to client systems or recipients across networks, and can promote additional decentralized management of access control mechanisms affecting subjects and object data.

DESCRIPTION: Such frameworks and access control models are applicable to systems that serve or store-and-forward data to client systems or recipients across networks, and can promote additional decentralized management of access control mechanisms affecting subjects and object data. The capability to manage groups of personnel by id or role, as well as permitting or denying them to perform various operations on data associated with their ids or roles (e.g., publish, subscribe, update, etc…) needs to be efficiently manageable. Approaches must recognize and address the need to change user IDs and access control rights in a highly dynamic and low-bandwidth environment. Appropriate investigation into a management approach for defining and manipulating such access in a decentralized manner is required.Research issues to be addresses are: (1) determining whether the correct approach should be managed over SSL-or-other sessions to the server/information – management system, or should take advantage of operating-system features (e.g., Active Directory) and currently – used relevant enforcement mechanisms; (2) determining the appropriate use of protocols, and frameworks (including SAML – Security Assertion Markup Language) presently in use supporting tactical systems and architectures for managing access control and associated policy tables; (3) investigating the applicability of being able to perform operations on encrypted tabular fields to support modification of access control tables; (4) outline the scalability and efficiency (in terms of both personnel and network traffic required) for any given solutions The technology described within this topic is soliciting Research & Development - i.e., projects involving a degree of technical risk- rather than procurement.

PHASE I: Define detailed technical approach with for the policy manger for access control for the proposed software prototype to be developed in PHASE II based on an ABCS 6.4 and DCGS-A infrastructure. Provide specific real-world examples, using appropriate operational and system threads, demonstrating a detail operational and system understanding for implementing the policy manager for access control. Associated OV and SV diagrams should be utilized to demonstrate a clear understanding of the environment and problem set. Final work product of this PHASE is a well-documented, technical accurate White Paper Report that clearly articulates technical, cost, schedule, and risk aspects of proposed execution plan for PHASE II effort. 

PHASE II: Develop and demonstrate a software prototype for the policy manager based on the execution plan proposed in PHASE I. These deliverables must be designed and developed to run within the ABCS 6.4 and DCGS-A software environment targeted for the 2007-2010 timeframe. These solutions must clearly work within the constraints of this environment from a system-of-systems, software, hardware, communications, scalability, and network perspective. The merit of these deliverables will be judged based on their warfighter utility, ease of use, and ability to ensure authorized users gain access to their authorized services and information. The final work product of this PHASE will provide the government. This final work product should be supported by any other documentation necessary for the government to make a well-informed PHASE III decision. A phase III implementation plan shall be develop based on the software prototype developed under this phase. The length of this PHASE II effort from PHASE II contract award to final work product delivery shall not exceed eighteen months. 

PHASE III DUAL USE APPLICATIONS: The Phase II software deliverables shall be implemented, integrated, tested, and certified with the then-current ABCS 6.4/PASS/AIS/CPOF infrastructure. Additionally, a fully functional policy manager for access control, as defined in the previous PHASE III business implementation plan and approved by the government shall be developed and delivered via documented software (both executable and full source code) along with all necessary documentation and testing, compatibility, and performance results. Any approach would be of value to organizations with centralized data-storage/database/retrieval/publishing systems, decentralized access, and with complex access-control rules. The vendor is responsible for marketing its product with potential Phase III customers to secure funding for such a follow-on transition effort to include any dual-use applications to other government and industry business areas.

REFERENCES: 1. DoD Directive 8500.1, Information Assurance, October 24, 20022. AR25-2, Information Assurance, November 14, 2003

KEYWORDS: Information assurance, networking, security, secure database operations, operations on encrypted data

A05-206 
TITLE: Soldier Advanced Video/Audio Cueing System
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE:  Enhance Soldier situational awareness through development of a Linux- based software package that mines and fuses data from multiple sources to provide real-time/near real-time alerts to Soldiers in the form of visual and/or audio alerts/cues.

DESCRIPTION:  While industry has introduced the capability for law enforcement to enhance images by overlaying multiple imagery feeds (frame averaging, e-zoom, and other technologies), this enhanced view requires man-in-the-loop assessment and does not operate in real- or near real-time.  In the Soldier environment, cues need to be derived from the continuous, automated monitoring of incoming information from multiple sources.  However, there is currently no known software application that is capable of:  (1) synthesizing various Soldier sensor inputs (e.g., thermal weapon sight, digital daylight video system, and acoustic sensors) with Joint Variable Message Format based position/location messages (received through an Army Force XXI Battle Command Brigade and Below (FBCB2) compliant combat net radio system), (2) comparing current and previous views, (3) predicting direction of movement or future position of elements of interest, (4) displaying “mixed reality” views (e.g., current video images combined with relevant situational awareness overlays), and (5) alerting the Soldier to potential threats.  The desired end state is delivery of a software application capable of the continuous mining of multiple sensor/data inputs and the initiation, when appropriate, of a visual and/or audio alert to the Soldier as to the direction of an element of interest relative to the Soldier's individual position and orientation (i.e., front/rear, up/down, left/right).

PHASE I:  Detail an overall system approach that includes requirements for algorithms(s) development, calculations, materials, and preliminary laboratory testing requirements.  This approach should leverage current generation technologies and displays of data overlays based upon current FBCB2 data feeds and latency.  (Note: There is a latency of 10-30 minutes in the FBCB2 update of situational awareness data that would require software capable of interpolating and displaying a range of probable element(s) of interest locations.)   This data feed would be synthesized or overlaid with other actual or relevant situational awareness inputs from Soldier thermal weapon sights, daylight video systems, and night vision devices to offer a “mixed reality” display to the Soldier relative to the orientation of the Soldier’s weapon barrel or heads up display.  Based upon video processing and the overlaid display of sensor imagery and situational awareness inputs, the system would generate visual alerts (e.g., annotated video, map, still frame based displays) to relevant changes in the Soldier’s environment, to include identification and classification of people and vehicles as friendly, enemy or unknown.  The approach should capture any additional filtering, display or sensor fusion techniques or technologies trades that should be considered prior to prototype development.     

PHASE II:  Develop and demonstrate a prototype software application on a Linux-based system, such as the Land Warrior platform.  Conduct testing to demonstrate potential effectiveness as determined by error rate, power use, processing intensity, and ease of implementation for Soldier-borne tactical applications.

PHASE III DUAL USE APPLICATIONS:  This system could be used in a number of military and civilian first responder applications where real time cueing to emerging threats based on multi-source reporting is required.  This SBIR is specifically projected for use as a part of a pre-planned product improvement to the Land Warrior (Ground Soldier System) Army acquisition program.  As such, it would provide for a Soldier specific application within the Future Combat Systems Battle Command/System of Systems Common Operating Environment. 

REFERENCES: 

1) PEO Soldier Web site, Our Programs, Soldier Warrior Programs, Land Warrior/Ground Soldier (http://peosoldier.army.mil/)

2) PEO Soldier Web site, Download the PEO Soldier Brochure http://peosoldier.army.mil/images/PEOSoldier2004booklet.pdf

3) www.defensetech.org/archives/000639.html (Dated, but useful).

KEYWORDS: Audio Cues, FBCB2, Headset, Hyper Spectral Imagery Analysis, JVMF, Land Warrior , Mixed Reality, Situational Awareness, Software, Soldier Display, Visual Queues

A05-207 
TITLE: Soldier Electronic Warfare Detection System
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO Soldier

OBJECTIVES:  Design and build a soldier-borne, small, lightweight, low power, low probability of intercept, wide bandwidth (2 MHz-5+ GHz), quadrant and specific azimuth detector for Global Positioning Satellite, combat net radio, and other jamming/emitting devices along with frequency and power information to assist soldiers to locate and to remediate any signal source of interest, or determine if there is a signal of interest. 

DESCRIPTION:  Current handheld state of the art emissions detection systems provide for limited detection capabilities in certain commercial bands (e.g., IEEE 802.11 a/b/g).  There are no known commercial or government handheld emissions detectors that provide the capability to sweep and record, adjust threshold detection bands, locate emission direction, collaborate to determine position, and display visually critical information.   The frequency bands of interest are 30-512MHz and 1-2 GHz (threshold) and 30MHz- 5GHz (objective).  Collaboration would be affected through USB 2.0 interface to standard Army combat net radio systems.  Visual displays would indicate type, direction/location, and magnitude of the emission of interest relative to a Soldier’s position.  The systems would be used in urban and rural environments at ranges of 10-500 meters.  Threshold systems would weigh less than 5 pounds and draw less than 10 watts.  Objective systems would weigh less than 1 pound and draw less than 2 watts.  System display could be incorporated into the handheld hardware and/or be processed via wired USB 2.0 video data interface to a compatible Linux-based display system.  The objective system also would provide for an 8-32 volt direct current power interface.    

PHASE I:  Detail an overall system approach that includes requirements for algorithm(s) development, calculations, materials, and preliminary laboratory testing requirements.  The approach should consider embedding this capability in a Linux-based Soldier computer and display system (e.g., Heads Up Display or personal digital assistant (PDA) type device) using an integrated, modular approach that supports Soldier handheld applications (i.e., complaint with individual Soldier size, weight, and power constraints.) 

PHASE II:  Develop and demonstrate a hand-held or Soldier worn, prototype for use in an urban environment.  Conduct testing to demonstrate potential effectiveness as determined by size, weight, power use, processing intensity, durability, and ease of implementation for Soldier tactical applications. 

PHASE III DUAL USE APPLICATIONS:  This system could be used in a number of military and civilian first responder applications where real time identification and localization of potential intentional or unintentional systems disruption/interference could jeopardize successful performance.  This SBIR is specifically projected for use as a part of a pre-planned product improvement to the Land warrior (Ground Soldier System) Army acquisition program.

REFERENCES: 

1)PEO Soldier Web site, Our Programs, Soldier Warrior Programs, Land Warrior/Ground Soldier (https://peosoldier.army.mil/)

2) PEO Soldier Web site, Download the PEO Soldier Brochure http://peosoldier.army.mil/images/PEOSoldier2004booklet.pdf

3) www.defensetech.org/archives/000639.html (Dated, but useful)

KEYWORDS: Detection, Land Warrior, Jamming, Radio Frequency, Signal Source, Spectrum Analysis, Software, Soldier Display

A05-208 
TITLE: Agile Maneuvering Smart Projectiles for Enhanced Lethality Munitions
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  The objective of this topic is to design and develop flight control concepts and technologies that can exploit innovative miniature adaptive and morphing structures technology at minimal cost and weight to achieve highly maneuverable munitions that can be retasked to achieve new mission objectives.

DESCRIPTION:  Munitions are often deployed on ballistic trajectories toward their targets with considerable accuracy.  However, they can not be retasked to strike other targets of opportunity while enroute.  To be able to respond to dynamic replanning, several enabling technologies are required to be integrated with the munitions in order to retask them to achieve a new mission objective.  These technologies include sensors, guidance, communication and deployable control surfaces to provide an agile maneuvering capability.  Maneuvering capability could be achievable with large scale geometric shape changes in the munition's control surface or through effective management of aerodynamic flow over the munition's shape to provide effective steering capability.  Recent advances in steady and unsteady aerodynamics and adaptive structures actuator technology including the development of compact hybrid actuators, electro active polymers, thin film magnetic shape memory alloys, and micro jets have the possibility to provide the maneuverability required. Nevertheless, these actuators are very big, they consume a lot of power and they do not have adequate material strength to provide the large turning forces required (>25g) for the munitions of interest (40mm to 155mm).  Enhancements in flight control capability must also be achievable in milliseconds and be capable of providing adequate control capability.  Therefore this SBIR topic is seeking innovative miniaturized flight control concepts and technologies that could be integrated into smart munitions. 

PHASE I:  The objective of the Phase I is to analyze, design and conduct proof of principle demonstrations of advanced adaptive and morphing structure technologies for a suite of munitions in the 40mm to 155mm class.

PHASE II:  The objective of the Phase II is to fabricate a proof of flight control enhancement prototype for limited demonstration including wind tunnel and flight experiments.

PHASE III:  The objective of Phase III is the modification of the system developed under Phase II as required for integration into the 40mm-155mm systems along with PAC3.

PRIVATE SECTOR COMMERCIAL POTENTIAL:  The commercial market of the proposed technologies includes UAVs, light aircraft, automobile industry, the hobby aircraft community.

REFERENCES:

1) M. Mattice, K. Frampton " Smart materials and structures for multi role FCS ammo suite" 6th International cannon artillery firepower symposium & exhibition, June 2000

2) W. J. Marx, D. Lianos, B. Strickland “Miniature smart munitions/guided projectiles for the objective force" 23rd Army Science Conference, December 2-5, 2002, Orlando FL.

KEYWORDS: smart materials, flight control, maneuver, agile. 

A05-209 
TITLE: Pulsed Power for Fuzes
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Air Space and Missile Defense

OBJECTIVE:  Develop the Components of Compact Explosive Pulsed Power Systems for Advanced Fuzes.

DESCRIPTION:  The objective of this effort is to develop the components of compact explosive pulsed power systems that are capable of providing a current source for powering multipoint exploding foil initiators (EFIs).  This goal is to reduce the complexity and size of the fire set required for multipoint EFI systems.  The explosive pulsed power unit would have to provide current at levels and rates (di/dt) sufficient to reliably fire EFIs and also would have to tolerate load swings as the EFIs fire non-simultaneously.  The EFIs and pulsed power units would have to be designed to ensure that the EFIs fire within a few hundred nanoseconds or less of each other.  The major components of these explosive pulsed power systems include prime power, explosive generators, and power conditioning devices.  These fire set and detonator units could be integrated into compact systems, so in order to meet the severe electrical, mass, and size requirements, as well as stressing environments, innovative approaches are required.

PHASE I:  The objective of Phase I is to identify and verify, through modeling, feasibility demonstrations, and systematic testing, early prototype devices of the key components of compact explosive driven pulsed power systems:  seed source (battery, converters, inverters, switches), explosive generator (flux compression, ferroelectric, ferromagnetic, or magnetohydrodynamic), and power conditioning (switches, inductors, transformers).  In addition, studies should be done to determine the optimal parameters of these pulsed power systems for operation with current EFIs detonators.  Designs may address devices which generate a very high peak power single electrical pulse or a train of electrical pulses.  In Phase I, emphasis should be placed on building and systematic testing of prototypes to ensure a smooth transition into and completion of Phase II and to benchmark simulations as soon as possible.

PHASE II:  The objective of Phase II is to develop, build, and test near term tactical pulsed power systems to verify their electrical characteristics in different environments, their ability to survive high-g stresses, their interoperability with other system components, and their suitability for integration into platforms such as miniature space vehicles, rockets, munitions, or UAVs.  In addition, they must demonstrate their capability to initiate multiple EFIs under a variety of conditions.

PHASE III:  The objective of Phase III is to modify these components as required for integration into such vehicles as the Miniature Kill Vehicle, UAVs, missile systems, and/or munitions.

PRIVATE SECTOR COMMERCIAL POTENTIAL:  The pulsed power technology would benefit those companies using pulsed power and explosives for various commercial applications such as metal forming, geological exploration, mining, and demolition, as well as the Services in developing advanced weapon systems. 

REFERENCES:  

1)  L. Altgilbers, M. Brown, I. Grishnaev, B. Novac, S. Tkach, Y. Tkach, Magnetocumulative Generators, Springer-Verlag, New York (1999).

2) S. I. Shkuratov, E. F. Talantsev, L. L. Hatfield, J. C. Dickens, and M. Kristiansen, Single-Shot, Repetitive and Life-Time High Voltage Testing of Capacitors, IEEE Transactions on Plasma Science, Special Issue on Pulsed Power Science and Technology, November 2002.

3) S. I. Shkuratov, M. Kristiansen, J. Dickens, L. L. Hatfield, and E. Horrocks, High Current and High Voltage Pulsed Testing of Resistors, IEEE Transactions on Plasma Science, 28, No. 5 (2000) 1607-1614. 

4) L. Altgilbers, “Recent Advances in Explosive Pulsed Power”, Journal of Electromagnetic Phenomena, 3 4(12), pp. 497 – 520 (2003).

KEYWORDS: Pulsed Power, Marx generators, batteries, magnetohydrodynamics, piezoelectric generators, ferromagnetic generators, magnetocumulative generators, capacitors, inductors, ultra wideband, microwaves, antennas, fuzes, capacitive discharge unit, firing module, fire set, multipoint initiation, slapper, EFI

A05-210 
TITLE: High Altitude Airship for Lightweight Army Payload
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO Missiles & Space

OBJECTIVE:  Provide world wide utility to the war fighter with a long endurance (greater than 48 hours on station) high altitude platform capable of hosting lightweight sensor and/or communications technologies. 

DESCRIPTION:  Consistent communications and surveillance capabilities are of great benefit to the war fighter.  The proposed airship shall provide an un-tethered platform capable of hosting consistent 24/7 sensor and/or communications capabilities.  The airship shall fly at an altitude greater than 60,000 feet, which will provide a 300-mile radius line of sight footprint, and remain on station for greater than 48 hours .  Airship launch and retrieval shall be accomplished in the field and it shall be capable of being redeployed within 48 hours after retrieval, including repairs.  Airship retrieval does not require the airship to be “in tact” when retrieved but must be able to be repaired in theater for further deployment. It shall carry a payload of 50 to 100 lbs. and provide 0.75 to 1.0 kilowatt of continuous power to the payload.  The airship shall have a geostationary capability by maintaining its position over a designated location on the ground within 10 km 50 % of the time and within 150 km 95 % of the time while in the presence of an average wind speed of 30 knots at altitude. 

PHASE I:  An airship shall be designed that meets the requirements stated in the description above.  The design shall include the functional areas at the component level (in view of the system level), including weight requirements to accomplish the airship objectives.  The functional areas shall include, but are not limited to, all aspects of propulsion, trim, power, pressurization, vehicle management, thermal mitigation, hull structure, payload bay, electrical, etc.  The hull volume and dimensional requirements to provide sufficient lift to accommodate the system weight shall be defined.  A concept for airship retrieval that preserves the hull structure for subsequent flights shall also be defined, along with a methodology for “in-field”, storage, repairs, and re-utilization.

