ARMY
SBIR 06.2 PROPOSAL SUBMISSION INSTRUCTIONS

The U.S. Army Research, Development, and Engineering Command (RDECOM) 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/.

Solicitation, topic, and general questions regarding the SBIR program should be addressed according to the DoD
portion of this solicitation. For technical questions about the topic during the pre-Solicitation period (1 May — 13
Jun 2006), contact the Topic Authors listed for each topic in the Solicitation. To obtain answers to technical
questions during the formal Solicitation period (14 Jun — 14 Jul 2006), 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). Specific questions pertaining to the Army SBIR program should be submitted to:

Susan Nichols
Program Manager, Army SBIR
shira@belvoir.army.mil

US Army Research, Development, and Engineering Command (RDECOM)
6000 6th Street, Suite 100

Fort Belvoir, VA 22060-5608

(703) 806-0963

FAX: (703) 806-2044

The Army participates in one DoD SBIR Solicitation each year. Proposals not conforming to the terms of this
Solicitation will not be considered. The Army reserves the right to limit awards under any topic, and only those
proposals of superior scientific and technical quality will be funded. Only Government personnel will evaluate
proposals with the exception of technical personnel from Science Applications International Corporation (SAIC)
and Azimuth, Inc. who will provide Advisory and Assistance Services to the Army, providing technical analysis in
the evaluation of proposals submitted against Army topic numbers: A06-162 and A06-164.

Individuals from Science Applications International Corporation (SAIC) and Azimuth, Inc. will be authorized
access to only those portions of the proposal data and discussions that are necessary to enable them to perform their
respective duties. This firm is expressly prohibited from competing for SBIR awards and from scoring or ranking of
proposals or recommending the selection of a source. In accomplishing their duties related to the source selection
process, the aforementioned firm may require access to proprietary information contained in the offerors' proposals.
Therefore, pursuant to FAR 9.505-4, these firms must execute an agreement that states that they will (1) protect the
offerors’ information from unauthorized use or disclosure for as long as it remains proprietary and (2) refrain from
using the information for any purpose other than that for which it was furnished. These agreements will remain on
file with the Army SBIR program management office at the address above.

SUBMISSION OF ARMY SBIR PROPOSALS

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. Do not send a hardcopy of the proposal. Hand or electronic signature on the proposal is also NOT required. If
you experience problems uploading a proposal, call the DoD Help Desk 1-866-724-7457 (8am to 5pm EST).
Selection and non-selection letters will 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, Il or 111 work.

Companies 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,
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samples, data, facilities, troops or recruits, and so forth, must all be arranged carefully. The few months available for
a Phase | effort may preclude plans including these elements, unless coordinated before a contract is awarded.

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.

No Class 1 Ozone Depleting Chemicals/Ozone Depleting Substances will be allowed for use in this procurement
without prior Government approval.

PHASE | OPTION MUST BE INCLUDED AS PART OF PHASE | PROPOSAL

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

A firm-fixed-price or cost-plus-fixed-fee Phase | Cost Proposal ($120,000 maximum) must be submitted in detail
online, and include “CMR Compliance” cost estimate (see Contractor Manpower Reporting below). Proposers
that participate in this Solicitation must complete the Phase | Cost Proposal not to exceed the maximum dollar
amount of $70,000 and a Phase | Option Cost Proposal (if applicable) not to exceed the maximum dollar amount
of $50,000. Phase | and Phase | Option costs must be shown separately but may be presented side-by-side on a
single Cost Proposal. The Cost Proposal counts toward the 25-page Phase | proposal limitation.

Phase | Key Dates

06.2 Solicitation Pre-release 1 May - 13 Jun 2006
06.2 Solicitation Open 14 Jun - 14 Jul 2006
Phase | Evaluations July - September 2006
Phase | Selections September 2006
Phase | Awards November 2006*

*Subject to the Congressional Budget process

PHASE 1l PROPOSAL SUBMISSION

Note! Phase Il Proposal Submission is by Army Invitation.

Small businesses are invited by the Army to submit a Phase Il proposal from Phase | 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 | effort. Invited small
businesses are required to develop and submit a commercialization plan describing feasible approaches for
marketing the developed technology in their Phase Il proposal.

Phase Il proposals are only accepted from the small businesses that are invited in writing by the Army organization
responsible for the Phase | effort.

Army Phase Il cost proposals must contain a budget for the entire 24 month Phase Il 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
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Sheet. The total proposed amount should be indicated on the Proposal Cover Sheet as the Proposed Cost. At the
Contracting Officer’s discretion, Phase Il projects may be evaluated after the base year prior to extending funding
for the option year.

Fast Track (see section 4.5 at the front of the Program Solicitation). Small businesses that participate in the Fast
Track program do not require an invitation, but must submit an application and Phase 1l proposal by the Army Phase
I submission date. Applications are only accepted from the most recent Army topic Solicitation.

Phase Il Plus Program. The Army established the Phase Il Plus initiative to facilitate the rapid transition of SBIR
technologies, products, and services into acquisition programs. Under Phase Il Plus, the Army provides matching
SBIR funds up to $500,000 to expand an existing Phase Il that attracts non-SBIR investment funds. Phase Il Plus
allows for an existing Phase Il Army SBIR effort to be extended for up to one year to perform additional research
and development. Visit the Army SBIR web site for additional information and application instructions at
http://www.aro.army.mil/arowash/rt/.

Phase Il Key Dates

Phase Il Invitation March 2007+
Phase Il Proposal Receipt 2007+

Phase Il Evaluations May - June 2007
Phase Il Selections June 2007

Phase Il Awards October 2007*

*Subject to the Congressional Budget process
+ Subject to change; consult ARO-W web site listed above

CONTRACTOR MANPOWER REPORTING (CMR)

Accounting for Contract Services, otherwise known as Contractor Manpower Reporting (CMR), is a Department of
Defense Business Initiative Council (BIC) sponsored program to obtain better visibility of the contractor service
workforce. This reporting requirement applies to all Army SBIR contracts.

Beginning in the DoD 2006.2 SBIR solicitation, offerors are instructed to include an estimate for the cost of
complying with CMR as part of the cost proposal for Phase | ($70,000 max), Phase | Option ($50,000 max), and
Phase 11 ($730,000 max), under “CMR Compliance” in Other Direct Costs. This is an estimated total cost (if any)
that would be incurred to comply with the CMR requirement. Only proposals that receive an award will be required
to deliver CMR reporting, i.e. if the proposal is selected and an award is made, the contract will include a
deliverable for CMR.

To date, there has been a wide range of estimated costs for CMR. While most final negotiated costs have been
minimal, there appears to be some higher cost estimates that can often be attributed to misunderstanding the
requirement. The SBIR program desires for the Government to pay a fair and reasonable price. This technical
analysis is intended to help determine this fair and reasonable price for CMR as it applies to SBIR contracts.

o The Office of the Assistant Secretary of the Army (Manpower & Reserve Affairs) operates and maintains the
secure CMR System. The CMR website is located here: https://contractormanpower.army.pentagon.mil/.

e The CMR requirement consists of the following 13 items, which are located within the contract document,
the contractor's existing cost accounting system (i.e. estimated direct labor hours, estimated direct labor
dollars), or obtained from the contracting officer representative:

(1) Contracting Office, Contracting Officer, Contracting Officer's Technical Representative;

(2) Contract number, including task and delivery order number;

(3) Beginning and ending dates covered by reporting period;

(4) Contractor name, address, phone number, e-mail address, identity of contractor employee entering
data;

(5) Estimated direct labor hours (including sub-contractors);
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(6) Estimated direct labor dollars paid this reporting period (including sub-contractors);

(7) Total payments (including sub-contractors);

(8) Predominant Federal Service Code (FSC) reflecting services provided by contractor (and separate
predominant FSC for each sub-contractor if different);

(9) Estimated data collection cost;

(10) Organizational title associated with the Unit Identification Code (UIC) for the Army Requiring
Activity (The Army Requiring Activity is responsible for providing the contractor with its UIC for the
purposes of reporting this information);

(11) Locations where contractor and sub-contractors perform the work (specified by zip code in the
United States and nearest city, country, when in an overseas location, using standardized nomenclature
provided on website);

(12) Presence of deployment or contingency contract language; and

(13) Number of contractor and sub-contractor employees deployed in theater this reporting period (by
country).

o The reporting period will be the period of performance not to exceed 12 months ending September 30 of each
government fiscal year and must be reported by 31 October of each calendar year.

e According to the required CMR contract language, the contractor may use a direct XML data transfer to the
Contractor Manpower Reporting System database server or fill in the fields on the Government website. The
CMR website also has a no-cost CMR XML Converter Tool.

o The CMR FAQ explains that a fair and reasonable price for CMR should not exceed 20 hours per contractor.
Please note that this charge is PER CONTRACTOR not PER CONTRACT, for an optional one time set up
of the XML schema to upload the data to the server from the contractor's payroll systems automatically. This
is not a required technical approach for compliance with this requirement, nor is it likely the most
economical for small businesses. If this is the chosen approach, the CMR FAQ goes on to explain that this is
a ONE TIME CHARGE, and there should be no direct charge for recurring reporting. This would exclude
charging for any future Government contract or to charge against the current SBIR contract if the one time
set up of XML was previously funded in a prior Government contract.

o Given the small size of our SBIR contracts and companies, it is our opinion that the modification of
contractor payroll systems for automatic XML data transfer is not in the best interest of the Government.
CMR is an annual reporting requirement that can be achieved through multiple means to include manual
entry, MS Excel spreadsheet development, or use of the free Government XML converter tool. The annual
reporting should take less than a few hours annually by an administrative level employee. Depending on
labor rates, we would expect the total annual cost for SBIR companies to not exceed $500 annually, or to be
included in overhead rates.

PHASE | SUMMARY REPORTS

All Phase | award winners must submit a Phase | Final Summary Report at the end of their Phase | project. The
Phase | summary report is an unclassified, non-sensitive, and non-proprietary summation of Phase | results that is
intended for public viewing on the Army SBIR / STTR Small Business Portal. A summary report should not exceed
700 words, and should include the technology description and anticipated applications / benefits for government and
or private sector use. It should require minimal work from the contractor because most of this information is
required in the final technical report. The Phase | summary report shall be submitted in accordance with the format
and instructions posted on the Army SBIR Small Business Portal website at http://www.aro.army.mil/arowash/rt/.
This requirement for a final report will also apply to any subsequent Phase Il contract.

ARMY SUBMISSION OF FINAL REPORTS

All final reports will be submitted to the awarding Army organization in accordance with Contract Data
Requirements List (CDRL). Companies should not submit final reports directly to the Defense Technical
Information Center (DTIC).
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ARMY SBIR
PROGRAM COORDINATORS (PC) and Army SBIR 06.2 Topic Index

Participating Organizations PC Phone

Aviation and Missile RD&E Center (Aviation) Peggy Jackson (757) 878-5400

A06-001 Autonomous Navigation and Obstacle Avoidance for Small Unmanned Aerial Vehicles without
Global Positioning System

A06-002 Rotorcraft Automated Load and CG Balance Measurement System

A06-003 Terrain/Obstacle Sensors for Rotorcraft Synthetic Vision Displays

A06-004 Unmanned Aerial Vehicles Launch and Recovery On the Move (UAVLR-OTM)

A06-005 Design and Development of an Inter-Turbine Burner for Turboshaft Engines

A06-006 Low Reynolds Number, High-Lift Airfoil Development for Vertical Takeoff and Landing
Uninhabited Aerial VVehicles (VTOL UAVS)

A06-007 Delegation of Authority to Intelligent Unmanned Aerial Vehicle (UAV) Team Members

A06-008 Advanced Inlet Protection System in Severe Sand Environments

A06-009 Rapid Computational Fluid Dynamics (CFD) Methodology for Rotorcraft Maneuver Analysis

A06-010 Assembly of Ceramics/Ceramic Matrix Composite (CMC) Components

A06-011 Wireless Pressure Transducer

A06-012 Wake-Capturing Methods for General and Heavy-Lift Rotorcraft Flow Analysis

Aviation and Missile RD&E Center (Missile) Otho Thomas (256) 842-9227

A06-013 Enhanced Strength & Durability in Zinc Sulfide

A06-014 Low Elevation Nulling of Global Positioning System (GPS) Jammers for Ground-Based Platforms

A06-015 Low Cost Finishing of Optical Ceramics

A06-016 Missile Flight Weather Encounter Software for System Requirements Development

A06-017 Super-Nanocomposite Components for Advanced Interceptors

A06-018 Computational Fluid Dynamics Modeling for Electrically Conducting Flows

A06-019 Dissolvable Jet Vanes for Rocket Propelled Missiles

A06-020 Transient, Rocket Exhaust Plume Modeling for Static Test Analyses

A06-021 Modeling and Simulation of Missile and Munition Power Sources

A06-022 Software-Based Anti-Tamper Technique Research and Development

A06-023 Alternate Green Body Dome Fabrication Techniques

A06-024 Green Body Machining of Domes

A06-025 Novel Characterization and Measurement of Radar Ground Clutter for Modeling and Simulation

A06-026 Metrology for Aspheric Domes

A06-027 Multi-functional Polymers for Composite Structures

A06-028 Manufacturing and Producibility of Gelled Propellants

A06-029 Hybrid Composite for Beryllium Replacement in Missile Defense Interceptors

A06-030 Anti-Tamper Active and Passive Sensors for Use Inside an Integrated Circuit

A06-031 Affordable Electro-Magnetic Interference (EMI) Grid Application

A06-032 Software Sentinel Anti-tamper Technique

A06-033 Improvements in Yttria Strength for Durable Windows

A06-034 Hardware-Based Anti-Tamper Techniques

A06-035 Assessment Tool for Determining Product Assurance Readiness Levels

A06-036 Multifunctional Nanodevice Skins for Cognitive Missiles

Armament RD&E Center (ARDEC) Carol L'Hommedieu (973) 724-4029

A06-037 Near Real Time Structure Mapping for Urban Combat

A06-038 Low Cost, Improved Thermal Batteries

A06-039 Versatile Sensor Network/Data Fusion Optimization System

A06-040 Innovative Thermal/Chemical Resistant Coating Material

A06-041 Integration of a Laser Range Finder into a Stabilized Binocular

A06-042 High Speed Innovative Electronic Image Stabilization

A06-043 Automated Target Hand-Off for Future Force Operations
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A06-044 Innovative Computer-Aided Manufacturing

A06-045 Automatic Target Detection and Recognition Algorithms for Hyperspectral Sensors

A06-046 Novel Plasma Stabilization and Control of Titanium Welding Processes

A06-047 Innovative Harware-Based Chip Control Technologies

A06-048 Innovative Polarized RF Reference Sources

A06-049 Novel Miniature Inertial Igniters for Thermal Batteries

A06-050 Novel Actuators for Active Aerodynamic Control of Gun Fired Munitions

A06-051 Infrared Hyperspectral Linear Array Sensor

A06-052 Collaborative Engagement with Unmanned Systems

A06-053 GPS Denied Guided Gun Fired Smart Munitions

A06-054 Advanced Processing Techniques for Novel High Strength Magnesium Alloys

A06-055 High Temperature Sensor for Consolidation of Refractory Metals and Alloys

A06-056 Innovative Predictive Model for Determining Bore Erosion

A06-057 High Efficiency Quantum Dot Based Photo Voltaics

A06-058 Synthesis of Nano Composite Super Thermites with Tunable Energy Release

Army Research Institute (ARI) Dr. Peter Legree (703) 602-7936

A06-059 Virtual Demonstrations for Infantry Training

A06-060 Team Composition Optimization Tools

Army Research Laboratory (ARL) Vincent Marinelli (301) 394-4808

A06-061 Flexible Electronics for Rugged, Low Power Army Systems

A06-062 Compact, Lightweight Ultrafast Laser Source for Field Sensors

A06-063 Fluctuation-Enhanced Chemical & Biological Sensor Systems

A06-064 Dynamic Ad-Hoc Network Communications Visualization and Control

A06-065 High Sensitivity Rugged Array Detectors for Field Deployed Instruments

A06-066 Compact Direct Methanol Fuel Cell Power System Using Pulsed Electrical Control

A06-067 Stereoscopic 3D Viewing of Single-sensor Video from Moving Surveillance Platforms

A06-068 Effects of Damage to Composite Materials

A06-069 Structural Damage Effects to Army Vehicles

A06-070 LIBS-Based Deminer’s Probe for Buried Landmine Detection

A06-071 Awareness and Recognition of Behavioral Threat within Complex Environments: Detection of
Intent from Biomotion Signatures

A06-072 Mobile Toxic Hazard Transport and Diffusion Analysis and Prediction Tool

A06-073 Lightweight Structural Energetic Composites for FCS Munitions

A06-074 Design and Development of a Micro Solid State Cooling Device for Harsh Battlefield
Environments

A06-075 Simulation Tools for Strain Engineering, Manufacturing and Design of Novel Optical and
Electronic Superlattice Materials and Surfaces

A06-076 Novel, Low Cost Superhydrophilic Anti-Fog Coatings to Maintain Transparency

A06-077 High Power Density Gears Using a Systems Engineering Approach for Selection, Test, and
Evaluations of Emerging Materials, Surface Engineering, and Tribology Solutions

A06-078 New and Improved Nonaqueous Electrolyte Components - Salts and Solvents

A06-079 Identification of Cultural Demographics to Predict Community Responses to Military Operations

A06-080 Coatings for Field Repair of Transparent Materials

A06-081 Efficient and Novel Algorithms for RADAR Systems with Phased Array Antennas

A06-082 Multifunctional Erosion Resistant Coatings for Turbine Engine Components

A06-083 A Process to Produce High-Purity Encapsulated Particulates in Large Quantities

A06-084 Reliable Biometrics Data Quality Measure for Multi-modality Biometrics Fusion

Army Test & Evaluation Command (ATEC) Curtis Cohen (410) 278-1376

A06-085 Real-Time Tracking of Multiple Entities Within a Complex Joint Urban Environment

A06-086 Multiplex Data Bus Controller/Translator

Communication-Electronics RD&E Center (CERDEC)  Suzanne Weeks (732) 427-3275

A06-087 Improved Web-Based Mapping
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A06-088
A06-089
A06-090
A06-091
A06-092
A06-093
A06-094

A06-095
A06-096

A06-097

A06-098
A06-099
A06-100
A06-101
A06-102
A06-103

A06-104
A06-105
A06-106
A06-107
A06-108
A06-109
A06-110
A06-111

A06-112
A06-113
AQ6-114
A06-115
AQ6-116

A06-117

A06-118
A06-119
A06-120
A06-121
A06-122
A06-123

AQ06-124
AQ06-125

A06-126
A06-127
A06-128
A06-129
A06-130

A06-131

Automated World-View Construction for a Multi-Modal Mobile Mounted Sensor Suite

Helmet Antenna System

Detection and Neutralization of Improvised Explosive Devices

Lithium-Air Hybrid for Soldier, Sensor and Unmanned Aerial Vehicle (UAV) Power
Low-Power/Low-Cost Global Positioning System (GPS) Receiver Card

Efficient JP-8 Burners for Soldier Portable Stirling Power Systems

Models to Address Diplomatic, Information, Military, Economic (DIME) Factors for the
Propagation/Evolution of Ideas Through Defined Populations

Real-Time Three-Dimensional (3D) Visualization for On-The-Move (OTM) Applications
Regenerable Sulfur Removal and Processing of Diesel and JP-8 Logistics Fuels for Fuel Cell
Auxiliary Power Units

Micro-Power Generation Suite For Future Combat Systems (FCS) and Global War on Terror
(GWOT): Watts To Kilowatts

Innovative Integration Layer for Signal Analysis Support

Low Jitter Clock Source for Radio Frequency Data Converters

Reactive, Multi-Layer Simulation Technologies

Image and Character Restoration Module for Arabic Text Documents

On-the-Move Geolocation of Very Weak RF Signals in Urban Environments

Advanced Fast Tuning Low Phase Noise, Low Power Consumption, Wideband Tuner for
Electronics Warfare (EW) Applications

Portable Terahertz Imaging System

Propagation Modeling of Near Ground Radio Signals

Advanced People and Wildlife Discrimination Algorithms for Radar

Improved Efficiency of 2.09 Micron Pump Laser

Prioritization for Improved Effectiveness of Co-Located Wide and Narrow Field-of-View Sensors
Wideband, Interference Rejecting Antenna Subsystem

Compact, Wideband, Single or Dual Antenna Geolocation

Compact Fast Tunning Direct Digital Synthesizer (DDS) Signal Generator for Electronics Warfare
(EW) Jammer Systems

Advanced Algorithms for Distributed Fusion (A2DF)

Geometric Pairing (GP) of battlefield entities thru the Combat Net Radio System (CNRS)
Uncooled Long-Wave Infrared (LWIR) Hyperspectral Sensor

Micro Solid State Low Light Level Camera

Improved Far-Target Location Accuracy for Man-Portable Systems Through Application of
Micro-Electro-Mechanical Systems (MEMS)-Gyro / Magnetometer Hybrid Sensor & 3-D
Compensation Algorithms

Spatial Registration for Forward-Looking Ground Penetrating Radar (GPR) With Magnetometer,
Passive Millimeter Wave, Long-Wave Infrared, Medium Wavelength Infrared, Short Wavelength
Infrared, or Visible Imaging Sensors

High Coefficient of Performance Nano Cooler for Near Room Temperature Detectors

High Performance Thermal Transfer Material

High Efficiency Erbium/Ytterbium (Er/Yb) Doped Fibers for Eye-safe Fiber Laser Sources

High Performance Uncooled Focal Plane Arrays

Type | and Type Il Superlattices for Tactical Applications

Innovative Approaches to Service Organization Architectures for Legacy SIGINT System
Interoperability with Global Information Grid (GIG)

Innovative Architectures for Flexible Adaptive Communications Intelligence Analysis

Seamless Route Distribution & Management Across Command and Control, Communications,
Computers, Intelligence, Sensors and Reconnaissance (C4ISR) Networks

Topology Design and Optimization Tool for Mobile Ad Hoc Networks

Dual Band X/Ka On-The-Move Antenna System

G-Hardened Radio Hardware Technology

Programmable Waveform-Independent Digital Processor for Digital-RF Satellite Communications
Spatially Combined Metamorphic High Electron Mobility Transistor Power Amplifiers for
Satellite Communications

Routing Protocol Design Toolset for Wireless Ad Hoc Networks to Maximize Quality of Service
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A06-132 Curved Surface Electromagnetic Band Gap Metamaterial

A06-133 Multi-Mode Acoustic/Radio Frequency (RF) Techniques for Sensor Node Localization and
Building Characterization

Engineer Research & Development Center (ERDC) Theresa Salls (603) 646-4591

A06-134 A Man-Portable Fraunhofer Line Discriminator/Spectrometer

A06-135 Developing Automated/Semi-automated Techniques to Align Vector and Image Data

A06-136 Three Dimensional (3D) Topology Builder

A06-137 Enabling Cross-Domain Exploitation of a Common Geospatial Database

A06-138 Nanotechnology for Neutralization of Biowarfare Agents in Buildings

A06-139 Hydrogen Reformation of Renewable Ethanol for Military Applications

A06-140 Intelligent Tactical Electric Grid Control

A06-141 Monitoring Tire-Soil Interaction

A06-142 Detection of Vehicle Type and Buried IED’s Through Remote Sensing

A06-143 Degradation Modeling of Composite Materials Used in Military Construction

JPEO Chemical and Biological Defense (JPEO CBD) Larry Pollack (703) 767-3307

A06-144 “Smart” Intermodal Shipping Containers

A06-145 Integrated Portable Explosives, Chemical Warfare Agent, and Radiation Detector

Joint SIAP System Engineering Organization (JSSEO) Windy Joy Springs (703) 602-0901 (ext. 253)

Christine Lee (703) 602-6441 (ext. 278)

A06-146 Association of Object Features and Attributes, with Limited

A06-147 Association of Critical, Infrequent Data

JPEO Joint Tactical Radio Systems (JPEO JTRS) Kay Griffith-Boyle (732) 427-0634

Grace Xiang (732) 427-0284

A06-148 Network Service Availability and Debug Technology

A06-149 Stateful Inspection Devices in an Asymmetric Routing Architecture

Medical Research and Materiel Command (MRMC) Terry McCune (301) 619-2110

A06-150 Inspiratory Impedance as a Treatment for Traumatic Brain Injury

A06-151 Ultrasound or Ophthalmodynamometry Technologies for Battlefield Diagnosis of Traumatic Brain
Injury

A06-152 Insecticide Matrix Formulations for Improved Control of Sand Flies and Mosquitoes in Severe
Environments

A06-153 Neural Protein Biomarkers in the Blood for the Diagnosis of the Severity of Brain Injury

A06-154 Pharmacological Strategies for Prevention and Treatment of Noise-Induced Hearing Loss

A06-155 Automated Laser Debridement System for Cutaneous Injuries

A06-156 Long-lasting Insecticide-impregnated Bed Net

A06-157 Liquid-Fueled Catalytic Heater for Infusion Fluids

A06-158 A Multiplexed Point-of-Care Assay for the Detection of Enteric Pathogens That Cause Severe
Diarrhea in Deployed Soldiers

A06-159 Rapid Detection of Acetylcholinesterase-Inhibiting Pesticides in Water

A06-160 Diagnosis of Bone Fractures and Soft Tissue Injury with a Non-invasive Non-ionization Imaging
Technique

A06-161 Multi-purpose Compressor-Decompressor (CODEC) with Telesurgery Capability

A06-162 The Role of Micronutrients in Reducing Noise-induced Hearing Loss

A06-163 Robotic Force Health Protection from Chem-Bio Agents and IEDs

A06-164 Dynamic Contrast Enhancing - Magnetic Resonance Imaging Agents for Angiogenesis Detection

A06-165 Micro Electronics for Intraoral Salivary Hydration Sensor

A06-166 Rapid and Early Detection of Prions

A06-167 Development and Automation of a Novel Dengue Neutralization Assay

A06-168 Wireless Sensor Network with Multiple Sensors for Chemical and Biological Threat Detection
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Natick Soldier Center (NSC) Dr. Gerald Raisanen (508) 233-4223

A06-169 High Performance Lightweight Transparent Armor Materials
A06-170 Development of Extruded Self Mating Closure System
A06-171 High-Strength Low-Cost Polymer Fibers for Protective Clothing and Equipment, Shelters and
Airdrop Equipment
A06-172 Novel Textile Constructions for Puncture Resistant Inflatable Composites
A06-173 Battlefield-Fuel Transpiration Membrane
A06-174 High-Efficiency Heat Exchanger for Individual Stoves
A06-175 Highly Conducting Textile Fibers for Electro-Textile Applications.
A06-176 Wearable Electronic Network Made from Discrete Parts
A06-177 Combined Heat and Power System (CHPS)
A06-178 Development of Phage Technology Effective Against Biological Pathogens for Foods
A06-179 UV Resistant Synthetic Polymer Fibers
A06-180 Ethylene Control in Fresh Fruits and Vegetables
A06-181 Pressure Measurement System for Parachute Fabrics And Other Textiles
A06-182 Flow Field Measurements and Visualization for Full Scale Parachutes
A06-183 Light Weight Fabric for Parachute Modeling
A06-184 Agent Indicating, Decontaminable, Barrier Material for Protection Against Chemical and
Biological Warfare Agents
PEO Ammunition Robin Gullifer (973) 724-7817
Jessica Woo (973) 724-4908
A06-185 Wall Interrogator
A06-186 Single Action Wall (SAW) Breecher
PEO Aviation Rusty Weiger (256) 313-3398
A06-187 Continuous Power Assurance for Rotorcraft
A06-188 Enhancing Computer Generated Forces (CGFs) for Air Traffic Control Interaction
PEO Command, Control & Communications Tactical Kay Griffith-Boyle (732) 427-0634
Grace Xiang (732) 427-0284
Brain Crawford (732) 427-3163
A06-189 Reflective Cognitive Agents Supporting Faster than Real-time Course Of Action Analysis
(COAA)
A06-190 HMMWY Towable Load Following 100 kW Power Unit
PEO Combat Support & Combat Service Support LTC John Shanklin (586) 574-6228
A06-191 Lightweight Mine-Protected Fasteners for Blast Protection Appliqués
A06-192 Innovative Impact Energy Absorber Appliqué
PEO Ground Combat Systems John Karavias (586) 574-8190
A06-193 Two-Phase Thermal Management Device Resistant to the Effects of Mechanical Vibration and
Shock.
A06-194 Complete Thermal Management Modeling Tool for System Integration of HYAC Systems
PEO Intelligence, Electronic Warfare & Sensors John SantaPietro (732) 578-6437
Rich Czernik (732) 578-6335
Debbie Pederson (732) 578-6473
A06-195 Remote Control Improvised Explosive Device (RCIED) Low Band Jammer
A06-196 High Power Ka/Ku Dual-Band mm-wave Power Amplifiers
PEO Missiles & Space James Jordan (256) 313-3479
George Burruss (256) 313-3523
Robin Campbell (256) 313-3412
A06-197 Lightweight, Low Cost, Seeker Gimbals
A06-198 Far Target Locator
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PEO Soldier King Dixon (703) 704-3309

Ross Guckert (703) 704-3310

A06-199 Focusing a Thermobaric/High Explosive Blast Wave

A06-200 Avrticulated Soldier Knee and Elbow Protection System

PEO Simulation, Training, & Instrumentation Joseph Dorleus (407) 384-3806

A06-201 Robust Single Frequency GPS Receiver Carrier Phase Measurements in a Mobile Ad Hoc
Wireless Network

PM Future Combat Systems Brigade Combat Team Frank Duriancik (571) 281-4467

A06-202 ICAS: Intelligent Control of Autonomous Systems

A06-203 UGV Dynamic Mobility Updates Using Real Time Prognostic and Diagnostic Information

Space and Missile Defense Command (SMDC) Dimitrios Lianos (256) 955-3223

A06-204 Miniature Explosive Pulsed Power for Missiles and Munitions

A06-205 Solid State High Energy Laser Component Technology

A06-206 Automated Real Time Pose Determination

A06-207 Counter Mortar Technologies

A06-208 Innovative High Energy Laser Technology

Simulation and Training Technology Center (STTC) Thao Pham (407) 384-5460

A06-209 Dynamic Integrated Video/Virtual View (DIV3)

A06-210 Predictive Technologies for Simulation and Training

A06-211 Reusable Synthetic Tissue for Severe Trauma Training

A06-212 Embedded Computer Generated Forces (CGF) Operator Control Unit (OCU)

Tank Automotive RD&E Center (TARDECQC) Alex Sandel (586) 574-7545

Martin Novak (586) 574-8730

A06-213 Abrasion/Shatter Resistant Transparent Armor

A06-214 Ultra-Light Weight Energy Absorbing Armor

A06-215 Imaging Radar for Small Unmanned Ground Vehicles

A06-216 Small Unmanned Inspection Vehicle with Manipulator Arm

A06-217 Light-Activated Instant-Blackening Optical Material

A06-218 Alternative Power Source for Small Unmanned Ground Vehicles

A06-219 Novel High-speed, Reliable, Non-mechanical Optical Switch

A06-220 Innovative Shape Memory Materials Process Techniques for Microelectronic Device Packaging

A06-221 A Fast Portable Hyperspectral Camera for the Detection of Camouflaged Objects

A06-222 Mobile Embedded Component Suite (MECS)

A06-223 Development of Federated Enterprise Architecture Models for Lifecycle Knowledge Management

A06-224 Multi-Physics, Multi-scale Ground Vehicle Reliability Prediction

A06-225 Advanced Fuel Injection System and Valve Train Technologies

A06-226 Demonstrate Novel Techniques to Manufacture Advanced Complex Three-dimensional Fuel
Injector Nozzle Shapes to Improve Combustion Efficiency and Reduce Emissions

A06-227 Leap-Ahead Air Filtration Innovations and Technologies

A06-228 Research and Development Work to Optimize the Diesel Engine Design, to Operate at Greater
than 42% Fuel Efficiency

A06-229 High Output Alternator Control System

A06-230 Magneto-Rheological Fluid Active Damper Suspension System for a Tracked Vehicle

A06-231 Electric Drive Running Gear System

A06-232 Shape Memory Alloy Reinforced Aluminum Foam composites for Ballistic Protection

A06-233 Advanced Military Cooling Designs and Techniques(AMCDAT)

A06-234 Piezoelectric Materials to Control Noise and Vibration and Detect Damage in Army Ground
Vehicles

A06-235 Army Tactical Wheeled Vehicle Emulator for Improved Simulation Characterization and

Reliability Assessment
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A06-236 In-Line Toxicity Monitoring for Maintaining Integrity of Potable Water Supplies
A06-237 Pollution Control Technologies Tolerant of JP-8 and other High Sulfur Fuels
A06-238 Remote Autonomous Robot Mounted Laser Night Vision Surveillance System
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DEPARTMENT OF THE ARMY
PROPOSAL CHECKLIST

This is a Checklist of Army Requirements for your proposal. Please review the checklist carefully to ensure that
your proposal meets the Army SBIR requirements. You must also meet the general DoD requirements specified in
the solicitation. Failure to meet these requirements will result in your proposal not being evaluated or
considered for award. Do not include this checklist with your proposal.