PHASE II:  The Phase I technology design shall be implemented.  The airship shall be demonstrated with an integrated payload.  The payload shall be selected for integration and tested at altitude to demonstrate the capability.

PHASE III DUAL USE APPLICATIONS:  The contractor shall finalize the technology of the high altitude airship for utilization in non-military venues such as homeland security and law enforcement.

REFERENCES:

1) Khoury, G. A. and J. David Gillett, Airship Technology, Cambridge University Press, New York, 1999.

2) MDA High Altitude Airship ACTD 

KEYWORDS: Low cost, High altitude, Balloon, Airship miniaturization, sensors, communications, lightweight

A05-211 
TITLE: Research on the Development of a Miniature, Low Power Global Positioning System (GPS)/Inertial Registration Device For Use As A Weapon Orientation Sensor In Future Tactical Engagement Simulation Systems
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO STRI

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 3.5.b.(7) of the solicitation.
OBJECTIVE:  Develop a small, lightweight, low power sensor assembly suitable for mounting on a dismounted soldier's small arms weapon for use as an absolute positioning and angular reference for tactical engagement simulation systems used during live training exercises and during operational and developmental testing casualty assessment events.

DESCRIPTION:  Previous solutions for geometric pairing during live tactical engagement simulations have used different position sensors to establish absolute orientation.  However, they suffer from several error sources that if not compensated for, would provide incorrect measurement data.  An alternative method for providing precise position and attitude has been demonstrated using Global Positioning System (GPS) and inertial sensors.  However, the size, weight and power of these types of georegistration systems is currently prohibitive for use with small arms weapons.  With the advent of small, low power Micro-Electro-Mechanical Systems (MEMS) inertial sensors and novel application of secure GPS Precision P(Y) code signal processing, a GPS/inertial instrument sensor assembly can be developed that can address this capability need.

The final solution must be capable of interfacing through a wireless connection to the soldier's player unit and providing precise position (< 1 meter) and attitude (<1 mrad) in three-dimensions approaching real-time operation.  

PHASE I:  Perform preliminary research and develop a design concept for the GPS/inertial sensor assembly addressing the partitioning of functionality between the different system components and the security architecture proposed to be applied to allow for P(Y) code signal processing.  Provide a system specification with the estimated size, weight, power and wireless interface description for the proposed Phase II prototype units. Research should include the packaging of technologies to support the harsh environments of the military applications.

PHASE II:  Develop a fully functional prototype GPS/Inertial wireless instrument assembly and integrate and test the unit with an emulated geometric pairing player unit.  Demonstrate the performance capable with the proposed approach in a representative environment for test and training.

PHASE III DUAL USE APPLICATIONS:  This capability has applications in several government acquisition programs that include: 

* Training (force-on-force/force-on-target tactical engagement simulation), the One Tactical Engagement Simulation System (OneTESS)

* Operational testing (real-time casualty assessment), the Operational Test - Tactical Engagement Simulation System (OT-TES)

* Tactical navigation, the Future Combat System (FCS), the joint USMC/Army XM 777 Lightweight Howitzer, the Improved Positioning and Azimuth Determining System (IPADS), and the Land Warrior Navigation Suite

* Commercially for geological exploration of natural resources.

REFERENCES:  

1) The Field Artillery Positioning and Navigation Master Plan, U.S Army Field Artillery School Requirements Determination Development Integration, Fort Sill, OK, paragraphs 3.2.1 and 4.3.

2) Performance Test Results of an Integrated GPS/MEMS Inertial Navigation Package, Proceedings of ION GNSS 2004, Long Beach, CA, Sept. 2004.

3) High Accuracy Autonomous Image Georeferencing Using a GPS/Inertial-Aided Digital Imaging System, Proceedings of ION National Technical Meeting 2002, San Diego, CA, Jan. 2002.

KEYWORDS: GPS, inertial, attitude, geometric pairing, georegistration 

A05-212 
TITLE: Virtual Control System (VCS) for Man-Wearable Embedded Training Systems
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO SOLDIER

OBJECTIVE:  Develop new and innovative control techniques to move your avatar and interact with a virtual environment within the constraints of a man-wearable, immersive, embedded training system.

DESCRIPTION:  Virtual Control or Locomotion is defined as the movement of an entire human body from one location to another, not in reality, but in a virtual simulation environment.  It includes the control of all normal human body movements such as standing, kneeling, crawling, crouching, running and walking.

The future direction of Army wartime preparation is evolving towards fully embedded simulations that allow both training and mission rehearsal to occur on the operational systems deployed with Soldiers in a combat Theatre.  To achieve the embedded simulation needs of the dismounted Soldier, several man wearable immersive prototypes have been developed.  These systems have demanding man wearable requirements such as minimization of cost, weight and power consumption, while at the same time increasing accuracy and robustness.

In these prototype systems, a Soldier moves a virtual representation (avatar) of himself within the virtual terrain. The research should focus on the interfaces the Soldier uses to control and move his virtual avatar.  Current embedded dismounted prototype designs use joystick-like controls mounted on a weapon such as the M-4 Carbine.  These types of controls encumber the maneuverability of a Soldier during critical combat tasks such as looking around corners, moving through buildings and stacking on walls.  Because a Soldier’s decision-making focus is taken off of the scenario to artificially engage a simulation button, there are tasks introduced that are not present in actual combat – this shows there is considerable room for improvement.  Solutions must be implemented directly on the weapon, operational equipment or clothing thereby ensuring the complete system is fully man-wearable and there is no additional appended simulation equipment.

PHASE I:  Conduct research and analysis in the key technology issues and challenges for virtual control. Based on the results on this research and analysis, develop an embedded dismounted Virtual Control System (VCS) design. Perform an analysis of basic dismounted maneuvers such as MOUT room clearing.  Perform a cross reference analysis of the VCS and its ability to perform the maneuvers.  Define any items that will need to be fabricated and their lead times.  

PHASE II:  Develop and demonstrate a prototype Virtual Control System (VCS) using an existing embedded dismounted Infantry immersive system.  Conduct testing to evaluate effectiveness and usability with Soldiers. 

PHASE III DUAL USE APPLICATIONS: In addition to use in Army immersive virtual reality simulations, a low cost VCS device could have great potential in electronic entertainment as it would allow the participant to have a more realistic experience. 

REFERENCES:

1) Embedded Dismounted Simulation – Issues, and the Way Forward to a Field Capable Embedded Training and Mission Rehearsal System (Reference at SITIS). 

2) Templeman, Denbrook, Sibert.  Virtual Locomotion: Walking in Place through Virtual Environments.  Presence Journal, 8(6), pages 598-617.  MIT Press 1999.

3)  U.S. Army ARTEP 7-8

4)  U.S. Army FM 7-8

5) Distributed Advanced Generator & Embedded Rehearsal System (DAGGERS) Project Architecture, 6 Aug 2003 (Reference at SITIS). 

6) Advanced Soldier Wearable Embedded Training System (ASWETS) Final Report (Reference at SITIS).

KEYWORDS: embedded, simulation, training, input devices, locomotion, virtual reality, maneuvering

A05-213 
TITLE: Automatic Real-Time Magnetometer Error Compensation and Calibration
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO STRI

OBJECTIVE:  Develop an algorithm that can perform automatic real-time error compensation and calibration for magnetometers that are used as absolute angular references for tactical engagement simulation systems used during live training exercises and during operational training casualty assessment tests.  This algorithm must push the boundaries of efficiency and speed, yet occupy very little computer memory.

DESCRIPTION:  Magnetometers that measure the Earth’s magnetic field are used to establish absolute orientation, however, they suffer from several error sources that if not compensated for, would provide incorrect measurement data.  Error sources such as anomalous declination, secular changes, and diurnal changes are associated with the Earth’s geomagnetic variations.  The scope of this topic does not include errors associated with local anomalies such as hard and soft metals that are in proximity.  Magnetometers are calibrated for error by their manufacturers but this necessitates calibration at a later time because of the Earth’s geomagnetic variations that decrease accuracy over time.  This would cause undue hardship to training units, test and training centers, and tactical units in terms of the logistics of shipping large quantities of devices and the associated cost.  For example, the Multiple Integrated Laser Engagement System (MILES) requires several hours of calibration each time units conduct training exercises at the training centers and with over 215,000 MILES devices currently in operation, this wastes thousands of hours of precious training time.  Another aspect of calibration is that manufacturers calibrate at certain latitudes, and if these instruments are used at different latitudes, the measurement accuracy can decline substantially.

An algorithm that can perform automatic real-time error compensation and calibration must include one or more geomagnetic models, such as the World Magnetic Model (WMM), the International Geomagnetic Reference Field (IGRF), and the Definitive Geomagnetic Reference Field (DGRF).  The algorithm must run on a Linux-based operating system that can be hosted on a personal digital assistant (PDA) or equivalent.  The algorithm must compensate and calibrate for geomagnetic variation error sources in real-time.  Global Positioning System (GPS) coordinates and velocity information will be available as inputs to the algorithm so that when latitude changes occur, the algorithm can compensate instantaneously.   

PHASE I:  Develop an initial algorithm that incorporates at least one geomagnetic model and compensate for a minimum of one error source. Must be able to demonstrate concept feasibility through analysis.

PHASE II:  Develop a fully functional algorithm that functions on a PDA with 64MB of memory running a Linux operating system, or equivalent.  It will have two or more geomagnetic models and automatically compensate/calibrate for all key error sources. Must be able to demonstrate fully functional capability on a PDA or equivalent.

PHASE III DUAL USE APPLICATIONS:  This capability has applications in several government acquisition programs that include: 

• Training (force-on-force/force-on-target tactical engagement simulation), the One Tactical Engagement Simulation System (OneTESS)

• Operational testing (real-time casualty assessment), the Operational Test – Tactical Engagement Simulation System (OT-TES)

• Tactical navigation, the Future Combat System (FCS), the joint USMC/Army XM 777 Lightweight Howitzer, the Improved Positioning and Azimuth Determining System (IPADS), and the Land Warrior Navigation Suite

• Commercially for geological exploration of natural resources.

REFERENCES:  

1) Department of Defense, Military Critical Technologies List, Section 16: Positioning, Navigation and Time Technology, August 2003, page 16-42, “Unique Software; Algorithms and verified data for real-time magnetic compensation…”.

2) Laboratory Magnetometer Calibration Without Coils Facilities or Orientation Information, Paul Graven, Stanford University.

http://ssdl.stanford.edu/aa/papers/SSDL9604.pdf

3) The Field Artillery Positioning and Navigation Master Plan, U.S Army Field Artillery School Requirements Determination Development Integration, Fort Sill, OK, paragraphs 3.2.1 and 4.3.

4) Experimental Results with the KVH C-100 Fluxgate Compass in Mobile Robots, August 14, 2000, Proceedings of the IASTED International Conference Robotics and Applications 2000.

http://www-personal.engin.umich.edu/~johannb/Papers/paper77.pdf

5) Absolute Magnetic Calibration and Alignment of Vector Magnetometers in the Earth's Magnetic Field, J.M.G. Merayo, P. Brauer, F. Primdahl & J.R. Petersen, Technical University of Denmark & Danish Space Research Institute of Denmark.

http://server4.oersted.dtu.dk/research/CSC/publica/Papers/ESASP_Acalib.PDF

6) Magnetic Calibration of Vector Magnetometers: Linearity, Thermal Effects and Stability, P. Brauer, J.M.G Merayo, T. Risbo, F. Primdahl, Technical University of Denmark & Copenhagen University.

http://server4.oersted.dtu.dk/research/CSC/publica/Papers/Magcalibchamp_PB.PDF

KEYWORDS: magnetometer, calibration, error compensation 

A05-214 
TITLE: Man Wearable Virtual Movement Tracking
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO SOLDIER & PEO STRI

OBJECTIVE: Develop a low cost man-wearable motion tracking system that is capable of being used by an embedded man-wearable virtual or augmented reality system.

DESCRIPTION: The future direction of training is moving towards a fully embedded approach that permits the Warfighter to conduct both training and mission rehearsal, using only his operational system(s) with no extra training specific hardware, while fully deployed in a combat environment. 

Current tracking systems have not been designed or optimized for being man-wearable and portable. This research focus on optimizing the system for man-wearable use and increasing the tracking fidelity such as supporting 6 Degrees of Freedom under field operational conditions while lowering costs. Thus making a man-wearable embedded dismounted training system a reality. There would be an expectation of overall improvement in processor and system architecture, leading to increases in static and dynamic accuracy; as well as, decreases in jitter, distortion and latency. 

This tracking system must support virtual reality simulation and be capable or upgradeable, to allow the tracking required for a man-wearable augmented reality system. Augmented reality is the injection, blending and realistic presentation of virtual information and objects into the Warfighter’s field of view. Typically these systems require tracking in the live environment as well as monitoring the Warfighter’s head and body orientation. 

Virtual Reality System Tracking Specifications;

Minimum sensor coverage; tracking of Warfighter’s head, body (stance) and weapon movements

Minimum sensor specifications

Degrees of Freedom 6

Minimum Latency – 15msec

Acceptable update rate 30-60 HZ

Static Accuracy Position – 1mm RMS

Static Accuracy Orientation - .75 degree RMS

Static Resolution Position –.5mm

Static Resolution- Orientation - .1degrees

Total system production cost goal under $1k

Total weight goal under one pound

Augment Reality Requirement - Must be able to add Global Positioning System (GPS) or other position tracking system. Augmented Reality system assumed to add additional weight and costs.

PHASE I: Develop system level design for a virtual and augmented reality (VR/AR) tracking system. 

PHASE II: Develop and demonstrate a prototype tracking system using an existing embedded dismounted immersive systems or augmented reality systems for integration and testing. Conduct testing to prove effectiveness and usability. 

PHASE III DUAL USE APPLICATIONS: In addition to use in military immersive virtual reality and augmented reality simulation environments, a low cost tracking device(s) could have great potential in electronic entertainment.

REFERENCES: 

1) Embedded Dismounted Simulation – Issues, and the Way Forward to a Field Capable Embedded Training and Mission Rehearsal System. (Reference at SITIS). 

2) Tracking Technologies for Virtual Reality Training Applications: Case Study. Downloadable from 

http://www.tss.swri.edu/pub/pdf/2000ITSEC_TRACKING.pdf

3 Distributed Advanced Generator & Embedded Rehearsal System (DAGGERS) Project Architecture, 6 Aug 2003. (Reference at SITIS). 

4) Advanced Soldier Wearable Embedded Training System (ASWETS) Final Report. (Reference at SITIS). 

5) Bolan Jiang, Ulrich Neumann, Suya You, "A Robust Hybrid Tracking System for Outdoor Augmented Reality", to appear in IEEE Virtual Reality 2004.

6) R. Azuma, J. W. Lee, B. Jiang, J. Park, S. You and U. Neumann, Tracking in Unprepared Environments for Augmented Reality Systems, Computer& Graphics 23, 6, (December 1999), 787-793.
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A05-215 
TITLE: Haptic Health Care Specialist Training Environment
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE:  To design and develop the prototype for an enhanced, realistic, casualty scenario-based training tool with haptic feedback for the Army Health Care Specialists (91Ws).  This effort would allow trainees to perform hands-on training of key 91W medical tasks in a highly dynamic, visually stimulated environment that offer graphically intense casualties for setting the stage and generating anxiety, providing feedback to the trainee and maintaining a record of performance in the virtual training tool or Learning Management System.

DESCRIPTION:  The goal is to provide a unique training environment for Army medics, particularly those serving in low-density Military Occupational Specialties (MOS) assignments throughout the Army.  Training soldiers who serve in low-density MOS assignments has always been a challenge for the Army.  A low-density MOS is defined as any MOS required within a unit or organization that applies to a small number of soldiers.  A good example includes the 91W directly assigned to an Army combat unit such as an infantry or armor battalion.  If fact, it is estimated that approximately 70% of all 91Ws in the Army serve in low-density MOS assignments. 

Current hands-on medical training systems such as patient simulators are used in sterile environments, such as labs and are usually too expensive to purchase for the low density MOS.  We seek novel exploration of concepts to provide an effective evaluation of the trainee’s performance without the use of on-site instructors, thereby making it a highly useful training tool.

Despite the many advantages of the game engine-based simulations, these low-cost simulations will not afford medics with the required hands-on training opportunities typically provided by higher cost simulations, mannequins, or live training.  The 91Ws serving in low-density MOS assignments typically do not have sufficient access to the advanced training tools or higher cost simulations.  The development of the low-cost, innovative training tools which can leverage a realistic, virtual battlefield environment with hands-on training opportunities would help mitigate this training shortfall. 

The goal of this SBIR effort would be to explore current and emerging technologies that offer new, innovative approaches to provide realistic, relevant, anywhere, anytime training for the Army medic.  A variety of 91W tasks should be considered for hands-on evaluation such as how to initiate a tourniquet, how to open an airway, how to treat a sucking chest wound, and how to do a needle chest decompression.  The list of medical tasks to be incorporated will be based on the 91W10 Tactical Combat Casualty Care (TC3) course conducted at Ft. Sam Houston, TX.  Another goal is to provide accurate feedback on performance to the trainee without the help of an on-site instructor.

PHASE I:  Conduct a feasibility study and describe an overall system architecture for a medical training system that trains both the cognitive and psychomotor skills of the 91W using realistic, casualty scenario-based training with hapic feedback.  This effort should clearly address issues associated with the detailed architecture using highly structured learning activities, reusable learning objects, manage the experience the learner has with the learning content, hands-on skill practice, and track progress and performance of the trainee.  A SCORM (Sharable Content Object Reference Model) conformant system would allow the simulation to operate with multiple Learning Management Systems. 

PHASE II:  Develop and demonstrate a prototype system from the recommended solution in Phase I.  Provide realistic and meaningful interaction for hands-on treatment with a simulated patient in a stressful and realistic virtual battlefield.  The prototype should provide immediate feedback without the aide of an on-site instructor.

PHASE III DUAL USE APPLICATIONS:  This system could be used in a broad range of military and civilian medical training applications.  Demonstrate the application of this system to civilian hospitals, paramedics, 91W Health Care Specialists, and other military medical personnel.

REFERENCES: 

1) Abell, Millie. “Soldiers as Distance Learners: What Army Trainers need to Know”, Proceedings of I/ITSEC 2000, Orlando, FL.

2)http://www.cs.amedd.army.mil/91w/

3)http://www.armymedicine.army.mil/about/tl/facts91w.htm

4) Pettitt, M. Beth H., Goldiez. B. F., Petty, M. D. Rajput, S., and Tu, H. K. (1998). “The Combat Trauma Patient Simulator”, Proceedings of the 1988 Spring Simulation Interoperability Workshop, Orlando FL, March 9-13 1998, pp. 936-946.

5) Rajput, S. and Petty, M. D. (1999). “Combat Trauma Patient Simulation Phase 2 System Overview”, Proceedings of the Spring 1999 Simulation Interoperability Workshop, Orlando, FL, March 14-19 1999, pp. 285-292.

6) Soldier Training Publication 8-91W15-SM-TG. Soldier’s Manual and Trainer’s Guide MOS 91W, Health Care Specialist. October 2001.
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A05-216 
TITLE: Enriched Cross-Cultural and Language Familiarization Training Tools
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO STRI

OBJECTIVE:  The objective of this topic is to create tools needed for robust language and cross-cultural familiarization training applications.  One key component will be to investigate natural language understanding tools with respect to “training” an application to tailor an individual’s spoken diction to the target language.  The second component is to provide a training developer with tools needed to put together a cultural awareness vignette. Such tools would allow a training developer to create interactive vignettes specific to a particular cultural class or sub-class without having to be experts in interactive simulation.  

DESCRIPTION:  Lessons learned in the Contemporary Operating Environment indicate that US troops will be required to interact socially with native populations in order to carry out Stability Operations and Support Operations (SOSO, formerly SASO).  Recent technological advances are allowing for very rudimentary language familiarization courses that are either PC-based or offered over the World Wide Web.  While natural language understanding has not developed to the point where open-ended dialogue is yet possible, it has been shown to work for limited applications where a finite set of expected responses from a student can be processed.  By allowing a student to speak several “training” phrases, either in English or the target language, a training application can help the student by understanding his/her accent and coaching on how to speak more like a native speaker of the target language.  For the area of cross-cultural familiarization, training developers need tools to add content to interactive simulation-enhanced courses.  While other research efforts are addressing portions of this requirement, this topic will concentrate specifically on the tools needed to develop interactive vignettes that present cross-cultural awareness scenarios.  A training developer should be able to select one of several cultures, along with a basic negotiation type (based on a pre-determined list) and have the tools build a basic, tailorable, vignette.  As an example, assume a training developer would like to create a vignette in which a student interacts with an indigenous character.  The developer would choose the culture, the language, and the general mood of the character (e.g., anti-American, with perhaps a scale to indicate his level of hostility).  Additional components of the vignette authoring tool might indicate how willing the character is to negotiation, expectation of a gift, openness to bribery, etc.  The authoring tools would draw from pre-defined characters and settings to create a rudimentary vignette which the training developer could further tailor.

PHASE I:  Phase I consists of a research study and analysis of the three main areas for robust language and cross-cultural familiarization training tools.  The first would be in computer-based natural language understanding tools, and the requisite artificial intelligence to provide tailored feedback to a student based on a “training” session in which the student speaks several phrases in order for the training application to “train” itself to the student’s accent.  The second would consist of reusable 3D component technology, interactive simulation authoring tools, and libraries of emotion and cultural behaviors for creating cross-cultural awareness scenarios.  The third would be a design baseline for combining the technology into a prototype to demonstrate the tools in a military-pertinent environment.

PHASE II:  Phase II will consist of the development of the prototype envisioned in Phase I. The prototype will demonstrate the feasibility of both elements:

• A language familiarization sub-course utilizing natural language understanding.  A new student should be able to “train” the software to understand his/her voice, and receive coaching as he/she practices elementary phrases in a foreign language.

and

• Tools that allow a training developer to select from one of (minimum) two cultures, and build an interactive vignette as described in the description.

While these two areas are somewhat disparate, they are both required for training developers to create robust training applications that allow students to gain enough of an understanding of foreign language and cultures to carry on the types of negotiations that are becoming more commonplace in the Stability Operations and Support Operations in which US forces are currently engaged.  

PHASE III DUAL USE APPLICATIONS:  It is anticipated that Defense language schools, Civil Affairs, Special Forces, military and civilian intelligence agencies, and the Department of State would be interested parties in continuing funding on such an effort.  In addition, US firms that do business overseas would likewise benefit from this technology.  Finally, the foreign language education market would likewise benefit from this technology.

REFERENCES:

1) http://www.parc.xerox.com/research/istl/projects/natural_lang/nat_lang_understanding.html

2) Lane, S. H., Thomasino, V. & Pike, W. Y.   Technology and tools for the creation of reusable visualization and simulation content in e-learning systems.   Proceedings of the 2003.  Interservice/Industry Training Simulation & Education Conference, Orlando, FL.

3) Sims, E. & Pike, W. Y. Reusable, life-like virtual humans for mentoring and role-playing. Proceedings of the 2004 Interservice/Industry Training Simulation & Education Conference, Orlando, FL.

4) Pike, W. Y. & Sims, E.  Using extensible 3D (X3D) to repurpose modeling and simulation assets for advanced distributed learning.  Paper presented at Learning and Training Week 2003 Conference (Washington, D.C.).
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A05-217 
TITLE: Investigation into Novel Approaches to Maximize the Performance of Lightweight Vehicular Mechanical Countermine Equipment
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE:  Demonstrate mine blast survivability, effectiveness and durability of novel lightweight mechanical mine clearing approaches.

DESCRIPTION:  This effort will involve work on one or more aspects related to providing Unit of Action (UA), Unmanned Ground Vehicle/Manned Ground Vehicle (UGV/MGV) mechanical clearance materiel solutions to aid TRADOCs system of systems “Assured Mobility” future operational approach.  The term "Assured Mobility" encompasses those actions and materiel/design solutions that give commanders the ability to deploy, move, and maneuver where and when they desire, without interruption or delay, to achieve the mission.  This effort will focus on investigation of innovative materials/designs to minimize weight, provide system modularity, increase survivability, and maximize blast stand-off distance . In addition the solution shall be cost effective and minimize the impact on mobility and maneuverability of the host platform.  The Army is in the continued pursuit of a mobile, lightweight force that is readily transportable (C-130) yet has increased mission effectiveness.  To increase mission effectiveness, next generation vehicle designs will be self-protective as well as mine clearing capable.  To support the Army’s future vision the product of this effort is to develop an optimized lightweight mine clearing sub-system that is modular, scalable and adaptable to a wide variety of future platforms.

PHASE I:  The research will focus on investigation of lightweight high toughness materials/structures for insertion into novel clearance designs to increase mine blast survivability and durability while reducing mass.  This innovative technology will provide an increased operational tempo of the maneuver force by enhancing mobility and maneuverability of host clearance platforms.  Program goals are to achieve increased capability of lightweight mechanical countermine systems in the following areas:  stand-off capability from prime mover 1 m (T), >1m (O), clearance operational tempo/neutralization effectiveness 90%@16kph (T), 90%@24kph (O), and mine blast survivability 4 TM-62 AT mines (T), 8 TM-62 AT mines (O).  The end result of the Phase I effort will provide preliminary robust full-width lightweight mechanical countermine sub-system designs with a stringent threshold value NTE 10 tons, with an objective 7.5 tons.  Computer simulation will be used to aid in the development of the preliminary design.

PHASE II:  Through detailed requirements analysis of each of the preliminary designs explored, the final lightweight mechanical countermine sub-system selection will be made.  This final lightweight mechanical countermine system design will be fabricated and integrated to a host surrogate platform.  The prototype system will undergo iterative developmental and test and evaluation to ensure that the final product delivered satisfies the system requirements. 

PHASE III:  Commercial applications for this effort include humanitarian de-mining industry as well as potential areas where limited tractive effort is available for repair of damaged terrain.  Research of lightweight high toughness materials may lead to up-armor solutions for future combat systems.

KEYWORDS: High Toughness Lightweight Materials, Assured Mobility, Future Combat System (FCS), Stand-off Distance, Lightweight Mechanical Countermine Equipment, Science and Technology Objective (STO), Engineers School  

A05-218 
TITLE: In-Field Repair of Composites on Military Vehicles
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  Develop a material and method for in-field repair of composites on military vehicles.

DESCRIPTION:  The US Army will be purchasing commercial trucks for military use and for the present fielded fleet of vehicles that have composites in them such as the MTVR and HMMWV.  These trucks have components such as outer panels which are made of polymer matrix composites (PMC).  These include fiberglass/resin mixtures.  Such composites are prone to physical damage if struck by projectiles or debris, or by atmospheric corrosion.  A method and associated materials are sought for in-field repair of such damages surfaces. Solutions may include repair compounds, plugs layering techniques and/or mastics or any combination therof.  These methods and materials should address all key aspects of the repair process including surface preparation, application, formability and curing. Addtionally  patches that restore the ballistic properties of spall liners will be considered.   There is  also the need to restore ballistic intergrity to primary metal armor as found on combat and combat support vehicles such as the Bradley and personell carriers. Innovative composite repair kits for those are a close kin to the repair kits for polymer matrix composite components differing only in the reinforcemnt medium of the repair patch.

PHASE I:  Establish a basic approach to composite repair which includes aspects of material design, the methods of application and the processes of curing that can be used in the field.  Proposals should demonstrate the proof of concept during the Phase I effort and list comparisons with other methodologies that may already be in the use. Behavior of these repair patches under conditions of impact and mechanical loading and environment will be studied during this effort. The technique proposed must be readily transferable for field implementation during the Phase II effort. The approach used must also be capable of being applied to commercial vehicles especially those used in off highway or marine applications and present fielded equipment containing  polymer matrix composites.  Additionally a repair technology is sought that will restore the ballistic integrity of spall liners and metal armor.  The approach to this will differ only in the reinforcemt of the composite.  The intention here is to fix intrusion that are in the range of 1-4 inches in diameter for a threat level of 14.5 mm projectiles. 

PHASE II:  Optimize and demonstrate a fully developed field kit(s) for composite repair and limited ballistic application.  This kit should be readily utilizable by field personnel with the minimum need for the use of any sophisticated equipment. Portable or hand held equipment will be preferred.  Repairs made with the proposed materials in the kit should be evaluated for mechanical integrity and durability. Extensive testing in various environmental conditions during Phase II will be performed.  Ease of application, specific to the particular situation will be done. A different kit for structural panels will be required as compared for the ballistic kit whether for spall liners or primary armor. It is understood that restoring ballistic properties will be limited to small intrusions not to exceed 4 inches in diameter. 

PHASE III:  Plan easy to use kits and systems for use by various depots of the Army worldwide and also seek commercial applications in various industrial sectors that include automotive. 

DUAL USE COMMERCIALIZATION:  Field repair methods and materials for composites are important for military vehicle repair and maintenance.  Such materials systems can also find use in the repair of commercial vehicles and marine-craft as well as in small aircraft maintenance.

REFERENCES:  

1) “Smart structure for composite repair”, Koh, Y. L.; Rajic, N.; Chiu, W. K.; Galea, S., from Composite StructuresTenth International Conference on Composite Structures, v 47, n 1-4, 1999. p.745-52. 

2) “Bonded boron-epoxy composite repair and reinforcement of cracked aluminium structures”, Tay, T. E.; Chau, F. S.; Er, C. J., from Composite Structures, v 34, n 3, 1996. p.339-47. 

3) “The strength of composite repair patches: a laminate analysis approach”, Robson, J. E.; Matthews, F. L.; Kinloch, A. J., from Journal of Reinforced Plastics and Composites, v 11, n 7, 1992. p.729-42. 
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A05-219 
TITLE: Semi-Autonomous UGV Control
TECHNOLOGY AREAS: Electronics

OBJECTIVE:  Develop a semi-autonomous control system for an unmanned ground vehicle (UGV) that reduces the workload of the operator. 

DESCRIPTION:  Current UGV systems in the field require tele-operation with at least one and sometimes two or more operators per vehicle.  This research is to investigate and develop a system whereby a user could potentially control multiple robots or could perform other tasks while directing a single vehicle.  We are looking for approaches for exercising control both leading the vehicle and following the vehicle, preferably without using GPS.

The concept for directing the vehicle from behind is to use a touch screen as the user interface (although a joystick or mouse could also be used).  The display would show the current field-of-view seen by the robot.  The user would simply touch the screen, indicating where in the scene they want the robot to go, and the robot would autonomously drive to that location (part of the research is determining user intent).  As the vehicle is driving, the user can either perform other tasks or monitor the progress of the vehicle and make course or goal changes.  The advantage is that the human operator chooses a suitable goal for the robot, resulting in a path that avoids difficult obstacles, thus eliminating some of the more difficult barriers to full autonomy.  This capability would be part of the overall operator control unit that would presumably allow direct teleoperation when required.

The concept for directing the vehicle from the front is for the vehicle to recognize and autonomously follow the operator at some time or distance offset (up to 50 m).  The robot follows the same path as that of the user, allowing the vehicle to benefit from the user’s intelligence and path planning skills and thereby minimizing the demands on autonomy.  The use of fiduciaries for operator recognition is acceptable.  Additional capability would involve the system recognizing certain gestures for commands such as stop, go, faster, slower. 

The system needs to be reasonably rugged, run in real-time, be compact and standardized enough to be placed on existing platforms.  The system should be able to detect and avoid obvious obstacles.  Platforms under consideration are as small as 20 Kg.  The electromagnetic signature of the system should not be detectable beyond 1 Km.  Concepts will be compared on the effectiveness of vehicle control, burden on the user and vehicle, system capability, cost and ruggedness.

PHASE I:  The first phase consists of further development of the system design, investigating signal/image/video processing techniques and control mechanisms, and showing feasibility on sample data.  Documentation of design tradeoffs and feasibility analysis shall be required in the final report.

PHASE II:  The second phase consists of a final design and full implementation of the system. At the end of the contract, the prototype system shall be integrated with a robotic vehicle and successful operation shall be demonstrated in an outdoor obstacle course.  Deliverables shall include the prototype system and a final report, which shall contain documentation of all activities in this project and a user's guide and technical specifications for the prototype system. 

PHASE III DUAL USE APPLICATIONS:  Commercial applications include many UGV applications, such as security and inspection, hazardous waste monitoring, and planetary exploration.  Military applications include robotic mule, scout vehicles, security and inspection.

REFERENCES:

1) http://www.robot.uji.es/EURON/visualservoing/workshop/

2) http://www.cat.csiro.au/cmst/staff/pic/vservo.htm
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A05-220 
TITLE: Smart Structures for MEMS Packaging and Shape Memory Alloys (SMA)
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  The objective is the Research of Shape Memory Alloy (SMA) material selection, its processing/manufacturing process, and the relationship between material composition/processing condition and resulting physical/mechanical characteristics.  The broad target is for numerous possible applications, but specifically, MEMS packaging structures that require a high reliability in sealing, as well as flexibility in assembly/disassembly/packaging.  

DESCRIPTION:  MEMS components are becoming an integral part in today’s technology.  Aligning the forefront of research to the stringent needs of today’s Army is critical in ensuring that the MEMS components are functional in an Army environment.  In recent years, significant progress has been made in using shape memory alloys (SMA) for smart structures in various applications.  SMA material with a ferrous alloy base (Fe-SMA) has been shown to have high response characteristics to applied magnetic fielding, making it attractive for MEMS applications.  The benefit of utilizing SMA materials (vs. traditional materials) is that it will allow for self-recovery/self-diagnostic functions within the material. Self-recovery/self-diagnostics will allow for the material to detect a flaw or damage, and through SMA technology, heal itself back to its original condition.  Such a technology will greatly advance MEMS packaging technology, allowing for greater flexibility in the manufacturing process, as well as ensuring a high reliability of the packaging.  In the Army's Future Combat Systems (FCS) Vehicle program, it may be of interest to explore Fe-SMA for smart structures in MEMS packaging. 

PHASE I:  In this Phase I SBIR Program, a feasibility study will be made on micro-material system selection, its micro-processing and micro-manufacturing process, and the relationship between material composition/processing condition and resulting physical/mechanical characteristics.  The current target is for MEMS packaging structures with high reliability of sealing and flexibility in assembly/disassembly.  Phase I deliverables will include not only the feasibility study as a basis, but a focus on two specific applications that will be executed in Phase II.

PHASE II:  If successful, in Phase II, a study of the products with Fe-SMA components will be developed, and the issues in manufacturing processes and the reliability/stability of the product functions will be addressed, with an eye towards technology implementations and commercial applications.  The target device will be specified during Phase II.  A Phase II deliverable will be to take an existing MEMS device that is commercially available (to be determined during Phase I for applicability), and integrate it into the SMA Packaging methodology, and subsequently prove its optimization/durability/reliability improvements.

PHASE III:  Phase III will allow the Army to be on the forefront of this technology by integrating the optimized device into the Army system.  Potential applications could include packaging optimization for Army health monitoring MEMS devices (e.g. engine oil/hydraulic fluid condition monitoring, etc.) 

REFERENCES:
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A05-221 
TITLE: Small Robot Infrastructure Toolkit
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: Develop a low cost Infrastructure Toolkit for small Unmanned Ground Vehicles (UGV) containing manipulators, controllers and communication components. 