1. The proposal addresses a Phase | effort (up to $70,000 with up to a six-month duration) AND (if
applicable) an optional effort (up to $50,000 for an up to four-month period to provide interim Phase 11 funding).

2. The proposal is limited to only ONE Army Solicitation topic.

3. The technical content of the proposal, including the Option, includes the items identified in Section 3.4
of the Solicitation.

4. The proposal, including the Phase | Option (if applicable), is 25 pages or less in length. (Excluding the
Company Commercialization Report.) Proposals in excess of this length will not be considered for review or award.

5. The Cost Proposal has been completed and submitted for both the Phase | and Phase | Option (if
applicable) and the costs are shown separately. The Cost Proposal form on the Submission site has been filled in
electronically. The total cost should match the amount on the cover pages.

6. Requirement for Army Accounting for Contract Services, otherwise known as CMR reporting is
included in the Cost Proposal.

7. If applicable, the Bio Hazard Material level has been identified in the technical proposal.

8. If applicable, Plan for research involving animal or human subjects, or requiring access to government
resources of any kind.

9. If applicable, the following information regarding a proposed Foreign Nationals has been included in the
technical proposal - see section 2.15 of this solicitation for the definition. Use of foreign nationals shall require
approval by the Contracting Officer. An employee must have an H-1B Visa to work on a DoD contract. If the
offeror proposes to use a foreign national(s), the following information shall 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.
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Army SBIR 06.2 Topic Descriptions

A06-001 TITLE: Autonomous Navigation and Obstacle Avoidance for Small Unmanned Aerial Vehicles
without Global Positioning System

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles
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: Develop technologies that will ultimately enable small Unmanned Aerial Vehicles (UAVS) to
navigate reliably in complex environments performing obstacle avoidance without reliance on Global Positioning
System (GPS) or A Priori Data.

DESCRIPTION: One of the biggest challenges for autonomous UAVSs is the ability to reliably navigate in complex
terrain like urban jungles and near-earth environments. Several technologies exist for Unmanned Ground Vehicles,
as evident from DARPA’s Grand Challenge, and some of these can be transferred to UAVSs. The problem is that
most of these technologies are bulky and heavy and only apply to larger UAVs. Moreover these technologies tend
to be slow, limiting the safe velocities at which UAVSs can travel, and many approaches to navigation in complex
terrain require precision GPS and significant amounts of a priori data (maps and 3D scans) to plan and navigate in
real time. In addition, GPS and a priori data may not be always available. Small UAV’s are the most appropriate
and are agile enough to maneuver in these environments but have significant limits on payload. This makes sensors
and processing to do robust navigation and obstacle avoidance a significant challenge.

This effort will investigate and advance the ability of current and developmental technology to permit small UAVs
(both rotary wing or fixed wing) to navigate at low altitude in complex terrain and without GPS and with limited or
no a priori data. Notionally this could use a priori data such as low resolution, terrain maps to identify areas of
probable obstacles and then use real-time higher resolution visual (EO/IR, LADAR, SAR, etc.) and non-visual (RF,
Acoustic, etc) data to identify stationary as well as moving obstacles in its path. The UAV should then be able to
use this data to plan its near-term flight path autonomously. The navigation system onboard the small UAV should
facilitate reliable deconfliction with other non-cooperative manned and unmanned aircraft.

The key technical challenges that will be the focus of this effort include:

1. Accurate state estimation without GPS updates in unpredictable flight conditions.
2. Low cost, low weight and low power sensor systems to detect obstacles.

3. Low latency data processing to enable autonomous flight at operational speeds.

PHASE I: Through Trade Studies identify appropriate sensor and software algorithmic technology that can be
used/developed and integrated on small UAVs that will permit high speed navigation and obstacle avoidance in very
complex environment without relying on GPS and a priori data. Conduct proof of concept assessment of any critical
technologies.

PHASE II: Using simulation and other test facilities continue to develop and refine navigation and OA algorithm
development. Design and develop a complete system and install it on a small UAV or surrogate and conduct testing
to characterize system performance. Define requirements and goals for follow-on system development efforts based
on the results of this research.

PHASE I1I: This technology addresses a core need for the Army’s FCS goals and similar related DoD systems. This
technology has potential commercial applications in the areas of intelligent transportation, underground mining and
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geological surveying. Beyond these it could enable a vast assortment of new and unanticipated applications in both
the commercial and military domains.

REFERENCES:

1) Navigation via Signals of Opportunity (NAVSOPP), DARPA SPO,

Program Manager: Dr. Greg Duckworth, http://www.darpa.mil/spo/programs/navsopp.htm

2) Visual Servoing for Tracking Features in Urban

Areas Using an Autonomous Helicopter, http://cres.usc.edu/pubdb_html/files_upload/474.pdf

3) Aerial Robots: Airframes, Sensing and Navigation, Paul Y. Oh, Drexel University — Mechanical Engineering -
http://www.wtec.org/robotics/us_workshop/June22/Aerial-robots-paul-oh.pdf

KEYWORDS: UAV, Autonomous, Navigation, GPS-free, Obstacle Avoidance, Visual Odometry, Algorithms,
GPS, Obstacle Avoidance, Algorithms, deconfliction, micro UAV

A06-002 TITLE: Rotorcraft Automated Load and CG Balance Measurement System

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Design, build, and demonstrate a Load and Center of Gravity(C/G) Balance Measurement System,
applicable to rotorcraft platforms, which would eventually be integrated into the functionality of the aircraft onboard
HUMS (Health & Usage Monitoring System).

DESCRIPTION: The development of an automated internal and external load weight and balance measurement
system would provide a number of benefits that would be applicable to both new and legacy utility and heavy lift
aircraft. An accurate and automated means for load determination is vital as a data input for HUMS-based parts
lifing and damage algorithms. If the system could be readily integrated into current external lift and sling load
handling systems, proven systems could be rapidly deployed to provide immediate safety benefits. They would also
enable reduced cost of operation when integrated with HUMS systems within a condition-based maintenance
environment (CBM). Accurate and automated load determination is currently unavailable, yet a crucial parameter
for the aircraft HUMS. The HUMS utilizes this parameter to determine airframe loading and hence component life.

The concept must be capable of providing reliable measurement of internal and external load, to include external
load amplitude and vector orientation while exposed to a full range of harsh operational environments, including
temperature, sand, and sea spray. Current load management is done through manual estimates of internal and
external loads that are manually converted to estimates of GW and CG. Internal loads can vary during flight
through ejection/offload of payload or troops from external door and/or ramp area(s). External slung loads vary by
aircraft and mission. Rescues may occur through cable winches via side doors. Payloads may be hooked to one or
more releasable hooks. Many aircraft have two or three hook systems. Loads can be released in flight. Current
aircraft have no internal or external load sensing capability for real-time GW or CG monitoring. The following
functionality of a automated rotorcraft load and balance monitoring is desired:

« External load monitoring sub-system that includes either smart hooks and/or airframe attachment point sensors that
can measure the amplitude and orientation of the external load vector(s).

« Internal load monitoring system that includes some concept for measuring the weight and distribution of internal
cabin loads.

* Algorithm to automatically convert input from both internal and external load monitoring sub-systems into
changes into overall aircraft load and balance.

* Display system to present real-time measurement of overall aircraft weight and balance relative to operational
limits to the pilot.

The desired system concept would address both internal and external loads and CG monitoring.

PHASE I: The system will be designed, fabricated, and bread-board tested in a laboratory setting. Phase | testing

will provide definite proof of concept for the technology. The system tested in the Phase | will address:
1)Automated load determination (internal and external) and 2)CG monitoring.
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PHASE II: Further develop and demonstrate a prototype internal/external load weight and CG measurement system
via more realistic bench testing. Bench testing will prove feasibility over extended real-world operating conditions.
A minimum TRL=5 is expected at the end of the Phase 11 effort.

PHASE I1I: Phase Il Military Application: After successful demonstration during Phase 1, the UH-PMO may
integrate and flight-test this technology in conjunction with the UH-60M Goodrich IVHMs diagnostic suite. The
IVHM s has "open systems" software allowables where third party vendors could integrate their respective
technologies into the Goodrich IVHMS(Integrated Vehicle Health Maintenance System) diagnostic platform. The
UH-60 PMO is interested in furthering the benefits of Condition Based Maintenance(CBM) for the entire
Blackhawk fleet and this topic would help facilitate this.

COMMERCIALIZATION: External/internal load calculation and CG control is vital for rotorcraft involved in
logging, fire-rescue, natural disaster relief, ocean oil-rig logistics. For commercial rotorcraft with HUMS (eg. S-92),
automated load calculation is still needed for lifing of parts and implimentation of true condition based
maintenance(CBM).

REFERENCES:

1) HUMS Open Systems Specification, BF Goodrich Aerospace Aircraft Integrated Systems, DOC. NO. E-3424, 30
August 1999.

2) IEEE Std 1451.1-1999, Network Capable Application Processor (NCAP) Information Model.

3) AIAA-2000-4042, "On-line Identification and Nonlinear Control Of Rotorcraft/External-Load Systems", J. D.
Schierman, T. H. Lawrence.

KEYWORDS: HUMS(Health and Usage Monitoring System),load measurement system, load cell, external/slung
load(s), center of gravity balance, Condition Based Maintenance(CBM)

A06-003 TITLE: Terrain/Obstacle Sensors for Rotorcraft Synthetic Vision Displays

TECHNOLOGY AREAS: Information Systems, Electronics
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 SBIR topic is to develop a system of sensors and associated data processing to
map terrain and obstacles around piloted and autonomous rotorcraft. For piloted rotorcraft, the data will be used to
render terrain and obstacles on a helicopter pilot’s synthetic vision display to enable safe low level flight and landing
during poor visibility conditions. Unlike current (radar) sensors on the MH-60K, this sensor system needs to be
extremely short-range, very wide-field-of-regard, and high resolution. A multi-spectral solution (radar, laser, etc)
may be required.

DESCRIPTION: The sensor system to be developed through this SBIR is intended to be used on manned and
autonomous rotorcraft performing three maneuvers: 1) approach to a landing. 2) hover. 3) low level and contour
flight up to 100 knots.

Landing: With the development of the UH-60M Coupled Flight Director and the UH-60M FBW FCS with Coupled
Flight Director, the Army will have the stability and automated flight control systems to make landings in an all-
weather environment. Unfortunately, obstacles and sloping terrain prevent landing in austere environments which
are typical of combat/tactical environments. The development of lightweight/low power sensors to detect near field
obstacles would allow the pilot to avoid obstacles in the landing environment even without visual reference to the
ground. Note that SBIR topic A04-078 (Anacapa Sciences - CA) develops a display showing obstacle and slope for
hover/landing, but not the sensor. Topic A04-078 suggests using a relatively new technique of building up a
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persistent database of obstacles and terrain, to enable an area to be scanned before a downwash dust cloud forms
(which may prevent further high resolution scans), and also to reduce scan rate requirements. On the autonomous
side, future UAV aircraft must scan an area before decision-making algorithms can identify best choice landing
sites. Reference topic A05-066 (PercepTek — CO).

Hover: Both manned and unmanned rotorcraft need sensors to detect obstacles during hover. The aircraft can depart
a hover in any direction, so a complete map of terrain/obstacles around a helicopter is required. However, the areas
behind the rotorcraft may be displayed from the persistent database scanned previously during the approach-to-
hover.

Low level and contour flight: On a synthetic vision display, an artificial image of the terrain is rendered from either
a stored terrain database, or else sensor data. The pilot uses the perspective view image of the terrain to make
decisions on the route to take over the terrain. In a combat environment, the desired route is below hill-top level,
using valleys to mask the aircraft against radar detection. SBIR topic A03-070 (Monterey Technlogies - CA, Nav3D
- CA, and AirEyes — OR) develops a system to merge (simulated) sensor and stored terrain database information, for
the rendering of synthetic terrain on the primary flight display. Distant terrain is rendered from a stored terrain
elevation database (since accuracy is not critical for distant terrain), while close terrain is rendered from sensor or
sensor-checked data. This system corrects errors in the persistent, stored terrain elevation database, while keeping
sensor power low (because only the close terrain is checked). For both manned and autonomous aircraft, the sensor
system developed for this SBIR is needed to determine the terrain/obstacle heights in front of the aircraft at
relatively short ranges (approx. 20 seconds in front of the aircraft). The ability to sense through particulates in the
air (fog/snow/dust) is critical. However the resolution requirements are less than that required for landing and
hover.

A single type sensor may not meet all the requirements. Radar will penetrate fog/snow/dust, but typically has
insufficient resolution for hover/landing maneuvers. Laser has high resolution, but is adversely affected by
particulates in the air, such as fog/snow/dust which limit its range. A hybrid system seems like a logical solution.
However, single sensor solutions will be acceptable if the proposal addresses the requirements. Very wide fields-of-
regard will be required both in the horizontal axis, and the vertical axis, possibly requiring sensor arrays. In the
vertical direction, the sensor system needs to see obstacles below the aircraft, as well as in front of the aircraft. To
reduce costs for this SBIR, less than idea fields-of-regard will be acceptable as long as the design is expandable in
phase Il1l. The goal is to be able to see at least 20 seconds in front of the aircraft, for any speed up to 100 knots.
During hover/landing, the sensor system should detect obstacles as close as 1 rotor diameter away or less. This topic
requires data processing electronics to covert raw elevation, azimuth, and range data from the sensors into a form
that off-the-shelf terrain rendering software can import. Data processing should also remove noise (false signals)
from the final output.

PHASE I: Phase | is a paper feasibility study. An industry and academia survey is appropriate for this phase of this
SBIR. Deliver a phase I report on the feasibility of the system, with supporting evidence (if possible) that the
system can be successfully build in phase I1.

PHASE II: Design, fabricate, and laboratory test a prototype sensor system that meets the goals of this SBIR topic.
Deliver a prototype system ready for flight test. Provide documentation necessary to integrate and operate the
sensor system on a UH-60 aircraft. Deliver a phase Il report on the design and test results of the sensor system.

PHASE IlI: If the cost and weight are low enough, there is potential to install this sensor system into every Army
manned and autonomous airframe. This sensor system should reduce the number of helicopter accidents in marginal
visibility conditions, and inadvertent IMC conditions, as well as enabling poor weather operations.

The number of Civil Emergency Medical Services (EMS) helicopter accidents can potentially be reduced from the
proposed system. For EMS helicopter accidents between 1990 and 1999, a substantial 53% of accidents were at
night, and 24% of accidents were during IMC conditions, both degraded visual conditions [Hart S. 2001]. Take-off,
approach, and landing accounted for 19%, 16%, and 14% of all accidents, respectively. When the report includes all
flight phases, in-flight collision with objects is the lead first event, followed by collision with terrain.

REFERENCES:
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1) Szoboszlay Z., Hardy G., Welsh T., “Improving the Flight Path Marker Symbol on Rotorcraft Synthetic Vision
Displays,” American Helicopter Society Annual Forum, 2004.

2) Almsted L., Becker R., Zelenka R., "Affordable MMW Aircraft Collision Avoidance System,” Enhanced and
Synthetic Vision, SPIE Vol. 3088, 1997.

3) Zelenka R., Almsted L., "Flight Test of 35 GHz MMW Radar Forward Sensor for Collision Avoidance," First
World Aviation Congress, 1996.

4) Coppenbarger R., "A Sensor-Based Automated Obstacle Avoidance System for Nap-of-the-Earth Rotorcraft
Missions," Helmet Mounted Displays, SPIE Vol. 2735, 1996.

5) Fontana R., Larrick J., Cade J., Rivers E., "An Ultra Wideband Synthetic Vision Sensor for Airborne Wire
Detection," Enhanced and Synthetic Vision, SPIE Vol. 3364, 1998.

6) Hellemann K., Zachai R., "Recent progress in mm-wave-sensor system capabilities for Enhanced (Synthetic)
Vision," Enhanced and Synthetic Vision, SPIE Vol. 3691, 1999.

7) Holder S. Branigan R., "Development and Flight Testing of an Obstacle Avoidance System for US Army
Helicopters," AGARD-CP-563, 1994.

8)Kretmair-Steck W., Haisch S., "All-weather capability for rescue helicopters,” Enhanced and Synthetic Vision,
SPIE Vol. 4363, 2001.

9) Wiley L., Brown R., "MH-53] PAVE LOW Helmet-Mounted Display Flight Test," Helmet- and Head-Mounted
Displays and Symbology Design Requirements, SPIE Vol. 2218, 1994,

10) Craig G., Jennings S., Link N., Kruk R, "Flight Test of a Helmet-Mounted, Enhanced and Sythetic Vision
System for Rotorcraft Operations”, American Helicopter Society 58th Annual Forum, 2002.

11) Braithwaite M., Groh, S., Alvarez E., Spatial Disorientation in US Army Helicopter Accidents: An Update of
the 1987-1992 Survey to Include 1993-1995, USAARL Report No. 97-13, 1997.

12) Durnford S., Crowley J., Rosado N., Harper J., DeRoche S., Spatial Disorientation: A Survey of U.S. Army
Helicopter Accidents 1987 - 1992, USAARL Report 95-25, 1995.

13) Hart S. G., “Civil Medevac Accidents,” 11th International Symposium on Aviation Psychology, Columbus OH,
2001.

14) "Aircrew Training Manual Utility Helicopter, UH060, EH-60," US Army Training Circular No. TC 1-212, 1996.

KEYWORDS: helicopter, rotorcraft, radar, LIDAR, synthetic vision, sensors, landing, survivability

A06-004 TITLE: Unmanned Aerial Vehicles Launch and Recovery On the Move (UAVLR-OTM)

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles
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: Develop a small self-contained Unmanned Aerial Vehicle (UAV) Launch and Recovery On the Move
(UAVLR-OTM) system that can be mounted on a variety of military vehicles (HMMWYV, tanks, trucks, and other
UGVs) that are moving at significant velocities over potentially very rough terrain. This technology should be
equally applicable to marine applications in the Navy and commercial fleets.

DESCRIPTION: One of the key to aspects behind the FCS Class 2 UAVSs is the ability to be launched from a variety
of vehicles. In order to not hamper the mobility of the FCS Company or platoon vehicles and maintain the
OPTEMPO of the mounted forces, it is desirable that the UAVs be able to do autonomous take-offs and landings on
the move. ldeally such a system would be small and compact enough to mount on a variety of manned and
unmanned systems likely to be developed under FCS as well as be able to be retrofitted on trucks and other vehicles.
Moreover such a system would support automated refueling and rearming. Although many people are developing
launch and recovery capabilities from a variety of vehicles, the major technical challenge comes from doing it on the
move at a significant speed. Much like in naval automated take-off and landing systems for helicopters, the
difficulty in landing on a platform that can be moving in 3D is extreme and when combined with the obstacles
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associated with operating in urban environments and other complex terrains becomes a technology challenge in
search of an innovative solution.

This effort will focus on addressing the key technical challenges associated with doing the launch and recovery on
the move and not the packaging and support capabilities (refueling, maintenance) of the entire module. The key
technologies to be addressed in this effort include:

1. Terminal guidance system capable of synchronizing movements of the vehicle and the UAV.

2. A means for assessing obstructions in the vicinity and its projected path of the platform.

3. The ability to secure and release the UAV on the move reliably without damaging it.

To be applicable for UAVLR-OTM, the technologies must also have the potential to fit in a small mountable
package on the ground vehicle, minimal impact on UAV payload and functionality, have realistic power
requirements, and must be able to be engaged remotely and be fully autonomous relative to the launch and recovery
operation. Prime concern in this effort needs to be the safety of the manned vehicle and the potential impact on
bystanders.

Besides being used on ground vehicles, this type of system would have direct application to naval vessels and would
pave the way for ultimately developing a airborne launch and recovery.

Although this effort will focus on the key launch and recovery sub components, a complete concept or a mobile
UAYV platform would also include capabilities for refueling and rearming, act as a maintenance platform for the
UAYV in the field to include automated diagnostics, and provide the opportunity to shield the UAV while mounted on
the platform. Although it is desirable to develop a general solution UAVLR-OTM applicable to all UAVs, it is
understood that the physical and technical aspects of a UAVLR-OTM concept are likely to limit the applicability of
the system to UAVs with certain characteristics.

For this effort, the offerer is free to consider concepts applicable to either fixed-wing or rotary-wing UAVs and air
vehicle up 130 Ibs gross weight. Flight characteristic (speeds and physical dimensions) of the UAV need to be
consistent with landing on a moving vehicle. Concepts applicable to smaller UAV as low as a few tens of pounds
would also be of interest.

PHASE I: Trade study to find and assess appropriate technologies to perform the terminal guidance, path clearance
and capture/launch the UAV from a moving vehicle. The trade study will consider a range of application ranging
from: 1) speed up to 25 miles per hour on uneven and winding terrain to 2) improved roads in urban and residential
community with speeds up to 45 miles per hour. The contractor shall develop an integrated concept for the UAV
Launch and Recovery On the Move (UAVLR-OTM) system. The contractor shall conduct proof-of-concept studies
and/or limited demonstrations to validate critical components of the design.

PHASE I1: Using simulation and other test facilities continue to develop and refine navigation and UAVLR-OTM
algorithm development. Design and develop a complete UAVLR-OTM system, install it on a small military vehicle
or surrogate, and conduct testing to characterize system performance. Use the demonstration results to develop a
system specification and expand and refine the design for a complete UAVLR-OTM module including packaging,
mounting, and UAV support capabilities (refuel).

PHASE I1I: The of UAVLR-OTM has direct applicability to several FCS and other DoD systems. UAVLR-OTM
supports border patrol, police, oil line surveillance and forest fire protection. This technology could enable a vast
assortment of new and unanticipated applications of UAV technology in both the commercial and military domains.

REFERENCES:

1) Mullensa, Katherine; Aaron Burmeistera; Mike Willsa; Nicholas Stroumtsosb; Thomas Denewilerb; Kari
Thomasb; and Stephen Stancliffc: title ”Automated Launch, Recovery, and Refueling for Small Unmanned Aerial
Vehicles” < http://www.nosc.mil/robots/pubs/spie5609-29.pdf>

2) Joint Staff; "2003 CJCS MASTER POSITIONING, NAVIGATION, AND TIMING PLAN"; Report CJCSI
6130.01C, 31 March 2003, Page F-6 thru F-9; <http://www.dtic.mil/cjcs_directives/cdata/unlimit/6130_01.pdf>
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3) Oishi, M., I. Mitchell, A. Bayen, C. Tomlin, and A. Degani, "Hybrid verification of an interface for an automatic
landing", In the Proceedings of the 41st IEEE Conference on Decision and Control, Las Vegas, December 2002;
<http://sun-valley.stanford.edu/~tomlin/papers/cdc02_meeko.pdf>

4) Lee, Dooyong; Nilay Sezer-Uzol; Joseph F. Horn; Lyle N. Long; "Simulation of Helicopter Shipboard Launch
and Recovery with Time-Accurate Airwakes"; Presented at the American Helicopter Society 59th, Annual Forum,
Phoenix, Arizona, May 6 - 8, 2003, <http://www.vtol.org/pdf/flig59.pdf>

5) McK:illip, Jr, R., A. Boschitsch, T. Quackenbush, J. Keller, and D. Wachspress; "Dynamic Interface Simulation
Using A Coupled Vortex-Based Ship Airwake And Rotor Wake Model"; Presented at the American Helicopter
Society 58th Annual Forum, Montreal, Canada, June 11-13, 2002; <http://www.continuum-dynamics.com/research/
topics/rotorcraft_aircraft_interaction/mastpaper.pdf>

6) Khantsis, S. and Bourmistrova, A.; " Stochastic Design of a Non-Linear Controller for Autonomous UAV
Recovery"; Proceedings from ModSim05, International Congress on Modelling and Simulation, Melbourne,
Australia, 12-15 Dec 2005; <http://www.mssanz.org.au/modsim05/papers/khantsis.pdf>

7) Mullens, K., Burmeister, A., Wills, M., Stroumtsos, N., Denewiler, T., Thomas, K., and S. Stancliff, "Automated
Launch, Recovery, and Refueling for Small Unmanned Aerial Vehicles," SPIE Proc. 5609: Mobile Robots XVII,
Philadelphia, PA, October 26-28, 2004., <http://www.nosc.mil/robots/pubs/spie5609-29.pdf>

KEYWORDS: UAV, Launch, Recovery, vehicle, On-the-Move, FCSUAV, Autonomous, Navigation, GPS,
Obstacle Avoidance, Algorithms, Cooperative flight, terminal guidance

A06-005 TITLE: Design and Development of an Inter-Turbine Burner for Turboshaft Engines

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles
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: Develop and validate an inter-turbine burner for use in a turboshaft engine to provide improved part
power performance.

DESCRIPTION: Advanced turboshaft engines are expected to be required to support future Army Unmanned Air
Vehicle (UAV)/Future Force Systems (i.e., A160, Future Combat System, Joint Heavy Lift, Future Utility
Rotorcraft). Future missions will require these systems to spend a significant amount of time at cruise (part power)
conditions with the objective of increased range and time-on-station. Therefore, the advanced turboshaft engines of
the future will be required to provide significantly improved performance at part power in order to support these
missions. A reheat cycle in which heat is added between the high pressure turbine and the low pressure turbine
(power turbine) of a turboshaft engine has shown great potential for improved part power performance. A second
combustor or “inter-turbine burner” provides the heat addition between the turbines. One potential use of this
configuration allows the main combustor to be designed for optimum performance at part power. The inter-turbine
burner would then be used to supply added power during takeoff and evasive maneuvering. Several other usage
spectrums may exist with this configuration to optimize part power performance. Although the objective of this
topic is the development and validation of the inter-turbine burner, offerors are encouraged to consider the inter-
turbine burner and the main combustor as a system during their design. Doing so may provide opportunities to
significantly reduce engine weight and length. The burner design should be compact and minimize pressure loss.
Offerors should also consider the effect of heat addition on the power turbine life during the design. Teaming with
major engine manufacturers is highly encouraged in order to identify potential engine size class and prepare for
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commercialization in the future. A successful demonstration of this topic will result in advanced Objective Force
rotorcraft that can operate in a robust manner over a large power range for both cruise and full power conditions.

PHASE I: Perform the preliminary design of a compact, low pressure loss inter-turbine burner for use in turboshaft
engines and demonstrate feasibility. The preliminary design should consider effects on the power turbine and the
ability of the inter-turbine burner to function as a system with the main combustor.

PHASE II: Complete the detailed design, fabricate, and conduct validation testing on a prototype inter-turbine
burner. Validation testing should involve a rig test which simulates a representative engine environment
(representative inlet flows and temperatures and representative inter-turbine burner geometry).

PHASE I1I: The commercial potential for this technology is high. The benefits of the inter-turbine burner concept
are not limited to UAV propulsion. The reheat cycle could also improve the performance and/or power output of
larger turboshaft engines as well as turbofan engines used in both military and private industry. In the third phase of
this topic the offeror should focus on the commercialization of the technology through refinement of the technology
and integration into engine an manufacturer’s propulsion systems for use in future engine development programs.

REFERENCES:

1) Zelina, J., Sturgess, G. J. and Shouse, D. T. 2004 “The Behavior of an Ultra-Compact Combustor (UCC) Based
on Centrifugally-Enhanced Turbulent Burning Rates”, AIAA-2004-3541, AIAA Joint Propulsion Conference.

2) Zelina, J., Ehret, J., Hancock, R. D., Shouse, D. T. and W. M. Roguemore 2002 “Ultra-Compact Combustion
Technology Using High Swirl For Enhanced Burning Rate”, AIAA-2002-3725, AIAA Joint Propulsion Conference.

KEYWORDS: Inter-turbine burner, combustor, combustion, turboshaft, engine, ITB, UCC, Ultra Compact
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A06-006 TITLE: Low Reynolds Number, High-Lift Airfoil Development for Vertical Takeoff and Landing
Uninhabited Aerial Vehicles (VTOL UAVS)

TECHNOLOGY AREAS: Air Platform
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 primary objective of this project is the development of radically new high-lift, low-pitching
moment airfoils for Vertical Takeoff and Landing Uninhabited Aerial Vehicles (VTOL UAVSs). This is to be
performed with a solid engineering approach where high quality measured airfoil data is acquired specifically for the
challenging VTOL UAV aerodynamic environment.

DESCRIPTION: In support of soldier operations in hostile environments, VTOL UAVs are a rapidly emerging class
of vehicle with a range of sizes and mission profiles. Examples are soldier portable ducted fans, hand launched
conventional helicopters, and larger VTOL UAVs such as the A-160 Hummingbird. One challenge common to all
VTOL UAV rotor designs is the performance penalty caused by low Reynolds number aerodynamics. For small
vehicles, such as the portable ducted fan, the rotor blade chord size results in Reynolds numbers in the range of
50,000 to 250,000. For the case of larger UAVS, such as the A-160, the retreating blade Reynolds number at high
altitude can easily fall below 500,000. The demands on these types of aircraft and their importance to wartime
operations requires a better understanding and development of high performance airfoil designs and well validated
design/analysis tools in the range of Reynolds numbers from 50,000 to 500,000. It is in this range, where flow
physics issues associated with laminar separation bubbles prevent accurate numerical simulation of new designs. In
the case of micro air vehicles, where Reynolds numbers can be in the range of 1000 to 20,000, the physics involve
laminar separation without reattachment in most cases. This creates less of a challenge for Computational Fluid
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Dynamics tools to model transition, although this is still an important area of research. The current focused effort
involves a range of Reynolds numbers from 50,000 to 500,000 that covers small low-altitude portable UAVs and
high altitude larger UAVs that are likely to be deployed in the near term.

Improved airfoil designs can impact mission effectiveness by improving performance in terms of hover figure of
merit, and cruise lift to drag ratio. These improvements result in increased payload, range and endurance of the
UAV platform. The major challenge for VTOL UAVs is to achieve high-lift airfoil performance without generating
high pitching moments. The constraint on pitching moment requires a truly innovative design in order to prevent
excess vibration, dynamic instabilities, and elastic deformations when the concept is applied to a rotor blade. While
much research in academia and industry has focused on fixed wing low Reynolds number airfoil performance, great
innovation will be required in this project to further the understanding of how separation bubble flow physics change
in the rotor environment. Challenges of the rotor environment arise from a greater number of potential triggers for
boundary layer transition. Examples include cross flow instabilities from yawed flow, vortex wake induced
freestream turbulence, and high frequency elastic deformations. Any new design must be able to either adapt or be
immune to major changes in the transitional nature of the rotor blade boundary layer.

PHASE I: The Phase | work involves development of a 2D wind tunnel testing approach/technique focused on rapid
prototyping of airfoil models, measurement accuracy, and a fast turn-around time. This would include the
identification and measurement of a high quality baseline test case with comparisons to other test facilities and the
current state-of-the-art design/analysis tools. Measurements should include both tripped and untripped lift, pressure
drag , total drag, and pitching moment, as well as measurements of transition location. The Phase | effort would
provide a framework and justification for the facilities and methods used in the study in the context of VTOL UAVSs,
and low Reynolds humber aerodynamics. The effort would conclude with a selection of airfoils for Phase |1, and the
identification of any unique high lift rotor airfoil concepts for future evaluation in Phase II.

PHASE II: The Phase Il task begins with detailed wind tunnel measurements on a representative group of high
priority VTOL UAV airfoils using the methods and facilities developed in Phase I. The task continues with the
validation of design/analysis tools using the wind tunnel measurements with special emphasis on the detailed flow
physics limiting current high-lift performance. Once validated, the semi-empirical tools would be used to establish
state-of-the-art performance bounds. These newly developed tools should be compared to current efforts of using
Computational Fluid Dynamics for capturing laminar separation bubble flow physics over this Reynolds number
range. Properly validated tools would enable the design of an advanced high-lift airfoil concept for follow-on wind
tunnel testing. Such a concept must achieve high-lift performance without creating a large pitching moment
unsuitable for use on a rotor blade. At the conclusion of Phase 11, this radically new concept would be sufficiently
matured to justify further evaluation by the US Army or Industry in a rotor aero-performance test.

PHASE I11: The military application of this technology can be applied to the development and improved
performance of high altitude VTOL UAVSs, micro air vehicles, and fixed wing UAVSs. In some cases, a radically
new level of airfoil performance using a unique concept can lead to the development of an entirely new class of
military vehicle. The commercial applications of the research include the development of well validated
design/analysis tools for industry, novel high lift concepts for aerodynamic performance, advanced wind energy
technology, and fixed wing transport efficiency.

REFERENCES:

1) Maughmer, Mark D., and Somers, Dan M., "Design and Experimental Results for a High-Altitude Long-
Endurance Airfoil”, Journal of Aircraft, VVol. 26, No. 2, Feb. 1989, pp. 148-153.

2) Eppler, Richard: Airfoil Design and Data. Springer-Verlag (Berlin), 1990.

3) Drela, Mark, "XFOIL: An Analysis and Design System for Low Reynolds Number Airfoils" Low Reynolds
Number Aerodynamics, T. J. Mueller (ed.), Lecture Notes in Engineering, VVol. 54, Springer-Verlag Berlin, 1989,
pp. 1-12.

4) Martin, Preston B., "Rotor Blade Airfoil Design for High-Altitude, Long Endurance VTOL UAVSs," 31st
European Rotorcraft Forum, Florence, Italy, 13-15 Sept. 2005.

5) Martin, P. and Tung, C., "Performance and Flowfield Measurements on a 10-inch Ducted Rotor VTOL UAV,"
Proceedings of the 60th Annual Forum of the American Helicopter Society, Baltimore, MD, June 7-10, 2004.
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A06-007 TITLE: Delegation of Authority to Intelligent Unmanned Aerial Vehicle (UAV) Team Members

TECHNOLOGY AREAS: Information Systems, Human Systems
ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE: Develop an intelligent network-centric control solution that allows an operator to delegate, or assign
predetermined tasks, to Unmanned Aerial Vehicles (UAVs) or teams of UAVSs. This will free the operator up for
higher order strategic decisions. The supervisory control and overall responsibility, however, stays with the operator.

DESCRIPTION: A great deal of effort has recently focused on the development of autonomy for UAVs. These
include Autonomous Collaborative Operations (ACO), UCAR, DARPA’s HURT, and the Navy’s Intelligent
Automation. These enabling technologies as well as desires to reduce the operator: vehicle ratio leads to the need
for operators to serve more as supervisors to intelligent UAVs, and less as remote pilots of a single platform. The
supervisory control of UAVSs is the other side (and the human interface side) of the automation coin.

However, human interaction with automation through supervision is difficult to optimize. Itis a difficult technical
problem to develop an interface that optimizes the use of multiple sensor views, for example. Several issues have
been identified in literature largely based on fixed wing commercial aviation.

Mode awareness. A major concern regarding human-automation interaction has to do with mode awareness. Too
many examples are available that show crews taking an action that would be correct in one mode, but that leads to
problems in the present mode (Degani, 2005). Consider the tragic example of Korean Airlines 007. This flight
from Anchorage, Alaska to Seoul, South Korea ended in a tragedy that was a confluence of many factors, but the
initiating cause was mode awareness. The pilots were in heading hold mode, which keeps the aircraft on the
generally correct, heading within 15 degrees. This is adequate for short distances, but as will be seen the error
grows dangerously large over longer flights. The pilots switched the mode control panel from heading hold to the
more accurate inertial navigation system (INS). However, entry into INS mode requires satisfaction of two
conditions. The aircraft needs to be within 7.5 miles of the route and pointed in the general direction of the route.
One of these conditions was not met. The aircraft, therefore, never entered INS mode. Over thousands of miles, the
aircraft drifted 200 miles off course into airspace controlled by the USSR and the event ended with disastrous
consequences. The initial cause of this accident was the pilots misunderstanding of the control modes. Clearer
enunciation and more intuitive control of the modes are essential to making the automation more useable and error
tolerant.

Out of the loop. In a highly automated system, the operator may be asked to monitor a number of processes. If the
automation controlling these processes is largely successful and failure rates are low, the operator may not need to
monitor very closely. This can lead to the operator being out of the loop when a failure does occur. Recognizing
that a failure has occurred and getting back the situational awareness needed for diagnosis can take a critically long
time. This concern is especially prevalent for “semi-autonomous” systems, in which the system is highly automated
without a human in the loop, until something goes wrong. The role of the human is then to quickly assess the
situation and take corrective action. But, having been out of the loop, this task is much more difficult. Lee and
Moray (1994) have called this Out Of The Loop Un-Familiarity.

Knowledge of Automation State. Highly related to being out of the loop is knowledge of automation state. In order
for the operator to team with the automation, he/she needs to know what the automation is doing and why. The
automation needs to be transparent and not a “black box.” The lack of this knowledge will lead to mode awareness
problems, under utilization, high workload in trying to determine what the automation is doing and poor situation
awareness.

Over reliance. Automation bias can come in two forms, over reliance on automation and under reliance. Over
reliance, also called complacency, takes place when operators trust the automation to the extent that they no longer
cross check what it is doing, and blindly accept its direction. An example of complacency was discussed by Azar,
1998. A Panamanian cruise ship, Royal Majesty, was off the coast of Nantucket. The ship was being controlled by
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a satellite navigation system, which failed. Several other sources of navigation information were correct and
available to the crew. These however, went unmonitored and as a result the ship ran aground.

Under reliance. Automation can also be biased toward under reliance. High false alarm rates in the early design of
the Ground Proximity Warning System (GPWS) led pilots to disable the system and turn off the automation. This
has also been called automation disuse by Parasuraman and Riley (1997).

These types of issues and concerns highlight the criticality and technical risk of developing a human-automation
interface. One innovative method to supervise UAVSs is through delegation.

Delegation is an approach by which operators can interact with intelligent entities, in this case UAVSs, by delegating,
in a pre-determined fashion, authority for certain actions to UAVS. Parasuraman, Galster, Squire, Furukawa, and
Miller, (2005), Miller, (2005), Miller, Funk, Goldman, Meisner, and Wu, (2005), Miller, Goldman, Funk, Wu, and
Pate (2004) & Miller, Pelican, & Goldman, (2000).

Imagine a UAV operator in control of a flight of four UAVs. The UAVSs are on a reconnaissance mission to a hamed
area of interest (NAI) “alpha”. The operator gets information that a manned ground unit is being fired upon. The
operator can task UAV1 with a high-recon mission to gather information about that nature of the threat and
locations. The tasks of deciding and monitoring altitude, airspeed, loiter pattern, and even actions on contact can be
delegated to the system.

UAV2 might be tasked with flying a lower level loiter pattern to look for possible avenues of egress, also with the
basic flight parameters delegated. While the operator is still in charge of these UAVSs, they have been delegated
certain predetermined tasks that will reduce the operators workload and increase his/her ability to complete such a
complex mission. While these are re-directed UAV3 and UAV4 can complete the mission to “alpha”. With current
interfaces, the operator would have to enter a number of commands; change way-points, enter loiter coordinates,
altitudes, etc. However, if the operator has pre-determined taskings, he can delegate a number of these details to the
UAV.

The operator maintains supervisory control and awareness of the UAVSs actions and intentions. Any interface design
should take this human-centered philosophy into account. Delegation will make more efficient use of limited
resources of the UAV and reduce the workload of operators to free them up for strategic planning. Applied to a
network or team of UAVs, this concept will allow effective, efficient control of multiple, heterogonous UAVSs.

PHASE I: Develop an architecture, rules, language, algorithms and interface to the users to apply a delegation
scheme to Army UAVs. An evaluation methodology is needed to clearly differentiate the performance of such a
system versus current practices. The target for this effort will be US Army assets, and the planning should reflect
this. This may require an understanding of Army UAV operations as currently practiced as well as the capabilities
of the Army UAYV fleet.

This system should be defined and if possible, instantiated in simulation in Phase I.

PHASE II: Develop a prototype of the system defined in phase I with application to US Army tactical situations and
UAV platforms. The prototype will instantiate the architecture including the language of interaction, and the
operator interface. This will include the definition of missions, platforms, tasks to be delegated, as well as the rules
and methodology for delegation.

The prototype should be tested with Army UAV operators in simulation and demonstrated in flight test. This
evaluation phase should demonstrate overall improvements in system performance as well as individual user
workload, performance and situational awareness.

PHASE I1I: The system described above would have potential commercialization to other DoD organizations that
operate UAVS; the US Air Force, Navy and Marines. In addition, the Department of Homeland Security and within
DHS, the Border Patrol and Coast Guard are potential consumers of this type of delegation system. However,
perhaps the largest potential market is the civilian UAV operations that, with FAA certification of UAVs, could
expand exponentially and be a very large market for this technology.
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A06-008 TITLE: Advanced Inlet Protection System in Severe Sand Environments

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Aviation

OBJECTIVE: Develop and validate an inlet protection system for gas turbine engines. Innovation should be present
in the design of the inlet protection system. Meeting performance goals and overcoming the additional challenges
inherent with this technology are paramount. The most significant performance goal is to achieve a 97% separation
efficiency with minimal pressure drop on A2 fine grade test dust which is defined as follows:

Per 1ISO 12103-1, A2 Fine Grade Test Dust (crushed quartz):

Microns Percent
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0-5 31-36
5-10 14-23
10-20 16-24
20-40 14-21
40-80 8.5-12

Additional challenges include, but are not limited to, weight and volume reduction, improved aerodynamic
performance, and improved performance in an icing environment all relative to existing operational systems. 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. 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 a system be
developed to ensure that not only the coarse sands are removed but also the fine sands. A sound yet innovative
configuration is desired to achieve this level of performance. 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: Develop a design for the advanced inlet protection system and present the feasibility of the design relative
to achievement of topic objectives. This would involve feasibility demonstration via modeling of the system
performance or basic proof of concept test.

PHASE I1: Design and develop the proposed advanced inlet protection system (preferably via coordination with an
engine or airframe manufacturer) and validate the performance relative to topic goals through experimentation. This
should involve a rig test of the inlet protection system at representative engine inlet flows where sand quantities
going into system, sand quantities separated by system, and sand quantities that are not captured/separated by the
system are measured.

PHASE I1I: Refine and validate the design via rig test for integration into specific manufacturer’s engine or air
platform focusing on commercialization of the system technology. 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
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A06-009 TITLE: Rapid Computational Fluid Dynamics (CFD) Methodology for Rotorcraft
ManeuverAnalysis

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop and/or adapt reduced fidelity CFD aerodynamics methodology applicable for rapid and
efficient engineering analysis of rotor blade loads and flight dynamic characteristics of rotorcraft in maneuvering
flight.

DESCRIPTION: Rotor blade and control system loads during maneuvering flight typically define the most severe
structural loads in the flight envelope of rotorcraft and thus determine the structural design requirements for the
aircraft. Current comprehensive analysis codes, Ref. 1, based on lifting line methods, vortex wakes, and
approximate methods for aerodynamic interference between the rotor, fuselage, and empennage are incapable of
predicting these loads with accuracy sufficient for design purposes. This leads to excessive design conservatism
with attendant weight penalties and reduced mission performance. Furthermore, the complex flowfield interactions
among rotorcraft components makes it very difficult for current comprehensive codes to accurately predict rotorcraft
flight dynamics and control characteristics in steady state as well as maneuvering flight. Application of first
principles computational fluid dynamics (CFD) methodology is being brought to bear on these problems but this
approach will be very computationally intensive, particularly when using tight coupling algorithms for combining
CFD and computational structural dynamics (CSD). A very attractive alternative would be to combine reduced
fidelity CFD methods with comprehensive analysis codes using current CFD/CSD tight coupling algorithms, Ref 2.
This would produce a very attractive design capability having high levels of accuracy and computational efficiency,
along with the ability to model arbitrary vehicle and structural configurations. These capabilities would then enable
applications by industry for the rotorcraft design process and by government organizations for analysis of upgrades
and field support. One candidate rapid CFD approach is to use momentum disk (time averaged) or momentum
source (unsteady) approaches to model the rotor blade force and flowfield interface for the CFD analysis.
Equivalent CFD approaches would be appropriate provided they afforded sufficient accuracy and computational
efficiency while replacing conventional lifting line and vortex wake analysis methods. The CFD aerodynamic
model would be coupled with a suitable existing government-provided rotorcraft comprehensive analysis code to
model the non-aerodynamic parts of a complete rotorcraft simulation.

PHASE I: Develop an overall rotorcraft analysis methodology for a coupled CFD/CSD system based on reduced
fidelity CFD methods and a government-provided rotorcraft comprehensive analysis code. Include a description of
the coupling algorithm. Provide a top-level software design for such a system. Provide preliminary example
aerodynamic results for the uncoupled system. That is, for representative prescribed steady and maneuvering flight
conditions (for specified rotor and blade motions), predict rotor blade airloads and fuselage airloads for the vehicle.

PHASE II: Based on the top-level system design produced in Phase I, complete the detailed design for the software
of the coupled CFD/CSD system. Following the detailed design, implement the associated software modules.
Integrate the software modules in the comprehensive analysis. Test the integrated software and generate
representative results for steady and maneuvering flight conditions. Compare results with representative flight test
data for these same flight conditions. Prepare appropriate test reports and software documentation for the developed
code.

PHASE I11: The integrated software system including CFD code and comprehensive analysis will be used by DoD
R&D organizations such as U.S. Army RDEC and equivalent Navy organizations for application to ongoing
research investigations and engineering analysis support of fielded rotorcraft. The integrated software will be
provided to rotorcraft industry for application to the rotorcraft design process. Here, this advanced design
methodology will be equally applicable to military and civilian vehicles, increasing design cycle effectiveness and
ultimately reducing development and operating costs and improving vehicle mission effectiveness. Particularly
relevant for future rotorcraft design applications will be unique requirements of joint heavy lift rotorcraft where
structural design loads in all flight regimes, especially maneuvering flight will be particularly critical owing to the
amplified aeroelastic interactions associated with very large flexible vehicles.

ARMY - 26



REFERENCES:

1) Saberi, H, Khoslahjeh, M, Ormiston, R. A., and Rutkowski, M. J., "Overview of RCAS and Application to
Advanced Rotorcraft Problems," American Helicopter Society 4th Decennial Specialists, Conference on
Aeromechanics, San Francisco, CA, January 2004.

2) Potsdam, M., Yeo, H. and Johnson, W., "Rotor Airloads Predictions Using Loose Aerodynamic/Structural
Coupling," American Helicopter Society 60th Annual Forum, Baltimore MD, June 2004.

KEYWORDS: CFD, rotorcraft aeromechanics, maneuver flight, joint heavy lift

A06-010 TITLE: Assembly of Ceramics/Ceramic Matrix Composite (CMC) Components

TECHNOLOGY AREAS: Materials/Processes
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: Develop an effective method of joining Monolithic Ceramic or Ceramic Matrix Composite (CMC)
components to adjacent CMC and/or metal components to form reliable separable and inseparable assemblies.
Attachment schemes of Ceramics/CMC’s would help the advancement of new Ceramic/CMC technologies in
turbine engines. The use of Ceramic/CMC’s will increase efficiencies, increase rotor inlet temperature and decrease
cooling flow which will in turn reduce Operating and Support (O&S) costs for future helicopters.

DESCRIPTION: Innovative technologies are required for advancing rotorcraft development. There is a need for
lighter, stronger and higher temperature resistant materials for use in advanced turbine engine components. Many
upcoming engine programs such as Advanced Affordable Turbine Engines (AATE) and Joint Heavy Lift (JHL) will
be incorporating Ceramic/CMC technologies into their engine development plans. Ceramic/CMC’s are a key
technology for advancing turbine engine component designs. They are capable of replacing metal components to
operate in significantly higher temperature environments and will require less air for cooling. However, before
these components can be truly beneficial, robust attachment schemes (both permanent and mechanical) need to be
developed and perfected. The attachment concept must address differences in thermal expansion coefficient
between the CMC and metallic components and the fracture properties of CMC’s. The selected method will have
properties approaching parent material at engine operating conditions.

PHASE I: Develop and prove the feasibility of the proposed Ceramic/CMC attachment approach or approaches
(working with a gas turbine engine manufacturer is encouraged). The demonstration shall validate the feasibility of
the proposed technology.

PHASE II: In conjunction with a gas turbine engine manufacture and utilizing the results from Phase I, optimize the
Phase | design and fabricate components for testing. Scale up proposed method by producing full scale simulated
components suitable for more extensive property and functional testing in relative environment.

PHASE I1l: Focus on the commercialization of the technology through integration into gas turbine engine
manufacturer’s design system for use in current and future development programs.

COMMERCIALIZATION: Ceramic materials have potential to improve turbine engine performance and cost for
both military and commercial applications. Advanced ceramic attachment schemes/technologies should have
multiple applications outside the turbine engine industry (automotive, structures, etc.).

REFERENCES:

1) R. W. Rice, “Mechanisms of toughening in ceramic matrix composites,” Ceramic Engineering and Science
Proceedings, 2 [7-8] (1981).
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2) A. G. Evans and D. B. Marshall, “The mechanical behavior of ceramic matrix composites,” Acta Metall. 37 [10]
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3) M. Singh and E .Lara-Curzio, “Design, Fabrication, and Testing of Ceramic Joints for High Temperature SiC/SiC
Composites”, NASA CR-2000-209809

4) “Brazeless approaches to joining of silicon carbide based ceramics for high temperature applications”, Ceramic
Transactions, C.A. Lewinsohn, C.H. Henager, and M.Singh, “Ceramic Joining”, The American Ceramic Society,
(2002) 201-208.
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A06-011 TITLE: Wireless Pressure Transducer

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: The overall objective of the study is to develop an innovative wireless micro-sensor system for
pressure measurements on helicopter blades and provide a proof-of-concept through prototyping and
experimentation.

DESCRIPTION: Current techniques used to measure on-blade dynamic pressure vary from piezoresistive sensors to
non-intrusive methods that make use of pressure sensitive paints. At present, a widely developed technique for
unsteady pressure measurements is based on piezoresistive silicon sensors (such as Kulite LQ-47 sensors).
Although the performance of such sensors has been improved considerably, they are inherently susceptible to
electro-magnetic interference, temperature drift, and hysteresis. Due to the sensor wiring and weight limitations,
tremendous effort is needed to do the following: i) designing and building an expensive custom blade that ends up
being heavier than scaled, ii) getting the wires into the hub, and iii) creating a complicated hub package and signal
conditioning system in the rotating frame. For these reasons, even adding a small number of sensors to an existing
blade becomes complex and expensive. Pressure sensitive paints enable non-intrusive measurements of two-
dimensional pressure distributions over a test model surface. A luminescent component in the paint is excited
optically and subjected to pressure-dependent quenching by oxygen in the flow, which can be detected and
processed on the basis of either intensity or decay time. However, this technique has limitations of pressure
resolution, bandwidth, sensitivity to temperature variations, and being suitable only for laboratory studies.
Considering the importance of on-blade pressure sensing in modern rotorcraft, it is imperative to develop a new
sensing technology for such a purpose. For example, optical fiber pressure sensors based on Fabry-Perot
interferometer (Ref.1) have a number of potential advantages in comparison to their electrical counterparts, and
these advantages can be leveraged to carry out in-situ pressure measurements on rotating blades. These sensors are
in the same size range as MEMS sensors, immune to electro-magnetic interference effects, electronically passive,
and multiplexible.

PHASE I: This phase begins with the analysis and identification of various approaches to solving the problem of
developing a robust light-weight wireless sensor. Background research would include theoretical modeling as well
as practical demonstrations of different candidate technologies. From the initial research, the most promising
technologies would be selected to demonstrate the implementation of the new sensing technology to measure rotor
blade surface pressure. The Phase | research would conclude with an analysis of the survivability and measurement
accuracy of the candidate technology in the form of bench top demonstrations. Deliverables would include the
characterization of signal to noise ratio, resolution, accuracy, temperature/vibration sensitivity, frequency response,
and measurement uncertainty. The status of the project at the end of Phase | should be sufficient for the follow on
development required to produce a prototype system in Phase I1.

PHASE I1: Using the experience and techniques developed in Phase I, the critical components would be integrated
into a prototype system. The system would be installed on a rotor blade for checkout testing to verify that
functionality and survivability in the harsh rotor environment. This proof-of-concept pressure sensor system would
be used to validate the predicted measurement accuracy, system integration, wireless communications, and sensor
integrity. The chordwise pressure distribution at several radial stations would be measured on the rotor blade in
hover, and the data would be compared to conventional pressure sensors at a few leading edge locations. A small
subset of the system would then be flight tested on the horizontal T-tail of a helicopter in cruise to verify
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performance in the unsteady rotor wake environment. This demonstration would provide the necessary proof-of-
concept to enable the system to enter a commercialization phase.

PHASE I11: The benefits of a wireless pressure transducer system that is flight worthy and also accurate enough for
high fidelity wind tunnel testing would create a large market of customers. This would include rotary wing, fixed
wing, and space launch sectors of the aerospace industry. The use of wireless pressure sensors could enable warning
systems for both civilian and military aircraft in the event of adverse aerodynamic conditions such as stall, vortex
ring state, or other flight boundaries. The rapid identification of aerodynamic sources of rotor performance limits,
interactional flow induced vibration, tail buffet, or acoustic signature sources would be enabled by flight worthy
wireless pressure sensors. This would provide wind tunnel test engineers and aircraft designer extremely valuable
information about unsteady aerodynamics related to rotorcraft or other aerospace vehicles.

REFERENCES:
1) M. Yu and B. Balachandran, “Pressure sensor diaphragm under initial tension: linear analysis,” Experimental
Mechanics, Vol. 45 (2): 123-129, 2005.

KEYWORDS: wireless, micro-sensor, pressure transducer

A06-012 TITLE: Wake-Capturing Methods for General and Heavy-Lift Rotorcraft Flow Analysis

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Rotary-wing wake computation is a long-term difficulty — one that will be especially great with
heavy-lift rotorcraft. The problem prevents rotorcraft CFD (Computational Fluid Dynamics) from realizing its full
potential; i.e. the cost of wake computations has often removed it from the greater engineering process. Wake
analysis is critical to rotorcraft engineering as it is central to predicting performance, acoustics, design, control
issues etc. But current CFD methods require the largest/densest possible grids to compute wakes, and none of these
has yet been adequate (especially for engineering use). Current dependence on grid density is inconsistent with the
need to compute a “weak” solution that models an essentially discontinuous and inviscid wake structure - a problem
that is similar to the classical concept of “shock-capturing” in compressible flows. And, like the latter, a proper weak
solution should “capture” wake features within a very few grid cells. Shock-capturing works because the natural
gasdynamic compression process easily overwhelms numerical diffusion at shocks. The physical basis of the
convection difficulty is the lack of a natural compression mechanism. Attainment of such an essentially
discontinuous solution can be attained by inclusion of a numerical compression - a process here referred to as "wake
capturing”. The objective of this solicitation is to develop a best method of “wake capturing” - one that eliminates
the unbounded diffusion of wakes and describes them as having thicknesses of the order of the grid spacing - and to
implement and demonstrate effectiveness on important rotorcraft wake problems using standard rotorcraft codes.

DESCRIPTION: In the context of present codes (in which a large user community is heavily invested and which
will be required for heavy lift analysis), practical wake capturing requires development of computational measures
to counteract numerical diffusion at discontinuities. As with shock-capturing, wake-capturing can be accomplished
in many ways. This solicitation seeks a best approach, including rigorous explanation, demonstrations, method
comparisons and effective implementation. Qualities sought in a best method include: (1) simplicity and
compatibility with current rotorcraft codes, (2) intrinsic compatibility with the 3-D, compressible and
incompressible, flow physics, (3) one which models, in the space of a few grid intervals, an ideal wake having no
characteristic thickness (other than grid interval), (4) which results in a non-diffusing wake (i.e. whose thickness, for
a given grid, does not grow with time), (5) which performs this capturing with no residual numerical (non-physical)
effects on the solution (outside of the thin wake sheet interior). These features will be demonstrated on flows that
typify the classic wake problems of rotorcraft in all flight conditions and will be implemented in codes in common
use by the Army as well as the greater rotorcraft community. Features to be valued in a proposal will include clarity,
demonstrated solution potential, potential for a broader understanding of rotor wake computation, and application in
a code that has demonstrated itself in the rotorcraft user community.

PHASE I: Devise a theory of wake capturing, explaining it on both the heuristic and rigorous levels, as necessary for
clarity, demonstrating conceptual commonalities (and differences) with the classic and related body of approaches to
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linear-advection/contact-discontinuity problems (including those in mainstream rotor codes) and full justifications
for the particular approaches chosen. Provide a first implementation of this wake capturing in a suitable and well-
recognized rotorcraft code. lllustrate the ability to compute the wake of isolated or multiple rotors operating from
hover to a moderate advance ratio, showing the presence of known wake phenomena, all the while maintaining a
thin wake region that demonstrably does not diffuse. In phase I, such demonstration computations will most strongly
emphasize grid-size reduction and absolute wake preservation. Other types of wake flow solutions, illustrating the
potential to compute complex wake interactions, could also be included. The point of such an array of computations
will be to demonstrate an effectiveness of the capturing and a resulting grid size reduction, efficiency and simplicity
of computation - thus demonstrating suitability for engineering code development in a Phase I1.

PHASE II: Convert the Phase | demonstration capability into specific engineering analyses tools (having
engineering analysis accuracy and a transparent setup and operation). That is, to establish a number of standard
computation setups modeling a range of important engineering situations. The first of these is the analysis of a single
rotor, including the ability to compute hover performance and some variants thereof (i.e. ground and wind effects).
This includes enabling and demonstrating a local blade solution capability — thus demonstrating the capability to
compute detailed high-lift and separation flows, having alleviated the burden of the wake computation (as required
for future high disk-loading rotor analyses). Other computation modes supportive of heavy helicopter development
will be sought, including analysis of various types of multiple rotors (tandem, counter-rotating, quad tilt-rotor, etc.)

PHASE I1I: Reduction of the burden of wake computation is basic to all rotorcraft analysis and needed for a wide
range of military and commercial applications. Resulting performance prediction improvement is important for
military and civil rotorcraft development and upgrades. Faster flow-field prediction will be strongly supportive of
military operations, training and simulation; it will allow prediction of handling characteristics and provide the
necessary basis for realistic visual simulations. Wake capturing will be a valuable capability for future commercial
CFD software (which is often used by the military).

REFERENCES:

1) Strawn, R. and Djomehri, M. J., “Computational Modeling of Hovering Rotor and Wake Aerodynamics,” Journal
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5) Colella, P, and Woodward, P. R., “The Piecewise Parabolic Method for Gasdynamical Simulations,” J. Comp.
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A06-013 TITLE: Enhanced Strength & Durability in Zinc Sulfide

TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Missiles and Space

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 methods or techniques that will provide a stronger and more
durable Zinc Sulfide (ZnS) infrared window.
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DESCRIPTION: Zinc Sulfide (ZnS) is one of a very few materials available for long wave infrared applications. If
the application also requires visible or near infrared transmission, ZnS is almost the only candidate material
available. While ZnS has excellent transmission properties throughout the visible and infrared regions, durability
and strength have always been issues. Several variants of ZnS are available depending on the transmission
requirements in the near infrared region. The most common form of ZnS, if near infrared transmission is required,
is multispectral ZnS although other variants such as elemental ZnS have been demonstrated. None of the forms of
ZnS have very high strength or durability. Recently, improved strength has been demonstrated in aluminum
oxynitride (ALON) through careful post processing of the material such as with high quality surface finishing. The
purpose of this topic is to develop similar processes which could be applied to ZnS to provide improved durability
and strength.

PHASE I: Evaluate the feasibility of improving the strength of ZnS through post processing of the material. The
effort should include a statistically valid sampling of the strength in currently available variants including, but not
limited to, standard ZnS, multispectral ZnS, and elemental ZnS processed with conventional finishing techniques.
The strength of 6 samples each (approximately 19 millimeters in diameter) of the post processed variants of ZnS
must also be measured near the conclusion of Phase I. All strength testing should be conducted using the biaxial
flexure test. Transmission data should also be provided.

PHASE II: Demonstrate a minimum 2x improvement in strength over conventional ZnS through the processes
developed in Phase I. Success will be demonstrated by comparing biaxial flexure strength on small (25 milllimeter
diameter) coupons. Sufficient coupons should be tested to establish a Weibull modulus (approximately 25-30
coupons). Transmission data should also be provided. Four 3” diameter domes processed with the techniques
developed in this topic shall be delivered for possible thermal shock testing. The particular ZnS variant to be used
for the domes will be determined during the course of the topic.

PHASE III:
High strength ZnS windows are required for dual band seeker applications requiring transmission at long wave
infrared and laser designator wavelengths.

REFERENCES:

1) Harris, Dan, "Material for Infrared Windows and Domes", ISBN 0-8194-3482-5, SPIE Press, 1999.

2) Warner, Charles, et al, “Characterization of ALON Optical Ceramic, Window & Dome Technologies and
Materials IX, Proceedings of the SPIE, Orlando, FL March 2005”.

KEYWORDS: optical ceramics, infrared windows, long wave infrared, zinc sulfide, manufacturing process, process

improvement

A06-014 TITLE: Low Elevation Nulling of Global Positioning System (GPS) Jammers for Ground-Based
Platforms

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics
ACQUISITION PROGRAM: PEO Missiles and Space

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 cost-effective antenna electronics unit capable of nulling multiple low elevation GPS
jammers for ground based platforms.

DESCRIPTION: Numerous Army systems today depend upon GPS for position and timing information. For many

ground based launcher platforms, GPS is essential for proper initialization of missiles/rockets. With the Army’s
dependence on GPS growing, the enemy’s attempt to utilize jamming to deny GPS acquisition/tracking also grows.

ARMY - 31



GPS jammers were used in the battlefield during Operation Iragi Freedom and should be expected to be encountered
during future conflicts. However, most Army launcher platforms do not utilize any type of GPS anti-jam (AJ)
technology. There are several reasons as to why GPS AJ is not integrated on ground based platforms. Cost is a
driving factor. AJ systems are still considered expensive and are typically integrated with high end weapons or
aircraft. Air based weapons and aircraft require AJ technology that is dynamic from the standpoint of creating nulls
in the direction of the jammer while minimizing the impact to satellite visibility. For air based platforms, line-of-
sight (LOS) to the jammer is constantly changing, thus creating a dynamic environment for the AJ system to adapt
to ground based jammers. Assuming air superiority (most likely before ground forces enter the battlefield), the
optimum approach for ground based platforms is an AJ technology that provides a null against any low elevation
jammer. In this case, an active 360 degree null could be formed to mitigate the effects of all ground based jammers
independent of angle of arrival. A simplified antenna electronics unit could be developed which would allow a cost
effective solution for all ground based platforms. The antenna electronics unit will be able to detect the presence of
jamming and be capable of altering the antenna gain pattern to effectively attenuate all interference signals at the
elevation at which the interference is detected. Based on production quantities (> 500 units), objective costs will be
less than $1000 per unit. The size objective for the unit will be less than 27 cubic inches.

PHASE I: Define and determine the technical feasibility of design approaches. ldentify the optimum solution based
on size, cost, and schedule. Establish performance goals utilizing data from modeling/simulation. A final report
detailing all Phase | development activities shall be generated.

PHASE II: Utilizing results from Phase I, fabricate a prototype system and demonstrate in a realistic jamming
environment. Conduct environmental testing to ensure operation in predicted environments. Delivery of prototype
system will include antenna, antenna electronics unit, and associated hardware. A final report detailing all Phase 11
development activities shall be generated.

PHASE I11: A wide range of both military and civilian GPS users could benefit from this system. Jamming is not
always intentional and is often encountered by civilian users in the telecommunications and airline industries. Users
in these industries could utilize the system to maintain essential GPS timing information.
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Technology”.

KEYWORDS: masking, nulling, suppressing, low elevation, horizon, Global Positioning System (GPS), GPS
jammer, GPS interference

A06-015 TITLE: Low Cost Finishing of Optical Ceramics

TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Missiles and Space
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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 methods or techniques that will reduce the optical fabrication costs
of optical ceramic domes by a factor of two.

DESCRIPTION: Optical ceramics such as aluminum oxynitride (ALON) and spinel are durable materials with
excellent transmission properties from the visible to the midwave infrared. These materials have applications as
sensor windows and domes as well as transparent armor. The drawback to these materials, as for most durable
optical materials, is the cost of optical finishing. The processes and tooling used to create an optical surface on a
ceramic dome, for example, can easily be 1/3 the cost of the finished dome. Significant reductions in the cost of
optical finishing these domes could save the Department of Defense millions of dollars in procurement costs.

PHASE I: Evaluate the feasibility of reducing the cost of optical fabrication for ceramic domes by a factor of two.
The evaluation should include demonstrating the fabrication technique on both flat coupons and curved surfaces
such as domelets. The feasibility study should also include an analysis supporting the projection of a 50% reduction
in optical fabrication costs for a full size dome. Biaxial flexure strength and transmission measurements should be
performed on the polished flats to demonstrate that the new techniques do not compromise strength or optical
performance. Procurement of the ceramic blanks should be included as part of the cost proposal.

PHASE II: Demonstrate a minimum 50% reduction in optical fabrication costs for a full size dome. The cost of all
dome blanks needed for the demonstration should be included in the cost proposal.

PHASE I1I: Optical ceramics are used for a variety of missile domes, seeker windows, and aircraft. A factor of 2
reduction in the optical fabrication costs would result in significant savings for the Department of Defense.