DESCRIPTION: Robots in the field are required to perform a variety of tasks, in RF hostile environments with a variety of mission packages. Multipurpose high Degree of Freedom (DOF) manipulator arms are expensive, fragile and difficult to control. Proliferation of specialized Operator Control Units (OCU’s) is undesirable from maintenance, logistics and training perspectives. Some operations, such as Explosive Ordnance Disposal (EOD) may require that RF signals be minimized. We are seeking to create a toolbox of specialized communication components and low DOF manipulators with a common control interface. Cost is always a significant factor.

The OCU and hand held controllers must have the ability to recognize and adapt to each tool. A system to allow semi-automatic integration of off-the-shelf controllers would simplify training and maintenance; controllers could be throw-away Line Replaceable Units (LRU’s). The system should allow discovery of robot and mission package functions. The system would accept one or more universal controllers and map functions to controller devices in a context sensitive fashion. Real-time help screens and context sensitive message displays are useful.

Low DOF manipulators could be designed with specific tasks in mind, such as grasping, carrying/releasing, drilling, digging or dozing, with the robot itself providing additional motion for the task.  Microelectronic sensors embedded in the manipulators could assist the operator without intervention.  For instance, a grasping device could carry something and then drop it on a specified target, or pick up a fragile object and squeeze with a predetermined force.  A second degree of freedom for a grasping device might be a rotating joint.  A one degree-of-freedom tilting arm could have a variety of items attached, such as lights, disruptors, sensors or torches.

Existing communication sets would be packaged for use with the Infrastructure Toolkit, with Ethernet, serial or other radios all possibilities. Communication components could connect manipulators to OCU’s in environments where tight coupling with the robot is cost prohibitive. An alternative communication channel, such as a laser, may be desirable for environments where direct RF signals are impossible to achieve or undesirable from a tactical perspective. Other possible alternatives include tethers and tight-beamed antennas with built in signal tracking.

PHASE I: Develop a full system design including vehicle interfaces, OCU, controllers, manipulators, and communication components.  Deliverables will include simulations or prototypes of various manipulator effectors, including at least a water bottle delivery device and a disruptor tilt mechanism. Establish performance goals for the communication components and perform a cost/benefit analysis for different classes of communication components. Determine technical feasibility of using the toolkit with and without access to JAUS (Joint Architecture for Unmanned Systems)-based native robot controllers and communication links.

PHASE II: Provide a practical implementation of the Infrastructure Toolkit.  Define field test objectives and conduct testing with soldier (or soldier surrogate) operators in experimental and operational settings. Demonstrate on mockups of at least two significantly different platforms, which include power and communications ports as on existing robots. Provide practical implementation of at least one alternate RF communications link and at least one non-RF communications link.  Provide hardware prototypes of manipulators simulated in Phase I as well as a digging or drilling device.  Provide OCU with low-cost off-the-shelf hand-held game controller. 

PHASE III DUAL USE APPLICATIONS: Current multi-functional high end robot systems are expensive and out of the purchasing range of small organizations, military, civil and private included. The infrastructure Toolkit could be used in a broad range of military and civilian security applications, including EOD and Homeland Defense and hazardous material handling. 
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A05-222 
TITLE: Road Edge Detection System
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems 

OBJECTIVE: The development of a road/trail edge detection and driver warning system. In addition, this effort will produce a simulation tool that will assist in educating the driver in the use of the developed warning system

DESCRIPTION: A significant number of injurious and fatal rollovers have been occurring with military vehicles. In a considerable amount of these cases, the driver is unaware of the location of the edge of the road on the passenger side due to the width of the vehicle.  The driver will often lose control of the vehicle after inadvertently steering the passenger side tires off the road.  

The goal of this effort is to develop a real time road/trail edge detection and driver warning system that reduces the likelihood that a vehicle will inadvertently drive off of the road. The system developed shall use a combination of sensors that will detect the edge of the road/trail on the passenger side of the vehicle and warn the driver when the vehicle is being driven close to the edge of an embankment with a steep negative terrain.  The technology developed will need to work effectively both day and night; on a variety of terrains; and, in all types of weather conditions. Finally, this effort shall develop a simulation training tool that will help educate soldiers on how to drive under these road conditions utilizing the warning system to its fullest. 

PHASE I: Determine the extent of functionality that the road/trail edge detection and driver warning system will need in order to keep the driver informed and eliminate rollovers. Determine the optimal placement of sensors on the passenger side in order to accurately and effectively detect the road edge.  Develop a detailed analysis of the system’s predicted performance. Develop screen-shot prototypes of the simulation tool, and the road/trail edge detection warning system.

PHASE II: Finalize the design of the system from Phase I. Develop a fully functional prototype system, integrate it onto a military vehicle, and demonstrate its functionality in the field.  Fully develop and demonstrate the simulation tool that will train soldiers on how to utilize the new road edge detection and warning system.   

PHASE III DUAL USE APPLICATIONS: Besides its Army vehicle applications, this system can be used on vehicles of other services and US Allies in which the width and/or height of the vehicle make determining the edge of the road on the passenger side difficult.  These can include large commercial vehicles such as buses, semi-trucks, mining trucks, logging trucks, etc. 
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A05-223 
TITLE: Multi-Tasked Microtechnology Based Sensor for Automotive Fluidic Analysis
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE:  By utilizing state of the art microtechnology, develop cooperative and/or distributed multi-tasked microtechnology based sensors for automotive fluidic (i.e. engine oils, hydrualic fluids, engine coolant, brake fluid, etc.) analysis along with the data acquisition systems and communication protocol, for preventative maintenance and diagnostics for optimal maintenance scheduling and support.

DESCRIPTION:  It is possible to dramatically improve the performance, reliability, and maintainability of vehicles and other similarly complex equipment if improved sensing and diagnostics systems are available.  Each year military and commercial maintenance personnel unnecessarily replace, at scheduled intervals, significant amounts of lubricant fluids in vehicles, weapon systems, and supporting equipment.  Personnel draw samples of fluids and send them to test labs for analysis to determine if replacement is necessary.  Systematic use of either on-board (embedded) lubricant quality analysis capabilities will save millions of dollars each year in avoided fluid changes, saved labor, prevented damage to mechanical components while providing associated environmental benefits.  As an example, problems on vehicles rarely just occur without notice; the performance of a part gradually decreases until the part finally fails.  Recent advances in sensors and micro machine technology, as well as MEMS (Micro Electro-Mechanical Systems) technology, allow for new sensors and machines to aid in vehicle diagnostics and prognostics that are vastly smaller in size than sensors used currently.  These technologies can provide the basis of miniaturizing “table top” systems that are used in laboratories to eventually be capable of being installed directly onto a vehicle.  Prognostics work will be executed to monitor the vehicle’s performance continually, instead of being sent to a shop on routine checkups.  These micro sensors can act as intelligent sensors, which takes up minimal space and power that can alert the users and maintenance/supply personnel of the problem ahead of time.  The proposed technology should include the research and development of multi-tasked microtechnology based devices that will diagnose problems in the field and perform prognostics on the vehicle’s fluidic systems.  This information provided by the multi-tasked micro sensors should be integrated onto the vehicle’s data bus, and should interface with the computer control systems and other vehicle intelligence systems.  Research shall be conducted on how this retrieved information can be utilized to automate maintenance of the vehicle system.  The developed smart systems shall know when components are reaching their life expectancy and implement an accelerated maintenance procedure to shorten service down time.

PHASE I:  The contractor shall design and prove the feasibility of these multi-tasked microtechnology based sensors to demonstrate how prognostic work, and if necessary diagnostic work, can be done on vehicles fluidic systems and show how this tool can be useful to maintenance crews.  The contractor shall also provide an estimate of cost savings of such on-board (embedded) lubricant quality analysis capabilities.

PHASE II:  The contractor shall continue the work from Phase I to develop a system that will implement these multi-tasked microtechnology based sensors designed in Phase I into an actual vehicle and demonstrate its usefulness to logistics and maintenance personnel.  Create the user interfaces, data acquisition systems, and communication protocol for these multi-tasked micro sensors.  Testing of the sensors on the vehicle should be performed to determine its ability and limits.  Testing should include a variety of scenarios that the system may see, such as changing the environment that the vehicle is in to test the way the different sensors react and communicate to the main system.  Demonstrate the cost effectiveness of the tool and its performance on diagnosing problems and performing prognostics.

PHASE III:  A system that incorporates multiple sensing devices and a main communication architecture that can be monitored from a device, which is not located on the vehicle, that monitors the performance of the subsystems of the vehicle could be utilized greatly in commercial and military.  This system has great potential to be marketed, which will save the life of parts on these vehicles and make the vehicles safer overall.  This system could be environmental, cost, and time effective.
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A05-224 
TITLE: Rapidly Deployable Wireless Autonomous Surveillance & Warning System
TECHNOLOGY AREAS: Sensors

OBJECTIVE:  Develop and demonstrate a portable, wireless, and intelligent surveillance system for military, homeland security, and civil servant applications.

DESCRIPTION:  Technological progress in high performance computing and pattern recognition software provides an opportunity to develop and deploy rugged, wireless surveillance systems.  These portable systems could provide key intelligence information that would be useful in military, homeland security, and civil servant applications. These portable systems would have the capability to communicate with back end computer systems in real time to receive up-to-date information on important visual identifiers targeted for any particular assignment.  If a particular object or person is recognized from a predetermined watch list, these portable systems would automatically communicate to the back end system.  The portable, wireless capability of the system would provide users the flexibility to monitor activity in any location at any time.  In addition to visual information processing, other sensory input data could be explored such as those from audio, vibration, and chemical detection sensors.  The system would also utilize the Open Services Gateway initiative (OSGi) or other similar open commercial standard for rapidly deploying code updates and new features from backend computer systems to the remote surveillance systems.  Applications that would benefit from the proposed system include:

1) Perimeter monitoring for enemy activity around military bases. 

2) Crowd monitoring for the identification of known suspects and new suspects that are involved in new criminal activity that has originated in a crowd environment. 

3) Border surveillance.

4) Traffic check points.

PHASE I:  Effort would involve research on what is the latest technology for sensory data extraction and processing that would be beneficial for surveillance applications.  The software and hardware requirements to effectively deploy and integrate several units on a single mission would also be explored, with particular focus on reducing power requirements without significant sacrifice of capabilities.  

PHASE II:  Consists of a demonstration in several different application scenarios to illustrate how deployment of this technology would benefit the military and homeland security initiatives.  

PHASE III DUAL USE APPLICATIONS:  Include deploying systems to groups such as but not limited to law enforcement agencies for use in Amber alerts and traffic checkpoints, providing systems for event security at venues such as stadiums, and deployment to military units for perimeter monitoring.
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A05-225 
TITLE: Corrosion Rate Monitor for Continually Reviewing the Status of Corrosion on Military Vehicles
TECHNOLOGY AREAS: Materials/Processes, Sensors

ACQUISITION PROGRAM: PEO Ground Combat Systems 

OBJECTIVE:  Develop a corrosion rate monitor for continually reviewing the status of corrosion on military vehicles.

DESCRIPTION:  Tanks, transport trucks, and various Army vehicles must operate in a variety of ambient environments varying in severity from marine, tropical, desert, and winter climates. road salts and other deicing agents are very corrosive and lead to premature corrosion failures.  These vehicles are also prone to long term attack through atmospheric corrosion. Such corrosion can progress even beneath painted surfaces and other coatings with no immediate visual evidence untill damge has been done that requires extensive repair, downtime and cost.  The only manner by which to determine that a portion of the vehicle has corroded is to periodically strip the entire paint layer or protective coating. 

It is desired to have a corrosion detector system designed and fabricated that is thin,durable and reliable so that it can be incorporated underneath a paint film or other faying surfaces which can detect and quantitatively report the rate of corrosion.  This will give vital information of the  onset and progress of corrosion to service personell on a real time basis so that corrective action can be done when needed prior to structural damage or coating failures. The small surface areas of the corrosion sensores will allow the user to place many such devices on suspect areas of the vehicle.   This insght will allow service personnel  to be more selective and pro active in instituting repair as needed due to corrosion so that only those areas of particularly active corrosion are further inspected and repaired. Such sensors must be small (e.g., <4” x 4”), inexpensive (e.g., <$10/unit) and reliable. They must be able to transmit this information via non contact method such as RF etc. by  lower echelon maintainers such as the driver.

PHASE I:  Design a simple corrosion rate monitoring system which can demonstrate the ability to detect localized corrosion on a metall body, and report the change in corrosion levelas a function of time. The physical principle of operation must be simple and the technique must not involve the use of batteries or extremely sophisticated devices attached to the sensor. The sensor must also be capable of responding to hand held detection devices that are easy to interpret and  interface with computers.  Previous approaches used in other ground sytems or in aircraft should be briefely addressed and pro and cons biefely discused relatively for ground vehicle application prior to selecting a candidate approach or approaches.

PHASE II:  Optimize and demonstrate the selected  corrosion rate monitor system in actual field evaluation. Such sensors will be painted over or coated with other elastomeric materials., yet they must provide meaningful and reliable data on progressing corrosion events. Exposure in lab condition using cyclic corrosion methods such as SAE J 2334 and various  field sites will be performed  so that the reliability and measurability and correlation to actual field usages can be assessed. The corrosion rates for painted metal coupons will be compared to to data from exposure sites from existing data gathered by the domestic auto industry  in Newfoundland Canada. The preferred cost for typical corrosion sensors should be around 5-10$ a piece when produced in lots of 1000.

PHASE III/DUAL USE COMMERCIALIZATION:  Corrosion rate monitors can find use in indicating rate of advancing chemical corrosion below a painted surface for Army trucks, armored personnel carriers, and tanks.  In addition such sensors can find use in both military and civilian aircraft, ground vehicles and marine-craft. 
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A05-226 
TITLE: Real-Time, Standoff Detection of Vehicle-Borne IEDs
TECHNOLOGY AREAS: Sensors

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  Design, build and demonstrate a real-time, standoff Vehicle Borne – Improvised Explosive Device (VB-IED) detection and non-lethal neutralization system.  The system must be HMMWV-mountable and capable of operating in real-time, while on the move against VB-IEDs that are either moving or stationary at a sufficient standoff distance to allow for the safe deployment of a non-lethal neutralization system.

DESCRIPTION:  Traditional technologies used for mine detection; such as infra-red (IR) imagers, metal detectors, and ground penetrating radars (GPR); have demonstrated some success against buried mines.  However, none of these technologies can penetrate the metallic skin of vehicles nor do they provide confirmation of the presence of explosives.  Explosive detection technologies such as Nuclear Quadrupole Resonance (NQR), Nuclear Magnetic Resonance (NMR), and Pulsed ELemental Analysis with Neutrons (PELAN) detect only some types of explosives, have moderate false alarm rates, require long dwell times and have short standoffs.  Some of these traditional approaches may be physics-limited and not scalable for real-time and standoff detection of either explosives directly or identification of standard explosive housings (i.e., artillery shell casings).

This topic seeks novel, non-traditional approaches for the real-time, standoff detection and non-lethal neutralization of VB-IEDs.  The probability of detection should be high, however, because of the demanding technical challenges, a moderate false alarm rate is acceptable.  This is somewhat mitigated though the use of a non-lethal neutralization system.  Real-time means that the system must be capable of detecting at vehicle closing speeds of 15 mph (T) / 130 mph (O).  Standoff means that the detection must occur at sufficient separation distances for minimal collateral damage upon neutralization [15 m (T) / 70 m (O)].  Although it is preferable to have sufficient standoff to allow for evasive maneuvers, collision with a post-exploded VB-IED is acceptable.  Detection means either direct confirmation of explosives, identification of shell casings, or determination of hostile vehicle intent though indicators such as driving pattern and/or vehicle trajectory.  Non-lethal neutralization means that no-harm is done to the suspected VB-IED’s occupants if it turns out to be a false alarm.  In case of false alarm, it is preferable that no permanent damage occurs to the suspect’s vehicle.  To achieve the minimal collateral damage standoff, the neutralization system must acquire the target and fire autonomously, once armed.

PHASE I:  Design novel and innovative concepts for meeting above stated objectives for a real-time, standoff, VB-IED detection and non-lethal neutralization system.  Tasks include:  attending kickoff meeting via telecom, developing a complete system design with major hardware and software components specified, determining power requirements, determining theoretical/expected system performance specifications, identifying risk areas and recommending risk mitigation solutions, describing major tasks with associated development cost and schedule, estimating unit production costs, discuss progress during semi-monthly telecoms with gov’t COR, and detailing program management strategy to include customer interface.  Finally, prove the feasibility of your design through modeling and simulation and/or laboratory demonstrations.  Deliverables include:  a technical report documenting the Phase I development and briefing the report, to include feasibility demonstrations, at the gov’t COR site.

PHASE II:  Design, fabricate, test and demonstrate a prototype system in a realistic environment.  Tasks include:  Executing the design and tasks developed under Phase I, track and update risk areas and execute risk mitigation plans as appropriate, discuss progress during semi-monthly telecoms with gov’t COR, conduct contractor shakedown tests, coordinate realistic demonstration criteria with gov’t COR, execute demonstration of prototype at gov’t test site, and develop a user manual.  Deliverables include:  a demonstration of the prototype system at a gov’t test site, a completely functional prototype system, a user manual, an interim and a final technical report documenting the Phase II development and briefing the final report, to include another demonstration, at the gov’t COR site.

PHASE III DUAL USE APPLICATIONS:  This technology could be used in a broad range of military and civilian security applications where real-time, standoff detection of VB-IEDs or containers is required.  This may include air and sea ports, borders, entry into high-asset buildings and parking garages, or at check points.  This may also be embedded in the road for unobtrusive, covert VB-IED monitoring.
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A05-227 
TITLE: Development of an Intelligent Design Information Management System
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  To research and develop a methodology and a system that allows designers to effectively archive and retrieve design history, specifications, requirements, function, geometry, test results, and rationale information during the design process. 