REFERENCES:
1) Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

KEYWORDS: optical ceramics, infrared domes, optical fabrication, manufacturing cost

A06-016 TITLE: Missile Flight Weather Encounter Software for System Requirements Development

TECHNOLOGY AREAS: Information Systems, Weapons
ACQUISITION PROGRAM: PEO Missiles and Space

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 topic is to develop a validated analysis software package that can be used as a
system requirement estimation tool to aid the aviation/missile development community in establishing real-world
probabilities of encounter various weather related events. This tool will be able to predict the probability of specific
rain events, perform multiple simulations to estimate the worst-case missile launch point or air/rotorcraft flight path
for a given path/trajectory, and be able to couple to other tools so that particle demise effects can also be estimated
for the higher speed encounters. Of interest are the classification, probability, and categorization of rain, snow, ice,
sand, and dust as a function of geographical latitude and altitude. This code will provide the aviation (helicopter and
aircraft) and missile system integrators with an accurate and up to date tool needed to properly link weather event
ground testing to real-world flight environments. This tool will also be valuable to aviation parts manufactures such
as window and rotorblade designers to estimate a more realistic flight environment for their products.
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In recent years, we have pushed the ground test facilities that were developed in the 1960°s and 1970’s to near their
limits. There currently exist significant constraints on these facilities to “match” flight test weather event levels.
These limitations make it all the more important when the system integrator must extrapolate the ground test results
nearly an order of magnitude to match flight test data. Because of this, understanding the real-world weather
environment becomes essential if the system component is not to be significantly over-designed. Coupled to this is
the speed and performance of missiles, high-speed aircraft, and helicopter rotor systems currently in development,
we are pushing the performance envelope beyond what the standard materials commonly used in older systems can
deliver. These legacy materials are now no longer acceptable and new materials are currently under development.
Due to the lack of experience utilizing these newer materials however, it is essential that the proper flight
environment be tested so that realistic flight performance can be predicted.

This task promises to provide a significant opportunity for current and future aviation and missile systems to greatly
decrease component costs due to over-designing, while simultaneously assisting in verifying the performance,
versatility, and durability of materials in more realistic environments. Over-testing in unrealistic weather scenarios,
due to lack of understanding of the real-world events drive higher component costs for radomes, shrouds, fairings,
window anti-reflection coatings and seals, helicopter blades and even booster cases. As the “all weather” Army
unfolds, research tools such as this are crucial for proper in-theater all-weather capabilities for all flight systems.

DESCRIPTION: The definition and probability of weather events at various latitudes will form primary core of the
program. Such information is commonly calculated and measured in the meteorological community. Radar data
has established both the particle size and size distribution, as functions of ground track, altitude, and precipitation
type and shape. The code will be able to utilize various weather definitions in predicting the incident mass flux and
integrated mass flux for a generic flight system given the trajectory or flight plan as input. The code will then be
able to perform numerous simulations to determine the worse case launch point or flight path for a given weather
event. The code will also have output file capabilities such that the Army can quickly utilize this data in various
other types of system analysis software currently in use.

The code shall be able to provide various performance metrics that will enable the engineer to rapidly assess how the
weather environment changes as a function of its various input parameters. The highest-level of the software
architecture should be able to perform hundreds of hands-free trade studies in order to assess the most optimal path
for the problem at hand. A user interface should incorporate a Graphical User Interface (GUI) for ease of use. The
software needs to run on personal computers running Microsoft operating systems.

PHASE I: The focus of the Phase | effort is to develop a software hierarchy as to what methodologies, codes, or

techniques will be used to deliver the weather assessment and optimization software. The elements that must be

present in the software include:

* Trajectory/flight path simulation (altitude, velocity, angle of attack, pitch and yaw, as a function of time)

* A library of weather events (example: particle type, size, distribution, as a function of altitude and ground track,
etc.)

* The probabilities associated with each event as a function of latitude or global position.

« A architecture to perform multiple runs and assess worst case launch points/flight paths with respect to given or
random weather formations

« Simplified and flexible input and output capabilities to interface with other codes.

« Qutput plotting routines such that large amounts of data can be quickly assessed with statistical significance.

PHASE II: The Phase Il effort will provide a completed and integrated weather encounter software package
enabling more accurate definitions of the weather space enabling the end user to perform more accurate analyses and
optimization of aviation components. 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 Il efforts will be
detailed.

PHASE Ill: The Phase Il use for this topic exists in enabling Government, major aviation/missile system
integrators, and subsystem component developers to produce superior aviation and flight systems with sufficient
design margin to make advanced systems “all-weather” capable. The completed software package could be
marketed as an enabling technology to predict realistic flight environments for suppliers of aviation parts to
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verify/validate their part’s performance. Products that would derive benefit from this technology include but are
not limited to: helicopter blades, missile radomes, aircraft antennas, aircraft windows, seals, infrared windows, and
anti-reflection and radar absorbing coatings. The resulting weather definitions as integrated into analysis software
would provide significant benefit to commercial aviation systems. These benefits could be recognized in subsonic
flight environments to support erosion and impact damage assessments on coatings, optical windows, aircraft
wing/blade leading edges, as well cockpit canopies/windows. Additionally, it is anticipated that much of the
weather definition capability will be directly leveraged through collaboration with commercial weather analysis
organizations such as the National Oceanic and Atmospheric Administration (NOAA). The prediction of weather
environments can substantially support commercial air traffic through flight waypoint definitions to minimize risk of
hazardous weather encounter.
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8) N. A. Jaffe. Particle Deceleration and Heating in a Hypersonic Shock Layer. Technical Report TN-73-18,
Acurex, February 1973.

9) Letson, K.N., “Influence of Fiber Loading on the Rain Erosion Behavior of Polytetraflourethylene (PTFE),”
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A06-017 TITLE: Super-Nanocomposite Components for Advanced Interceptors

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: Exo-Atmospheric Product Office, MDA, Joint Program Office

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 hanocomposites that can greatly improve the strength, ablation resistance,
thermal performance, and radiation hardening of advanced interceptor structures (Exoatmospheric Kill Vehicle,
Multiple Kill Vehicle, and Kinetic Energy Interceptor) which is cost effective, easily serviceable, safe, reliable, and
efficient.

DESCRIPTION: New Super-Nanocomposites hold the promise of a unique combination of properties not found in
single phase materials. They are considered super because of the potential to achieve ultra high strengths, high
stiffness, low densities, corrosion resistance, and radiation hardening by incorporating such fillers as carbon
nanotubes, the strongest and stiffest known material. These nanocomposites could be utilized in advanced
interceptor structures (Exoatmospheric Kill Vehicle, Multiple Kill Vehicle, and Kinetic Energy Interceptor)
including nosecones, mid-body structures, missile skins, motor casings, and seeker optics and mirrors. In such
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applications, these materials could offer improved structural strength, hypersonic ablation resistance, and thermal
performance at low costs. In addition, optimum compositions might also provide for radiation hardening of missile
components. This research will involve the development of advanced nanocomposite materials for missile
components and structures.

PHASE I: Explore the concept and develop a nanocomposite based missile component. Produce test coupons of the
material and measure relevant properties. Provide a feasibility study that addresses cost, service methods, safety,
reliability and efficiency. 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 on
a representative missile structure with carbon nanotube based composites. Demonstrate the system’s viability and
superiority under a wide variety of conditions typical of both normal and extreme operating conditions. Using
available validated structural analysis software to analyze this new class of nanocomposites. Demonstrate scalable
manufacturing technology during production of the articles.

PHASE III: Verification of overall approach. Provide a final design for an innovative nanocomposite structure that
will provide nuclear survivability. The proposed technology under this effort would advance the state-of-the-art in
missile structural performance (Exoatmospheric Kill VVehicle, Multiple Kill Vehicle, and Kinetic Energy
Interceptor), safety, life extension, preventative and other maintenance, enhanced turbine blade performance for
wind energy production in low speed/turbulent conditions, earthquake resistant buildings, deformable hydrofoils for
high performance submersibles, 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) Thostenson, E. T., Ren, Z, Chou T-W, “Advances in the science and technology of carbon nanotubes and their

composite: a review” Composites Science and Technology, 61, pages 1899-1912, 2001.

2) Ruffin, P. B. “Nanotechnology for Missiles” Quantum Sensing and Nanophotonic Devices, Proc. Of SPIE, Vol.
5359, Bellingham WA, 2004.

3) Hone, J., et.al. “Thermal Properties of carbon nanotubes and nanotube based materials” Applied Physics, A 74,
pages 339-343, 2002.

KEYWORDS: Carbon nanotubes, nanotechnology, nanocomposites, interceptor, radiation hardening, manufacturing
engineering

A06-018 TITLE: Computational Fluid Dynamics Modeling for Electrically Conducting Flows

TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Missiles and Space

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 develop the methodology for the analytical prediction of multi-phase, chemically reacting,
flowfields as electrically conducting media.

DESCRIPTION: There are a number of new applications for flowfield modeling wherein the participation of the
flowfield as an electrically conducting media is of paramount importance. These include drag reduction for high
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speed missiles, control of high speed missiles, control of cavity aero-acoustics, the use of micro-electro-mechanical
systems (MEMS) devices to control flows, and controlled energy addition to propulsive flows. Phenomenologically,
these applications differ significantly from more classic but related problem areas such as microwave propagation
through rocket exhaust plume flowfields in that the fluid flowfield will be strongly coupled to the
electrical/magnetic fields rather than acting as a passive conducting media. Modeling for all of these important
applications requires the solution of the Navier-Stokes fluid mechanics equations coupled to the Maxwell equations
for electrical propagation.

The key technical problem which arises in the formulation of numerical solution schemes for these equation sets is
in the definition of the solution grid space. Typically, solution of the governing fluid dynamics equations for
chemically reacting, multi-phase flows requires a geometrically fine computational grid, either structured or
unstructured, that is concentrated in areas of high flow gradients (shock waves, boundary layers, shear layers, and
separated flow regions) and areas of the flowfield where strong chemical reactions and/or phase change are
occurring. By comparison computational electromagnetics solutions schemes use much coarser geometric grids or
even solid geometric models for the computational space definition though regions of strong electrical and magnetic
gradients require still require grid refinement. Hence, there is a mismatch in grid density requirements for the two
equation sets and, additionally, the various regions of grid concentration do not necessarily overlap.

One possible solution to this grid definition dilemma is to use one geometric grid and concentrate grid points in
regions of large gradients, either fluid dynamic or electromagnetic. Another solution is to have two separate grids
tuned to each phenomena. This, however, raises issues such as any interaction between the force field due to the
electrical field and the flow field and decomposition of the geometric regions with communication issues between
the grids. Implications here include strong vs. weak coupling of the phenomena. All of these considerations must be
evaluated in order to approach first, a grid strategy and second, a solution strategy for the set of non-linear, coupled
partial differential equations. Clearly a new and innovative modeling architecture is required to overcome the
existing grid definition limitations. To be both practical yet adequate, the formulation of such an innovative and
improved approach must give 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. The modeling architecture must incorporate the existing state-of-the-art solution techniques from computational
electromagnetics.

3. Intelligent processor control for domain decomposition among multiprocessors.

4. Dynamic and adaptive grid development to achieve adequate grid resolution both spatially and temporally to
capture the flowfield features possibly using hybrid structured/unstructured grids as appropriate.

5. Fluid dynamic and electrical propagation time scales may be incompatible with consequent stiff matrices and
small solution time steps.

6. Innovative solution techniques such that transient physical processes can be modeled while achieving solutions in
a reasonable time period.

PHASE I: Phase I proposals must demonstrate: (1) a thorough understanding of the Topic area, (2) technical
comprehension of key fluid dynamic and electromagnetic problem areas, (3) previous computational fluid dynamics
experience in modeling transient, three-phase, nonequilibrium gas-particle, chemically reacting flows with a
computational fluid dynamics (CFD) code possessing those capabilities, and (4) previous computational
electromagnetic modeling experience.

Technical approaches will be formulated in Phase | to address the key problem areas. If proven feasible, at least one
innovative architecture will be coded and exercised during Phase | to assess the potential for Phase 11 success.

PHASE II: The additional model improvements formulated in Phase | will be finalized, documented, and coded to
form an initial integrated computational fluid dynamics/electromagnetics flow/propagation solver.

PHASE IlI: This technology has direct military application to include drag reduction for high speed missiles,
control of high speed missiles, control of cavity aero-acoustics, and controlled energy addition to propulsive flows.
For commercial applications, this technology is directly applicable to space vehicle power generation and especially
for long missions where magneto-hydrodynamics can be employed.
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A06-019 TITLE: Dissolvable Jet VVanes for Rocket Propelled Missiles

TECHNOLOGY AREAS: Air Platform, Weapons
ACQUISITION PROGRAM: PEO Missiles and Space

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: This program will develop low cost, weight, and drag materials, structures, and processing
technology for tactical missiles that use jet vanes to provide aerodynamic control until control surfaces are deployed.

DESCRIPTION: Land or ship-borne defensive missiles are generally launched from a canister in a nearly vertical
orientation. Missiles generally have steering control systems which include external aerodynamic control surfaces
for guiding the missile. Before its aerodynamic control surfaces or fins are able to affect any significant maneuvers,
the missile must achieve a certain minimum velocity, referred to herein as the aerodynamic control velocity, to cause
enough air to flow over the aerodynamic control surfaces and provide aerodynamic control. For a ballistic launch
trajectory, the missile reaches an altitude of thousands of feet before the aerodynamic control surfaces can cause the
missile to pitch over and begin seeking the target. As a result, a ballistic launch trajectory is inefficient, time
consuming, and limits the missile sensor line-of-sight capabilities for optimum target detection and tracking.

Existing systems generally also can be classified as either non-detachable or ejectable, the latter often incorporating
redundant control electronics. Non-detachable systems limit mission range and performance with rocket thrust
degradation throughout the missile trajectory. A non-jettisoned Thrust-Vector Control (TVC) system will degrade
rocket motor performance (specific impulse) up to 16% via plume induced drag.

To overcome the deficiencies of prior systems, systems have been developed that place a mechanism in the exhaust
plume of the rocket engine for control purposes, providing control immediately upon launch. Generally, the purpose
is to pitch the missile over (rotate the missile about an axis transverse to the longitudinal axis and previous direction
of flight during launch) and to avoid rolling. Rolling generally interferes with operation of the missile guidance
system and is a problem that is minimized at low velocities by placing the control surfaces within the exhaust plume.

PHASE I: Develop jet vane concepts for multiple material candidates based on representative rocket plume
environments. Analytically evaluate candidate materials for jet vanes that have the potential to dissolve in a
controlled manner in the rocket exhaust. Select the best material(s), coatings, and processing approach that
minimizes cost. Define a path for development and demonstration of the technology in Phase Il and Phase 111
programs.

PHASE II: Use a combined analytical and experimental program to develop and demonstrate the viability for using
dissolvable jet vanes for a tactical missile application. The concept will be developed in detail including the vane
support structure. Representative jet vanes will be fabricated and testing will be conducted to verify the approach
for dissolving the material in a representative rocket plume environment. Tests will be conducted to verify the
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repeatability of the process for dissolving the jet vanes. Cost models will be developed and used to project
manufacturing costs for approximately 30,000 jet vane sets.

PHASE I1I: The technology developed in this program will have application to both military and commercial
applications that require a shape change or morphing of an aerodynamic shape due to either being in a rocket plume
or, if subjected to severe aerothermal dynamic heating. In one extreme, the heated surface completely dissolves. In
the other, a portion of the surface dissolves leaving a new surface better suited for a changing environment.

Another application is to address restrained firing. The idea is to use an ablatable material as the hot plate, which
burns through if the heat is applied for more than 2 seconds. The plume would also quickly burn through the aft
cover and into a plenum that would be large enough to contain the propellant.

Potential other applications of the technology would be for thrust vector controls for commercial launch vehicles,
morphing structures in hypersonic vehicles (shape changes as an outer layer of material ablates), and to control hot
propellant gases on ships in a restrained firing condition (container material ablates and allows hot gases to pass into
a holding tank).

Other than ablatable jet vanes for Thrust Vector Control, other applications would be hypersonic missile fins that
change by way of ablation due to changing mission parameters such as flight profile, altitude, velocity, or
responsiveness.

REFERENCES:

1) AIAA 90-1860 Inverse Heat Transfer Studies and the Effects of Propellant Aluminum on TVC Jet Vane Heating
and Erosion, A. Danielson, Naval Weapons Center, China Lake, CA, 26th JPC July 16-18, 1990, Orlando, FL.

2) Testing and Empirical Analysis Methods for Jet Vane Improvement, A. O. Danielson, TTCP, Subgroup W,
Technical Panel W-4, Energetic Materials and Propulsion Technology, Technology Workshop, 18-19 April 1996,
Adelaide Australia.
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A06-020 TITLE: Transient, Rocket Exhaust Plume Modeling for Static Test Analyses

TECHNOLOGY AREAS: Air Platform, Weapons
ACQUISITION PROGRAM: PEO Missiles and Space

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 develop innovative models for the basic physical and thermochemical processes describing
transient, two-phase, gas-particle, chemically reacting rocket exhaust plume flowfields within static test
environments which can replace the existing models which currently limit plume signature and interference
modeling.

DESCRIPTION: Static testing continues as the most prevalent, economical, and practical method to obtain plume
signature and interference data and, through validated models, for extension to the dynamic flight environment.
Static testing offers significant advantages for these measurements since position is fixed, data is more easily
collected, instrumentation can be positioned without regard to motion, risk is easily managed, and costs are low by
comparison to all other alternatives. Simulation and analysis of the detailed physical processes associated with
ultraviolet/visible/infrared radiation and electromagnetic wave propagation under static test conditions, not unlike
the flight environment where applicable, requires field descriptions of the transient two-phase, gas-particle,
chemically reacting rocket exhaust plume flowfield over the entire motor burn from ignition through and beyond
motor shut-down while accounting for the factors peculiar to the static environment. The available rocket exhaust
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plume modeling methodology for static test conditions is essentially limited to those plume flowfield models
developed specifically for in-flight conditions and largely because validated flight models are the intended end user
product. However, these existing computational fluid dynamic (CFD) plume flowfield models for in-flight missile
rocket exhaust plumes, even when run at the limiting case of zero flight velocity, do not well represent static test
conditions; and, hence, severely limit the results from companion models for plume signatures and interference
effects and the use of those results for flowfield model validation.

The static test regime is unique in that environmental factors not encountered in flight can have a significant impact
on measured rocket exhaust plume signatures and interference effects. Static motor firings, for example, are all too
often conducted in test cells with test stand hardware, containment walls, and floor in close proximity to the exhaust
plume nearfield and all manner of trees, hills, and dirt embankments within the plume farfield. Here dirt entrainment
and reflected/traveling shock waves come into play along with flowfield obstruction. The analyst must gauge the
impact of these factors on the measured plume signature and interference results with no means save modeling and
deficient modeling at that.

Even with elevated static test stands specifically designed to limit physical interference effects, the influence of
wind, humidity, and buoyancy must be considered by the flowfield models along with the deposition of plume
effluent - both particulate and gas - as a static motor burn progresses. Indeed, the displacement of the surrounding
air mass by the exhaust plume remains both unique and key to static test modeling. Furthermore, treatment of a true
quiescent flowfield initial condition remains as a problem with existing plume CFD flow solvers tailored for flight
simulations.

Clearly a new and innovative modeling architecture is required to overcome the existing limitations for static test
conditions. To be both practical yet adequate, the formulation of such an innovative and improved approach must
give 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. Strongly coupled particulate interaction effects including turbulence dispersion and modulation.

3. Physical constraints including plume impingement and entrainment.

4. The correct temporal development of the plume flowfield including wind effects and buoyancy must be preserved
for post-processing with selected plume interference and signature models. Modeling must account motor transients
since those are suitably well known; however, it will not be necessary to fully model internal motor ballistics as
rocket motor performance is usually known and can be coupled to an exhaust plume model through inflow
conditions.

5. Intelligent processor control for domain decomposition among multiprocessors coupled with flowfield
interrogation to identify the dominant physical processes at the local level and apply the most applicable solution
methodology to each domain.

6. Dynamic and adaptive grid development to achieve adequate grid resolution both spatially and temporally to
capture the flowfield features possibly using hybrid structured/unstructured grids as appropriate.

7. Fluid and chemistry time scales are incompatible with consequent stiff matrices and small solution time steps
particularly over an extended plume flowfield.

8. Innovative solution techniques such that the required transient physical processes can be modeled while achieving
solutions in a reasonable time period.

PHASE I: Phase | proposals must demonstrate: (1) a thorough understanding of the Topic area, (2) technical
comprehension of key transient plume flowfield problem areas, and (3) previous computational fluid dynamics
experience in modeling transient, two-phase, nonequilibrium gas-particle, chemically reacting flows with a CFD
code possessing those capabilities. Technical approaches will be formulated in Phase | to address the problem area
for later inclusion into computational fluid dynamic models utilized by the exhaust plume community. At least one
innovative architecture will be coded and exercised during Phase | to assess the potential for Phase 11 success.

PHASE II: The additional model improvements formulated in Phase | will be finalized, documented, coded, and

incorporated into an existing Government computational fluid dynamics code. The improved computational fluid
dynamics model will be run blind for a series of static solid propellant rocket exhaust plume test cases for which
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detailed plume signature and interference data is available to demonstrate the advanced capabilities for analyzing
and modeling transient, rocket exhaust plume flowfields within static test environments.

PHASE I11: For military applications, this technology is directly applicable to all tactical and strategic missile
development programs. For commercial applications, this technology is directly applicable to environmental
analysis techniques for applications such as aerospace launch systems.

REFERENCES:

1) Simmons, F. S., Rocket Exhaust Plume Phenomenology, ISBN 1-884989-08-X, AIAA, 2000.

2) Dash, S. M., "Missile Flowfield Modeling Advances and Data Comparisons," AIAA Paper 2000-0940, 2000.
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KEYWORDS: exhaust plume, turbulence models,computational fluid dynamics,structured grids, two-phase, gas-
particle flow, unstructured grids, finite-rate chemistry, numerical methods

A06-021 TITLE: Modeling and Simulation of Missile and Munition Power Sources

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics
ACQUISITION PROGRAM: PEO Missiles and Space

OBJECTIVE: Conceive and design credible and verifiable modeling and simulation tools, which could be
implemented to streamline development of missile and munitions power sources. Establish means to characterize
materials for structural and thermal behavior, perform parametric modeling for design optimization, and to verify
performance, structural integrity, and reliability when subject to Army Tactical environments.

DESCRIPTION: Nearly every torpedo, mine, missile, or munition which is powered for electronics, for control
actuation, for sensing, or fusing depends upon a primary (thermal) battery for its power source. These devices are
intrinsically suited for long-term dormant storage, and can provide both high voltage and variable current/power on
command for a limited duration. Thermal batteries exist as "one-shot" devices, composed of internal cells whose
layered composition includes powdered anode/electrolyte/cathode materials, pressed into pellets and stacked in
columns. The electrolyte remains ionically immobile until activated by an integral source of heat through melting.
The cell components in the battery are assembled into a cannister with integral electrical header connectors, the
former of which acts to both support the cell stack structurally and to create necessary hermetic seal. Activation of
the system transforms the cell elements from particulate composite solids into semi-viscous conglomerates.

Great effort in terms of cost, performance, and schedule is expended whenever a new power source begins design
and development for use in a military weapons system. In part, this is due to the fact that very limited capability
exists among qualified battery vendors to perform design through Modeling and Simulation (M&S). Detailed
thermo-chemistry modeling is necessary to balance performance with heat management; for it is the "heat balance"
which controls the internal reaction rate of the active materials, and allows performance to be optimized for the
broad operational temperature range (which may be from -50F up to +160F).

Of greater difficulty still, is the lack of ability to model the component structural behavior when subject to the wide
range of tactical dynamic environments to which the component will need be qualified; to include transportation
vibrations, operational launch shocks, and pyroshock events. This forces weapons system programs to pay for
costly Developmental Verification Test (DVT) series, in which component testing is performed, in replicate, to
nearly all of the required environments prior to entering into formal qualification. The process of design for
performance in dynamic environments exists as one in which modifications are evolved by trial and error prototype
testing, and the optimum design does not always readily surface.
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Given the advanced state-of-the-art for computational and numerical fluid dynamics, heat transfer, and structural
analysis, it is important that these tools be brought to bear in support of missile and munition power sources design
and development. Simulation tools, with Graphical User Interfaces (GUI), need evolution and specialization for use
within Government laboratories and the power sources industry to reduce design risk, to improve design
optimization capability, and to relieve the cost and schedule burden imposed upon the Department of Defense (DoD)
in weapons power sources development.

PHASE I: Conceive means by which component materials and structural elements in missile and munitions power
sources can be characterized for thermo-chemistry, heat transfer, and structural constitutive behavior; with emphasis
on phase transition. Conceive modeling techniques, in which the detailed element or lumped mass response of
active materials, insulation materials, and metal containers can be treated analytically to accurately predict the
system response in thermal and dynamic environments. Conceive and create a modular Modeling and Simulation
tool/environment, in which basic design configurations could be graphically represented, and in which various
design parameters could be modeled and traded for optimization. Evolve coupled thermal and structural solution
approaches when subject to dynamic environment boundary conditions.

PHASE II: Perform basic characterization of battery components, active and insulation materials to determine their
thermal and structural properties in the stored and active configuration for modeling. Define constitutive model
forms for use in computer finite element codes.

Refine and optimize a modular modeling and simulation tool/environment, to perform modeling of power source
basic design configurations parametrically treating cell stack geometry, insulation materials, cannister designs.
Perform coupled structural and thermal modeling of a +28V equivalent power source, subject to selected dynamic
environmental boundary conditions. Build and test prototype battery(s) for verification of model predictive
capability. Employ coupled thermal and structural solution approaches to evaluate design during phase transition
from dormant to active state.

PHASE I11: Phase 111 military applications include power sources for all weapons systems which employ primary
(thermal) power sources. To a lesser extent, similar power source development for deep space commercial
applications will benefit. Moreover, modularity of the modeling tool allows expansion to applications as varied as
commercial aircraft or automotive power sources or safety systems power sources.

REFERENCES:
1) "Thermal Batteries", Molecular Expressions; Introdcution, Florida State University, Website,
http://micro.magnet.fsu.edu/electromag/electricity/batteries/thermal.html

KEYWORDS: Power Sources, Modeling and Simulation, Electricity and Magnetism

A06-022 TITLE: Software-Based Anti-Tamper Technique Research and Development

TECHNOLOGY AREAS: Information Systems, Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 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 Project Executive Offices (PEOs) and Project Managers (PMs) are now charged
with executing Army and Department of Defense (DoD) AT policies in the design and implementation of their
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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 allow the U.S.
time to advance its own technology or otherwise mitigate any losses of weapons technologies. 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 | 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 11 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 IlI: 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 DCMA infringements,
reverse engineering/exploitation, and/or industrial espionage, problems that impact 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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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.
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A06-023 TITLE: Alternate Green Body Dome Fabrication Technigues

TECHNOLOGY AREAS: Materials/Processes
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ACQUISITION PROGRAM: PEO Missiles and Space

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 develop a low cost process for the fabrication of green bodies domes.

DESCRIPTION: The current methods of fabricating spinel and aluminum oxynitirde (ALON) dome green bodies
consist of filling a mold with powder and using cold isostatic pressing (CIP) to make it into a semi-solid. This
method is time consuming due to the handling of the powder an placing it into the mold and expensive due to the
handling time and CIP equipment and process time. This effort will evaluate other methods of making dome green
bodies out of spinel and ALON to determine and develop a more cost effective fabrication technique. The technique
to be developed must be capable of making a full hemispherical dome of at least 7 in diameter that will exhibit, at a
minimum, 84% transmission at 4.5 microns, 80% transmission at 0.7 microns, have a thickness of 0.180 inches and
a refractive index homogeneity better than 100 ppm over a 160 degree aperture.

PHASE I: Develop and demonstrate low cost approach to make a green body 4” domelet (4” dia. sample with a 7
radius) that will exhibit, at a minimum, 84% transmission at 4.5 microns, 80% transmission at 0.7 microns, have a
thickness of 0.180 inches. The developed technique will then be used to demonstrate the fabrication of a 7” green
body dome.

PHASE II: Refine the developed process so that it is consistently capable of making domes that meet the above
requirements. Demonstrate the process, through the production of at least 10 samples that will be provided to the
Government for evaluation. Target production rate is 10,000 domes per year.

PHASE I1I: There is an ever increasing need for low cost domes that have the characteristic of the spinel and ALON
domes. The development of a low cost green body dome fabrication technique for missile systems required to
withstand harsh environments assist in reducing system costs.

REFERENCES:

1) Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

2) 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 oxynitirde, spinel, process improvement, manufacturing technology

A06-024 TITLE: Green Body Machining of Domes

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 methods to machine dome green bodies to the dimensions that will
eliminate most of the grinding and polishing requirements.

DESCRIPTION: Current methods for the production of spinel and aluminum oxynitride (ALON) domes require

extensive grinding and polishing processes which are time consuming and costly. The development of the capability
to machine the green dome to a specific shape would greatly reduce the time and expense of current grinding and
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polishing processes. It may also allow for the reuse of the material removed during the matching process. This
effort will determine the feasibility of machining hemispherical dome of seven inches or greater. It will also
evaluate the reuse of the machined material for additional cost reduction. It is anticipated that the machining process
would have to be capable of machining a 160 degree hemispheric dome to a thickness of 0.0450” with a smooth
surface finish (500 micro-inch or better), inner and outer radii within 0.02 inches of nominal surface profile, inner
and outer radii within 0.02 inches of true positional tolerance of each other and an overall sigital height tolerance of
0.05 inches. The resultant green dome will be able to under go follow-on processing of cold isostatic pressing

(CIP), sintering, and hot isostatic pressing (HIP) without cracking or warping.

PHASE I: Evaluate the feasibility of machining green body spinel and ALON domes with a dimension of seven
inches or greater. Variables to be evaluated will include but will not be limited to powder shape and size, binders,
green body density, machining feed and speeds, tooling and fixtures.

PHASE II: Demonstrate that a spinel or ALON green body 77, 160 deg. hemispherical dome can be machined to the
repeatable tolerances. The resultant green dome, either in the original green state or after cold isostatic pressing
(CIP) state will be capable of under going appropriate follow-on processing such as CIP if not already done,
sintering, and hot isostatic pressing (HIP). The repeatability of the process shall be demonstrated by fabricating 10
dome blanks to the above requirement using the developed process. The 10 dome blanks should not show any
cracking or warping.

PHASE I11: Based on the improved properties of spinel and ALON domes and the maturation of the manufacturing
processes, there is an increasing demand for their incorporation in to missile seeker systems. Cost reduction effort
are need improved affordability.

REFERENCES:

1) Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

2) 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 oxynitirde, spinel, ceramic machining, process improvement,

manufacturing technology

A06-025 TITLE: Novel Characterization and Measurement of Radar Ground Clutter for Modeling and
Simulation

TECHNOLOGY AREAS: Information Systems, Weapons
ACQUISITION PROGRAM: PEO Missiles and Space

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 novel technologies and techniques for efficient and cost-effective radar ground clutter
measurements and characterization for use in weapon system simulations.

DESCRIPTION: Radar ground clutter measurements are often captured through the use of airborne sensing
platforms used in captive flight tests (CFTs) and synthetic aperture radar (SAR) measurements. Clutter backscatter
measurements are also conducted using tower or vehicle portable instrumentation radars that measure clutter
backscatter on patches of local environments. Measurement of clutter radar backscatter using these methods are
severely limited in diversity of look angle, frequency, and spatial location due to cost, sensor access, and
measurement logistics. However, modern weapon system simulations require wide ranges of backscatter
information in order to fully test sensor performance. Priority is for the development of efficient and cost-effective
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technologies to support the required measurement clutter diversity for weapon system simulations. Validity of
measured values and integration into sensor simulation environments must be considered.

PHASE I: Demonstrate the feasibility of innovative approaches to ground clutter measurement and characterization.
Develop concepts and techniques for utilizing, extracting, extrapolating, and modeling such measured clutter
information in support of high fidelity sensor simulations. Validity of proposed techniques and subsequent
measured clutter backscatter should be addressed.

PHASE II: Develop concepts and initial demonstrations into an operational system that efficiently measures and
generates extensive backscatter clutter datasets. Develop and document a validation process to ensure quality and
applicability of measured backscatter values. Develop modeling processes to fully characterize diverse clutter
backscatter properties for use in weapon system simulations.

PHASE Il1I: Effective and efficient radar ground clutter characterization and measurement has the potential to be
used in many military and commercial areas. Potential commercial uses include remote sensing for environmental
monitoring and site preparation or selection for ground based radars. Potential military uses include weapon system
seekers, targeting systems, and automatic target recognition and acquisition systems.