DESCRIPTION:  Constantly changing requirements, development of new materials, emerging technologies, and a changing supplier base are the major factors that drive improvements of existing designs of highly specialized devices Army combat systems. Therefore, product improvement projects are necessary to improve existing designs.  In these projects, designers mainly modify or upgrade existing designs, which tends to maximize the use of previous design experiences.  

To efficiently and successfully perform design improvement, one must capture, store, and reuse information related to existing designs.  Computer aided design (CAD) systems have gained significant popularity over the last decade.  These systems are being routinely used to create 3D models of parts and assemblies.  However, there are two bottlenecks that make it difficult for designers to effectively utilize information associated with old projects:  

1. CAD systems do not store design history, requirements, specifications, functionality, test results, and design rationale information in computer-interpretable form. 

2. Currently, no commercially available search tool allows designers to locate previously designed assemblies by searching simultaneously based on function, form, and rationale.

Hence, in most design organizations, for all practical purposes, the vast majority of the design information is inaccessible to the next team that has been given the task to improve the device or design a new device.  Thus, new design teams tend to make decisions based on their intuition and reconstruction of the previous decision-making process.  This reconstruction can sometimes be overcome by contacting senior designers.  However, this is becoming more difficult to do as older designers are retiring and are no longer available to help the new generation of designers.

Hence, an effective methodology and associated software tools are needed for archiving all the relevant design information (e.g., requirements, specifications, rationale, test results, design history, function, and geometry) and retrieving it based on used defined search criteria.  It is expected that this methodology will significantly improve the design process, enable training of new personnel, and will help in archiving the corporate knowledge.

PHASE I: Conduct research and analysis leading to the development a proof-of-the-concept system that demonstrate technical feasibility of archival and retrieval based on an interconnected information model encompassing at least three main categories of design information (e.g., requirements, rationale, and geometry). Demonstrate how this system can be used to support product improvement projects using at least one product family.

PHASE II:  Develop a prototype system that is capable of archival and retrieval of design information based on a fully interconnected information model encompassing all main categories of design information (e.g., requirements, specifications, rationale, test results, design history, function, and geometry).  Integrate this system with at least one CAD and one Product Data Management (PDM) system and test the system performance using multiple product families. 

PHASE III: This research can potentially be adopted by commercial CAD/CAM/PDM vendors to improve their capture and storage of design intelligence and knowledge management.  This will then directly benefit the Army that uses thses commercial systems.
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A05-228 
TITLE: Novel Vehicle and Fleet Reliability & Cost Modeling Tools
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  Develop the methodology & modeling tools to accurately determine the reliability, performance, and cost trade off’s for components, sub-assemblies, vehicles, and fleets of vehicles. 

DESCRIPTION:  This SBIR will develop the methodology and modeling tools for predicting reliability, performance, and cost as integrated functions.  This is an effort to evaluate the reliability of fleets of vehicles down to the component level of a vehicle.  The product resulting from this research will enable managers and engineers to identify and prioritize parameters which drive reliability, and model any cost trade off’s necessary to achieve even higher levels of reliability.  Using such a tool, engineers, designers, and others could assess the real world effect of issues such as materials and manufacturing variability for concentrating design controls on parameters most likely to drive reliability and performance.  The resulting methodology and tools will need to account for consideration of real world uncertainty, variations, and sparse data sets.  This technology will analyze the reliability versus life cycle costs of vehicle components through fleets of (similar) vehicles.  In this effort, the implementation and development of state-of-the-art statistical analysis tools is essential.  This SBIR would tie in closely with Army ground systems (and data sources) and could include several systems for case study.  It is expected that such tools will easily save the Army millions of dollars in improved reliability & readiness and reduced Operation and Sustainment (O&S) costs for a variety of systems.  This tool shall be used to prioritize any conflicting failure modes when developing reliability countermeasures; determine reliability versus life cycle costs; and provide a framework to implement design for reliability methods with vehicle suppliers. 

PHASE I:  Investigate the required tools to accurately determine the reliability, performance, and cost trade-offs for individual vehicle components thru fleets of vehicles.  Such tools should include computer aided engineering software, reliability software, data collection software/methodology, and approaches to model and determine the life cycle costs of an entity.   In addition, the phase one effort shall determine the feasibility of developing a methodology used to implement the identified tools to work in harmony.

PHASE II:  Develop the methodology, connections and apparatus required to integrate the tools identified in phase one to increase the reliability of a system or fleet while conducting a cost-benefit analysis.  Establish a procedure that will identify the most important data when determining the reliability versus costs of a system.  This is an effort to create models when input data to the reliability versus cost-benefit analysis is sparse or there are uncertainties in the data.  Demonstrate the completed methodology and tools for increases in reliability on examples ranging from components thru multiple vehicle systems.  In addition, validate that the methodology and tools can prioritize different failure modes for resolution, and demonstrate the developed system can provide a measure of the cost benefit analysis versus reliability for the procurement of systems.  Finally, determine from the case studies exemplified the sensitivity of input data to the accuracy of the result in an effort to find the parameters with the most affect on reliability versus costs of the system studied.  

PHASE III DUAL USE APPLICATIONS:  The tools and methodologies developed will allow engineers, managers, and suppliers to analyze reliability issues as they relate to a cost benefit analysis at varying times in the life cycle as well as varying levels of detail in systems.  This technology can be used by the US Army, USMC, our Allies, vehicle OEM's and suppliers who produce ground, air, or sea vehicles, and anyone who owns fleets of vehicles and want to maximize the reliability of their products.
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A05-229 
TITLE: Web-Centric Intelligent Agent Support Agent for the Retrieval and Distribution of Acquisition and Program Information (WISARD-API)
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  The objective of this effort is to research, design and develop an intelligent agent template that will leverage and operate within web-based knowledge management frameworks in order to efficiently identify, prioritize, authenticate, and distribute information sets between appropriate individuals and groups that operate within distributed organizations.

DESCRIPTION:  An intelligent agent template specifically designed to work within and leverage web-centric information repositories may be used to achieve efficient retrieval and categorization of knowledge to support current and future force systems.  Currently, the characteristics of information repositories employed by Army organizations do not effectively increase the level of stakeholder knowledge during real-time decision making activities.  Typically, this lack of knowledge is due to the ever changing and growing landscape of information.  In today’s distributed Army organization, in which there is this constant change, increased knowledge can no longer be derived from keyword search retrieval mechanisms or complex, manually configured intelligent agent toolsets.

This project will research and develop a next generation intelligent agent template that can be rapidly integrated and deployed across web centric distributed knowledge management frameworks.  This will be achieved by defining the technical and architectural foundation for these agent templates.  Use case identification and functional demonstrations will be designed to identify, prioritize, authenticate, and distribute information sets between appropriate individuals and groups within the context of an ever changing information landscape. 

PHASE I:  Conduct research and analysis that will lead to the development of a next generation intelligent agent template to be developed in Phase II.  These efforts will explore intelligent agent technologies to uniquely retrieve and filter content of knowledge management systems and distribute the resultant information sets to the appropriate stakeholders.  In addition, research will address the ability to create a set of agent templates that establish preformatted intelligent logic that may be used as a starting point for additional usage scenarios.  Unique characteristics that will be addressed include minimal reliance upon keyword searching, minimal training necessary to deploy an agent and the ability to quickly apply a template to other scenarios.  The analyses will also identify various types of web-centric content, distribution and presentation requirements.  A generic template shall be explored that would allow the agent to leverage/hook into other specialized web-centric agents that are being pursued to meet other unique Army challenges.  The final work product of this phase is a well documented system design and a proof-of-concept prototype.

PHASE II:  Develop and demonstrate the next generation intelligent agent template that was defined in Phase I.  This development and demonstration must work within, but not limited to, the context of the appropriate information and knowledge management systems used by selected Army repositories.  These systems may include publicly available and accessed-controlled data management systems.  In addition, specific candidates with the Army’s current and future force program management offices will be identified as pilot users for the prototyped agent technology.  

PHASE III DUAL USE APPLICATIONS:  Intelligent agent templates will be inserted into the Army program management offices identified in Phase II.  This intelligent agent template that is deployed needs to support all systems unique to the Army acquisition offices.  In addition, the application of this next generation agent template should rapidly leverage and communicate with commercial-of-the-shelf knowledge management and information systems’ employed by other Army organizations, other government agencies, academia and private industry.  

KEYWORDS: Web-centric Next Generation Intelligent Agent Template

A05-230 
TITLE: Design of New Technology Automatic Transmissions for 21st Century Military Vehicles
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  The objective of this effort is to design and develop new technology automatic transmissions for military vehicles such as the FMTV (Family of Medium Tactical Vehicles) which will achieve the following:  (1) constant power output at vehicle tracks or wheels throughout the entire vehicle speed range, (2) contribute to an overall system heat rejection reduction, (3) reduce overall system weight, (4) increase transmission power input density (horsepower input per cubic foot of volume), (5) improve Operation Savings and Cost Reduction (OSCR).  These objectives are critical to obtaining new 21st Century advanced transmissions which will make a contribution to the Army's demands for lighter weight and improved mobility to increase vehicle performance and capability.

DESCRIPTION:  New technology and design improvements in transmission research will be explored using creative or innovative approaches to meet technical goals.  The effort will attempt to make a major impact in achieving constant power output at the vehicle tracks or wheels throughout the entire speed range and reducing overall system heat rejection through efficiency improvements.  Additional technical thrust areas include reducing system weight, increasing transmission power input density, and improving OSCR.  Transmission weight and size reduction relative to power input rating may be achieved through innovative design and advanced lightweight materials, reduction in required oil capacity, and reduction in parts count.  Any new design will be comprehensively evaluated and compared to the current production transmission counterpart.  The new transmission will be required to meet or exceed all requirements of current production transmissions in similar applications.  New lubricant formulations such as synthetic oils will be explored for this effort that would yield net improvements in OSCR costs and provide for a common (interchangeable) lubricant between the transmission and engine.  A common lubricant would help improve the maintenance burden by reducing the quantities of oil stored in the Army's oil supply line for storage and distribution.  Additional improvements in OSCR costs could result by exploring new gasket and sealing technologies for the advanced transmission design which eliminate or substantially reduce lubricant leakage over the projected transmission's useful lifetime.  Improvement in OSCR costs would be documented in a detailed economic analysis report.

PHASE I:  The contractor shall use a creative or innovative approach to determine feasibility of an advanced transmission concept for new military vehicle systems such as FCS.  This approach will be applied to meet the technical goals of:  (1) constant power output at vehicle tracks or tires throughout the entire vehicle speed range, (2) contribute to an overall system heat rejection reduction due to improved efficiency and corresponding reduction in transmission oil cooler size and fan power requirements, (3) reduce overall system weight by exploring lighter transmission materials, reduced oil supply required, or reduce parts count, (4) increase transmission power input density (horsepower input per cubic foot of volume), (5) improve Operation Savings and Cost Reduction (OSCR) by exploring new synthetic lubricant formulations common with the engine and transmission. 

The contractor shall develop an initial concept design in order to establish feasibility.  The contractor's new advanced technology transmission efforts will establish preliminary design components and an analysis of projected performance goals.  To demonstrate proof of principle for the concept transmission a basic scale bread board prototype may be constructed by the contractor.

PHASE II:  Modeling and simulation efforts can be used to prepare the proof of principle concept for component build.  A prototype working system will be fabricated and assembled.  The contractor will conduct experimental testing to verify the performance parameters projected during Phase I.  A detailed plan for the experimental tests will be formulated to show the practical implementation progress leading to a finalized transmission concept for achieving established performance goals.  The concept transmission will be refined based on test data until performance and durability goals are satisfied.  During this period of refinement the transmission concept will be assessed for more detailed design to cost and manufacturing practices to ensure a highly competitive new design approach.  The improved technologies obtained form this effort will be analyzed and documented and form the basis for an advanced transmission applicable to new vehicle programs such as FCS.  The final transmission concept will be analyzed to verify cost effectiveness for military acceptance.  At the conclusion of Phase II, the contractor will deliver at least (1) prototype transmission to the government.

PHASE III DUAL USE APPLICATIONS:  Next Generation transmissions will be applicable to military and commercial off-road equipment . If objectives are successfully attained, then vehicle performance, efficiency, and operational costs will be improved.  This will lead to a high likelihood of user acceptance in both commercial and future military applications.

REFERENCES:

1) Subject: “Continuously Variable Transmission Test Code for Passenger cars – SAEJ1618 Aug 94”, stresses operating modes unique to the continuously variable automatic transmission, 1997 SAE Handbook.

2) Subject: “ZF’s CVT for High-Torque FWD Applications” stresses a new high torque continuously variable transmission design, dated July 2004, AEI monthly publication.

KEYWORDS: Transmission Efficiency, Transmission Packaging Volume, Transmission Materials, Transmission Power Input Density

A05-231 
TITLE: Develop New Innovative Driveline Designs and Components for Improved Service Life, Performance and Durability
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  The objective of this effort is to design and develop new innovative driveline components for military tactical wheeled and tracked vehicles.  A goal of this objective will be savings through lower operation and service costs.  Driveline components include but are limited to the transfer case, propeller shafts, differentials, axles, geared hubs and final drives.  Current development efforts are more focused on electric drive technology; however, future powertrain systems could include conventional driveline systems.  The conventional military driveline system is tailored to specific military vehicle requirements and continual advanced designs are needed to maintain the latest state-of-the-art technology.

DESCRIPTION:  New technology driveline components will be researched and evaluated to determine where substantial improvements in efficiency, performance and reliability/durability can be achieved.  Efficiency improvements will be investigated in new designs driveline components.  Efficiency improvements; for example, translate into smaller size fuel tanks for the same vehicle mileage range coverage. This could lead to increased space available for other vehicle needs such as additional ammunition or more cargo capacity.

Development efforts for improving durability/reliability will also be investigated for new design driveline components for major vehicles which exhibit short life.  This would lead to reduced spare parts purchases and cost savings during a military vehicle’s usage. 

The development of new driveline components will provide leverage in maintaining existing or future conventional driveline systems in the event electric drive or hybrid electric drive technology requires substantially more development time.  This enabling technology will provide a needed development goal to advance the state-of -the-art new design driveline components.

PHASE I:  In Phase I the contractor will explore current driveline configurations on military vehicles.  Driveline components will be investigated which have reduced service life and where new design technology improvements can be implemented.  A new design technology for a driveline system or new developed driveline components must consider military environments, current maintenance manual recommendations and practices and performance specifications military vehicles operate under.  A proposed new technology driveline component must be able to fit within tight volume constraints of current production driveline system.  The contractor will establish preliminary design, performance and sizing of new driveline components of driveline system to verify if the new design concept is feasible.  Preliminary performance analysis, theoretical calculations and computational fluid dynamics or equivalent will be conducted to verify if the new design concept will work.  Design goals will be to determine if new concept driveline system components provide commonality and could effectively replace an existing component.  A preliminary economic analysis will be performed to substantiate potential cost savings.  At the end of Phase I the proof-of-principle must be demonstrated and enough evidence presented to verify the new concept appears to accomplish following goals:  (1) efficiency and/or performance improvements, and (2) improved reliability/durability resulting in operation and support cost (OSCR) savings. 

PHASE II:  In Phase II the contractor’s new designed and developed driveline component will be extensively evaluated re-engineered and design up-dated to assure the design concept provides feasibility.  For example if there are more than one design approach an assessment will be made based on trade-off studies to provide the best design concept.  Computational fluid dynamics or equivalent will be continued to assure the best design concept is selected.  A new design driveline component will be fabricated and preliminary lab evaluation tests conducted to verify the design.  The evaluation tests will confirm the projected improvements in efficiency/performance and/or reliability/durability.  The contractor will continue to harden the design by making design changes to provide improvements in at least one of following areas:  efficiency, performance, reliability and durability.  At this time the economic analysis will be up-dated and a determination made to assure that the new design provides an operation and support cost reduction (OSCR) to the affected military vehicle(s).  The new component design for a driveline system will undergo more rigorous lab simulation tests which depict future field test environments. Following these tests a technical assessment will be made by contractor to determine final prototype design configuration (if required).  At the conclusion of Phase II the contractor will deliver at least one (1) prototype.

PHASE III DUAL USE APPLICATION:  Many military driveline system components are used in commercial applications. In addition the Army buys many commercial construction, material handling and road building equipment which has dual use application.  Cost savings are the bases for most new technological products. Success of the program described above will provide a direct link to a joint commercial and military endeavor.

REFERENCES:

1) TARDEC Technical Report No. 13802, TITLED: Test and Evaluation of the LMTV Driveline, Dated June 1999, Contractor U. S. Army Tank Automotive Research, Development & Engineering Center (TARDEC)

2) 2002 SAE Handbook, Volume 2 Parts & Components and On-Highway Vehicles, Standards Development Program, Section 29 Transmissions, Pages 29.01 to 29.248 , Published by Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-0001

KEYWORDS: Driveline, Components, Power train Components, Propulsion System Components, Improved Efficiency, Improved Performance

A05-232 
TITLE: New Leap-ahead Technology and Innovative Final Drive Design Approaches
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  The objective of this effort is to design and develop new leap-ahead technology final drive concepts and innovations required for present and future combat systems.  Final drives for current military vehicles such as M1 Abrams, M2/M3 Bradley and M113A3 exhibit high consumable and repairable cost drivers for operation and support.  The cost reports for combat systems show final drives fall in the top 50 % for consumable and repairable items.  In addition, final drive operating and support costs are likely to increase as vehicle speed requirements increase in the future.  New technology final drive development and research efforts will focus in only one specific area.  The areas to be considered could include one of the following:  (1) new gear technology for higher load carrying capacity, thus reducing overall final drive volume and weight, (2) materials technologies with higher strength capability and reduced weight to minimize vehicle weight growth, (3) improved efficiency by reducing number of gears, friction drag in seals/bearings and oil management losses, and (4) sensor technologies for detecting impending final drive failures in areas such as low lubricant level and on-set of bearing/seal failures.  The contractor may also select another final drive technology area that offers high potential. One of these technology areas will lead to obtaining a 21st century final drive for present and advanced combat systems.  This new technology will dovetail and merge with other new propulsion technologies to thrust the performance envelope for all propulsion system components in new combat vehicle programs.  Final drive innovations must be developed if the advanced combat vehicle system performance goals and requirements are to be achieved.