REFERENCES:

1) Currie, N. C., R. D. Hayes, and R. N. Trebits. "Millimeter-wave Radar Clutter". Artech House, Inc., Norwood,
MA, 1992

2) Long, M. W., "Backscatter of Land and Sea", Artech House, Inc., Norwood, MA, 1984,

KEYWORDS: Radar, Backscatter, Ground Clutter, Measurement Systems, Modeling, Simulation

A06-026 TITLE: Metrology for Aspheric Domes

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 methods or techniques to measure optical figure on an aspheric
dome and the associated corrector optics.

DESCRIPTION: Traditional optical seeker systems have spherical domes and only mildly aspheric optics in the
optical train. For faster missiles, the spherical dome is a less than desirable shape due to the aerodynamic drag.
Aerodynamic domes, commonly referred to as conformal domes, decrease the drag on the missile resulting in
increased speed, range, or payload. Conformal shapes could also be used to reduce thermal effects or in low
observable applications. The ability to design and build the conformal dome and associated corrector optics has
already been demonstrated however, the ability to measure the conformal optics is limited. Recent efforts have
extended the metrology capability to optics with departures from a best fit sphere of 50-100 microns. The conformal
dome and optics may have departures on the order of millimeters. This topic is designed to provide the metrology to
measure this new class of optics.

PHASE I: Evaluate the feasibility of measuring the transmitted wavefront on a conformal dome with a height to

diameter ratio of 1.0. The measurement technique should be demonstrated on a hemispherical surface that can also
be measured using conventional interferometry.
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PHASE II: Demonstrate the ability to measure the transmitted wavefront on conformal dome with a height to
diameter ratio of at least 1.0. The measurement should be demonstrated on a dome with a minimum base diameter
of 2.75”.

PHASE I1I: The ability to measure conformal optics will open the design space for high performance military
systems requiring high speed optical seekers or conformal windows on aircraft. In addition, applications in other
areas such as astronomy or medical instrumentation may benefit from the ability to make and measure these optics.

REFERENCES:
1) Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

KEYWORDS: metrology, conformal optics, aspheres, manufacturing process

A06-027 TITLE: Multi-functional Polymers for Composite Structures

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 multi-functional polymer for composite missile structures that integrates high thermal and
electrical conductivity. The material system should employ state of the art processing parameters for filament
winding and/or fiber placement. The electrical and thermal conductivity should be an integrated part of the
composite to decrease weight and reduce system cost.

DESCRIPTION: The high specific strength of polymer composite materials offers significant advantages to tactical
missile systems. Enhanced through-thickness thermal conductivity in composite structures would enable insensitive
munitions (IM) compliant design (slow and fast cookoff). State of the art (SOTA) composite materials require
costly and time consuming post processing including the application of conductive coatings to provide electrical
conductivity. The challenge lies in incorporating electrically and thermally conductive matrix materials into SOTA
composite processing parameters. Currently, the loading of nano-fillers for conductivity increases the viscosity of
the matrix resin to a level that is not conducive to filament winding and other automated composite manufacturing
techniques.

PHASE I: Perform screening analyses to identify and test various resins, fillers and dispersion processes for use in
filament winding resins and/or pre-preg carbon fiber tow. Arbiters for selection should include processability,
thermal/electrical properties and mechanical performance characteristics. Down select, through coupon/sub-scale
testing, to the most promising materials systems and processing parameters capable of providing polymer
composites with an electrical resistivity of less than 0.15 ohm-inch and a thermal conductivity of 20 W/m °K at
room temperature. Characterize mechanical properties with the goal of achieving equivalent performance to
conventional, non-conductive epoxy systems.

PHASE II: Using the output information from Phase I, develop analytical models for IM cookoff and thermal
management systems. Develop prototype/analog representatives of tactical missile structures (e.g., motor cases,
airframes) using the analytical models developed. Prototype structures shall include, but are not limited to, pressure
vessels/ tubes and flat laminates. Additional required test articles shall be defined based on offerer-identified key
performance parameters for proposed solutions. Establish processing parameters, and fabricate components. Verify
electrical continuity, enhanced thermal conductivity, and mechanical properties of the composite. Document
materials characterization and materials processing techniques.
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PHASE I1I: Multi-functional composite materials will improve IM performance and reduce inert weight in tactical
missiles such as the Advance Precision Kill Weapon System (APKWS) and Joint Common Missile (JCM). Other
defense applications include urban assault weapons, man portable combat systems, tube launch systems, airframes
and various other tri-service applications. The technology will also lead to understanding of micromechanical
interactions within a structure as an enabler of tailoring mechanical, thermal and electrical properties.

REFERENCES:

1) Hone, J. et.al. “Thermal Properties of Carbon nanotubes and nanotube-based Materials”, Applied Physics A,
Materials Science and Processing 74, 2002, 339-343.

2) Martin, C. A. et.al., “Formation of Percolating Networks in Multi-Wall-Carbon-Nanotube-epoxy Composites”,
Composites Science and Technology 64, 2004, 2309-2316.

3) Peters, Humphrey, Foral, “Filament Winding Composite Structure Fabrication”, 6th Edition, Society for the
Advancement of Material and Process Engineering, 1991.

KEYWORDS: nano-composites, filament winding, composite materials, composite manufacturing processes,
polymer, fillers, manufacturing technology electrical conductivity, thermal conductivity, missiles

A06-028 TITLE: Manufacturing and Producibility of Gelled Propellants

TECHNOLOGY AREAS: Materials/Processes, Weapons
ACQUISITION PROGRAM: PEO Missiles and Space

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: Demonstrate that gelled propellants can be made reproducibly with a projected long shelf-life.

DESCRIPTION: Significant attention has been given to gel bipropulsion systems during the last 25 years, resulting
in flight test, low temperature operation, and Insensitive Munition (IM) demonstrations. Little attention has been
given to the manufacturing and producibility of gel formulations. This program will establish the manufacturing and
producibility requirements of gelled fuels and oxidizers, including at least: quality control testing, mix-to-mix
variability, accelerated aging, and material compatibility.

PHASE I: Perform an analysis of the cradle-to-grave properties of gelled propellants to establish requirements that
will assure that these materials have the stability, reliability, and material compatibility needed for a deployed
system. Candidate tests will be identified to assure that the gels will have consistent and reliable properties
throughout their life cycle. These include, but are not limited to, tests to qualify gels for manufacturing quality
control, long-term storage, transportation, temperature cycling, and demilitarization. The quality control tests that
will be considered include, but are not limited to, syneresis, density, yield stress, storage modulus, loss modulus, and
interfacial tension with air and nitrogen. The end product of the Phase | effort will be an outline of a life cycle
model for gel propellant properties that identifies the crucial properties for which requirements must be set.

PHASE II: Fuel and oxidizer gel formulations will be identified by the Army as baseline propellants for Phase II.
Quality control procedures will be established that discriminate between standard and anomalous propellant batches
and have low (<10%) two-sigma error bands. These propellants are time-dependent, non-Newtonian fluids;
therefore, these tests must be highly automated to minimize operator error. Long-term (20-year) material
compatibility requirements will be established for all materials within the hermetically sealed tanks. Short-term (10-
minute) compatibility requirements will be established for those materials that are only wetted during flight. Test
procedures will be established for these requirements. Accelerated aging tests will be developed that characterize
temperature cycles and material stability of gelled propellants expected during a missile’s lifetime. Shock and
vibration tests will be established to assure that the gel properties will not be degraded by transportation and
handling. Other testing will most likely be required that will be identified during Phase | and Phase Il. The end
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product of the Phase 11 effort will be a proven life cycle model for gel propellant properties that include
requirements and specifications.

PHASE I11: Gel bi-propulsion systems can be used by NASA for launch vehicles, spacecraft, and satellites. They
are applicable for simple boosters as well as where variable thrust is required. The increase 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 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 for
Air Force, Navy and MDA applications.

REFERENCES:

(1)George P. Sutton, “Rocked Propulsion Elements: an introduction to the engineering of rockets.” 7th Edition, John
Wiley & Sons, 2001.

(2)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.

(3)Carl Boyars and Karl Klager (symposium Chairmen), “Propellants Manufacture, Hazards, and Testing,”
Advances in Chemistry Series 88, American Chemical Society, Washington D.C. 1969.

(4)Stanley F. Sarner, “Propellant Chemistry” Reinhold Publishing Corporation, New York, 1966.
(5)Gabriel D. Roy (editor), “Advances in Chemical Propulsion,” CRC Press, New York, 2002.
KEYWORDS: fuel gel, oxidizer gel, gel propellant producibility, gel propellant manufacturing, gel propellant life-

cycle, material compatibility, quality control

A06-029 TITLE: Hybrid Composite for Beryllium Replacement in Missile Defense Interceptors

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: Exo-Atmospheric Product Office, MDA, Joint Program Office

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 hybrid composites that can serve as replacements for beryllium components that
are safe (nontoxic), reliable, cost effective, and efficient. In addition, such composites could provide for improved
heat dissipation, electromagnetic interference shielding, and radiation hardened electronics and optics for missile
(Exoatmospheric Kill VVehicle, Multiple Kill VVehicle, and Kinetic Energy Interceptor).

DESCRIPTION: Beryllium is a unique metal because of its light weight, high stiffness, high melting point, superior
electrical and thermal conductivity as well as other properties. It is used extensively in aviation and missile
structures. However, many factors are driving a great need to find a replacement for beryllium including its cost,
toxicity, availability, long lead times, and impending Occupational Safety and Health Administration (OSHA)
changes concerning production of this material. Previous work sponsored by the Navy (1980 - 1995) showed
substantial progress in developing a replacement for beryllium for certain structural applications. That research
demonstrated the possibility of developing composite materials with similar properties to beryllium, and this
program will build upon that work, using the new approach of hybrid composite technology. Advanced hybrid
composites could serve as replacements for beryllium components if their properties are optimized. In addition,
such composites could be tailored for various other missile component applications including high thermal
conductivity electronic packaging, electromagnetic interference shielding materials, and coatings or components to
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improve radiation hardening. The superior properties of these composite components may also lead to improved
nuclear survivability and functioning after prolonged periods in battlefield/storage environments by reducing shock,
vibrations, and thermal stresses. In missiles, the composites could be used in various structural components,
housings, seeker optics and mirrors, and electronic packaging. Hybrid composites hold the promise of replacement
of beryllium and its alloys with no additional component cost and net zero mass increase. Such materials could be
important for a wide range of aviation and missile applications.

This research will involve the development of advanced hybrid composites for replacement of beryllium
components as well as provide components with improved thermal dissipation performance, electromagnetic
interference shielding, and radiation hardening for missile (Exoatmospheric Kill Vehicle, Multiple Kill Vehicle, and
Kinetic Energy Interceptor) optics and electronics.

PHASE I: Explore the concept and development for a beryllium replacement using a hybrid composite material.
Produce test coupons of the material and measure relevant properties. Provide a feasibility study that addresses cost,
service methods, safety, reliability and efficiency. Perform a manufacturability analysis and cost benefit analysis of
deployment showing that the structure can be produced in reasonable quantities and at reasonable cost and 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
on a representative missile structure with the hybrid composites. Demonstrate the system’s viability and superiority
under a wide variety of conditions typical of both normal and extreme operating conditions. Utilize structural
analysis software to analyze this new class of composites. Demonstrate scalable manufacturing technology during
production of the articles.

PHASE IlI: Verification of overall approach. Provide a final design for an innovative hybrid composite structure
that will provide for nuclear survivability. The proposed technology under this effort would advance the state-of-
the-art in aerospace and missile structural performance (Exoatmospheric Kill Vehicle, Multiple Kill Vehicle, and
Kinetic Energy Interceptor), safety, life extension, preventative and other maintenance, enhanced turbine blade
performance for wind energy production in low speed/turbulent conditions, earthquake resistant buildings,
deformable hydrofoils for high performance submersibles, 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) Monks, R. F., Seamon, P. A. “Overview of metal matrix composites as a beryllium substitute” Proceedings of the
Second Conference of Advanced Composites, Dearborn MI, ASM International, pages 257-262, 1986.

2) Wadsworth, J., Froes, F. H. "Developments in metallic materials for aerospace applications”, JOM, pages12-19,
May-1989.

3) Kumar, S., Dieringa, H., Kainer, K.U. “Effect of particulate content on the thermal cycling behavior of the
magnesium alloy based hybrid composites” Composites: Part A, 36, pages 321-325, 2005.

4) Wong, W. L. E., Karthik, S., Gupta, M. “Development of hybrid Mg/Al203 composites with improved properties
using microwave assisted rapid sintering route” Journal of Materials Science, 40, pages 3395-3402, 2005.

5) Babu, P. E. J., Savithri, S., Pillai, U. T. S., Pai, B. C. “Micromechanical modeling of hybrid composites”
Polymer, 46, pages 7478-7484, 2005.

KEYWORDS: Hybrid composites, nanotechnology, beryllium replacement, radiation hardening, electromagnetic
interference shielding, manufacturing engineering, metal-matrix composites

A06-030 TITLE: Anti-Tamper Active and Passive Sensors for Use Inside an Integrated Circuit

TECHNOLOGY AREAS: Materials/Processes, Electronics

ACQUISITION PROGRAM: PEO Missiles and Space
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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 sensor technologies suitable for use inside an integrated circuit to monitor for tampering
events.

Sensors for electromagnetic, optical, X-ray, Terahertz Ray (T-ray), magnetic, acoustical, etc. are desired.
Integration of active and passive sensors is desirable. Sensor technologies include: optical waveguides, phase
gratings, photodetectors, charge coupled devices (CCDs), microelectrical mechanical systems (MEMS), radio
frequency (RF) detectors, etc.

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 sensors technologies and protection techniques 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: Design and analyze novel anti-tamper sensors for use inside an integrated circuit. The sensors shall
monitor for magnetic fields, electromagnetic waves, x-rays, etc. and tamper events. The system shall identify events,
and threat level, and act upon the event. The tamper events shall be identified, threat level determined, and acted
upon. Contractor shall demonstrate a prototype working sensor package suitable for use inside an integrated circuit.

PHASE II: Contractor shall design and analyze an integrated circuit with a prototype anti-tamper sensor system
inside. Contractor shall have an independent verification and validation done to test the anti-tamper features of the
integrated circuit.

PHASE IlI: Contractor shall design and analyze a full production level integrated circuit with an anti-tamper sensor
package. It is desirable that the contractor team with a prime contractor to develop a final production integrated
circuit for use in a fielded system. Contractor shall have an independent verification and validation done to test the
anti-tamper features of the integrated circuit. Contractor shall evaluate anti-tamper sensing technology for use in
commercial applications, self monitoring applications, and safety critical systems.

REFERENCES:

1) E. Hecht: Optics, Pearson Education, 2001, ISBN: 0805385665.

2) E. Hecht: Understanding Fiber Optics, Pearson Education, 2005, ISBN: 0131174290.

3) A. Wolbarst and G. Cook: Looking within: How X-Ray, CT, MRI, Ultrasound, and Other Medical Images Are
Created, University of California Press, 1999, ISBN: 0520211820.
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4) S. Furber: ARM System-on-chip Architecture, Addison-Wesley, 2000.

5) J. Federici: "Physicist sees terahertz imaging as ultimate defense against terrorism," November 01, 2005.
(http://www.physorg.com/news7747.html)

6) J. Wilson: Sensor Technology Handbook, Elsevier Science & Technology Books, 2004, ISBN: 0750677295.
7) Neil H. E. Weste, and David Harris: CMOS VLSI Design: A Circuits and Systems Perspective, Addison
Wesley, 2004. ISBN: 0321149017.

8) Roy Kaushik, Sharat Prasad: Low Voltage CMOS VLSI Circuit Design, Wiley, 1999, ISBN: 047111488X.
9) W. Wolfe: Introduction to Radiometry, SPIE-International Society for Optical Engineering, 1998, ISBN:
0819427586.

KEYWORDS: Information technology devices, Anti-tamper, sensors, optics, T-ray, X-ray, magnetic,
electromagnetic, integrated circuit

A06-031 TITLE: Affordable Electro-Magnetic Interference (EMI) Grid Application

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 a low cost method of applying a rectangular grid pattern to
the concave surface of a dome that could be used in missile applications.

DESCRIPTION: Current methods of applying a repeatable rectangular grid pattern on domes are time consuming
and expensive. The goal of this effort is to develop and demonstrate an economical production method of applying
a grid consisting of 15 mil squares. The line width of the grid should be 1 mil or less and have a thickness that will
result in a resistance of less than 1 ohm per square. The grid is to be applied to the inside (concave surface) of a
hemispherical dome having a diameter of 7 inches.

PHASE I: The goal of this phase is to develop a low cost, repeatable method of applying a grid to the inside
diameter of a hemispherical dome. The grid is to consist of squares approximately 15 mils on a side, have a line
width of approximately 1 mil or less and a thickness that will result in a resistance of approximately 1 ohm or less
per square. The results of the development effort will be presented to the Government for evaluation

PHASE II: Refine the developed method so that it is consistently capable of applying a grid consisting of 15 mil
squares having a line width of 1 mil or less and a thickness that will result in a resistance of 1 ohm or less per
square. The grid is to be applied to the inside (concave surface) of a hemispherical dome having a diameter of
approximately 7 inches. The reliability the application process will be demonstrate the process by producing 20
samples that will be provided to the Government for evaluation of process consistency. Target production rate is
10,000 domes per year.

PHASE I1I: A number of new sensor systems desire/require electro-magnetic interference (EMI) protection. The
development of an affordable EMI grid application method will greatly improve the affordability of future missile
systems.

REFERENCES:

1) Harris, Dan, "Material for Infrared Windows and Domes," ISBN 0-8194-3482-5, SPIE Press, 1999.

2) 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.
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A06-032 TITLE: Software Sentinel Anti-tamper Technique

TECHNOLOGY AREAS: Information Systems, Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 contractor shall investigate an improved software sentinel anti-tamper (AT) technique using
secure inter-process communications. A software sentinel is a software-based anti-tamper technique. Software
sentinel(s) (or software agents) monitor system timing, the contents of computer files and binaries to verify the
integrity of the software and the sentinels. Typically, multiple software sentinels are used to make defeating the
software protection more difficult. Part of the software sentinel’s protection mechanism is the ability to
communicate between sentinels to monitor and verify the integrity of the sentinels. It is desired to strongly connect
the communications of the sentinels. The goal is to allow all the software sentinels to communicate with each other
through a single shared memory variable concurrently (simultaneously).

In each software sentinel, a hashing function may be used to compare decrypted data without requiring storage of
unencrypted plaintext. Common hashing functions include: secure hashing algorithm 1 (SHA1) and message digest
5 algorithm (MD5).

One possible technique, for a shared memory variable to allow all software sentinels to be strongly connected and
simultaneously communicate, is through linear functions. A linear function is a function with the mathematical
properties of (1) g(ax) = ag(x) where 'a" is a real constant, x is a variable, and g(x) is a function; (2) g(ax) + h(bx) =
ag(x) + bh(x) where 'a' and 'b' are constants, x is a variable and g(x) and h(x) are functions. Spread spectrum
communication is an example of a technique satisfying a linear function. Multiple spread spectrum signals are able
to simultaneously use the same frequency band. All spread spectrum signals can be recovered with the appropriate
de-spreading code. Spread spectrum is also used for secure communications.

The goal is to develop a secure inter-sentinel communications technique based on a single shared memory variable
allowing all software sentinels to concurrently (simultaneously), securely communicate. More complex coding
schemes: digital watermarking, wavelets, nonlinear functions, pseudo-random sequences, ranging codes, or chaotic
systems, etc. may be used. The concept is to concentrate as much complexity as possible into a small space. It may
also be beneficial to consider hardware acceleration.

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 software sentinels and secure inter-sentinel communications to create a new software anti-
tamper technique. A software sentinel is a software-based anti-tamper technique. Software sentinel(s) monitor
system timing, the contents of computer files and binaries to verify the integrity of the software and the sentinels.
Typically, multiple software sentinels are used to make defeating the software protection more difficult. Part of the
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software sentinel’s protection mechanism is the ability to communicate between sentinels to monitor and verify the
integrity of the sentinels.

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 shall investigate and analyze a new and innovative software anti-tamper technique(s)
based on software sentinels and secure inter-sentinel communications as described in the objective section. A
mechanism to monitor system and software sentinel timing shall be included. The focus should be on denying an
adversary access to details about the system's software (primary objective) and hardware (secondary objective). A
simulation demonstrating the operation of the software sentinels is desirable.

PHASE II: The contractor shall demonstrate a working software anti-tamper system based on software sentinels,
and secure inter-sentinel communications as described in the objective section with software, hardware, and an
operating system. The contractor shall have an independent verification and validation team analyze the
effectiveness of the anti-tamper technology.

PHASE IlI: The contractor shall complete a production level version of software anti-tamper system based on
software sentinels, and secure inter-sentinel communications as described in the objective section with software,
hardware, and an operating system. The contractor will look into teaming with a prime contractor to integrate the
new technology into a current production system. The contractor shall have an independent verification and
validation team analyze the effectiveness of the anti-tamper technology. The contractor shall investigate the
potential of a commercial technology derived from the above.

REFERENCES:

1) R. Zeimer, and D. Borth: Introduction to Spread Spectrum Communications, Prentice Hall, 1995, ISBN:
0024316237.

2) R. Dillard and G. Dillard: Detectability of Spread-Spectrum Signals, Artech-House, 1989, ISBN: 0890062994.
3) B. Sklar: Digital Communications: Fundamentals and Applications, Prentice Hall, Upper Saddle River, New
Jersey, 2001, ISBN 0130847887.

4) Spread Spectrum Scene: http://www.sss-mag.com/ss.html#tutorial, 2006.

5) D. Torrieri: Direct-Sequence Communication Systems, Army Research Lab, Adelphi MD, AD Number:
ADA423421, Report Date: March 01, 2004, (www.dtic.mil report # ADA423421).

6) G. Strange and T. Nguyen: Wavelets and Filter Banks, Wellesley-Cambridge Press, Wellesley MA, 1997.
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11) Arxan Technologies White Paper: Anti-Tamper Software Protection, Arxan Defense Systems, 2003.

12) J., Koziol, et al.: The Shellcoder's Handbook : Discovering and Exploiting Security Holes, John Wiley & Sons,
2004.

13) K. Kaspersky, N. Tarkova, and J. Laing: Hacker Disassembling Uncovered, A-List Publishing, 2003.
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16) L. O'brien, et al.: Software Architecture Reconstruction: Practice, Needs, and Current Approaches, Carnegie-
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report # ADA407795).

17) W. C. Lindsey: Telecommunication Systems Engineering, Dover Publications, 1991, ISBN: 048666838X.
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A06-033 TITLE: Improvements in Yttria Strength for Durable Windows

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

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 methods or techniques that will provide a 2x improvement in
strength for yttria windows.

DESCRIPTION: Yttria has very desirable transmission properties for infrared windows and domes. The
transmission window for yttria goes well beyond that for aluminum oxynitride, spinel, or sapphire offering the
potential for longer wave applications and the best use of the mid-wave spectrum. The drawback to yttria has
always been its low strength and poor thermal conductivity. Various efforts have been undertaken to improve the
strength of yttria by reducing the grain size. These efforts have failed to produce small grain yttria with acceptable
transmission properties. Recently published work on improving the strength of aluminum oxynitride has reported
tremendous increases in strength through a combination of post firing steps such as careful optical surface finishing.
The purpose of this effort is to demonstrate a 2x improvement in the strength of yttria through a similar approach.
Proposals that focus on reducing grain size rather than post processing of conventional large grain yttria will be
considered non-responsive to the topic.

PHASE I: Evaluate the feasibility of improving the strength of yttria through post processing steps such as careful
surface finishing on conventional large grain material. Feasibility of the approach should be demonstrated by
comparing biaxial flexure strength measurements on small samples of both conventional yttria and conventional
yttria with improved surface finishing or other post firing steps. A minimum of six 19 millimeter diameter samples
of both conventional yttria and post processed yttria will be tested for both strength and transmission.

PHASE II: Demonstrate a minimum 2x improvement in strength over conventional yttria through the processes
developed in Phase I. The desired strength is 250 megapascal (MPa)with a Weibull modulus of 8. Success will be
demonstrated by comparing biaxial flexure strength on 25 millimeter diameter coupons. Enough coupons
(approximately 25-30) will be measured to obtain the Weibull modulus. Four 3” diameter domes using the same
post processing techniques will also be provided to show applicability of the finishing techniques to curved surfaces
and for possible thermal shock tests.

PHASE I1I: High strength yttria windows would find applications in high speed missile applications as a lower cost
alternative to sapphire.

REFERENCES:
1) Harris, Dan, "Material for Infrared Windows and Domes", ISBN 0-8194-3482-5, SPIE Press, 1999.
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2) Warner, Charles, et al, “Characterization of ALON Optical Ceramic, Window & Dome Technologies and
Materials IX, Proceedings of the SPIE, Orlando, FL March 2005”.
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A06-034 TITLE: Hardware-Based Anti-Tamper Techniques

TECHNOLOGY AREAS: Materials/Processes, Electronics
ACQUISITION PROGRAM: PEO Missiles and Space

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 (MMICSs), or digital components such as analog-to-digital (A/D)
converters, application specific integrated circuits (ASICs), and field programmable gate arrays (FPGAS).

PHASE I1: Based on the Phase | effort, the contractor shall further develop and incorporate the hardware anti-tamper
techniques/technologies into a prototype. A required Phase Il 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.
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PHASE I1I: 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 Il effort. The intent of the Phase 111 effort will be to
take the Phase 11 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.

REFERENCES:
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4) Maxfield, C. The Design Warrior’s Guide to FPGAS, Newnes, 2004.

5) Huang, A. Hacking the Xbox: An Introduction to Reverse Engineering, No Starch, 2003.

6) Fullam, S. Hardware Hacking Projects for Geeks, O'Reilly, 2003.

7) Grand, J., Russell, R., Mitnick, K. Hardware Hacking: Have Fun While Voiding Your Warranty, Syngress, 2004.
8) Menezes, P., Oorschot, V., Vanstone, S. Handbook of Applied Cryptography, CRC, 1996.

KEYWORDS: Anti-Tamper, Reverse Engineering, Electronics, Self-Destruct, Energetics, Material Coatings, Active
Coatings, Solid State Transmitter, Receiver, Oscillator, Microwave Monolithic Integrated Circuit (MMIC), Analog-
to-Digital Converter (ADC), Application Specific Integrated Circuit (ASIC), Field Programmable Gate Array
(FPGA), Exploitation, Hacking, Cryptography, Transceiver, System-on-a-Chip, Crypto Key-Management

A06-035 TITLE: Assessment Tool for Determining Product Assurance Readiness Levels

TECHNOLOGY AREAS: Materials/Processes

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 determine the feasibility and develop a prototype for a model to determine Product Assurance
Readiness Levels for use in determining best value in weapon system acquisitions.

DESCRIPTION: The acquisition of quality and reliable weapon systems relies on the use of mature Product
Assurance Systems. Analysis of these systems requires the use of disparate pieces of knowledge and information
from numerous sources that must be synthesized by the product assurance and manufacturing engineer in order to
make sound decisions and predictions. Furthermore, this knowledge and information varies widely from weapon
system to weapon system, process to process, and data collection and assessment methodology. The decisions on
product assurance readiness are similar but vary widely. A decision aid potentially in the form of an expert system
is needed to accumulate product assurance and manufacturing lessons learned from various weapon systems,
perform analysis on the available data, assign risk levels, and determine the overall product assurance readiness
levels. This tool will facilitate best value acquisition programs and serve as a repository for data and data base
management tools.

PHASE I: The initial phase of this SBIR is to evaluate a broad range of product assurance readiness knowledge,
information, and data to determine the feasibility of developing a total product assurance readiness decision making
aid. Sources of this knowledge, information and data will be identified and screened to provide the critical sources.
An initial model will be developed during this phase. This model will be an AMRDEC Web Based Portal site used
to prototype a limited number of specific product assurance readiness level decisions. Model must provide a
comprehensive, graphical multi user interface which is compatible on the Aviation & Missile Research,
Development, and Engineering Center (AMRDEC) network. Model must allow for data download/input and sorting
by pre-approved users dependent on task function.
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PHASE II: A complete model prototype will be developed during Phase Il and validated using information from an
actual weapon system project. The complete prototype will include a larger set of supported decisions and risk level
assessments (to be selected by the SBIR team). In addition, the complete prototype will autonomously (while the
model is running) notify the user of potential issues and provide risk level assignment and suggested courses of
action and best practice approaches. Additional capabilities will allow the prototype to link to relevant data in
libraries and external assessment information. (to be selected by the SBIR team).

PHASE I11: The model will be capable of performing product assurance readiness level assessments and tracking for
any complex weapon system or acquisition program. The model can be applied to complex equipment, vehicles,
aircraft, and spacecraft.

REFERENCES:

1) Missile Defense Agency, Engineering Manufacturing Readiness Levels (EMRL) Implementation Guide.

2) DoD Deskbook 5000.2-R, Appendix 6, Technology Readiness Levels and Their Definitions.

3) Defense Procurement and Acquisition Policy, Manager’s Guide to Technology Transition in an Evolutionary
Acquisition Environment, Version 1.0, Jan 31,2003.

KEYWORDS: Product Assurance Readiness/Analysis, Decision Making Tools, Project Tracking ,manufacturing
quality, quality systems

A06-036 TITLE: Multifunctional Nanodevice Skins for Cognitive Missiles

TECHNOLOGY AREAS: Information Systems, Materials/Processes
ACQUISITION PROGRAM: Exo-Atmospheric Product Office, MDA, Joint Program Office

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 nanodevice skins for generalized surfaces (planar or non-planar, stiff or flexible,
fixed and morphing) and interlayer integration to be used for multifunctional, multi-purpose sensing, actuation,
control, transmission, and feedback in cognitive missiles and other air vehicles.

DESCRIPTION: The primary objective is the development of a nanoscale deposition technique or suite of
approaches that provides for passive and active circuit component manufacturing to be used in missiles and other air
vehicle multifunctional skin applications. Manipulation at the nanoscale promises untold capabilities in enumerable
areas both commercial and military. Specific advantages of the miniaturization of electronic circuits and components
in missiles and air vehicles lie in the potential to integrate these devices into surface layers or sub-surface layers
without impacting structural integrity or aerodynamics. This seamless integration allows for multifunctional skins
that combine sensing, actuation and control while at the same time supporting load-bearing, self-healing, conformal
or morphing functionality. Advantages to nanodevice skin integration also include increased payload, increased
internal real-estate as well as concealment. Investigation of nanomaterials and nanostructures such as nanotubes,
nanoparticles, nanowires, nanocomposites and spintronic devices as well as low-cost Micro, and Nano Electro
Mechanical systems (MEMS and NEMS) fabrication approaches that enable scaled-up processing are also of
interest. A smart nanoskin would be one that localizes sensing, actuation and control functions at the nanoscale.

Advanced fabrication processes and manipulation at the nanoscale promise smart skin technology with numerous
possibilities. Preferred functions are manufacturing of nanodevices that, due to size, can be integrated into both
structural and flexible components, where the Young’s modulus of the components can vary between 5 GPa and 70
GPa. Examples of nanodevice integration into components include insertion into aircraft parts or skin to measure
structural state as well as integrated onto surfaces to perform the signal processing for conformal antennas.
Envisioned is a “smart” multifunctional surface or sub-surface possessing distributed sensors over a large area,
measuring, for example, strain between 0.001 and 10,000 microstrains or temperatures between 18°C and 190°C
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while consuming power 100 mW or less. These electronic components would support feedback control
functionality enabling missiles and air vehicles that can sense and respond. Device package thicknesses less than
0.25 mm would minimize any unwanted moldline stepping.

PHASE I: Explore the nanoscale approaches for manufacturing of circuit components for multifunctionality and
multi-purpose sensing, actuation, control, transmission, and feedback in cognitive missiles skins. Provide a
feasibility study that addresses the reliability of the method(s) selected. Identify the optimal materials and deposition
techniques for mild to extreme operating conditions (nuclear environment, temperature, shock loading, etc). Provide
report detailing findings.

PHASE II: Based on the results of the feasibility study in Phase I, develop a prototype circuit on a representative
structure such as a missile or air vehicle. Demonstrate the system’s viability and superiority under a wide variety of
conditions typical of both normal and extreme operating conditions. Develop performance metrics for cognitive
missiles. Demonstrate scalable manufacturing technology during production of the articles. Provide report.

PHASE I11: The development of integrated miniaturized electronics will have broad applications for both military
and commercial sectors. For military applications, there is a need for high-performance electronic components such
as sensors requiring less power and minimal volume that are at the same time conformal and integrated. In
commercial applications, there is an increasing demand for miniaturization of components for portable consumer
products benefiting from advances of reduced size, weight, integration such as personal computers and other
microprocessor-driven devices, cell phones, displays, global positioning system devices, etc. The proposed
technology under this effort would advance the state-of-the-art in missile structural performance (Exoatmospheric
Kill Vehicle, Multiple Kill Vehicle, and Kinetic Energy Interceptor), safety, life extension, preventative and other
maintenance, enhanced turbine blade performance for wind energy production in low speed/turbulent conditions,
earthquake resistant buildings, deformable hydrofoils for high performance submersibles, and in a spectrum of other
areas, for both the government and private sectors. Advanced multifunctional warfighter uniforms and other textiles
will also be of interest.