DESCRIPTION:  Innovative technologies in final drive research will be pursued.  Detailed trade-off analysis will be performed to determine the best technology area to focus on where overall maximum performance and cost savings can be realized.  In choosing one of the technology areas listed in objective or proposed by contractor a new technology final drive will strive to achieve performance goals such as efficiency, reduced weight and volume, impending failure sensor technology and reduced design complexity.  Any of these goals will provide a new-ahead technology final drive.  The new innovative final drive configuration will meet and/or exceed all requirements of typical current production final drives in military and commercial use today or an already preliminary design concept with performance and design criteria specified for new final drives.

For example final drive sensor technology is one area which could be explored to improve the integrity of the final drive before a vehicle begins an operational mission.  This is a key ingredient to providing a health monitoring system using applicable effective embedded sensors and analysis.  Being alerted to a pending failure prior to a vehicle’s mission is paramount in winning wars and minimizing vehicle losses.  Likewise, designing final drives that require minimum maintenance should be very cost effective, which is desirable.  Sensors and minimum maintenance fall under policy for Department of Defense Conditioned-Based Maintenance Plus.

Another area that the contractor could propose would include new oil formulations and their effect on final drive performance and durability.  This could result in reduced maintenance and Operational Savings and Cost Reduction (OSCR).  Similarly, a longer usage life for final drive oil could result in extending the oil change interval having significant impact on oil disposal costs and reduced oil supply demands.  This one specific area or any other one specific area chosen by contractor will attempt to provide reduced maintenance and a more durable final drive by a factor of 2 over current production final drives.  The contractor will focus on only one technology final drive area not on several areas which could lead to a program beyond time and funding limits.

PHASE I:  The contractor will establish (if not previously obtained) a general knowledge and familiarity of typical current combat vehicle final drives.  This learning base will provide the avenue for new design concept approaches for enhancing a leap-ahead final drive for current and future new vehicle concepts.  A trade-off analysis will be conducted to determine which one specific technology area of a final drive should be researched.  The one area selected can come from a list of the following:  (1) new gear technology, (2) materials research to reduce weight, (3) improved efficiency, (4) sensor technology for impending failures, and (5) new oil formulations.  The contractor may also a technology area that has potential for improved performance and/or cost savings.  The contractor’s new technology final drive design based on current design standards of an existing military final drive will incorporate and establish preliminary design and analysis of projected performance goals.  Modeling, simulation and computational fluid dynamic tools will be used to project these performance goals.  In addition, preliminary projected cost savings (if any) of new design final drive will be provided which substantiates reduced maintenance and Operation Savings and Cost Reduction (OSCR).  Based on contractor’s expertise and knowledge of military final drives a proposed sketch of final drive prototype will be provided to substantiate the new leap-ahead final drive concept.

PHASE II:  The focus will be on the new final drive concept technology area chosen for research and development on current or typical military final drive.  The one area selected from Phase I trade-off analysis will undergo an exploratory development phase.  A new technology area may be selected in Phase II if contractor obtains additional information and further analysis warrants a change.  For example, if a new gear technology tooth profile is chosen in Phase I and/or Phase II the gear tooth profile will be analyzed and new gear design profile will undergo a preliminary design for installation in a current final drive.  All work efforts in Phase II will be based on modeling, simulation and computational fluid dynamic tools used in Phase I.  The contractor will focus on experiments on the individual technology area chosen (ex. new gear tooth profile design) for development of new design final drive.  The experimental lab tests may be conducted on a reduced scale bread board functioning or non functioning prototype to verify the concept.  From these efforts a prototype will be designed to develop a matrix process leading to a more hardened final drive concept that can match the predicted performance and durability goals established.  Repeat experimental lab tests will be conducted and will progress to conducting lab tests under simulated tests loads and speeds that current military final drives are subjected to.

During lab test phase under simulated loads and speeds, the component design of new technology final drive will be re-assessed and design changes made where appropriate.  These design changes will be confirmed through continued lab tests until performance and durability goals previously specified are realized or re-established.  During design up-dates and re-test the new configured final drive will undergo a more firm and detail design to cost and manufacturing practices and process for a cumulative highly competitive advanced final drive concept.  The new technology prototyped final drive if configured to an existing production final drive will undergo a more detailed economic cost analysis to demonstrate a military maintenance and Operation Savings and Cost Reduction realization.  At conclusion of Phase II the contractor will deliver at least one (1) prototype final drive which may be non-functioning.

PHASE III DUAL USE APPLICATIONS:  Advanced next generation final drives whether military or commercial are always looking for improved performance and cost savings.  This program will be applicable to both military and commercial since final drive commonality exists in both sectors. Commercial use includes off-road equipment such as bulldozers and where  durability and/or cost savings can be realized, acceptance will be high.  The military has a substantial number of combat track vehicles that use final drives and future final drive improvements that can be verified will result in a transfer of technology and application to both military and commercial.

REFERENCES:

1) SUBJECT: Condition Based Maintenance Plus Policy, stresses: designing systems that require minimum maintenance, and new design technologies for smaller maintenance and logistic support footprints, Department of Defense Policy (DoD), dated 27 Jan 03.

2) SUBJECT: Critical Item Product Fabrication Specification for M1A1 Final Drive Assembly, X1100-3B, Specification No. SC-X14303A, Dated 20 July 87.

3) SUBJECT: Army FY 95 Cost Report, Volume 2 – Combat Systems, showing final drive as consumable top 40 cost driver for M1 Abrams and M113A3.

KEYWORDS: Final Drive, Final Drive Efficiency, Final Drive Sensor, Final Drive Components, Final Drive Oils and Final Drive Materials 

A05-233 
TITLE: Advanced Filtration Technologies (AFT)
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS & CSS

OBJECTIVE:  The objective of the project is to develop new Advanced Filtration Technologies (AFT) resulting from filtration shortcomings discovered during current Iraq War.  In addition, air cleaner short comings were discovered during four (4) recent military tactical wheeled vehicles air cleaner dust tests conducted at RDECOM/TARDEC and Southwest Research Institute (SwRI).  At the end of the Phase II effort the new designed filtration technology will provide improved performance, durability and cost savings.  Technology areas to be explored include oil, fuel and air filtration.  Air filtration technologies are especially needed based on shortcomings recently experienced during Iraq War. 

DESCRIPTION:  The AFT will focus on areas that provide for an improved engine filtration system in either oil, fuel and induction air for military tactical wheeled vehicles delivering supplies and requiring hundred of miles of daily operation in dusty environments such as in Iraq.  The AFT will also be applicable to military combat vehicles and other filtration systems on military vehicles such as hydraulic and transmission.  Some examples of AFT potential needs include:  (1) engine full flow oil filtration; a need to design a smart engine oil filter/filtration system to determine when the engine oil filter is in a by-pass mode, thus providing no active filtration and potentially shortening engine life, (2) engine fuel filter/filtration system; a need to provide a cleanable fuel filter similar to some M915/M916 Line Haul Trucks which now use a cleanable engine oil filter and (3) engine air filter/filtration system; (a) telescoping air cleaner intake duct system (similar to a deep water fording kit used on HMMWV but retractable when not needed), (b) new design air cleaner restriction technologies that accurately measure air filter restriction regardless of tap location, (c) new design techniques to easily clean out all components of an air cleaner system. For example pre-cleaner designs with an array of sealed inertial tubes can become clogged while operating in mixed debris and moisture environments, and (d) new technologies to determine durability and/or structural integrity of air filter media. For example the cellulose paper media structurally begins to deteriorate after years of use and under repeated environmental conditions.  A new design diagnostic technique to detect this deterioration either through embedded media strip (color coded)/sensor detector to determine impending media failure.

AFT technologies such as these as well as other new ideas such as self-cleaning filtration system, new filter media(s) and barrier-less filtration systems will be explored.  These technologies will provide a more user friendly filtration system which will reduce the logistic and maintenance burden currently experienced during Iraq War.  All filtration technologies (where applicable) will attempt to achieve an increase in service life by a factor of 2 while maintaining all other performance and durability criteria specified. 

PHASE I:  The contractor will become knowledgeable of military filtrations systems in areas of engine oil, fuel and induction air.  In additions military operational conditions and environments will be assessed to determine the best design approach.  The contractor may choose either oil, fuel or induction air as the Advanced Filtration Technology (AFT) or work more than one technology area.  A need to investigate the selected technology(s) for military application and potential commercial dual use applicability is noteworthy. Both military and commercial applicability can lead to a more integrated design approach and further define and consolidate a unified background support effort. Commercial and military base support efforts can lead to desired improvement needed in filtration research albeit commercial or military and enhance the technical feasibility approach concept.  The contractor will establish preliminary design, performance and sizing of the AFT to verify if the design concept is doable.  This may include computational fluid studies and modeling and simulation for interface with the different design approaches. Predicted performance improvements of new concept versus current performance requirements of current production filtration device will be analyzed.  If contractor proposed concept has been previously explored a bread board reduced size or full scale prototype may undergo initial lab experiments to enhance the design approach.  At conclusion of Phase I the proof-of- principle must be demonstrated and enough criteria established to justify that the new advanced filtration technology can accomplished the goals of:  (1) improved service life/ performance and (2) an initial economic analysis to verify operation and support cost (OSCR) savings of the new concept versus the component it is replacing.

PHASE II:  In Phase II the contractor’s filtration concept will be prototyped requiring a fabrication and assembly phase if not previously accomplished in Phase I.  Phase II will also continue the Phase I modeling, simulation, design and computational fluid dynamics analysis and provide improved up-dates for verification of the lab design experiments and tests.  Refinements to the prototype will be made and design experiments and lab tests repeated to verify performance goals predicted.  During this phase, material selection of filtration concept components will be analyzed and tradeoff analysis conducted to determine the best material selection for design and manufacturing processes.  The advanced filtration technology design will be hardened with components which show maximum improvements in performance and reliability.  These improvements will be weighted against a required operation and support cost (OSCR) benefit for the selected military vehicle(s).  A more detailed economic analysis will be conducted to demonstrate and verify cost savings and provide input to OSCR findings.

The AFT will undergo continued test experiments and design up-dates until its design is hardened to reach desired performance and reliability/durability goals.  The targeted 2X increase in service life goal where applicable will be verified by contracting officer technical representative (COTR) or independent cognizant technical experts in the field.  At the conclusion of Phase II the contractor will deliver at least one (1) prototype.  

PHASE III DUAL USE APPLICATIONS:  Many commercial engines are also used in military vehicles, thus dual use application will be imminent if cost savings are realized.  Examples include the M915/M916 Series Truck which is both used commercially and in military.  Slight modifications to the engine for military application are required but their in enough commonality between engines for the AFT to be adapted in both commercial and military sector.  There is also commonality between the engines for commercial H1 Hummer and the military High Mobility Multipurpose Wheeled Vehicle (HMMWV).  For example, a new designed oil filter which is cost effective and thoroughly proven in commercial sector would also be filter which is cost effective and thoroughly proven in commercial sector would also be used in military sector.

REFERENCES:

1) Subject: Condition Based Maintenance Plus Policy, Includes designing systems that require minimum maintenance, Department of Defense Policy (DoD), Dated 27 Jan 03.

2) Air Filter Element for HMMWV can achieve a maximum dust capacity/service life requirement of only 16 hours per test specification. Two (2) times increase in dust capacity/service life is desired.

KEYWORDS: Filtration, Engine Air Filter, Oil Filter, Fuel Filter, Transmission Filter, Hydraulic Filter, Extended Service Life and Advanced Filtration Technologies

A05-234 
TITLE: Amorphous Metal Hydrogen Separation Membranes
TECHNOLOGY AREAS: 

OBJECTIVE:  Develop a hydrogen separation membrane from an amorphous metal alloy for use in a vehicular JP-8 reformer/fuel cell.

DESCRIPTION:  Reformers process liquid fossil fuels such as the Army’s Single Battlefield Fuel JP-8, producing a hydrogen rich reformate stream.  If this reformate stream is to be used as a fuel cell fuel, it must be scrubbed of impurities such as sulfur and carbon monoxide.  One approach to this requirement uses extremely thin Palladium based membranes which purify the reformate by a reverse osmosis transfer of the hydrogen.  Thinner membranes have a lower mass transfer resistance and therefore require a lower differential pressure to drive the mass transfer, but are also more susceptible to thermal cycling induced embrittlement and membrane failure.  Amorphous metal alloys are strong, tough, corrosion resistant, and form thin membranes easily.  An amorphous metal alloy with an adequate hydrogen mass transfer resistance that maintains its mechanical properties despite repeated thermal cycles would be a valuable development for a vehicle JP-8 reformer.

An amorphous metal hydrogen separation membrane should have an overall hydrogen permeability and selectivity in a nominal reformate stream comparable to or better than current Palladium based membranes.  (A nominal JP-8 reformate stream will include sulfur, carbon monoxide, and water vapor.)  It must have good chemical, mechanical, and thermal long-term stability, and adequate strength and toughness at end of life to not fail after the hundreds of thermal cycles and severe mechanical shocks endured by military vehicle propulsion systems.  The membrane may be part of a composite assembly.

PHASE I:  Identify promising amorphous metal alloy compositions through literature review, molecular simulation or other means.  Develop a plan for producing the materials in sufficient quantities to screen through permeation and strength testing.  If possible produce most promising alloys and perform evaluation testing.

PHASE II:  Produce and screen alloys identified in phase I.  Most promising alloys must be tested for long term performance in a simulated fuel cell reformate generated from JP-8 fuel.  Identify acceptable operating conditions for the membrane.  Verify thermal cyclability.  Verify hydrogen purity to PEM fuel cell standards throughout testing life.  Produce and deliver a membrane seperator sized for a 10 kW fuel cell.

PHASE III:  The membrane seperator could be applied to a variety of dual-use applications where it is desirable to run a PEM fuel cells on a hydrocarbon fuel, such as commercial truck auxiliary power and remote stationary power generation.

REFERNCES:  

1) Larmine, Dicks; Fuel Cell Systems Explained, 2nd Edition, 2003.

KEYWORDS: separation amorphous metal hydrogen production

A05-235 
TITLE: Vehicle Acoustic Signature Reduction 
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO GCS

OBJECTIVE:  Identify and investigate innovative acoustic signature reduction techniques of tactical and combat vehicles and establish practical approaches to reduce vehicle acoustic signature. 

DESCRIPTION:  There is an expressed interest in reducing the acoustic signature of wheeled vehicles currently deployed in Iraq.  Concern has been raised that the noise emitted from these vehicles may be making them an easier target.  This project's main thrust is to explore inventive approaches in an add-on kit form, to reduce this signature.  Technology solutions are expected to address (but are not limited to) typical noise sources on these vehicles which are related to the vehicle drive train either directly from the propulsion system or from vibration.  Since the first step in survivability is to not be detected, this project has the potential to have a great impact on today's soldier, particularly during night time missions.

From a commercial standpoint, noise pollution is a growing concern in cities across the world. Many cities have noise pollution ordinances and even the State of Rhode Island created a special house commission to study motor vehicle noise pollution in 2000.  Clearly this technology has strong commercial potential, especially in congested cites.  If successful add-on kits can be developed, city bus and truck fleets could easily be modified with such innovative technologies to address the concerns of these municipalities.  This concept of a city willing to embrace new technologies has been successfully demonstrated by the adoption of electric, propane, and hybrid technologies on city vehicle fleets.

PHASE I:  The first phase consists of identifying the major vehicular acoustic sources and designing an add-on approach for reducing the acoustic output of the vehicle.  Deliverables include a simulation of the proposed approach and a final report which will document the design trade-offs and the predicted acoustic reduction.

PHASE II:  The second phase consists of a final design and full implementation of the acoustic reduction package.  The package will be integrated on a test vehicle and acoustic reduction will be demonstrated.  Deliverables include the prototype package and a final report, which shall contain documentation of all activities in this project, user’s guide for installing the package and technical specifications for the prototype package.

PHASE III DUAL USE APPLICATIONS:  Technologies developed could be used in a broad range of military and civilian vehicle applications were noise reduction is of interest. For example vehicle traffic noise reduction.

REFERENCES: 

1) “COMMAND, CONTROL, COMMUNICATIONS, COMPUTERS AND INTELLIGENCE (C4I), 4. SURVIVABILITY ANALYSIS OF C4 SYSTEMS”, http://www.arl.army.mil/slad/AWSS/SF-areas/C4I-short/analysis.htm, 1997 Army Science and Technology Master Plan, http://www.fas.org/man/dod-101/army/docs/astmp/c4/P4S.htm

2) “CREATING AND TESTING A WINDOWS VERSION OF THE ADRPM ACOUSTIC MODEL” Mr. Roger Evans,Mr. Robert M. Mantey, Jr., Mr. Lloyd Cartwright, U.S. Army TARDEC, Warren, Michigan, 48092; www.dtic.mil/ndia/11ground/evans.pdf 

3) Rhode Island House Resolution R 274, 2002-H 8118A, Enacted 05/22/2002, “RESPECTFULLY REQUESTING THE RHODE ISLAND DEPARTMENT OF HEALTH TO CONDUCT AN ENVIRONMENTAL IMPACT STUDY ON THE EFFECT OF RUNWAY EXPANSION AT T.F. GREEN AIRPORT ON THE CITY OF WARWICK AND THE SURROUNDING COMMUNITIES” 

KEYWORDS: Acoustic signature, noise reduction, vibration, hearing safety

A05-236 
TITLE: Reliable, High –Temperature Silicon Carbide MOSFET
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  Innovative approach to overcome limitations and develop a reliable, efficient, high-temperature 4H-SiC MOSFET suitable for Army combat vehicle applications.