REFERENCES:

1) C. Charitidis and S. Logothetidis, “Nanoscale effects on the nanomechanical properties of multifunctional
materials”, Computational Materials Science, 33(1-3) 296-302, April 2005.

2) C. Martin, J. Grisolia, L. Ressier, M. Respaud, J. P. Peyrade, F. Carcenac and C. Vieu, “Fabrication of
nanodevices for magneto-transport measurements through nanoparticles”, Microelectronic Engineering, 73, 627-
631, June 2004.

3) Ahmed K. Noor, Samuel L. Venneri, Donald B. Paul and Mark A. Hopkins, “Structures technology for future
aerospace systems”, Computers & Structures, 74(5) 507-519, February 2000.

KEYWORDS: nanoscale, nanodevice skins, nanomaterials, smart, non-planar, distributed, Micro and Nano Electro
Mechanical systems, cognitive structures, manufacturing materials

A06-037 TITLE: Near Real Time Structure Mapping for Urban Combat

TECHNOLOGY AREAS: Information Systems
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Design, develop and demonstrate the algorithms, hardware, and software components required to
perform automated mapping of the internal structure of a multistory building, cave complex, or ship; and share this
mapped structural data in near real time to all members of a 10-12 man assault unit within a situational awareness
context.

DESCRIPTION: Soldiers within the Future Force, and those in the current force engaged in combat operations must
be able to quickly reduce opposition within urban environments while minimizing friendly force casualties in urban
combat. This requires tremendous situational awareness and knowledge of the urban terrain. One of the key
technologies required to achieve the required level of urban situational awareness and urban terrain knowledge is the
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ability to quickly map the internal structures of buildings in which urban combat is expected and disseminate this
data to each leader and soldier participating in combat. This must be combined with the ability to track blue forces
within the urban structure so as to provide complete situational awareness for urban combat. The capability must be
designed so as to be either man portable or capable of being used on an unmanned system (UMS) which can be
inserted into the environment to perform the structure mapping. Data collected by the man portable or UMS-
mounted system may be processed on the system and then shared to other systems in the network, or may be
transmitted back to another system in the small unit team for processing and dissemination to other team members.

PHASE I: Investigate innovative real time broadband sonar, multi-sensor processing and 3-D image reconstruction
algorithms and processing architectures suitable for autonomous mapping of internal building structures using
standard PC based processor technology. Develop and document an innovative low cost hardware/software
component design approach and accompanying algorithms for automated structure mapping. Demonstrate a proof
of principle of the design by showing a mission thread which allows a soldier/lUMS collect structure data, translate
this data into a map, and disseminate the map across a radio network in near real time, along with blue force tracking
data for individual soldiers and UMS.

PHASE II: Develop and demonstrate a prototype hardware/software capability for insertion into a realistic,
ARDEC-supplied Small Unit Situational Awareness architecture. The component must be capable of seamless
integration and operation within the ARDEC-supplied architecture, which is component-based. Conduct testing to
demonstrate feasibility of the component for operation within a steel and concrete urban environment.

PHASE I11: The algorithms and software developed under this effort will have dual use applications in all domestic
security operations where detailed, individual-level situation awareness in urban incident response is required.
Homeland Security operations such as the Border Patrol, airport security, and FEMA could use this capability in
responding to urban security incidents or natural disasters. This capability can be used by Search and Rescue teams
performing rescue operations in collapsed buildings and structures. Local, county, state and federal SWAT teams
can also use this capability and technology for SWAT operations. This capability can also be used by private
security companies which provide large scale industrial security at power plants, chemical plants, etc.

REFERENCES:

1) TRADOC PAM 525-66, Military Operations Force Operating Capabilities.

2) Army/Marine Corps Ground Robotics Master Plan, Users Force Operational Capabilities/Future Naval
Capabilities. 2005.

3) Politis, Z. & Smith, P. J. P. (2001). Classification of Textured Surfaces for Robot Navigation Using Continuous
Transmission Frequency-Modulated Sonar Signatures. The International Journal of Robotics Research, February 1,
2001; 20(2): 107 — 128.

4) Kao, G. & Probert, P. (2000). Feature Extraction from a Broadband Sonar Sensor for Mapping Structured
Environments Efficiently. The International Journal of Robotics Research, 2000; 19: 895-913.

KEYWORDS: Situational awareness, Structure mapping, Collaborative data, Unmanned systems

A06-038 TITLE: Low Cost, Improved Thermal Batteries

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
ACQUISITION PROGRAM: PEO Missiles and Space

OBJECTIVE: To develop thermal batteries that are lower in cost, improved in electrochemical performance, and can
be made in three-dimensional shapes.

DESCRIPTION: There exists a growing need for thermal (and other primary) batteries that have very long shelf life,
and can be made into variable and conformal shapes. Lower cost and high reliability is also desirable.
Unfortunately, present manufacturing processes used to make thermal batteries make it difficult to meet these goals
(1). Fabrication usually involves batch processes, including pressing electrodes and electrolyte into rigid wafers,
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and assembling batteries by hand (2). The batteries are encased in a hermetically-sealed metal container that is
usually cylindrical in shape. Devices using the batteries must accommodate the (non-ideal) battery shape and size.

Thermal batteries made using pressed layers are not optimum in their design, due to limitations in the processing.
For example, electrodes and/or electrolyte layers must be sufficiently thick to avoid cracking during the pressing
steps; however, this creates excessive internal resistance and can require excess material, beyond what is ideally
needed for a given duty. Excessively thick layers can also cause thermal and current misdistribution during transient
operation, which can lower performance or limit life.

Improvement in thermal batteries has been slow, as producers have had little motivation to invest research funds for
a low-volume product (1). However, recent reports (3,4) have described thermal batteries that are conformal; i.e.,
can be made into curves or other three-dimensional shapes. Most of these approaches involve continuous
processing, that would at once lower the production cost, and allow cell designs that allow improved performance.
Improved, lower-cost, conformal thermal batteries will improve the performance of new generations of smart
munitions that require improved power sources.

Proposals are sought to address the need for improved thermal batteries, made with low-cost continuous processes,
and that can possible be made into three-dimensional shapes. Emphasis should also be given to improvements in
electrochemical performance (energy density, discharge potential, power output) as well as process improvements.
Further, the focus should be on the cell sandwich itself (electrodes, separator) rather than the support hardware (cell
container, connections, pyrotechnic, igniter, etc.). Processes for making key battery materials will also be
considered. It is desirable, though not required that new cell development be done in conjunction with mathematical
modeling to help optimize cell designs.

PHASE I: Design and develop thermal batteries that are made using improved processing concepts. Contrast
various processing options that could be used to make the batteries. Compare possible options to factors including
but not limited to survivability, required volume, integration issues, power production requirements and efficiency.
Demonstrate conformal sub-scale batteries and their electrochemical behavior. From this study down select to
candidate technology for transition to Phase I1.

PHASE II: Build full-scale multi-cell prototype batteries and test in a relevant environment, Demonstrate the
performance of the new thermal battery technology against DOD (and other) thermal battery requirements, and
demonstrate survivability in operational environment.

PHASE I11: Possibility for application not limited to the realm of munitions. Examples include bore-hole
engineering and emergency flares. In general thermal batteries could find commercial uses beyond the strictly
military usage, as their manufacturing cost is reduced.

REFERENCES:

1) Macmahan, W., “RDECOM Power & Energy IPT Thermal Battery Workshop — Overview, Findings, and
Recommendations,” Redstone Arsenal, U.S. Army, Huntsville, AL, April 30 (2004).

2) Linden, D., “Handbook of Batteries,” 2nd Ed., McGraw-Hill, New York, NY (1998).

3) R. A. Guidotti, F. W. Reinhardt, J. D., and D. E. Reisner, “Preparation and Characterization of Nanostructured
FeS2 and CoS2 for High-Temperature Batteries,” to be published in proceedings of MRS meeting, San Francisco,
CA, April 1-4, 2002.

4) Delnick, F. M., Butler, P. C., “Thermal Battery Architecture,” Joint DOD/DOE Munitions Technology Program,
Project Plan, Sandia Internal Document, April 30, 2004.

KEYWORDS: power, battery, thermal, smart projectile, fuze, power generation, smart munitions, guided munitions,
microelectronics, conformal, continuous processing

A06-039 TITLE: Versatile Sensor Network/Data Fusion Optimization System

TECHNOLOGY AREAS: Information Systems, Electronics
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ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop a versatile wireless acoustic sensor network development system which will allow the
optimization of high performance collaborative data fusion within scalable distributed sensor network architectures.

DESCRIPTION: Acoustic signal processing in battlefield environments has brought enhanced capability to the
Warfighter. Most recently, the performance capability of low cost distributed sensor networks to accurately track
targets as well as gunfire locations has been demonstrated using 15 to 60 randomly emplaced sensor nodes. The
realistic fielding of such systems has been facilitated by the advancement of MESH/Ad-hoc or ZigBee type
networked communications system designs which allow scaling such networks to hundreds of sensors. The
performance potential and area efficiency of coverage of any network of sensors is directly related to the
effectiveness and efficiency of the data fusion approach (or the ability for sensors within the network to effectively
share, collaborate, and act on their sensed information).

The optimization of sensor algorithms and hardware/software solutions for high performance data fusion within
scalable sensor networks represents a formidable challenge. Unfortunately, most sensor hardware/software solutions
emerge in the context of small collaborative networks which do not optimize what can be realized with high
performance data fusion or its more efficient implementation in scalable networks. An innovative development
approach and wireless system architecture to facilitate the optimization of data fusion for scalable networks is thus
desired.

The system architecture should facilitate data fusion algorithm development by allowing the developer to quickly
define sensor functionality at each point in the network, juggle the number of sensors involved in a particular data
fusion collaboration, vary how much information is shared at each point in the network, and determine how these
interrelated factors affect overall system level detection/tracking performance. The system should also be capable of
allowing the developer to effectively balance system level performance against realistic hardware/software
implementations, as different data fusion designs affect the quantity of information shared, the level of processing
and power utilization required at each node in the network, and ultimately the system level detection/tracking
performance as it relates to cost per unit area of coverage.

To be effective, the system should consist of a distributed array of at least 40 wireless acoustic sensing/processing
nodes capable of communicating over distances of approximately 200 meters between nodes. Nodes should
embrace an open architecture that will enable third-party developers to port their software algorithms through
downloadable applets that encode, filter, condition, and classify acoustic signals. The design of each node should
allow common microphone interface and preamp, a processor to house the sensor processing and data fusion
algorithms, computer interface to monitor and reprogram sensor/data fusion algorithms, and communications
system. Nodes should be capable of forwarding acoustic processed or unprocessed information over the wireless
network to a central processing console. Nodes should be able to time stamp information packets forwarded from
each node with a time precision accuracy of less than 1 millisecond. The design of the nodes must accommodate a
wide range of potential sensor functionalities, ranging from minimal data fusion collaboration to more complex
gateway level data fusion functionality. The central processing console should be capable of performing further
signal processing and system level data fusion using third-party algorithms as well as recording all acquired data
within the sensor network.

PHASE I: Review existing acoustic algorithms, data fusion approaches, and network architecture designs. Examine
commercially available ZigBee or other applicable COTS communications systems. Develop a flexible wireless
acoustic network system architecture that will streamline the ability to develop, test, and optimize existing and
future battlefield acoustic data fusion algorithms and network architecture designs. Demonstrate essential network
functionality by collecting and forwarding real-time acoustic signals to a central processor using no less than 15
acoustic sensor nodes.

PHASE II: Fabricate a prototype wireless acoustic network system capable of sensing, recording, and processing
battlefield acoustic events over a large test range with up to 40 node locations with highly accurate time and location
stamping at each node. Demonstrate the ability to load and monitor acoustic sensor algorithms at each point in the
network. Demonstrate the capability to use system to optimize the data fusion approach and corresponding
hardware/software node level design parameters for a given acoustic distributed sensor network application.
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PHASE I1I: Military: Sensor systems and/or munitions systems will be capable of improving their performance and
expanding their role on the battlefield with network designs which incorporate optimized data fusion solutions. A
wireless acoustic sensor network development system can significantly improve and stream line the development of
sensor hardware/software designs, optimizing system performance, and vastly improve the scalability of the network
solution. This supports the development of more cost effective and more efficiently distributable acoustic sensor
systems for target aiming and gunfire detection.

Commercial: Optimized scalable acoustic sensor networks has high commercial potential and can be easily
expanded to other sensor types, exploiting a wide range of security/surveillance applications which feedback exact
location of acoustic, seismic, optical (or other) disturbances. Scalability of the solution allows efficient application
for wide area Homeland Security/Border Surveillance Efficient scalable and commercial potential is especially
facilitated by emerging COTS MESH/ZigBee communications solutions which provide the essential
communications

REFERENCES:

1) Johnson, Don H., Dudgeon, Dan E., “Array Signal Processing: Concepts and Techniques”, Prentice-Hall,
Englewood Cliffs, NJ, 1993

2) Li, Ekpenyong, Huang “A Location System Using Asynchronous Distributed Sensors”, http://www.ieee-
infocom.org/2004/Papers/13_4.PDF

3) Cardoza, Miguel, et. Al, “Offshore Weapon Scoring Using Rapidly Deployed Real-time Acoustic Sensors”,
http://www.dtic.mil/ndia/2005test/tk9.pdf
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A06-040 TITLE: Innovative Thermal/Chemical Resistant Coating Material

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop an innovative coating material that has good thermal and chemical agent resistance
properties.

DESCRIPTION: The use of thermal paint technology has demonstrated successful results on munition systems
when exposed to fast cook off (FCO) environments of approx 1500F. However, past research and tests indicated that
current thermal resistant paints are incapable of surviving sequential rough handling requirements such as -65F drop
test environments. Past technology also failed to show chemical agent resistance. Agents include 1,2,2 —
trimethylpropylmethylphosphonofluoridate (aka Soman) and 2,2 — dichlorodiethylsulfide (aka mustard gas). Both of
these features are critical in munitions performance throughout the life cycle. Coating failures, specifically at cold
temperatures, result in exposed metal. Bare metal is susceptible to corrosive material damage. This SBIR effort is to
develop a coating to provide a thermal conductivity no more than 0.1 W/m*K (watts / meter*kelvin), while
providing a chemical agent resistance capability as defined by the requirements documents provided in the below
references. Most importantly, the coating must provide Insensitive Muntions (IM) enhancement to support a Type V
maximum reaction during a Fast Cook Off test in accordance with MIL-STD-2105C. A type V reaction correlates to
energetic material ignition and burning non-propulsively, debris staying within area of the fire and no hazardous
fragments propelled beyond 49ft. A hazardous fragment is a piece of the reacting weapon, weapons system or
container having an impact energy of 79 newton meters (N*M) or greater. Past experience with successful FCO test
results revealed coated test panels were able to maintain under 600 degrees F on one side while 2000 degrees F is
applied to the opposite side for over 600 seconds.

PHASE I: Design/formulate an innovative thermal chemical resistant coating material based upon the referenced
requirements, that can be applied to mild steel, aluminum, or thermoset composite panels, which will provide a
thermal conductivity of no more than 0.1 W/m*K, thereby enhancing IM performance of packaged munitions. The
performance goal is a Type V maximum reaction for FCO tests where no hazardous fragment is propelled beyond
49 ft. (Note: calculations showing that k=0.1 W/m*K or k<0.1 W/m*K do not in themselves imply the coating will
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enable packaged munitions to obtain a type V reaction when subjected to a FCO.) Further calculations will be
necessary to prove a type V reaction is possible with proposed innovative coating material technology.

PHASE II: Develop the innovative prototype thermal chemical resistant coating material that meets the maximum
thermal conductivity of 0.1 watts/meter*kelvin and demonstrate its capability to meet the desired type V FCO IM
requirments as defined by the referenced sources.

PHASE I1l: For military applications, the coating mateiral may be used on future munitions and munition
containers. For commercial applications, the coating material may be applied to commercially transported
HAZMAT materials and building fire protection. Use of thermal resistance technology may effectively enhance
safety and reduce reactions when an accident occurs and a fuel fire results.

REFERENCES:

1) United States. Department of Defense. Acquisition Manager's Handbook for Insensitive Munitions. JAN2004
Rev01.

2) "ASTM D522-93A." American Society for Testing and Materials. 2001.

3) "ASTM D2794-93." American Society for Testing and Materials. 2004.

4) United States. Department of Defense. MIL-STD-1904 Design and Test Requirements for Level A Ammunition
Packaging. 1989.

5) United States. Department of Defense. MIL-STD-2105C Hazard Assessment Tests for Non-Nuclear Munitions.
2003.

6) U.S. Army Research Laboratory. MIL-DTL-64159 Coating, Water Dispersible Aliphatic Polyurethane, Chemical
Agent Resistant. 2002

7) U.S. Army Test and Evaluation Command. Test Operations Procedure (TOP) 8-2-111 Nuclear, Biological, and
Chemical (NBC) Contamination Survivability, Small Items of Equipment. 1998.
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A06-041 TITLE: Integration of a Laser Range Finder into a Stabilized Binocular

TECHNOLOGY AREAS: Electronics, Weapons
ACQUISITION PROGRAM: PEO Soldier
OBJECTIVE: Design & build an Integrated Laser Range Finder with a Military approved Stabilized Binocular.

DESCRIPTION: One of the most serious problems in the use of handheld laser rangefinders is the jitter associated
with the nervous system of the human operator that makes it extremely difficult at ranges of more than a few
kilometers to insure that the laser spot is on the actual target rather than located somewhere else entirely. If a
miniature powerful eye safe laser rangefinder could be placed on a stabilized platform such as the US Army’s M-25
binocular system, the observer would be able to report target location with respect to his own GPS coordinates with
a high degree of accuracy. Therefore calling in air strikes or artillery would have an extremely high kill/hit
probability.

The technical objectives associated with this research are:

* Integration of a miniature 1540 nm erbium eye safe laser into the binoculars where the rangefinder is capable of
sending a beam out to ~ 5 km. with a return signal strong enough for a good S/N level without placing a high burden
on the system power supply.

« Integration of the beam with the existing optics that takes advantage of the stabilization provided by the system to
eliminate movement and jitter.

« Development of the system where the rangefinder beam is placed on the target by the use of a reticle in the direct
view optics and where this placement is accurate for all levels of system magnification.

« Display of the range through the existing optics with a number easily recognizable by the operator.

PHASE I: Design an integrated laser range finder with a stabilized binocular system.
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PHASE II: Develop a prototype of the interated range finder and binoculars.

PHASE I11: The military applications are for the future mounted/dismounted battlespace. Commercial applications
include Law Enforcement and use in surveying systems where distance and location of a point must accurately
known in a quick, inexpensive manner.

REFERENCES:

1) Marola, G., D. Santerini, and G. Prati, “Stability Analysis of Direct-Detection Cooperative Optical Beam
Tracking”, IEEE Transactions on Aerospace and Electronic Systems, Vol 25, No 3, May 1989.

2)Nikulin, V., M. Bouzoubaa, V. Skormin, and T. Busch, “Decentralized Adaptive Control for Laser Beam Tracking
Systems”, Proc. SPIE Vol. 4272, pp 200-208, 2001.
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A06-042 TITLE: High Speed Innovative Electronic Image Stabilization

TECHNOLOGY AREAS: Information Systems
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop an efficient, high-speed multi-spectral electronic image stabilization and super resolution
algorithm for multi-spectral sensors.

DESCRIPTION: Smart video systems are becoming increasingly important tools in supporting the Homeland
Defense and Security activities. Multi-spectral sensors that detect a variety of targets are now being used on moving
platforms such as UAV, UGV, and Armed Robot applications. Such maobile applications require stable video for
driving, flying, reconnaissance, surveillance, and reliable target detection, tracking, and recognition. Higher frame
rates are also useful in mobile applications such as smart pathfinder and automatic target tracking. With higher
frame rates, higher resolution has been demonstrated to be obtained through super-sampling over multiple frames of
a video. This SBIR seeks electronic video stabilization and super resolution algorithms that are highly efficient for
high-speed applications (greater than 30 fps) and that can be applied to multi-spectral sensor inputs (visual, near-IR,
FLIR, Tera-Hz). Existing algorithms are generally sensor specific and require large, power-hungry processors to
process in real-time. Gyro-stabilization is both expensive and heavy, limiting certain applications. The purpose of
this SBIR is to develop a highly efficient electronics stabilization and super resolution algorithm that can be
processed in small electronics. We expect such an algorithm to enable sensors to see further and stabilize video in
high-vibration environments on smaller, less powerful electronics.

PHASE I: Design a high-speed multi-spectral electronic video stabilization and super resolution algorithm that is
highly efficient for small processing platforms. Clearly show how the algorithm will run efficiently with a high
degree of performance. Characterize the stabilization and super resolution algorithm at a variety of frame rates and
vibration frequencies and amplitudes.

PHASE II: Optimize the algorithm and develop a prototype in a high-speed processor.

PHASE I11: Both stabilization and super resolution have applications in military and civilian applications. The
technologies can be used for a variety of military and homeland security applications such as border monitoring,
airport security, high value (power plants, chemical plants, water plants, etc.) facility protection, transportation
security (subways, trains, highways, bridges, tunnels, etc.), UGV, UAV and Armed Robot applications.

REFERENCES:

1) http://lwww.southernresearch.org/sri/pubs/engineering/image_stable.pdf

2) http://www.ri.cmu.edu/pub_files/pub3/baker_simon_2002_4/baker_simon_2002_4.pdf
3) http://cvrr.ucsd.edu/publications/2004/ICPR2004_Junwen_Video.pdf

4) http://www.cad.zju.edu.cn/home/zdjiang/cvpr2003/SuperResolution_ CVPRO3.pdf
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5) http://www.cs.huji.ac.il/~peleg/papers/wacv02-multiSensor.pdf

KEYWORDS: Algorithm, stabilization, super resolution, sensor, multi-spectral, UAV, UGV, Armed Robot

A06-043 TITLE: Automated Target Hand-Off for Future Force Operations

TECHNOLOGY AREAS: Information Systems, Weapons
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Design, develop and demonstrate the algorithms and software components required to perform
automated target handoff for precision cooperative engagement by Future Force LOs, BLOS, and NLOS systems to
include use from the individual soldiers to the FCS Unit of Action (UA).

DESCRIPTION: The Future Force will possess a wide range of organic and highly deployable fire support systems
that can deliver advanced and fused fires support effects out to operational distances. This capability allows the
Future Force to harness a balance of organic direct fires, LOS, BLOS, NLOS, joint and Army fires support
capabilities to ensure the success of early entry, forced entry (opposed/unopposed), shaping decisive
offense/defense, and SASO operations. The key to success in balancing the Future Force fires and effects resources
to achieve victory is the ability to orchestrate and synchronize, in real time, the diverse and versatile mix of fires and
integrated effects capabilities, from the individual soldier through the Unit of Action (UA). Automated target
handoff from sensors/soldiers through the fires and effects network to appropriate shooters is a major building block
in the synchronization of fires and effects. This requires employment of intelligent “assistants,” throughout the
force, that are able to quickly correlate, and employ, artificial intelligence-based algorithms to compare sensor and
other data to historical patterns, perform predictive profiling, and automatically select appropriate fires and effects
delivery means to attack targets. It also requires automated selection of the appropriate sensor to shooter links to
allow terminal control, observation and reporting of battle damage assessment (BDA), and retargeting. An
automated target handoff capability, which reaches from the individual soldier to appropriate LOS, BLOS, and
NLOS weapon systems in the UA is desired, such that little or no human intervention is required to determine a)
appropriate weapon systems for delivery of fires and effects and b) the communications links for sensor to shooter
operations to support delivery of fires and effects.

PHASE I: Investigate innovative artificial intelligence based as well as optimization and hybrid based algorithms
and real time processing architectures with potential to meet the topic requirement. Conduct analysis to determine
the best overall component design approach and accompanying algorithms for automated target handoff and
communications link selection. Demonstrate a proof of principle of the design by showing a mission thread which
allows a soldier/sensor to recognize and input a target or target track into a fires and effects network, which then
uses agents to perform automated target handoff and communications link selection. Document results.

PHASE II: Develop and demonstrate a prototype component for target handoff and sensor to shooter
communications link selection in a realistic, ARDEC-supplied fires and effects architecture. The component must
be capable of seamless integration and operation within the ARDEC-supplied architecture, which is component-
based. Conduct testing to demonstrate feasibility of the component for all LOS, BLOS, and NLOS, as well as joint
weapon systems in a realistic high fidelity simulation environment or actual field environment.

PHASE IlI: The algorithms and software developed under this effort will have dual use applications in all domestic
security operations where a highly automated, multi-tiered approach to security and incident response is required.
Multi-tiered Homeland Security operations such as the Border Patrol, airport security, and FEMA could use this
capability in automating their response to security incidents or natural disasters. This capability can also be used by
private security companies which provide large scale industrial security at power plants, chemical plants, etc.

REFERENCES:

1) TRADOC PAM 525-66, Military Operations Force Operating Capabilities.

2) US Army ARDEC. 2003. Software Requirements Specification (DRAFT) for Objective Force Warrior Netted
Fires Management.
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A06-044 TITLE: Innovative Computer-Aided Manufacturing

TECHNOLOGY AREAS: Information Systems, Materials/Processes
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: To research and develop new and innovative methods to convert ”G-Code” manufacturing machine
language to a Cutter Location (CL) file format that may be imported into various Computer Aided Manufacturing
(CAM) software packages allowing manufacturing changes to be made on any CAD/CAM system.

DESCRIPTION: Most Computerized Numerical Control (CNC) manufacturing equipment today uses G-Code
machine language created on a CAD/CAM system to automatically machine components. This G-Code can be
shared by various manufacturing facilities and run on similar equipment using the same machine control. There are
numerous vendors today offering CAD/CAM systems, resulting in most manufacturing facilities having different
CAD/CAM systems that are not compatible with each other. If a change needs to be made to the G-Code program,
not produced on the facilities CAD/CAM system, the choices are to either totally redo the program, manually edit
the program or have the original programming facility make the change. There are many risks that can be involved
in doing any of the previous that can result in lost time, scrap or manufacturing equipment damage. The US Army
ARDEC’s manufacturing facility has been actively engaged in developing a manufacturing process for Excalibur
projectile metal parts using Pro-Engineer software. The Project Manger has expressed concerns about cost and the
time required to transfer such a process to any industrial base facility where Pro-Engineer is not used for machine
programming. This SBIR effort would allow the manufacturing facility to take the G-Code program created by a
different CAM package and run it thru the resulting software package creating a generic CL file. This file would be
then further refined to be tailored to individual CAD/CAM software packages allowing anyone to make changes on
a G-code program that was made on a different facilities CAD/CAM system. Major Commercial Off-The-Shelf
(COTS) CAD/CAM systems will be analyzed and researched to determine the various CL file requirements.
Innovative, robust algorithms, translation protocols and user interface will be developed for all major COTS
CAD/CAM packages with both complex milling and turning part geometries.

PHASE I: Design and develop new and innovative algorithms and translation protocols for a software package that
will demonstrate proof of concept. Demonstrate capability on one simple geometry part provided by ARDEC for
one machine (lathe/mill) case study. Verify this system using Pro-Engineer/Pro-Manufacture software.

PHASE II: Develop and refine an innovative computer-aided manufacturing software utility system prototype that
can perform translations on multiple major CAD/CAM packages (Mastercam, Unigraphics, Gibbscam and
Solidworks/SolidCam) and on several types of equipment (lathe/mill) using a more complex geometry supplied by
ARDEC.

PHASE I1I: For military application, this system can be used for multiple military engineering development projects
at all military manufacturing facilities. For commercial application, this system can be used in all major
manufacturing facilities such as the automotive and aerospace industries.

REFERENCES:

1) Vericut Simulation Software, Available http://www.vericut.com
2) ProE CadSoftware, Available http://www.ptc.com

3) Mastercam CadSoftware, Available http://www.mastercam.com
4) Unigraphics CadSoftware, Available http://www.ugs.com
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KEYWORDS: CAD, G-Code, Post Processor, Manufacturing, CNC, Computerized Numerical Control, Computer
Aided Manufacturing, Machining

A06-045 TITLE: Automatic Target Detection and Recognition Algorithms for Hyperspectral Sensors

TECHNOLOGY AREAS: Information Systems, Electronics
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop efficient and fast algorithms for hyperspectral (HS) infrared (IR) imaging sensors that are
able to automatically detect and classify targets for future weapon systems.

DESCRIPTION: The objective of this effort is to develop algorithms that are able to automatically discriminate and
achieve target recognition capability for future weapon platforms. Smart and precision guided munitions need
sensors and algorithms that allow them to detect targets of interest. For these types of munitions, the time frame for
processing these image signals is very short. Since hyperspectral sensors accumulate a wealth of information over
the IR spectrum, the data obtained from the sensor may be too large to process with today’s conventional methods.
Hyperspectral sensors have been known to be invaluable to acquire needed information, however algorithm
development work in this area is still very new and not sufficiently efficient for Army’s applications. The desired
algorithm(s) needs to be fast in processing incoming signals for detection and classification of targets ((i.e., ATR
(Automatic Target Recognition)). Optimization of such algorithm(s) will include the decision to process all or some
of the IR bands captured by the IR-HS sensor. The environment at which these algorithms will be tested and rated
will include day/night, all weather/terrain operations, and processing time allocation of raw IR HS data.

PHASE I: Design new methodologies and concepts for IR HS image processing for automatic target detection and
classification with the desire of eliminating target look-up tables.

PHASE II: Develop a prototype system based upon optimization of algorithms.

PHASE I11: Applications for these algorithms can be found in both the military and civilian life. For the military,
sensor fuzed weapons will benefit by being able to automatically recognize and classify targets by prioritization or
military value. It can also be used for guidance and control of munitions to a target. For commercial applications,
the algorithms can also be used in conjunction with human control systems to provide additional information about
the target of interest. Homeland and commercial applications can also include perimeter surveillance and target
discrimination (i.e., human from an animal). This type of perimeter surveillance with discriminatory/recognition
features built-in very useful for Homeland Defense for border control over a large open area.

REFERENCES:

1) Pattern Classification, Richard Duda, 2nd Edition, 2004.

2) Hyperspectral Imaging: Techniques for Spetral Detection and Classification, Chein — I Chang, 2005.
3) Signal Theory Methods in Multispectral Remote Sensing, David Landgrebe.

KEYWORDS: hyperspectral, infrared, IR, sensor, submunition, algorithm

A06-046 TITLE: Novel Plasma Stabilization and Control of Titanium Welding Processes

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Develop a novel, integrated control process for welding titanium for current and future Army systems.
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DESCRIPTION: Titanium pulsed gas metal arc welding (GMAW-P) has been the foundation for manufacturing
titanium parts to support the Army’s current and future system requirements. GMAW-P welding technology has
been made available through Army ManTech technology transfer through commercial off-the-shelf welding power
supplies. After using this technology in production facilities, it has been noted that arc stabilization technology is
required to improve weld performance. At typical GMAW-P travel speeds of 14-24 in/min and arc voltages of 18-
22 volts, the arc plasma becomes unstable as a function of welding time. It is believed that this is caused by “un-
phasing” of the welding waveform where the electrical signal frequency becomes out of phase to the physical
welding conditions (arc voltage, length, and current). In order to obtain welds that are of high quality, it is necessary
to develop an adaptive control methodology for novel plasma stabilization control and monitoring of the welding
process. This effort proposes the development of an adaptive control/arc monitoring system that will be applied to
existing welding hardware. The system will be innovative and beyond the scope of what is currently available
commercially. This novel plasma stabilization control/monitoring system will integrate gas quality control with
adaptive controls such as vision or other sensors with the goal of adding these to existing commercial welding
robotic hardware. The system will allow the user to both monitor welding variables (current, arc length, torch speed,
etc.) and make critical changes to these variables during the welding process. Factors effecting gas quality such as
oxygen content, hydrogen content and dew point will be researched. Factors such as current, arc length and torch
speed will be researched along with the integration of these factors within the system. A relationship between these
factors will be outlined and explored. A control methodology integrating these factors using sensors, neural
networks, or other concepts will be proposed.

PHASE I: This effort will focus on developing a control algorithm and designing an add-on control hardware that
will act in conjunction with the welding power supply to monitor transient conditions and return the arc to
equilibrium. Phase I will be used to assess the weld condition and determine a potential algorithm and hardware
solution.

PHASE II: Phase Il will be used to build a control circuit, the add-on hardware, and to deliver a prototype solution
for testing.

PHASE Il1I: In addition to military application in Future Combat Systems, the technology created under this SBIR
program is an enabling technology that reduces replacement costs. Potential commercial applications include use in
the aerospace and automotive industries.