DESCRIPTION:  Smaller, lighter electrical power converters with the capability of operating at elevated temperature are needed for future combat hybrid electric vehicles.  The use of 4H-SiC MOSFETs (4H polytype, silicon carbide metal-oxide semiconductor field effect transistor), offers a means to reduce converter size and weight.  Theoretically, these devices can operate reliably and efficiently at high temperature and high frequency.  Although there have been significant improvements in the characteristics and performance of 4H-SiC MOSFETs, there remain practical problems that affect their reliability and suitability for use in combat hybrid-electric vehicles.  Normally-off devices are required for the safe, reliable operation of existing Army hybrid electric combat vehicle converter designs (REF 1).  Existing SiC MOSFETs are not reliably normally-off.  At present, 4H-SiC MOSFET devices are critically limited by:  1) low and unstable threshold voltage (“turn-on” voltage); 2) poor gate oxide reliability at high temperature and electric field; and 3) low channel electron mobility and corresponding high specific on-state resistance (REF 2).  Recent improvements in processing have resulted in reports of higher channel mobility, on the order of 70 cm2/V-s at room temperature.  Without this processing, mobility remains too low (< 10 cm2/V-s).  Unfortunately, the same processing also reduces threshold voltage (REF 3).  In addition, threshold voltage is unstable.   It drifts as devices are subjected to the current and/or electric field stresses characteristic of long-term operation.  This low and unstable threshold voltage jeopardizes normally-off operation.  The reported (REF 3) mobility of 70 cm2/V-s is still considerably less than the theoretical value of approximately 250 cm2/V-s.  A method to increase channel mobility further would reduce on-state resistance.  Lower on-state resistance is highly desirable because it leads to higher efficiency, higher current rating, lower cost, and more compact thermal management.  Gate oxide reliability at high temperatures is still non-optimal, and may not be acceptable for vehicle use when high temperature operation is required (200 oC junction temperature).  The proposed approach must lead to MOSFET with a field effect channel mobility of >160 cm2/V-s at 200 degree C junction temperature, while simultaneously assuring a stable threshold voltage in the range of 2 – 5 volts over an operating range from 0 - 200 degrees C junction temperature.  Threshold voltage must be determined from the field effect channel mobility vs. gate voltage characteristic.  The proposed approach must also lead to improved gate oxide reliability.  In Phase I, the  Proposer shall identify and develop an approach to improve 4H-SiC MOSFETs that addresses the above stated limitations (1-3) and offers the potential to meet the above mobility and threshold voltage specifications.  Proposer shall provide a theoretically-sound explanation based on semiconductor physics, and validate using device modeling.  Proposer shall establish that all required processing and fabrication procedures are feasible and within the capability of existing equipment.  Fabrication and measurement of a low-current (greater than or equal to

1.5A) device with suitable blocking voltage (greater than or equal to 600V) is highly encouraged, to provide proof of concept.

PHASE I:  Identify, explain, and develop an approach to overcome stated problems and improve the performance of 4H-SiC MOSFETs.  Validate using device modeling and proof-of-concept processing and fabrication studies, as appropriate.  

PHASE II:  Proposer shall fully develop the above approach, and shall identify and address device design, processing, and fabrication procedures required to successfully implement the approach, and manufacture the device.  Proposer must design, fabricate and deliver functioning devices to confirm successful approach.   

PHASE III DUAL USE APPLICATIONS:  Extensive commercial applications in power supplies for computers and consumer electronics, renewable energy dc-dc converters, hybrid electric vehicle and industrial motor drives.  Extensive military applications in Air Force MEA and Army hybrid electric vehicles for dc-dc converters, motor drive inverters, UPS and off-vehicle power; and for lower power Navy motor drives and power distribution/conditioning.   

REFERENCES: 

1) G. Frazier,E. Danielson,T. Mohler,G. Khalil, "The Combat Hybrid Power System (CHPS) Program," 4th International AECV Conference Proceedings, Noordwijkerhout, The Netherlands, 7 January 2002.

2) T. Paul Chow, Y. Tang, L. Zhu, P. Losee and S. Balachandran, "High-Voltage SiC Devices for Power Electronics Applications," 5th International AECV Conference Proceedings, Angers, France, 2 June 2003.

3) M.K. Das, "Recent Advances in (0001) 4H-SiC MOS Device Technology,"

Materials Science Forum Vols. 457-460 (2004) pp. 1275-1280, Trans Tech Publications, Switzerland.

KEYWORDS: silicon carbide, 4H-SiC, MOSFET, hybrid electric, power converter, power conditioning, dc-dc converter, inverter, pfn charger, power semiconductor

A05-237 
TITLE: High Power-Density (HPD), Low Specific Heat Rejection (LSHR) Diesel Engine Designs for Application on FCS Vehicles of Traditional and Hybrid Configurations
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems 

OBJECTIVE:  The HPD, LSHR diesel engine should be designed for traditional and hybrid FCS vehicle configurations. The total propulsion system of the vehicle hybrid configuration should fit the future vehicle assigned space/volume by TACOM's vehicle concept laboratory.  The modular design of the engine, engine components, and complete propulsion system are to be considered and included in the total vehicle prototype configuration.  The engine should be designed to meet/exceed the following projected HPD, LSHR specifications:

Ratio of power to engine weight 0.90  to  1.15 hp/lb

Ratio of power to engine volume 25   to  30  hp/cu ft

Ratio of power to propulsion system volume 5.5 to 8 hp/cu-ft

Brake specific fuel consumption (BSFC) 0.32 to 0.40  lb/hp-hr

Brake mean effective pressure (BMEP) 18  to 25 bar

Specific heat rejection to coolant 12 to 17 btu/hp-min

Specific heat rejection to ambient 2  to 3  btu/hp-min

Turbocharger's compressor output pressure 4.5  to 6 bar (absolute)

Combustion air/fuel ratio   15/1  to 24/1

Fuel injection pressure    23500  to 30000 psi 

DESCRIPTION:  The research work of this technology is to seek an advanced engine combustion applicable  to hybrid vehicle, and work in traditional and hybrid modes.  The proposed work is to research, design, model, compute, and consult experts in the field of hybrid propulsion system designs, and in the fields of combustion, computer modeling, tribology, materials, coatings, heat rejection, ceramics applicable to high temperature engine parts, high temperature lubricants, cooling and exhaust systems, super-turbocharging, electronic controls, high pressure fuel injection system, near stoichiometric A/F combustion cycle, fuel injection and infinitely variable valve timing (IVVT).  The engine prototype concept is to incorporate a low compression ratio design accompanied with high turbocharger boost, high speed, and multifuel capability.

The engine is to be designed and modeled into the vehicle's hybrid configuration (HEV), and is to operate in two modes of operations at various terrain of primary, secondary and hilly cross country, and at GVW, with various road load, speed, braking, and acceleration.  The two modes are the  engine (ICE) mode, and the electric motor mode, when the vehicle is powered by the engine through generator and power split technologies, and is at cruising speed, the excess power passing through an inverter is stored in the battery/capacitor.  In the electric mode, when the road load requires the vehicle to be accelerated, the electric motor, the battery and the engine are used to propel the vehicle.  The regenerative braking system  is to be incorporated into the HEV.  The regenerative braking is a fuel saving system, it uses the kinetic energy of the vehicle (1/2mv^2) and transfer it into dc energy stored in the battery/capacitor, the electric motor draws the stored electric energy and use it to accelerate the vehicle.  This Topic requires that the SBIR, R and D efforts are to be coordinated and work closely (when it is appropriate) with the  designer and integrator companies of the HEV of FCS.

PHASE I:  The feasibility of the proposed technology as it is described in the objective and description of this topic, must be assessed using mathematical computer programs, and modeling/simulation GUI technique.  The layout design of this HEV propulsion system technology will start in Phase I.  The  simulation/modeling, computations and layout design should include the concept of Modular Designs of the total propulsion system components.  The report will analyze the potential of this new emerging and in process to mature technology to meet/exceed objective targets.

PHASE II:  Finalize the modular layout designs of the new emerging and in process to mature HEV propulsion technology.  Fabricate/purchase the critical HEV propulsion system components and parts, use an appropriate standard engine block, build the HEV propulsion system, and test it for performance in a certified laboratory-dynamometer test rig.  Coordinate the result of the R and D efforts with the designer and integrator of the HEV of FCS.   

PHASE III:  If the hybrid propulsion technology or any of its components were successfully researched, designed and developed, it can be beneficial for application on Government (HEV- FCS) and on commercial (HEV) vehicle.  The engine of HEV can be produced relatively with lower costs, the HEV design has high power density, multi-fuel capability, fuel economy with its regenarative braking system, and very low emissions in its hybrid electric mode operations.  The validated engineering results of thr R & D efforts should be communicated and coordinated with the designer and integrator of the HEV- FCS.   

REFERENCES:

U.S. Department of energy (energy efficiency, and renewable energy) References are the designer COMPANIES of Hybrid Electric Vehicle (HEV), which are listed below in Alphabetical order:

1) BMW Clean energy, Daimler- Chrysler Corporation, Ford Motor Company, General Motors Corporation, Honda and American Honda Motor Company.,INC., Hyundai Motors, Kia Motors, Mercedes-Benz, Mitsubishi Motors Corporation, Nissan Motors, Peugeot, Renault, Solectria, Toyota Motor Company, Volkswagen, Volvo, ---------------

2) NASA Lewis research center COMPUTER CODE for Hybrid Electric Vehicle Analysis (HEVA), the code Calculates vehicle performance and power requirements.

KEYWORDS: High power-density, Diesel engine, Low specific heat rejection, FCS, Hybrid propulsion system, Generator, converter, energy storage batteries, dc/ac inverter, controller, ac induction motor, road wheels, vehicle kinetic energy, vehicle regenerative braking, fuel economy, power increase. HEV, HEV power split designs

A05-238 
TITLE: Health Monitoring Technology for Hybrid Propulsion Vehicle Systems
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE:  Design and build imbedded diagnostic health monitoring system for hybrid vehicle propulsion systems applications.  System should include operator annunciation of system status, system faults and provide protection to crew from high voltage buss ground faults to the vehicle chassis.  An ability to interface with common data buss structures such as controller area network buss (CAN), would be advantageous and would facilitate propulsion system controls capabilities to allow for system de-rating to overt drive system failure.  At a minimum the monitoring system should indicate system reliability and indicate the ability of the operator to operate the vehicle safely.

DESCRIPTION:  With advances in hybrid electric vehicle technology and subsequent military interest in hybrid drive systems a need for vehicle propulsion system health monitoring will be critical.  Such a system would be required to monitor the various subsystems or components that comprise the propulsion system and be able to indicate to the operator, system health conditions.  Subsystems that would be critical for vehicle operations are power electronics such as traction motor inverters, power generator converters, DC-DC converters (buck and boost).  Other critical subsystems that would require monitoring would be energy storage devices such as battery packs, ultra capacitors, fuel cells and their associated interconnects or busses.  Traction motors and generators would also require monitoring.   The designer of such a system would have to determine which parameters should be monitored.  However examples of the types of parameters and conditions to be monitored are provided below.

Power electronic parameters appropriate for monitoring should be voltages, currents and temperatures of the major switching elements and heat sinks as well as any transient conditions that could cause failure.  Energy storage system parameters appropriate for monitoring are battery pack state of charge, state of health, total voltage, battery module voltage and temperature, and total buss current.  Traction motor and generator parameters that would require monitoring are stator temperatures, cooling media temperatures and flow, phase voltages and currents.  The system should be able to collect a history of system faults that could be used to trouble shoot and facilitate subsystem diagnosis and subsequently aid in subsystem repairs.  Prognostics that would be able to determine the time or distance that the energy sources could sustain the current rate of mobility would be highly advantageous.

PHASE I:  Determine technical feasibility of proposed system architecture and overal design that would include critical parameters and sensors to be monitored, and determine health and prognostics algorithms and operator interface configurations. 

PHASE II:  Develop and demonstrate a prototype system either in a military hybrid vehicle such as a hybrid electric HMMWV or in the Power and Energy Hardware in the Loop System Integration Lab (SIL).

PHASE III DUAL USE APPLICATIONS:  Though the mission of a military vehicle is quite different than standard automotive, many of the developments from this effort could be applied to standard automotive applications.

REFERENCES: 

1) G. Frazier, E. Danielson, T. Mohler, G. Khalil, "The Combat Hybrid Power System (CHPS) Program,” 4th International AECV Conference Proceedings, Noordwijkerhout, Netherlands, 7 January 2002.

2) M. Cox, P. J. Bomya, J. Klang, “Automotive ""Smart"" Battery With State of Health Conductance Testing and Monitoring Technology (OnguardSr)“  SAE 2003 World Congress & Exhibition, Detroit, MI, USA, March 2003.

KEYWORDS: Inverter, motor, stator, power electronics, monitor, annuciator, diagnostic, prognostic

A05-239 
TITLE: Stirling Engine for Tactical Army Application
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE:  Design and develop a quiet, low-emissions, fuel-flexible Stirling engine for military tactical applications.

DESCRIPTION:  Stirling engines theoretically have fuel economy at full and part load comparable to that of (diesel) compression ignition engines, but the cost is typically 50% greater.  Stirling engines use external combustion, offering the capability of using a wide range of fuels with readily controlled emissions.  It operates on a regenerative thermodynamic heat-rejection process in which the cycle begins at a temperature higher than that of heat addition.  For an ideal Stirling cycle with reversible processes, the thermal efficiency would be the same as that of the Carnot cycle; it has a high potential for thermodynamic efficiency.  HISTORICALLY, Stirling engines have had these issues: high cost per kW, poor reliability, slow throttle response, long start-up time, low power-to-weight ratio, doesn't work well with shaft power output (better w/ electrical power generation than mechanical), appropriate material selection, heat transfer efficiency, and overall engine design.

PHASE I:  Design a proto-type Stirling engine that is in the power range of 1-5 kW.  It must be fuel-flexible, including military fuels.

PHASE II:  Build a working proto-type and undergo performance, noise, and emissions evaluation of the Stirling engine.  The testing will include evaluation of fuels to be determined by the government POC.  Require a net efficiency of at least 15%.  Conduct realiability testing of at least 1000 hours.

PHASE III DUAL USE APPLICATIONS:  Utilize the proto-type in dual-use applications as a small remote power source (a stand-alone generator) and/or a ground vehicle auxiliary power unit (APU).  As an APU, it could provide power to electrical systems such as electrified engine accessories, communications equipment, and/or weapon systems.  This phase would include conducting reliability testing on-vehicle of at least 100 hours.

REFERENCES:

1) Introduction to Internal Combustion Engines, Third Edition, by Richard Stone (University of Oxford), published by SAE International, 1999.

2) Internal Combustion Engines and Air Pollution, Third Edition, by Edward Obert (The University of Wisconsin), published by Harper & Row, 1973.

KEYWORDS: Stirling engine external combustion fuel-flexible regenerative cycle propulsion APU auxiliary power unit generator.

A05-240 
TITLE: Integrated Starter/Alternator for Military Tactical Vehicles
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO CS&CSS 

OBJECTIVE:  Research, investigate, and develop a dual-use Integrated Starter/Alternator (ISA) for military wheeled vehicles; the ISA will be applicable to both conventional internal combustion engines and hybrid electric vehicles.

DESCRIPTION:  The Army is pursuing non-conventional powertrain technologies for both tracked and multi-wheeled vehicles.  Technologies such as hybrid propulsion, electric motors, and fuel cells are being considered with increasing interest.  The development of a dual-function ISA paves a critical path to the continued development and use of hybrid electric technology.  An ISA will combine the functions of an alternator to generate power and an electric motor for starting the engine. 

The ISA will play an important role in transitioning technology from today’s conventional internal combustion engine to hybrid electric vehicles.  In a transition role, the ISA can be incorporated in today’s conventional vehicle fleet in a mild-hybrid design approach. Commercial automotive applications have achieved 10-15% increased fuel economy using the mild hybrid approach.  The ISA is also a critical component in the development of advanced electrically driven vehicles.  It will be required to produce the higher voltage and power necessary to run the vehicle systems on hybrid electric drive applications.

The objective of this research is to advance the state of the art in ISA technology.  Current commercial technology is unsuitable for military tactical vehicles because of their increased power requirements and more aggressive duty cycles.  Because of the difficult operating environment of military vehicles new design methodologies are required to further develop ISAs.   For military vehicle integration, the ISA must withstand the high temperatures and tough demands of an under-hood environment, with components resistant to fuels and lubrication, corrosive attacks, high vibration levels, and torsional fatigue.  Severe operational modes such as river fording must also be considered. The overall duty cycle must be considered to develop a robust ISA that will meet acceptable durability and life requirements.  Start-stop strategies, brake regeneration, power assist/boost, and other control strategies will also be identified or developed for optimum vehicle performance. 

PHASE I:  Identify design concepts and methods for developing robust ISAs that are suitable for use in military tactical vehicles.  Identify mulitple partners, including OEM support for engine and transmissions, in order to develop ISA's for integration in tactical vehicle.  Develop analytical model of prototype hardware.

PHASE II:  Build a prototype ISA, using the ISA design from Phase I, and demonstrate it and its control system on a vehicle. Demonstrate the vehicle performance enhancement, durability, and fatigue life of the implemented ISA system.  Conduct instrumented field tests to demonstrate before and after vehicle performance including fuel efficiency.   Perform an electrical audit to assure the compatibility of the electrical controller with the vehicle electrical architecture.  Conduct experimental analytical modal analysis.

PHASE III DUAL USE APPLICATIONS:  Refine the design of the ISA and apply the results from the demonstration in Phase II by integrating the ISA into an existing legacy vehicle.  The integration techniques will be developed for the current fleet of vehicles, as well as optimized use in future vehicles, using current field and simulation data.  The robust ISA could be used by a wide range of commercial vehicles that will benefit from increased performance and fuel economy.  Off-road construction equipment, logging, and mining equipment are all applications that would benefit from improved fuel economy.  In addition to the direct fuel cost savings, off-road applications would indirectly benefit from reduced logistics burden associated with refueling. 