REFERENCES:

1) The NIST Automated Arc Welding Testbed

http://www.isd.mel.nist.gov/documents/rippey/awms97.pdf

2) Development of Robotic GMAW Workcell for Fabrication of Ti6A1-4V Machine Gun Receivers.
http://www.titanium.org/PDF/Newsletters/March2002News. pdf

3) Common gun and torch questions for robotic welding.
http://www.binzel.com.au/binzel.nsf/edithints/ CFF5F9C6B0104296 CA256B7B001A1073/$file/Common%20gun%
20and%20torch%20questions%20for%20robotic%20arc%20welding.pdf

KEYWORDS: Titanium, Welding, Plasma Stabilization, Future Combat System, Robotic

A06-047 TITLE: Innovative Harware-Based Chip Control Technologies

TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop an innovative, practical hardware-based approach to eliminate the production of continuous
chips during machining operations to increase efficiency, improve worker safety, reduce cost, and accelerate

progress toward lean manufacturing.

DESCRIPTION: Machining practice has improved dramatically over the last 20 years. With the advent of new
cutting tool technology, better machines, improved computer controls, and advancing skills, machining quality and
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speed has steadily improved. However, lingering problems remain that hamper the progress toward the lean
manufacturing ideal, especially as machining speeds are increased. One of the most prevalent is in regard to chip
control. During turning processes, three types of chips are generally produced: fragmented, semi-continuous, or
continuous. Fragmented and Semi-continuous chips are easily removed from the machine. Continuous chips, on the
other hand, can be disastrous for machining process efficiency and final part quality. Long, continuous chips are
difficult to evacuated from the machining zone. Often the production of such chips causes a long entanglement of
chip material in the vicinity of the cutting edge. This collection of continuous chip material must be removed by an
operator using a hand tool after stopping the machining process. Not only is the interruption of the process an
significant loss in efficiency, the removal of the sharp chip material represents a safety hazard for the operator. Over
the years, cutting tools have included surface features for chip control [1] and detailed analytical models have been
developed that describe chip mechanics [2]. However, they cannot address the full range of processing conditions
expected during real-world manufacturing operations. Hence, this information is often useless to the machine tool
operator or the manufacturing engineer. Advanced computer simulations of the machining process are available that
provide information on chip segmentation and break-up. However, the cost and time investments required for these
simulations preclude their use as a practical method to address chip control on the shop floor. New, practical,
hardware-based approaches are needed to address the problem of chip control to increase efficiency.

PHASE I: Design an innovative hardware-based chip control system. Validate the systems performance by running
a number of mutually agreed upon test cuts of varying speeds, feeds, depths of cuts and materials. Document and
analyze results.

PHASE II: Develop a prototype of the validated system. Integrate the resulting system into a CNC-based turning
tool. Demonstrate the systems performance in a “real-world, well documented” manufacturing operation provided
by ARDEC. Document results and measure performance by comparing data to present operating conditions.
Analyze the data to determine if increased efficiency can be obtained resulting in lower production times and cost
savings due to the formation of fragmented or semi continuous chips. Run testing to determine if increased speeds
and feeds can also be obtained as well as increased tool life resulting in cost reductions.

PHASE I1I: The system can be used for both military and commercial applications by teaming with end-users,
machine tool makers, and metal working tool manufacturers. For military applications, the development of chip
control technologies for lathe turning operations can be readily applied to manufacturing future weapon systems.
For commercial applications, the development of chip control technologies can be applied to milling operations and
other private sector applications. The prevalence of machining operations in the United States offers opportunities
to scale the innovation to suit a variety of markets.

REFERENCES:

1) Shinozuka, J., Obikawa, T., and Shirakashi, T., 1996, “Chip Breaking Analysis from the Viewpoint of the
Optimum Cutting Tool Geometry Design”, Journal of Materials Processing Technology, Vol. 62, pp. 345-351.

2) Shea, K., Rahman, M., Li, X., Zhang, X., 1996, “A Three-Dimensional Model of Chip Flow, Chip Curl, and the
Chip Breaking for Oblique Cutting”, International Journal of Machine Tools and Manufacture, Vol. 36, No. 12, pp.
1385-1400.

KEYWORDS: chip control, machining operations, lathe turning, CNC (Computer-Numerically-Controlled)

A06-048 TITLE: Innovative Polarized RF Reference Sources

TECHNOLOGY AREAS: Electronics, Battlespace, Weapons
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop an innovative adaptive polarized RF reference source for establishing a battlefield position
and orientation referencing system. Such a referencing source is intended to be used onboard weapons platforms,
munitions, UAVs, and handheld devices to determine position and orientation relative to the established referencing
system using a variety of RF sensors such as those based on cross-polarization, surface antenna arrays, etc. The
proposed concept must be easy to deploy and must provide a reliable and secure reference source as an alternative to
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GPS, lasers, magnetometer and inertia technologies for the next generation of smart munitions and weapon
platforms. Methods to illuminate radio frequency sensors and/or arrays of sensors need to be developed for guided
munitions to provide positioning and range alternative solutions to play a role in the guidance, control and layered
navigation approaches. A mortar application should be considered as a prototype, followed by application of novel
concepts in a small and medium caliber application.

DESCRIPTION: It has been shown that polarized RF sources can be used to establish position and orientation
referencing systems over an entire battlefield. The sources may be fixed or mobile, on the ground or in the air. The
establishment of such a position and orientation referencing system is highly advantageous since they can enable
smart munitions, weapon platforms, vehicles and warfighter to have a common accurate, reliable and secure position
as well as orientation referencing system. Such a referencing system will also allow smart munitions and weapon
platforms to be equipped with low volume, lightweight, low power, inherently hardened and relatively low-cost
onboard position and orientation sensors that provide position and orientation relative to this referencing system.
Such referencing systems have also the potential of being used by the command and control, forward observers,
UAYV, and warfighters alike. As a result, errors due to cross-referencing, loss of GPS signal, inherent errors in inertia
devices and rate gyros, are significantly reduced and the effectiveness of munitions guidance and control systems
will be greatly improved. The proposed sources must be relatively small and low power, rugged, and should be
adaptive, i.e., be capable of being deployed very quickly without the need for calibration and/or adjustments. The
proposals should address the issues of position and orientation measurement accuracy with the proposed referencing
system, sensitivity, susceptibility to environmental noise and methods of reducing their effects, and in and out of
line-of-sight issues. The RF frequencies of interest are in the 8-100 GHz range. The proposals must address issues
related to reducing the probability of detection of the reference sources and methods of establishing an absolute
referencing system.

PHASE I: Design an innovative adaptive polarized RF source to be used to establish full position and angular
orientation referencing systems in the battlefield. The sources must adapt to a known plane of reference using simple
and rugged mechanisms.

PHASE II: Develop analytical models to simulate the performance of the proposed RF sources. Develop and
fabricate a prototype of the proposed adaptive polarized RF source and demonstrate its performance and precision in
controlled field tests.

PHASE I1lI: The development adaptive RF sources for full position and orientation referencing has a wide range of
military, homeland security and commercial applications. In the military related areas, the developed position and
orientation referencing system enable smart munitions, weapon platforms, vehicles and warfighter to have a
common accurate, reliable and secure position as well as orientation referencing system. The referencing system can
then be used for guidance and control of all smart munitions, missiles and guided bombs as well ground and
airborne weapon platforms with minimal error due to the use of a single position and orientation referencing system.
The developed position and orientation referencing system also has military, homeland security and commercial
applications for guidance and control systems of various, robotic systems, particularly those used for remote
operation in hazardous environments, which may be encountered in homeland defense, and for almost all mobile
robotic applications used in the industry for materials handling and other similar applications. Commercial
applications also include material handling equipment such as cranes; loading equipment, particularly in the sea; and
industrial equipment used in assembly, welding, inspection, and other similar operations.

REFERENCES:

1) Sensory Systems and Communication for The Detection of Rotational and Translational Position of Objects In
Flight, Carlos M. Pereira, TACOM-ARDEC publication.

2) Intelligent Sensing and Wireless Communications in Harsh Environments, Carlos M. Pereira, Michael Mattice,
Robert C. Testa, Presented at the Smart Materials and MEMS Symposium, Newport Beach, California, March 2000.
3) Coplanar Waveguide Circuits, Components, and Systems, Rainee N. Simons Book;2001; ISBN 0-4711-6121-7;
Product No.: PC5948-TBR.

4) A Coplanar Waveguide Bow-Tie Aperture Antenna,G. Zheng, A. Elsherbeni, C. Smith, University of Mississippi,
USA.

5) Synthesis of Irregular Waveguide Field Transformation Elements using a Multi-Resolution Algorithm, M.-C.
Yang, K. Webb, Purdue University, USA.
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6) Modeling of Mode Excitation and Discontinuities in PBG Waveguides, F. Capolino, D. Jackson, D. Wilton,
University of Houston, USA.

KEYWORDS: RF Sources, Polarized RF Sources, RF Sensors, Position and Orientation Referencing, Guided
Munitions, Smart Munitions, Guidance and Control

A06-049 TITLE: Novel Miniature Inertial Igniters for Thermal Batteries

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop novel inertia based miniature igniters for thermal batteries for gun fired munitions that could
be scaled to thermal batteries of various sizes and shapes. The objective is to develop innovative miniaturized
ignition mechanisms as well as related pyrotechnics, while increasing safety related to accidental ignition during
handling and in case of dropping.

DESCRIPTION: In recent years, new improved chemistries and manufacturing processes have been developed that
promise the development of lower cost and higher performance thermal batteries that could be produced in various
shapes and sizes, including their small and miniaturized versions. Such thermal batteries could be ignited
electrically or by inertia forces generated due to the firing acceleration. The function of igniters in thermal batteries
is to provide a controlled pyrotechnic reaction to produce output gas, flame or hot particles to ignite the heating
elements of the thermal battery. Electrical ignition, however, requires electrical energy, thereby requiring onboard
battery or other power sources with related shelf life and/or complexity and volume requirements. The primary
objective of this SBIR project is the development of novel inertial igniters for thermal batteries used in gun fired
munitions, particularly small and low power thermal batteries for use in fuzing, thereby eliminating the need for
external power sources. The proposals should including the development of novel inertia-based ignition mechanism
concepts and their related pyrotechnics. The proposed innovative inertial igniters are preferably scalable to thermal
batteries of various sizes, with particular interest to miniaturized igniters for small size thermal batteries. The
proposed igniters must be safe and do not initiate if dropped from 7 feet on concrete floor, should withstand firing
accelerations of up to 50,000 Gs; and ignite at 1000 Gs and 5 msec. The proposal must also consider the cost
manufacturing.

PHASE I: Design novel inertia based miniature igniter concepts for thermal batteries, particularly for use in small
and low power thermal batteries. Develop analytical models of the dynamics of the inertial mechanisms of the
proposed igniter concepts for determining the feasibility of each developed concept and simulate its performance
under various firing and accidental drops conditions and for optimal selection of their various design parameters.
Address issues related to the pyrotechnics.

PHASE II: For a selected thermal battery for a low power fuzing application, develop proof-of-concept prototype for
the best developed igniter concept.

PHASE I1I: The development of miniature inertia based igniters for thermal batteries that are cost effective is
essential for the development of low cost, safe, small and low power thermal batteries, particularly for fuzing
applications. The developed inertial igniters will also have a wide range of dual use commercial, as well as other
military applications. On the military side, the igniters could be used on a wide range of munitions to reduce cost
and increase safety. On the commercial side, safe and low power thermal batteries with a very long 10-20 years of
shelf life would be ideal for emergency powering of communications, flash lights, or other similar electrical and/or
electronic devices.

REFERENCES:

1) Macmahan, W., “RDECOM Power & Energy IPT Thermal Battery Workshop — Overview, Findings, and
Recommendations,” Redstone Arsenal, U.S. Army, Huntsville, AL, April 30 (2004).

2) Linden, D., “Handbook of Batteries,” 2nd Ed., McGraw-Hill, New York, NY (1998).
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3) R. A. Guidotti, F. W. Reinhardt, J. D., and D. E. Reisner, “Preparation and Characterization of Nanostructured
FeS2 and CoS2 for High-Temperature Batteries,” to be published in proceedings of MRS meeting, San Francisco,
CA, April 1-4, 2002.

4) Delnick, F. M., Butler, P. C., “Thermal Battery Architecture,” Joint DOD/DOE Munitions Technology Program,
Project Plan, Sandia Internal Document, April 30, 2004.

KEYWORDS: igniters, thermal batteries, pyrotechnics

A06-050 TITLE: Novel Actuators for Active Aerodynamic Control of Gun Fired Munitions

TECHNOLOGY AREAS: Weapons
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop a novel actuator for active flow control for use in the US ARMYs current projectile systems
that would decrease dispersion and enhance maneuverability.

DESCRIPTION: Novel actuators for active flow control have the potential to improve the efficiency and accuracy
of US ARMY projectile systems by modifying both the internal and external aerodynamics. The primary driver for
novel actuators is the expectation that the flow control will result in significant aerodynamic performance benefits at
the system level when all trade-offs are factored in. Successful application to US ARMY airborne systems can
produce lighter, stealthier, more agile projectiles with increased range, and payload accuracy. The design of a novel
actuator such as a plasma actuator or a micro-flap actuator for active flow control system requires knowledge of the
flow phenomena and selection of appropriate actuators, sensors, and control algorithms. The objective of this SBIR
announcement is to seek the development of an innovative actuator concept as part of the flow control loop.

Active flow control techniques can be separated into two classes based on flow physics. The first class (low
frequency excitation), involves the use of unsteady forcing by the actuator to excite instability waves in laminar
flows, or in the large scale structures of turbulent flows. The second class (high frequency excitation), has been
developed more recently. It involves the use of actuators to force the turbulent boundary and free-shear layers at
high frequencies in the dissipative range. The actuator is an important element of the flow control loop. It is used to
inject prescribed perturbations into the flow. New actuator concepts, therefore, are needed that cover both the low
and high frequency excitation range in order to be useful for the full range of aerodynamic conditions experienced
during the entire flight of the projectile. By the nature of the aerodynamic vehicle under consideration, actuators
should be non-intrusive with minimal moving parts and should operate without mass injection and with a high
degree of control authority without compromising the dynamic range. These actuators should also be dynamically
controllable with low response times and easily integrated into the weapon delivery system. They should also be low
cost and insensitive to outside conditions such as temperature and EMF fields.

PHASE I: Design novel actuator for active flow control.
PHASE II: Develop and demonstrate a prototype projectile with a novel actuator for active flow control in a high-G
environment such as an air/rail gun. Demonstrate concept feasibility by firing from standard US ARMY projectile.

Demonstrate novel actuator performance and flight dynamics.

PHASE I1I: Concept can be utilized by services such as the Air Force, Navy and Marines as well as in commercial
air vehicles.

REFERENCES:
“Potential Flow Model for Plasma Actuation As a Lift Enhancement Device”, Kortney Daniel Hall, Notre Dame,
Indiana, July 2004.

“Active Flow Control Using Microelectromechanical Systems”, Jason Kiddy, Peter Chen, and John Niemczuk,
University of Maryland, College Park, MD.
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“Hingeless Flow Control Over a Delta Wing Planform”, E.B. Moeller, O.K. Rediniotis, Texas A&M University,
College Station, TX.

“Numerical Simulations of Plasma Based Flow Control Applications”, Y.B. Suzen, P.G. Huang, J.D. Jacob, D. E.
Ashpis, submitted to 35th AIAA Fluid Dynamics Conference, June 2005, Torontto, Canada.

“Flight Control of A Spin Stablised Axi-Symmetric Disc-Wing”, Jonathan R. Potts, William J. Crowther, University
of Manchester, U.K., AIAA-2001-0253.

“Development and Characterization of Plasma Actuators for High Speed Jet Control”, M. Samimy, |. Adamovich,
B. Webb, J. Kastner, J. Hileman, S. Keshav, P. Palm, Ohio State University, Ohio, July 2004.

KEYWORDS: Novel, plasma, actuator, control, active flow control (AFC), projectile, and stealthier, micro-flap

A06-051 TITLE: Infrared Hyperspectral Linear Array Sensor

TECHNOLOGY AREAS: Electronics, Weapons
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: To develop a new, rugged, low cost, low power, and preferably uncooled hyperspectral infrared
sensor that can be implemented into munitions in order to detect targets more effectively.

DESCRIPTION: Sensor fuzed and precision guided weapons in the future need sensors that allow for a multitude of
information to be captured for target recognition capability. To afford this capability, it is important to develop
sensors that can acquire a large amount of information in its field of view (FOV) for target detection and
characterization. It is imperative that tomorrow’s munitions have sensors that can help accomplish automated target
recognition effectively. In addition, this sensor must be capable of being miniaturized, hardened for gun launch
survivability and meet minimal power demands that are required for munition applications. With this in mind, the
primary objective of this SBIR project is the development of a new infrared hyperspectral linear array camera that
allows for information to be simultaneously collected in the 3-5 micron and 8 — 14 IR ranges that meets the
aforementioned application needs. The system is expected to work in all type of terrain and weather environments
and in day and night situations. The intended purpose is for enhanced imaging and discrimination ability.
Ultimately these enhancements are expected to yield a high degree of Automatic Target Recognition (ATR)
capability.

PHASE I: Design innovative hyperspectral sensors and related components that allow for detection of object of
interest in the 3-5 micron and 8 — 14 IR ranges. Develop concepts, models, and simulations to determine the
efficiency and effectiveness of such system. Illustrate the feasibility, advantages, and disadvantages of such
concepts. Optimize preliminary designs for use in a G-hardened environment, with well thought-out plans and
analyses for future miniaturization and minimization of power consumption of such sensors.

PHASE II: Demonstrate a prototype of the proposed system.

PHASE I1I: The development of a dual band IR hyperspectral sensor has a multitude of applications for both
military and civilian world. For example, such a miniaturized hyperspectral sensor can be used very effectively in a
multitude of DoD munitions and Homeland Defense applications. Infrared applications are in use today in
submunitions and missiles applications for target detection, targeting, and guidance and control situations. Other
applications include area surveillance for target detection and fire control applications used in munitions and
military vehicles. Such miniaturized systems can also be easily and readily relocated into the commercial world. IR
cameras are an integral part of any surveillance system and the need for miniaturized systems that are able to detect
targets of interest.

REFERENCES:
1) Pattern Classification, Richard Duda, 2nd Edition, 2004.
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2) Hyperspectral Imaging: Techniques for Spetral Detection and Classification, Chein — I Chang, 2005.

KEYWORDS: Hyperspectral, Infrared, IR, sensor, submunition

A06-052 TITLE: Collaborative Engagement with Unmanned Systems

TECHNOLOGY AREAS: Information Systems, Battlespace, Weapons

OBJECTIVE: Design, develop and demonstrate the algorithms and software components required to perform
autonomous collaboration between 2 or more unmanned systems (UMS) (both air and ground) in order to achieve
collaborative engagement of targets with Line of Sight (LOS) and Beyond Line of Sight (BLOS) fires, given
appropriate operator approval of target engagement.

DESCRIPTION: Armed UMS are beginning to be fielded in the current battlespace, and will be extremely common
in the Future Force Battlespace. As currently configured, armed UMS require a single human controller to operate,
and all collaboration between UMS human controllers typically must be moderated by an effects center in order for
collaborative engagement to be performed between UMS. This configuration is not satisfactory in terms of effective
usage of manpower at present, and it does not provide rapid collaboration for time critical targeting of elusive
targets. As more armed UMS systems are fielded in the Future Force, the potential exists for a need to have a single
operator or controller managing multiple types of these systems. This type of control will be done at higher order
task levels, rather than the traditional teleoperation mode. This will lead directly to the need for the systems to be
able to operate autonomously for extended periods, and also to be able to collaboratively engage hostile targets
within specified rules of engagement. It is envisioned that the collaboration on target engagement would take place
autonomously between UMS, with final decision on target engagement being left to the human operator. This
implies a management by exception paradigm whereby the UMS collaborate autonomously for target engagement
and present their decision to the human operator for final approval. Fully autonomous engagement without human
intervention should also be considered, as should both lethal and non-lethal engagement means. The collaborative
engagement capability should be developed as a software component or components capable of insertion into
multiple software architectures, and capable of use in multiple operating systems, to include real time operating
systems.

PHASE I: Investigate innovative agent based collaboration, mixed initiative planning and real time intelligent
control methodologies to determine best algorithm and architecture approach to meet the topic requirement. Develop
and document the overall software component design and accompanying algorithms for autonomous collaborative
target engagement. Demonstrate a proof of principle of the design by showing a mission thread which allows 2 or
more UMS to collaboratively engage a hostile target array, both with and without human intervention.

PHASE II: Develop and demonstrate a prototype capability for insertion into a realistic, ARDEC-supplied fires and
effects architecture. The component must be capable of seamless integration and operation within the ARDEC-
supplied architecture, which is component-based. Conduct testing to demonstrate feasibility of the component for
operation within a simulation environment, and with actual UMS currently operated by ARDEC.

PHASE I11: The algorithms and software developed under this effort will have dual use applications in all domestic
security operations where UMS are used. Homeland Security operations such as the Border Patrol, airport security,
and FEMA could use this capability in responding to urban security incidents or natural disasters. This capability
can be used by Search and Rescue teams performing search and rescue operations. Local, county, state and federal
SWAT teams can also use this capability and technology for SWAT operations which use UMS. This capability can
also be used by private security companies which use UMS to provide industrial security at power plants, chemical
plants, transportation centers, etc.

REFERENCES:

1) TRADOC PAM 525-66, Military Operations Force Operating Capabilities.

2) Army/Marine Corps Ground Robotics Master Plan, Users Force Operational Capabilities/Future Naval
Capabilities. 2005.

3) Joint Architecture for Unmanned Systems.

ARMY - 75



4) US Army AMRDEC. (2004). Unmanned Systems Initiative Distributed Demonstration. In RDECOM
Magazine, Nov 2004, pp 9-10.
5) Leech, J. (2005). Uninhabited Vehicle Systems for the Army. In FrontLine-Canada, Jan/Feb 2005, pp. 14-16.
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A06-053 TITLE: GPS Denied Guided Gun Fired Smart Munitions

TECHNOLOGY AREAS: Electronics, Weapons
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop a concept for an Advanced Guidance, Navigation, and Control system that performs and
maintains precision kill capability during environments where the Global Positioning System (GPS) is temporarily
unavailable.

DESCRIPTION: Hardened Inertial Measurement Units (IMUs) suitable for gun projectiles require continual GPS
aiding to achieve precision kill capability. The incorporation of new and innovative aiding schemes reduce errors in
the Guidance, Navigation and Fuzing functions leading to a robust kill probability during GPS denial scenarios.
New coupling of GPS aiding with current gun hardened inertial sensors, addition of new sensor types, such as but
not limited to, magnetic phenomena and the addition of nonlinear neural net and/or fuzzy logic processing schemes
have potential to improve projectile kill probability during GPS outages.

The desired goals are miniaturization to fit within the 155mm and 105mm fuze-well restrictions; plus performance
values improving the inertial solution to effectively tactical grade capability, gyro drift (~1 deg/hr), angular random
walk (~0.1 deg/rt-hr) with accelerometer drift (~.3 mg) and accelerometer noise(~100 pg/vHz) through completion
of the mission and including GPS outages post-apogee. These innovative aiding techniques must be able to
withstand high shock (20,000 g's) gun launch environment and successfully calibrate/recalibrate after gun launch.
The technologies proposed should not be confused by the presence of jamming, other Electro-magnetic Interferences
and/or be degraded during prolonged storage.

PHASE I: Design a guidance control and navigation technique that can augment a GPS-aided guidance system by
providing GPS like guidance in the absence of GPS’ availability and can enhance the performance of a GPS guided
weapon when GPS is available. Identify the proposed technology and conduct analytical efforts to demonstrate
technology capability.

PHASE II: Develop a prototype system of the proposed technology in a laboratory environment and demonstrate
feasibility of results by means of a field test. The goal is to demonstrate the proposed concept on a guided munition
that currently uses the Global positioning System (GPS) signals in conjunction with inertia measurement units to
provide feedback guidance signals to correct the path of a munition or an object in motion. Demonstrate that if GPS
is jammed for increasing periods of time, the guided munition would maintain the required precision.

PHASE I1I: The development of methods that augment GPS-aided guidance will have a wide range of military,
special forces, homeland security and commercial applications. In the military related areas, this development will
be demonstrated for the guidance control and navigation of precision smart munitions in areas where GPS is jammed
or turned off temporarily. In particular for special forces applications in urban areas where GPS reception may be
difficult to maintain. In military applications, the integration into advanced projectile based munitions for
demonstration of system capability would be completed by technology infusion into either the prime contractors or
their component suppliers for the current developmental programs. The form of the technology would be structured
S0 as to be capable of adapting to both fielded and developmental programs. Additionally the technology would be
applicable to both Army and Navy gun systems, allowing mutually economical benefits based on required
quantities. The demonstrations also have the potential for significant contributions in homeland security and
commercial applications, in particular for applications for the guidance, control and navigation of UAVs and robotic
platforms for dangerous applications, and other commercial applications of robotics and automation
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1) Kai-Wei Chiang, et al, "A New Weight Updating Method for INS/GPS Integration Architectures Based upon
Neural Networks", Institute of Physics Publishing, Measurement Science Technology VVolume 15 (20004), pages
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A06-054 TITLE: Advanced Processing Techniques for Novel High Strength Magnesium Alloys

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop novel mggnesium composites to reduce the weight of the Army's Lightweight Mortar and
other relevant systems.

DESCRIPTION: The Army is in the process of reducing the weight of existing systems and creating new
lightweight systems. In order to accomplish this goal it is necessary to explore the use of innovative materials and
application processes. This SBIR looks at the constant problem of system weight reduction. Magnesium Alloys
have been proven to have desired light weight and density characteristics for numerous military applications.
Magnesium has been overlooked in the past partly because of problems with corrosion and the generally accepted
use of Aluminum. The current challenge for the Army is to make a leap forward in terms of lightweight systems.
Dismounted mortar systems and small arms systems have reached weight/functionality limits with Aluminum. The
next step forward requires the development of Novel Magnesium Alloys along with novel techniques to form, cast
and weld the Magnesium Alloys. Magnesium weighs 1/3 less than Aluminum. New technology has made it
possible to prevent or greatly reduce the corrosion of Magnesium. Magnesium has the lowest density of engineering
metals. This SBIR will explore the use of Magnesium Composites in the development of components for the
Lightweight Mortar and/or small caliber weapon weight reduction efforts.

PHASE I: Design a process using novel Magnesium Composites to form a pre-selected component for the
Lightweight Mortar or a small caliber weapon. Investigate existing processing techniques used for Magnesium
Composites. Study existing methods to reduce/eliminate corrosion problems associated with Magnesium. A trade
off analysis will be conducted to compare the potential potential Magnesium Alloy components to existing
components.

PHASE II: Manufacture prototype component for the Lightweight Mortar or a small caliber weapon. Subject the
component to appropriate metallurgical evaluation. Evaluate the component based on the selected evaluation
criteria. Explore other items that may be fabricated using Magnesium Composites.

PHASE Il1I: Potential commercial applications include the production of novel High Strength Magnesium Alloy
parts/components for numerous military systems. It will be possible to expand the fabrication process to develop
novel High Strength Magnesium Alloys parts that can be used by private defense contractors, aerospace industries
and automotive industries.

REFERENCES:

1) Magnesium Corrosion

http://www.corrosion-doctors.org/MatSelect/corrmagnesium.htm

2) Magnesium joining - new developments aid industrial fabrication TWI1 WORLD CENTRE FOR MATERIALS
JOINING TECHNOLOGY

http://www.twi.co.uk/j32k/unprotected/band_1/c1093.html
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3) Manufacturing of Magnesium Structures Selectively Reinforced by MMC Inserts Dr. C. Hausmann
http://www.empa.ch/plugin/template/empa/*/22779/---/1=1

4) M224 60mm Lightweight Company Mortar System (LWCMS)
http://www.fas.org/man/dod-101/sys/land/m224.htm

5) Picatinny Products (Mortar Systems)
http://www.pica.army.mil/PicatinnyPublic/products_services/products03.asp
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A06-055 TITLE: High Temperature Sensor for Consolidation of Refractory Metals and Alloys

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop a high temperature, real time (up to 1650C) sensor to monitor and optimize consolidation of
refractory metal and alloy powders into fully dense bulk material with the desired microstructure.

DESCRIPTION: High temperature eddy current sensors have been successfully used to monitor in real-time and
optimize the consolidation of temperature sensitive materials, such as structural amorphous powders. The critical
temperature for this application was up to 6500C. These sensors were further used to characterize the densification
behavior of powder blends consisting of amorphous powder and tungsten powder. In this application, the sensor
measurement was used to identify the maximum temperature required to achieve full density for the bulk composite
while preventing the formation of the brittle intermetallic layer along the amorphous powder/tungsten powder
interface. The critical temperature for this application was up to 12000C. A current unsolved challenge is the
consolidation of nanostructured refractory metal powders, which require a maximum temperature above 12000C.
The exposure of nanocrystalline materials to high temperature during consolidation will result in excessive grain
growth and the loss of the nanocrystalline structure in the fully dense bulk material. A high temperature sensor is
required to measure the densification rate in real-time, and identify the maximum temperature required to achieve
full densification in order to minimize grain growth and obtain a fully dense bulk material with a nanocrystalline
structure. The absence of a high temperature sensor will require a trial and error approach with a great number of
experiments and a large amount of powder, which may be in short supply. A sensor will reduce the need for powder
and will help to fully characterize the densification behavior of this class of materials. The U.S. Army is seeking a
high temperature, non-contact sensor to monitor powder consolidation in real-time up to a temperature of 16500C.
The new sensor can be based on eddy current technology or any other innovative technology that would serve the
purpose.

PHASE I: Design an innovative non-contact sensor for monitoring the consolidation of a refractory powder, such as
tungsten, in real-time and up to a temperature of 16500 C. Demonstrate the feasibility of the design by testing the
candidate materials selected for the sensor and identifying the maximum temperature and pressure that the sensor
can withstand with acceptable thermo-mechanical stresses.

PHASE II: Develop and build a prototype, high temperature real time sensor. Demonstrate the sensor by real time
measurement of the densification of a refractory powder, such as tungsten, into a fully dense bulk material with the
desired microstructure.

PHASE IlI: For military applications, the sensor can be used for future weapon systems; for commercial
applications, it can be used for processing thermal management materials for semi-conductor products, wireless
communication and internet infrastructure, and for refractory metals and alloys for metal working, mining, highway
and construction industries.
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A06-056 TITLE: Innovative Predictive Model for Determining Bore Erosion

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a creative and innovative predictive model for determining bore erosion life of current and
proposed Future Combat System (FCS) concepts and associated firing scenarios. This SBIR effort must provide
innovative research concepts and designs that bridge predictive bore erosion life modeling gaps for FCS. This effort
must address current and proposed concepts and mixed firing scenario (rounds, charges, projectiles, conditioning
temperatures, firing rates) combinations.

DESCRIPTION: The development of a predictive erosion model for large and medium caliber gun systems has
made great strides since its onset in the early 1990's for traditional gun systems. The Reference Section below
chronicles work leading to the current state-of-the-art of predictive erosion models for traditional large-and-medium-
caliber gun systems that leveraged over forty years of rocket erosion modeling. FCS differ from traditional gun
systems in a number of ways. They include a group of lighter gun systems with the lethality of the current heavier
gun systems. Engineering challenges for the FCS include the incorporation of higher-strength gun-steels, higher-
performance bore coatings, lightweight insulating composites, thinner-walled/lower-heat-sink gun tubes, high-
performance charges/charge additives, and high-performance/higher-rate-of-fire projectiles. Current off-the-shelf
thermo-chemistry, transient computational fluid dynamic boundary layer, heat transfer, and gas-wall degradation
modeling technology does not satisfy the bore erosion life modeling gaps for Future Combat Systems. These gaps
include: [1] multi-component bore-wall-materials, [2] mass-addition from combustible cases, additives, multi-layer
propellants, and deterred propellants, [3] turbulent heating at surfaces, cracks and pits, [4] gas-wall thermo-chemical
kinetics/degradation and associated catalytic effects, [5] platelet-substrate adhesive strength versus interface
degradation, and [6] multi-directional venting. (A platelet is a small coating element). The Army needs innovative
research concepts and designs that address these six modeling gaps for determining bore erosion life of current and
proposed FCS. Over the last ten years, program managers have used calibrated bore erosion life predictions to
supplement the scarce funding for live-fire erosion life testing. The cost of these erosion life predictions was a very
small percentage of live-fire testing and live-fire testing later confirmed many of these predictions. FCS program
managers have similar predictive erosion life modeling requirements.

PHASE I: Provide innovative research concepts and designs that bridge predictive bore erosion life modeling gaps
for the operating regimes of FCS as mentioned above. The resulting research effort must have sufficient scope and
growth potential to support current and proposed FCS concepts and mixed firing scenario (rounds, charges,
projectiles, conditioning temperatures, firing rates) combinations. Current off-the-shelf thermo-chemistry, transient
computational fluid dynamic boundary layer, heat transfer, and gas-wall degradation modeling technology does not
satisfy the bore erosion life modeling gaps for FCS.