REFERENCES:

1) SAE Technical Paper #2003-01-2258 “42V Integrated Starter/Alternator Systems”.

2) Website article: “Valeo and Ricardo ready the i-MoGen” http://www.sae.org/automag/techbriefs/05-2002/page2.htm

3) Technical Report: “OE Starters, alternators, and integrated starter/alternators: A global market review” by Just-auto.com, June 2003.

KEYWORDS: dual-use, integrated starter/alternator,ISA, hybrid, electric, vehicles, hybrid propulsion, electric motors, fuel cells, electric motor, increased fuel economy, military vehicles, future, tactical, trucks

A05-241 
TITLE: Hydrogen Production from Inorganic Compounds
TECHNOLOGY AREAS: 

OBJECTIVE:  Develop a stationary 5 kW backup power source combining a PEM fuel cell and a chemical hydride based hydrogen storage system capable of operating with water recovered in the field.

DESCRIPTION: Fuel cells are being developed as power sources for field use within the armed forces.  For applications such as telecom equipment power backup or first-on power sources at BEAR base deployments, where rapid startup under potentially hostile or low-footprint conditions are required, hydrocarbon fuel processors (reformers) start too slowly, and compressed hydrogen cannot be practically delivered (bulk, weight of containers) or used (hazards from fire or explosion).  In these cases a power source combining a fast-start fuel processor to produce hydrogen and a fuel cell to produce power can be preferred.  Since these systems often require water for operation, the ability to use unpurified water found in the field (surface water, seawater, urine, etc.) would reduce their logistics footprint.

PHASE I:  Utilize existing brass-board test systems for fuel processors relying upon high energy density solid fuel (>5 kWh LHV per kg) to establish tolerance of these systems to unpurified water found in the field. Report on results and plan Phase II work on 80 SLM systems which either:  (a) purify water as part of the process, (b) use unpurified water, or (c) partially purify water as part of the process.

PHASE II:  Build and operate a brass-board test system designed in Phase I.  Based on results, refine the product design and build one or more TRL 5 systems for testing and evaluation against military requirements.  

PHASE III:  The product developed in phase II could have dual use implications in remote or back-up power applications of PEM fuel cells.  

REFERENCES:  

1) Larmine, Dicks; Fuel Cell Systems Explained, 2nd Ed., 2003.

KEYWORDS: chemical, hydride, hydrogen

A05-242 
TITLE: Detection of Contaminants in Petroleum
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: PEO CS&CSS

OBJECTIVE:  Develop a portable instrument that rapidly detects contaminants (chemical/biological) in petroleum.

DESCRIPTION:  During current military missions in Iraq and Afghanistan combatant commanders have been requesting the capability to rapidly detect chemical and biological contaminants in petroleum products.  Analysis of the chemical composition of a fluid can provide an abundance of information on quality, by allowing for the detection of both contaminants and naturally occurring components.  Establishing a library of contaminants and normal constituents will allow for the user to rapidly establish the properties and quality of the sample. 

The Army would like to development of a portable instrument with the capability of rapidly analyzing samples to detect both naturally occurring contaminants as well as sabotage agents in the field.  The Army’s goal is to use the device for detection of contaminants in petroleum products. Analyzing the chemical constituents in a sample, and utilizing libraries or modeling should carry out the function of contaminant identification with high accuracy and speed.  Additionally the device needs to be rugged and small enough to be easily transported in the field, either by being carried by personnel or as part of a mobile laboratory.

PHASE I:  Develop an approach for the development of a portable analytical instrument that is capable of analyzing fuel for contaminants.  Identify potential fuel contaminants and define concentration limits desired for detection.

PHASE II:  Develop, build, and evaluate a prototype portable analytical instrument that is capable of analyzing fuel for contaminants.  Research known and potential fuel contaminants and build a library of contaminants that allows the user to rapidly establish the quality of the sample.  The prototype shall be delivered to the Government.

PHASE III DUAL USE APPLICATIONS:  Technology developed under this SBIR could have a significant impact on homeland security operations by monitoring civilian petroleum supplies which are partially vulnerable to sabotage due to a lack of real-time analysis methods. 

REFERENCES:

1) Westbrook, S. R., Stavinoha, L. L., Burkes, J. M., Barbee, J. G., and Bundy, L. L., "Development of the Captured Fuels Test Kit," Interim Report No. BFLRF-211, December 1985.

2) http://www.clean-fuels.com/bug-fuel.htm

3) http://www.atsb.gov.au/aviation/sdi/fcon.cfl

KEYWORDS: fuel, contamination, sabotage agents, petroleum, chemical, biological

A05-243 
TITLE: Rapid Indicator Test for Biological Contamination in Water
TECHNOLOGY AREAS: Chemical/Bio Defense

ACQUISITION PROGRAM: PEO CS&CSS 

OBJECTIVE:  Rapid assessment tool to determine bacterial pollution, and or waterborne parasites (Cryptosporidium/Giardi) in accordance with EPA’s ambient water quality criteria. 

DESCRIPTION:  Inadequate sewer and water treatment infrastructure leads to billions of gallons of untreated or under treated sewage being discharged into Michigan waterways each year.  In a 1999 analysis of 35 systems, the Department of Environmental Quality (DEQ) found over 9 billion gallons of wastewater, over 7 billion of which is untreated, being discharged into Michigan waters from combined sewer overflows (CSO’s).  These discharges contaminate swimming areas; cause beach closings; and impairment of drinking water supplies. County Health Departments using the best available technology can determine site contamination twenty-four hours after sampling.  This means that for one full day the public is exposed to unnecessary risk due to inadequate test response times.

The goal of this project is to develop a multi-line handheld immunoassay for the detection of bacterial pollution in ambient water as stated in 40 CFR Part 136.  Quantitative results within thirty minutes of sample introduction are required along with detecting down to the EPA water quality criteria for E. coli in freshwater and for enterococci in both freshwater and marine waters.  Handheld assays (HHAs) offer many unique advantages over their bulky instrument-based counterparts:  they are compact, easy-to-use, and have no power source requirements. 

This technology will provide the 77 W who operates the Reverse Osmosis Water Treatment Unit (ROWPU) in the field, a rapid tool to evaluate source water for biological contamination.  This tool will also provide a means to determine in limited time, biological contamination after treatment due to recontamination or due to a breakdown in the treatment system itself.  Current technology used by the military takes twenty-four hours after sampling; this impacts the soldier’s water readiness capability.

PHASE I:  Demonstrate concept feasibility for the detection and readout of quantitative results of the contaminants described above in a laboratory environment. 

PHASE II:  Develop, build, and evaluate field prototype test kit to perform field testing with verification of performance through third party testing. 

PHASE III DUAL USE APPLICATIONS:  Technology under this SBIR could be used by public health officials to evaluate beach water quality onsite along with providing soldiers in the field a rapid assessment tool for characterizing source water quality.

REFERENCES:

1) U.S. Army Center For Health Promotion and Preventive Medicine (CHPPM), http://usachppm.apgea.army.mil/

2) U.S. Environmental Protection Agency (EPA), http://www.epa.gov/water.

3) EPA-822-R-01-009, Cryptosporidium: Drinking Water Health Advisory (see EPA website).

4) 40 CFR Part 136 Guidelines Establishing Test Procedures for the Analysis of Pollutants; Analytical Methods for Biological Pollutants in Ambient Water; Final Rule, 2003 ( see EPA website).

5) EPA/821/R-97/004, Improved Enumeration Methods for the Recreational Water Quality Indicators: Enterococci and Escherichia coli, 2000 (see EPA website).

6) Michigan Department of Environmental Quality (DEQ), http://www.michigan.gov/deq/

KEYWORDS: Water, contamination, biological 

A05-244 
TITLE: Innovative Armor Fastening Technology (s) for Tactical Vehicles of the Current and the Future Force
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE:  To develop innovative armor fastening technology(s) for the tactical vehicles of the Future Combat System (FCS) and for the family of medium to heavy tactical vehicles comprising the current force.  Conventional techniques used to fasten armor have been bolting or bonding or through the use of hook and loop fasteners.  Lightweight, high-performance appliqué armor materials are currently being researched and will comprise a combination of ceramics, polymer-composites, and metal-matrix composites. The armor fastening technology sought shall not require manual interaction of the soldier to perform any required logistics operation for the armor system’s maintenance. 

DESCRIPTION:  The current fleet of medium and heavy tactical vehicles does not provide sufficient armor protection to ensure survivability in today’s urban warfare environment.  These vehicles are currently being up-armored through the development of armor plated steel cabs.  These heavy steel cabs introduce a large amount of parasitic weight to the already overstressed vehicle structure and components.  Future armor solutions for the medium and heavy tactical vehicle fleet will involve the use of lightweight, high-performance composite appliqué armor materials that are currently being researched by the Tank-automotive Research, Development, and Engineering Center (TARDEC).  There is a need for these advanced armor materials to be attached to the current medium and heavy tactical vehicles.  In addition, appliqué armor will be necessary to provide an acceptable level of survivability to the Future Tactical Truck System (FTTS) of the FCS.  Current attachment methods such as bolting or welding are labor and time intensive.  In addition, the use of polymer composites is becoming necessary to meet the weight requirements specified by FCS/FTTS.  To obviate problems associated with conventional armor attachment methods, novel fastening technologies need to be researched and developed.  The solution shall require no permanent modification to the hull structure.  The solution shall also be able to join dissimilar materials of the current vehicles, and the FTTS structures to the appliqué armor.  Examples of this being: steel to polymer composite, titanium to polymer composite, polymer composite to ceramic, etc.  The mechanical strength of the fastener system shall be sufficient to withstand the large impulses of ballistic impact, as well as the low frequency fatigue associated with normal vehicles maneuvers in rough terrain.  The fastener system shall perform under the same environmental conditions as required by the vehicle structure.  The issue of reparability/maintainability must be addressed.  The add-on armor packages shall be modular.  This requirement can only be met with the development of an innovative fastening solution that will allow the individual modular armor sections to be replaceable after damage has occurred.  The removal of the individual sections shall be automatic and shall not require soldier interaction.

PHASE I:  Develop the concept for an overall system design to enable the fastening of similar or dissimilar materials, specifically ceramics, high-performance alloys and composites.  The proposed system shall address the requirements specified in the topic description.  Modeling and simulation of fastener performance under normal operating conditions as well as ballistic impact must be performed to ensure system functionality.  Baseline materials will be selected for the fastener system based on the simulation results.

PHASE II:  Develop a prototype fastener system based on the results of Phase I.  The prototype shall be validated by laboratory testing simulating field conditions.  The system shall be optimized based on the results on this testing. Develop and demonstration of the optimized fastener system shall be performed, including a sequence of ballistic impact, the removal of an armor section and replacement with a new section.

PHASE III DUAL USE APPLICATIONS:  A fastener system that provides good mechanical joining characteristics of high performance materials to existing structures composed of low-tech materials such as steel, while allowing quick and easy detachment of the joint when needed could be beneficial to both the automotive and aerospace industries, due to increased use of composite materials in both industries.

KEYWORDS: FCS, FTTS, Medium & Heavy Tactical Vehicles, Survivability, Fastening, Applique' Armor

A05-245 
TITLE: Mine Blast Attenuating Seating
TECHNOLOGY AREAS: Air Platform

ACQUISITION PROGRAM: PEO CS & CSS 

OBJECTIVE:  Demonstrate adaptation of lightweight mechanical energy absorber to military vehicle seating to prevent spinal injuries during mine blast events.

DESCRIPTION:  The current methodology to prevent crewmember injuries in lightweight vehicles focuses on application of lightweight armor systems to retain structural integrity of the crew compartment.  Lighter weight vehicles are subject to larger accelerations and loadings from mine blast events. Current military seating is ineffective/inefficient in reducing vertical accelerations to the crewmembers resulting in a greater potential for compressive spinal injuries.

The objectives of this SBIR project is to define and quantify goals for energy absorption using system parameters such as energy absorber load limits, crew area dimensions, seat weight, space and cost claims, occupant size variation, and acceleration pulses.  Literature search and analysis of potential energy absorber technology should be conducted and presented. Vehicle acceleration pulse definition should be established to define baseline and worst case scenarios (including the second pulse from the slam-down phase).  Energy absorber parameters should be quantified and compared to human injury assessment reference values to establish the appropriate load limit parameters.  A candidate EA/Seat system concept should be defined utilizing the vehicle, energy absorber, and acceleration pulse.  Simulations should be conducted to demonstrate the potential performance of the candidate system(s).

PHASE I:  The deliverable for Phase I shall be a feasibility study of development of an energy-attenuating seat concept based modeling/simulations incorporating definition of acceleration pulses, current EA seat component technology and occupant ergometrics.

PHASE II:  The deliverable for Phase II will be a candidate mine-blast EA seat prototype that is optimized for performance, cost and conformity with Federal Motor Vehicle Safety Standards and SAE recommended practices.  Reults of modeling/simulation and/or physical simulations which validate the performance against mine-induced loading shall be delivered.

PHASE III DUAL USE APPLICATIONS:  There is potential for occupant seat blast protection to be adapted to commercial protected vehicles in use for security forces OCONUS, and possibly CONUS.  Improvised explosives pose a potential threat to U.S. civilians as well as military forces in high risk areas.

REFERENCES:

1) Aircraft Crash Survival Design Guide, Volume II – Aircraft Design Crash Impact Conditions and Human Tolerance, USAAVSCOM TR 89-D-22D, Simula Inc., 10016 South 51st Street, Phoenix, Arizona 85044, December 1989 (Unclassified – unlimited distribution).

2) Aircraft Crash Survival Design Guide, Volume IV – Aircraft Seats, Restraints, Litters, and Cockpit/Cabin Delethalization, USAAVSCOM TR 89-D-22D, Simula Inc., 10016 South 51st Street, Phoenix, Arizona 85044, December 1989 (Unclassified – unlimited distribution).

3) Evaluation of an Energy Absorbing Truck Seat for Increased Protection from Landmine Blasts, USAARL Report No. 96-06, Alem, Nabih M. and Strawn, Gregory D., Aircrew Protection Division, US Army Aeromedical Research Laboratory, Fort Rucker, Alabama 36362-0577, January 1996. (Unclassified – unlimited distribution).

4) Occupant Crash Protection Handbook for Tactical Ground Vehicles (Light, Medium and Heavy Duty), prepared for Department of the Army, produced by ARCCA, incorporated, November 2000. (Distribution authorized to U.S. Government agencies and their contractors).

5) Tactical Wheeled Vehicles and Crew Survivability in Landmine Explosions, U.S. Army Night Vision and Electronic Sensors Directorate Report AMSEL-NV-TR-207, July 1998. (Distribution authorized to U.S. Government agencies and their contractors).

KEYWORDS: Vehicle Seat, Landmine Protection, Spinal Injury, Energy Absorber, Human Acceleration Tolerance, Crash Safety

A05-246 
TITLE: Advanced Analytical Models for Innovative Vehicle Composite Structures Against land Explosives
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE:  The objective of this program is to develop advanced analytical models and designing tools for innovative composite structures for Future Combat Systems (FCS) to protect against antitank (AT) landmines and Improvised Explosive Devices (IEDs).  The end product of Phase II program is software for the analytical models and optimization of thick section composites and composite armor against land explosives.

DESCRIPTION:  In the current warfare, land explosives such as landmines and IEDs are employed to disable or destroy the enemy combat vehicles.  If the combat vehicle passes over the landmines or IEDs, catastrophic structural failure may take place for the land vehicles thus disabling the vehicle itself.  Besides it may also inflict fatal injuries to the crew.  Therefore, the future Army vehicles are to be designed to withstand the land blast loads and also to protect the crew.  Analytical models are required for blast simulation and optimization techniques to design the thick section composites and composite armor.  To achieve these goals, advanced CAE tools for the blast simulation and innovative anti-blast design are essential.  The principle efforts should be toward integration of advanced computational landmine/IEDs- soil-vehicle-crew interaction models and innovative function oriented material design methodologies that combine mine blast load models with novel material and structural design concepts.  Multi-level, multi-scenario numerical methods and computational software model to address this problem are required. Soft ware for optimization design of composites is required.  Three levels of simulation should be considered:  (1) Level 1: Gross vehicle movement, loss of vehicle controls; (2) Vehicle Shock acceleration and deformation, blast overpressure, (3) Fragmentation.

During the Phase I effort, the contractor will develop and verify the advanced blast load models which will consider soil conditions as well as burial depths.  Predict the dynamic blast loads on vehicle's composite structures, including the effects of ejected soil materials mixed with gases, dynamic structural response and resulting crew acceleration.  Identify the multi-level and multi-scenario structural /crew responses from the current Army experimental and modeling work.

PHASE I:  During the Phase I effort, develop and verify the advanced blast load models which will consider soil conditions at various burial depths.  Predict the dynamic blast loads on vehicles composite structures, and identify the multi-level and multi-scenario structural/crew responses from the current Army experimental and modeling work.  Demonstrate the feasibility of analytical blast simulation models and blast resistant structural design technology on a simple composite structure.

PHASE II:  During the Phase II program, develop a full version of the software system for multi-level and multi-scenario modeling and simulation of blast loads; and advanced composite structures design. Conduct parametric computational structural designs and trades off for different appliqué structures.  Develop modeling and simulation techniques for multi-situational mine scenarios to assess capabilities beyond a single blast.  Assess alternative technologies and weight allocations to defeat side attack mines and IEDs.  Demonstrate numerical modeling and simulation of a prototype land explosive resistant typical FCS structure.

PHASE III DUAL USE APPLICATIONS:  The most important application is the Army Future Combat systems for both manned and unmanned combat vehicles and also for Army’s tactical vehicles.  The commercial application includes passenger automobiles for VIPs and armed vans for carrying valuables such as those used by banks.
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