PHASE II: Develop these innovative research concepts and designs into a predictive and user-friendly thermal-

chemical-mechanical prototype erosion life model incorporating the six indicated FCS modeling gaps. This
predictive prototype model must be able to incorporate input data from system configurations, firing scenarios,
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instrumented firings, bore inspections, and bore characterizations. Other deliverables will include associated model
executables, source code, and manuals.

PHASE I1I: There are numerous direct commercial and government dual-use applications for the erosion code
developed in this SBIR effort. Advanced transient and steady-state erosion modeling in high temperature, high
pressure, high velocity, and high-performance H-C-O-N combustion systems is in high demand. This modeling can
provide solutions to wall materials degradation, damaging combustion products, non-optimized combustion chamber
geometry, etc. The erosion code developed in the SBIR benefits commercial and government laboratories that
analyze, design, and evaluate gun systems, rocket systems, internal combustion engines, and jet engines. Transient
combustion occurs in gun systems, pulse-detonation rocket engine cylinders, internal combustion engine cylinders,
and rapidly accelerating/decelerating high-performance jet engines.
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KEYWORDS: Gun Systems, Predictive Models, Bore Degradation, Bore Erosion, Computational Fluid Dynamics,
Thermal, Thermo-chemical, Thermo-mechanical

A06-057 TITLE: High Efficiency Quantum Dot Based Photo Voltaics

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO Soldier
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OBJECTIVE: Develop a photovoltaic solar cell that utilizes quantum dots, has low weight, low cost, and high
conversion efficiency.

DESCRIPTION: Soldiers and mechanized forces of the future will need portable, lightweight renewable energy
sources during deployment in order to power elements of the Future Combat System such as Unmanned Aerial
Vehicles (UAV), Unattended Ground Sensors, Intelligent Munition Systems and the Soldier without the use of
heavy, short lived-batteries. Photovoltaics are an abundant, clean, quiet, renewable source of power that can be used
in military applications as a source of stand alone power or to recharge batteries that could be used during low-light
hours. High material costs and low efficiency of traditional silicon photovoltaic materials has limited their use thus
far. Research into new Quantum Dot (QD) semiconductor nanocrystal materials has shown that quantum yield
(electrons produced per incident photon) could increase to 300% due to a quantum effect called multiple exciton
generation. Technical advances have enabled the manufacture and band gap tuning of quantum dot nanocrystals to
access a broader range of the solar spectrum, maximizing solar energy potential with low cost and high efficiency.
Lightweight and flexible conjugated polymer based solar cells currently suffer from low efficiency but could greatly
increase with QD technology.

PHASE I: Establish feasibility of concepts for a quantum dot based solar cell that can effectively absorb the solar
spectrum and transport photogenerated electrons out of the QD for useful electricity. Identify a path to study the
dispersion and concentration effects of the QD in a flexible, light weight material that has a conversion efficiency of
(>5%), with a goal of 15-30% or higher, and a cost goal approaching $1/watt.

PHASE II: Develop and deliver a prototype system that effectively uses quantum dots in a material that is resistant
to environmental and operational degradation for long lifetimes (>10,000 hrs use) and is both highly efficient
(conversion efficiency goal of 15-30%) and has a cost that approaches $1/watt or less.

PHASE I1I: These materials and systems would have widespread use in the commercial market wherever solar cells
are used and wherever their use was avoided previously because of low power and high costs. Highly efficient, low
cost photovoltaics could be used from consumer electronics to power grids. The military could incorporate them
into applications where the power requirements could be met by these materials such as UAV’s, unmanned robots,
sensors and armaments, and soldier equipment.
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A06-058 TITLE: Synthesis of Nano Composite Super Thermites with Tunable Energy Release

TECHNOLOGY AREAS: Materials/Processes, Weapons
ACQUISITION PROGRAM: Exo-Atmospheric Product Office, MDA, Joint Program Office

OBJECTIVE: Develop a synthesis method for the production of self-assembling fuel nanoparticles around metal
oxide nanorods or nanowells with dispersed chemicals.

DESCRIPTION: Nanoscale thermites have shown to have superior performance characteristics over conventional,

micron-sized bulk composites as evidenced by their enhanced burn rates and energy releases. This utility will be
enhanced through the development of a process with which the material’s desired properties, energy release, burn
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rate, pressure, and burn rate temperature, can be “tuned” to meet various operational requirements as green primers,
or additives to propellants and explosives.

PHASE I: Perfect current methods and develop novel methods to produce gram-quantities of various targeted
nanocomposites. Demonstrate proof of concept of the superiority of these materials through performance tests, such
as burn rate measurement, pressure and temperature measurements, shockwave velocity. Confirm efficacy of use
through sensitivity testing. Correlate processing conditions to performance and sensitivity characteristics in order to
enhance control of the “tunable” nature of the material.

PHASE II: Scale up the process beyond pound-quantities of material. Establish standard operating procedures for
larger operations in terms of both safety and the production of final products. The correlation initially conceived in
Phase I shall be optimized as the effort moves from gram-quantities to higher outputs. The material shall be tested
within specific systems and reaction control studies will be performed to provide further understanding of the unique
materials developed under the program.

PHASE Il1I: In addition to superthermite materials’ use as green primers and in propellants and explosives, many
offshoots can be generated from both the process, the material, and the components of the material. For example:
Copper oxide, one of the materials currently being studied, can also be used as a fungicide and as a catalyst for
certain systems. Optimizing and scaling up production of the material will offer an alternative, and superior, source
to firms and consumers who use products based on materials such as this. The flexibility of the process and the
lessons learned from the study will allow researchers to transfer this technology over to other industries so that other
materials, such as pharmaceuticals, can be produced in a similar fashion. This will allow for a level of optimization
and control of particle size and quality that current technologies.
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A06-059 TITLE: Virtual Demonstrations for Infantry Training

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a system to rapidly generate Virtual Environment instructional demonstrations for training
small teams to conduct urban and asymmetric warfare operations.
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DESCRIPTION: One of the greatest training challenges today is to prepare small units (an infantry squad, for
example) for asymmetric warfare operations and Military Operations in Urban Terrain (MOUT). Virtual
Environment (VE) training systems, such as the Virtual-Integrated MOUT Training System (V-IMTS), have been
developed to provide flexible and cost effective complements to live training systems. These VE systems are not
envisioned as replacements for live training, rather they are to be components of an integrated, comprehensive
training program using live and constructive training resources, as well as the virtual training systems.

For small teams preparing for MOUT operations, VE systems, using trainee controlled avatars and computer
generated entities, are well suited for providing extensive and flexible practice with performance feedback. VE
systems can currently provide the capabilities to view mission exercises from any angle, and to view clearly team
actions inside of buildings. These viewing options are also available during After Action Review replays, with
additional capabilities for controlling the chronology and speed of the replay. In addition, VE systems highlight the
display of mission-critical salient cues, and can record and present in precise detail the state and activities of
individuals, such as their posture and field of view.

These same VE system capabilities that enable the creation, conduct, and replay of MOUT training exercises could
conceivably be used to generate and present Virtual Environment instructional demonstrations (see Lampton,
McDonald, Rodriquez, Morris, and Parsons, 2001). These demonstrations would provide examples of the proper
conduct of team tasks and could also support “what if” analyses of alternate courses of action. They could also
support mission rehearsal applications.

Military training doctrine has long recognized the instructional strategy value of demonstrations: “Demonstration is
the preferred method of presentation used at company level and below. Demonstrations accelerate the learning
process. The impact of a brief visual demonstration showing the correct method of execution of a given task to
standard cannot be overstated. Seeing a task performed correctly provides greater understanding than any amount of
explanation. Demonstrations stimulate soldier interest by providing realism that other techniques do not offer.
Demonstrations save time by showing Soldiers the correct way to perform a task”. (Field Manual No. 7-1).

In the past, the demonstration technique has been more suitable for individual rather than team tasks. However,
recent developments in VE training systems provide the opportunity to combine the highly effective traditional
instructional strategy of demonstration with the unique capabilities of VE systems to rapidly generate replayable
records of small team mission exercises. These VE demonstrations could be part of a program to support the
training of: Unit Standard Operating Procedures; Rules of Engagement; specific Tactics, Techniques, and
Procedures; general concepts of tempo of team actions; and effective communications in the context of an ongoing
mission.

Demonstrations would also be useful prior to training by multinational forces who have not previously trained
together. The recorded demonstrations could be presented via: PDAs, online standard PCs, DVD players, or
existing After Action Review theaters.

Finally, demonstrations could be used to quickly disseminate information about new tactics, developed for friendly
forces or used by opposing forces. Conceivably, a VE demonstration could be ready for distribution within 24 hours
of the receipt of a description of the new tactic.

The military is moving to common standards in simulation systems. Technical, engineering, and architectural
guidance and standards will facilitate interoperable and integrated simulation, training, and instrumentation
capabilities. The proposed topic solution should demonstrate awareness of relevant standards. The proposal should
provide an explanation of how the proposed solution is consistent with those standards, or provide a clear rationale
for alternative approaches. The proposed approach must ultimately lead to a fieldable, supportable product.

Current DoD-adopted standards for distributed simulations are the High Level Architecture (HLA) and the
Distributed Interactive Simulation (DIS) (information is available at http://www.dsp.dla.mil/ or
http://www.assistdocs.com/).

Other general areas of standardization (examples are listed) include:
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Architectures/Frameworks: OneSAF (Semi-Automated Forces) Product Line Architecture Framework, Virtual
Simulation Architecture (VSA)

Components: OneSAF SAF Product and supporting Components, SNE (Synthetic Natural Environment) Virtual
Data Repository (SVDR)

Standards: Synthetic Environment Data Representation and Interchange Specification (SEDRIS)
(http:/lwww.sedris.org/), Objective Terrain Format (OTF)

Interfaces/Data Interchange Formats: Military Scenario Definition Language (MSDL), MILES Communication
Code (MCC) Data Models: Command & Control Information Exchange Data Model (C2IEDM) http://www.mip-
site.org/, OneSAF Obijective System (OOS) Environmental Data Model (EDM) Processes/Guidelines: GUI Style
guide

PHASE I: Conduct a review of previous research to identify the training settings and types of individual and team
tasks for which instructional demonstrations are likely to be most effective. Compare these with current and
anticipated Army training challenges. Identify general categories and provide some specific examples of individual
tasks, and team tasks and missions, that could be trained more effectively with the use of demonstrations. Survey
relevant subject matter areas for information on content, format, and presentation of effective demonstrations.
Synthesize the results to develop guidelines for their use and identify unresolved critical issues. Develop an initial
theory for the instructional strategy of demonstration. Survey relevant technologies for creating, distributing, and
displaying demonstrations. Outline the economic feasibility of a demonstration system including consideration of
manpower, personnel, and system training issues. Phase | research should document the feasibility of the concept of
enhancing the effectiveness of training for small teams for urban and asymmetric warfare operations by the use of
Virtual Environment instructional demonstrations.

PHASE II: Develop an initial working prototype to permit empirical investigation of the critical issues identified in
Phase I. This research should result in incremental improvements to the prototype system. Phase Il activities should
include the development and documentation of a sound theoretical basis for the instructional strategy of
demonstration. Critical research issues will be identified in Phase I, but potentially include issues such as when, if
ever, a demonstration should depict incorrect team performance (for example, depict a common team error and the
resulting negative outcome), and identification of any unique requirements for training distributed teams.
Consideration should be given to how demonstration fits into an integrated approach of giving guidance before,
during, and after task practice. The Phase Il effort should produce complete guidelines for the design, production,
distribution, and use of demonstrations; and any hardware and software required for their development.

PHASE Il DUAL-USE COMMERCIALIZATION: Potential commercial markets include law enforcement,
emergency responders, transportation and industrial safety training, and team sports applications.

REFERENCES:
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A06-060 TITLE: Team Composition Optimization Tools

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop computational algorithms and tools for commanders to optimize the allocation of personnel
to mission and staff teams in order to maximize overall unit effectiveness across all missions.

DESCRIPTION: The diversity and intensiveness of U.S. missions has severely increased the demands placed on
units, and consequently on leaders to manage their accomplishment. To the extent that commanders have some
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discretion in the assignment of personnel to missions, maximization of overall unit effectiveness will depend largely
on the commander’s ability to optimally assign personnel to specific missions. This optimization of personnel
utilization will depend on the commanders understanding of task requirements, individual capabilities, and the team
capabilities created from different combinations of individuals assigned to a team.

Current behavioral science research has begun the exploration of how different combinations of individuals, and
their capabilities, result in varying sets of team capabilities and examined the resulting impact on team effectiveness.
Individual characteristics, including personality and cognitive abilities, have been examined in their contributions to
team effectiveness. However, there remains a significant gap between the current state of research and the point at
which technology development can arise from the accumulated body of knowledge. Mathematical models hold
promise for accelerating the research in this area and development of technologically feasible approaches to
enhancing team staffing decisions.

The objective of this topic is to close this gap significantly, and produce prototype algorithms and tools for use by
commanders to maximize unit effectiveness across all assigned missions. These prototype algorithms and tools will
incorporate extant knowledge on team composition (e.g., complimentary fit, separation diversity) as well as
identifying new methods for considering the placement of individuals into teams. Additionally, the approach taken
should account for both individual performance for team members as well as team performance as a whole.

PHASE I: Phase I will produce a demonstrated methodology for identifying useful algorithms for the allocation of
personnel to mission teams in order to optimize effectiveness across all missions simultaneously and should
specifically consider individual capabilities, history of performance, and potential synergy between individuals.
Mission tasks should include a variety of domains including planning, decision making, social task performance,
and physical task performance. This methodology should be proven through empirical demonstration. Phase I will
also produce a storyboard prototype of the tool for commanders’ use, and include a detailed description of how
commanders will be able to utilize the tool during deployed operations. The prototype tool should be designed to
sustain a short learning curve for users. The prototype tool should enable commanders to analyze mission tasks and
demonstrate basic capability for exploring different combinations of personnel. If the prototype tool is designed to
access or house personnel information, security measures preventing unauthorized access to this information shall be
clearly identified and demonstrated.

PHASE II: Phase Il will produce a fully functional prototype tool incorporating the developed algorithms for
allocation of personnel. Algorithms will be tested against data from actual teams, although these teams may be
composed of non-DOD personnel if necessary. It is expected that personnel data, as well as other data required by
the tool not currently collected or stored within the Army personnel systems, will be collected directly from
experimental participants. A validation plan shall be developed to demonstrate the utility of the developed tool, with
alternatives to be implemented with both DOD and non-DOD personnel. The validation plan shall be executed
utilizing DOD personnel if circumstances allow, or with non-DOD personnel if circumstances do not permit access
to DOD personnel. All data to be used for validation shall be collected from experimental participants or sources
other than DOD personnel systems. Although integration of the prototype tool with DOD personnel systems is not
required, respondents should be mindful of the nature and types of data on military personnel normally available to
commanders in personnel jackets.

PHASE |1l DUAL USE APPLICATIONS: The prototype tool developed here will hold substantive military and
commercial potential for application. In military settings commanders and leaders at all levels may benefit, whether
tasked with assembling a team for operational assignments or a task force for resolving organizational problems. As
noted earlier, joint, multinational operational headquarters are particularly susceptible to personnel underutilization
as the differential deployment periods create a relatively high level of staff turnover. If successful, the prototype
tool could be the basis for the development of a specific application to minimize the impact of staff turnover on
organizational performance and maximize staff utilization. Private sector organizations, which are increasingly
relying on teams, may similarly benefit from the developed technology to assess and influence the extent to which
personnel utilization for team assignments is optimized to accomplish organizational goals.

REFERENCES:
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A06-061 TITLE: Flexible Electronics for Rugged, Low Power Army Systems

TECHNOLOGY AREAS: Materials/Processes, Electronics
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Develop thin film transistor drivers on flexible plastic substrates with novel materials, low
temperature processes, scalable vertical or self-aligned transistor structures, and n- and p-type (CMQOS) technology.
The transistor designs must be compatible with large area processing for flexible display applications.

DESCRIPTION: The performance of current amorphous and polycrystalline silicon thin-film transistors with a low
temperature process (<200C) for flexible substrates cannot meet flexible reflective and emissive display
applications. For traditional glass substrates, amorphous and polycrystalline silicon thin film transistors are
processed above 300C with acceptable performance and yield, which is too high for traditional plastic substrates.
This technological shortcoming suggests the need to develop novel materials and low-temperature processing for the
active layer, gate dielectrics, electrodes, and device structures with improved yield. The technology is sought to
improve the threshold voltage shift as a function of stressing. Improve the charge mobility for increased current
density as a function of drain voltage. Develop materials that lead to lower process temperatures with lower internal
stresses. The lower stress will improve the mask alignment run-outs on plastic substrates. The materials and
transistor designs are also sought that lead to reduced number of masks steps for higher yield. The material
improvements are sought for gate dielectrics, electrode metals and active layers. The proposed program should
compliment the Army's Flexible Display Center to develop flexible displays for soldier and vehicle applications.
These new designs and the associated devices should be capable of higher performance, improved stability, higher
yield, lower cost and improved scalability over the current state of the art technology.

PHASE I: Proposals are sought for thin film transistor (TFT) development in any one of the following areas: novel
materials to achieve low temperature processes; novel device structures for vertical transistors; and CMOS driver
designs. Phase | must demonstrate the performance of a single thin film transistor. Initial devices may be fabricated
on glass substrates to demonstrate technology advances, but the processing must be compatible with plastic
substrates such as polyethylene naphthalate (PEN), polyethylene terephthalate (PET), or equivalent. The process
temperature limit must be less than 200C. Further, the designs must fit within known design rules for flexible
substrates. The Phase | deliverable will be a report on the performance and processes.

PHASE II: The technology and transistor structure designs enabled in Phase | will be scaled up to designs with at
least 1,000 thin film transistors (TFTs). The technology must be demonstrated on plastic substrates with process
temperatures less than 200C. The program requests delivery of functional TFT array(s) consisting of at least 1,000
TFTs on flexible substrates. The active area will be at least a 4 inch diagonal. The TFT test array may be display
driver arrays for current driven pixels or voltage switches. Similarly, the functional TFT arrays may be applicable to
sensors, RFID tag technology or similar electronics applications. The final devices will be delivered to the Army
Research Laboratory for further evaluation. In addition, quarterly reports documenting progress will be delivered to
the Army Research Laboratory. Full TFT arrays on plastic substrates may require additional handling efforts such
as lamination and delamination that are beyond the scope of Phase II.
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PHASE I11: Thin film transistors on flexible substrates and the associated applications 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.

REFERENCES:
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A06-062 TITLE: Compact, Lightweight Ultrafast Laser Source for Field Sensors

TECHNOLOGY AREAS: Chemical/Bio Defense, Electronics
ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE: To develop a new ultrafast (femtosecond) laser source suitable for field use in a variety of
spectroscopy field sensors, but especially for those based on microplasma emission spectroscopy. Techniques such
as Laser Induced Breakdown Spectroscopy (LIBS) have recently demonstrated the ability to detect and discriminate
chem, bio, and explosives hazards both in close-contact and standoff modes. Currently the LIBS devices that have
been and are being developed for field use are based on nanosecond lasers and have certain limitations that can be
overcome through the use of femtosecond lasers. However, to date, femtosecond lasers have been too large, bulky,
delicate, and expensive to be considered as viable candidates for field use. This SBIR is aimed to develop a new and
innovative femtosecond laser source to bring femto-LIBS into field use.

DESCRIPTION: The Laser Induced Breakdown Spectroscopy (LIBS) technology has recently started to make a
significant impact on military and civilian sensor needs, especially in the areas of force protection and homeland
security. For example, the MP-LIBS (man-portable/backpack) version in presently being transitioned to the nation’s
civilian and military First Responders. The MP-LIBS sensor utilizes the traditional nanosecond-range Nd:YAG
laser since this type of laser is rugged, mature, and very suited for field use. The current MP-LIBS system uses a
very small laser package to produce around 35 mJoule per pulse energy that is needed to produce the microplasma.
Unfortunately, the nanosecond laser source has certain less than desirable features such as: (1) it is always
accompanied by broadband background emission, (2) the LIBS spectra usually exhibit matrix effects which lead to
undue pulse to pulse variation, and (3) the approximately 10 microsecond microplasma lifetime ensures that there is
mixing of ambient air with the sample leading to compromised H, O, and N atom emissions. This latter limitation
can be addressed through the use of the dual-pulse approach, but at a cost of system complexity and some increase
in size and weight. The hydrogen, nitrogen, and oxygen emission signals are important for many measurements
such as for detecting trace explosives where the nitrogen to oxygen ratios are key indicators of highly
oxidized/explosives compounds. Matrix effects are a major contributor to excessive pulse-to-pulse variability. In
recent years researchers have demonstrated that femtosecond LIBS improves the matrix effect problem by yielding
more reproducible ablation and the microplasma phenomenon is too short to allow for mixing with ambient air.
Laboratory femtosecond lasers tend to be large, complicated, and expensive. New and innovative technology
developments are required to develop femtosecond laser sources suitable for field femto-LIBS applications. ldeally,
a new femtosecond laser for LIBS use would be of approximately the same size, weight, and cost as the current
nanosecond Nd:YAG lasers of the type that are used in the MP-LIBS system. In general, the preferred femtosecond
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laser specifications would be >0.1 mJoule per pulse energy, pulse duration lower than 100 femtoseconds, and low
beam divergence. In particular, femtosecond fiber lasers appear to show considerable potential to meet the size,
weight, performance, and cost targets for fieldable LIBS systems.

PHASE I: Develop and demonstrate key optical performance features of a femtosecond laser that will clearly
support the construction of a small, fieldable laser suitable for LIBS in Phase Il. Generate a detailed optical design
for the femtosecond laser system.

PHASE II: Construct the rugged fieldable femtosecond laser prototype, demonstrate its applicability for LIBS
analyses, and deliver complete working femtosecond laser LIBS system to ARL for testing. System must be
sufficiently rugged so as to be capable of being demonstrated in a field environment.

PHASE I11: A femtosecond LIBS field sensor will allow for a significant increase in the number of applications that
LIBS can be used for, especially for the detection of trace explosives and chem.-bio agents due to the ability to
accurately track the O, N, and H atoms in the target material. Beyond military applications, such a femtosecond
laser system could be used widely in the medical and biomedical fields, as well as for geological, geochemical and
environmental applications.
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A06-063 TITLE: Fluctuation-Enhanced Chemical & Biological Sensor Systems

TECHNOLOGY AREAS: Chemical/Bio Defense, Electronics
ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE: The design and development of a portable chemical-based sensing system that will possess a
significantly enhanced ability to detect and selectively analyze chemical (and potentially biological) agents, at ppm
concentrations and below, through the utilization of a recently discovered stochastic fingerprinting methodology.

DESCRIPTION: The envisioned technological demonstration should be built upon recent scientific breakthroughs
in the understanding of stochastic processes present in the detection signals of traditional chemical sensors. Here,
the fluctuation activity has been shown [1] to contain valuable sensor information that can be obtained not only by
spectral analysis but also by methods of higher-order statistics. Indeed, the interaction between a chemical sensor
and the molecules it detects is always a dynamic stochastic process. Fluctuations that result from these processes
carry a “stochastic fingerprint” of the chemicals (and potentially also from interacting biological molecules) that
arise from the time-dependent interactions with the sensor. Microscopic fluctuations around the mean value of the
sensor signal contain significantly more information than the mean value alone, yet the vast majority of existing
chemical sensors measure averages and ignore the stochastic nature of the sensing process and therefore show low
performance. This conventional approach is limited because it intrinsically masks the micro-fluctuations present in
the sensor, effectively treating the tremendous amount of potential chemical information as noise and disregarding
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it. Specifically, a single quantitative value is used as a sensor output instead of a whole pattern which can be derived
from the stochastic signal components. Conventional sensor systems must also be tuned to detect specific agents in
order to optimize performance against those agents. This tuning, on the other hand, radically reduces the
effectiveness of the sensor system against other potentially threatening agents. Also, to achieve a measurable signal
over the error limit, a huge number of molecules have to be absorbed by the sensor, thus the sensitivity is often
inadequate in low-concentration detection cases.

Therefore, a new program is proposed to investigate the potential of a new technological approach based upon
Fluctuation-Enhanced Sensing (FES) that utilizes the micro-fluctuations already present in the sensor and that are
influenced by very low concentrations of chemical (and also potentially by biological) agents. This approach has
analogies elements to that used by animal noses which are believed to produce stochastic-fluctuation-type signals
that are analyzed by the animal’s brain. A significant body of theoretical and experimental research has emerged in
recent years that suggest commercial-off-the-shelf (COTS) chemical sensors can be significantly enhanced using the
FES technique [2-17]. For example, research has shown that the sensitivity of COTS chemical sensors operated in
fluctuation-enhanced modes is increased by 1000 times and that the selectivity is increased even more significantly
[4-6]. These improvements are due to the fact that stochastic information (derived from individual sensors) were
utilized to estimate concentrations and to achieve identification of chemical species, and it is expected that small
arrays of sensors have the potential to further improve performance and reliability. Very recent research has also
demonstrated that two-dimensional stochastic patterns, generated by methods of higher-order statistics (HOS), offer
even more elaborate and useful information for chemical sensing [1, 10-13]. In this work, the nonlinear stochastic
properties of commercial Taguchi-type (i.e., surface-active gas-sensing films) sensors were studied and HOS tools
were used to analyze the resistance fluctuations that resulted from exposure to various gas mixtures. Here, an
analysis of the Gaussian and non-Gaussian components of the induced noise led to bispectrum images that possessed
“chemical fingerprint” features that were unique to each gas type. Since it was also possible to produce bispectrum
images of high accuracy and reproducibility at low sampling frequencies, these new results suggest profoundly
important opportunities for FES-based chemical (and possibly biological) detection. Therefore, a research and
development program is proposed to investigate the potential advantages of fluctuation-enhanced sensor platforms
and to demonstrate their utility towards the detection and the selective analysis of chemical (and potentially
biological) agents.

PHASE I: The first phase of the program should focus on feasibility studies of utilizing Fluctuation-Enhanced
Sensing (FES) techniques for the detection and analysis of chemical agents at very low concentrations, and scenarios
for potential extensions of the technique for biological agent sensing. This effort should also establish quantitative
predictions and initial experiments studies to determine the advantages of this technique for the characterization and
discrimination of chemical and biological agents. This work should be performed in the context of enhancements to
COTS sensors and should include efforts to establish a preliminary bispectrum-image database and software for
assessing overall signature interpretation capability.

PHASE II: The second phase of the program should be used to design and demonstrate an FES-based platform that
is constructed using COTS sensor technology. This sensor prototype should be compact and should exhibit
enhanced performance in the terms of chemical (and possibly biological) agent detection and selective analysis
capability. It is expected that the new sensing paradigm will consist of a small array of COTS sensors, utilize
bispectrum imagery and incorporate imaging processing software to optimize signature interpretation capability.
The prototype should also be developed so that it is amenable to battlefield deployment and such that operation is as
autonomous as possible — i.e., with minimal operator calibration and tuning. The operation capability of the sensor
system should be tested against a set of chemical (and possibly biological) agents that have relevance to military
defense applications.

PHASE I1I: The fluctuation-enhanced sensing technology developed under this topic has important relevance to
reducing the threat of chemical and biological warfare agents. Therefore, the primary commercialization
opportunity is for detection/identification 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 also target
capabilities for selective analysis of agents and therefore has duel use potential in areas related to biological,
chemical and environmental science and to food-safety and medical applications.
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A06-064 TITLE: Dynamic Ad-Hoc Network Communications Visualization and Control

TECHNOLOGY AREAS: Information Systems, Human Systems
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Develop an intuitive visualization of the state, information flow, and needed modifications of a
wireless dynamic ad-hoc network supporting dismounted infantry (platoon size) in urban environments. The
visualization would include identification of choke points and potential relay drop off positions. The network will
be composed of individual war fighters, robots, and relay drop-offs. Critical communication paths will be
determined and coverage will be augmented by actively repositioning autonomous robotic relay points to ensure and
extend coverageto the desired end points.

DESCRIPTION: The United States Army is most vulnerable in urban terrain. This highly constrained, complex
environment presents a significant challenge to US forces, particularly dismounted infantry. In order to enhance
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situational awareness in the urban terrain, future dismounted squads will be augmented by networked mobile and
static sensing assets; unattended ground sensors, small unmanned ground and air vehicles.

Each will also act as a mobile sensor and communications node since they will be equipped with sensors such as
GPS, imagers, laser , and will be networked locally. This organic sensor and communications augmentation of
dismounted squads is consistent with the Future Combat System (FCS) and Future Force Warrior (FFW) concepts.
The foundation of this enhanced situational awareness (blue and red) as well as team collaboration is the ability to
communicate these streams of information in real time to the platoon members.

Wireless, secure, ad hoc networks are envisioned to be a critical part of the solution in this complex, highly dynamic
environment. Because of this criticality, understanding the state and potential of the network becomes important to
the platoon and needs to be an inherent part of their situational awareness. Providing an intuitive visualization to the
platoon of their network in context for both planning and operations will significantly enhance their mission
effectiveness and survivability. Providing the ability to direct semi-autonomous assets to critical areas of coverage
that can ensure network connectivity, will allow critical information to reach its destination. This ability will
provide a higher probability of mission success.

Key areas of research for this topic include coping with urban terrain and simple communications models,
minimizing cognitive load on the soldier, and application to mixed teams of humans and robots. Though many
models exist for RF propagation in complex terrain, along with mobility algorithms and models for small robotic
vehicles, this RFP proposes exploring the combination of RF propagation to predict areas of weak connectivity, and
then direct semi-autonmous small robotic vehicles to verify prediction model and provide RF coverage for that area.

PHASE I: Utilizing an approved wireless ad hoc network model and a standard mapping system, design an
innovative communications visualization system, and deliver a well documented report on the design and
implementation approach. Implementation approach must demostrate that the end product can be achieved through
application or extension of existing technologies, and that the proposed effort is within the scope of this SBIR.

PHASE II: Implement and demonstrate an integrated wireless ad hoc network communications visualization system
for the dismounted soldier, utilizing existing small robotic vehicles.

The end product must be capable of visualizing communication paths for the selected network model over a given
terrain data base (DTED) utilizing a standard mapping system. Given a desired tactical objective on the displayed
terrain, the developed system should indicate areas of emplacement for most effective communication coverage. The
system must also be able to provide way points to semi-autonomous small robotic vehicles, equiped with ad hoc
network nodes. The developed system must be able to direct vehicles to desired locations. The designed system must
be able to account for robot mobility and must also be able to verify predicted communications preformance and
area coverage, once vehicles are in place.

Selection of visualization/mapping system, adhoc nodes and robotic platforms are at the contractor's discretion.
These can be provided by the government (GFE). If GFE, technical specifications for these items will be provided.

PHASE I1l: Technology developed on this program will have commercial applications for police and firefighters,
search and rescue, and homeland defense.

Military applications would include: extending communication/networking capability into urban terrain, buildings,
caves, other high risk areas for humans that would not otherwise have direct line of sight communications.

Civilian applications would include: providing communications in areas that have lost existing infrastructure due to
natural disasters or terrorist activity; communication in high risk areas such as collapsed buildings, areas under
sniper fire, bomb threat etc.
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A06-065 TITLE: High Sensitivity Rugged Array Detectors for Field Deployed Instruments

TECHNOLOGY AREAS: Chemical/Bio Defense, Ground/Sea Vehicles, Electronics
ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE: To develop new very high sensitivity array detectors operating in the ultraviolet-visible range (200-
1000nm) that compare favorably with current laboratory detector performance and can readily be used as detectors
for field deployable instruments. In the laboratory, Intensified Charge Coupled Devices (ICCDs) are commonly
used as detectors in Laser Induced Breakdown Spectroscopy (LIBS) experiments to observe emission from laser
induced microplasmas. ICCDs, however, are expensive, somewhat bulky devices that are not generally suitable for
rugged field use. Current generation CCDs are smaller, less costly, and more rugged, but suffer from low
sensitivity. [1] Thus, a new array detector technology is sought that provides the performance of present laboratory
ICCD-based LIBS detector systems, but is more rugged, smaller, and much less expensive than ICCDs. The SBIR
addresses the need for more efficient, more rugged, cheaper, and lightweight detectors for optical spectroscopy
techniques that are being deployed for field use.

DESCRIPTION: Currently Laser Induced Breakdown Spectroscopy (LIBS) technology is being transitioned to both
military and civilian field use in a number of specific configurations, including MP-LIBS (man-portable/backpack),
ST-LIBS (standoff), and FO-LIBS (fiber-optic). In the last few years LIBS has demonstrated exceptional ability to
detect various types of hazards including trace explosives, chem/bio, and toxic industrial chemicals (TICs). A major
challenge in LIBS technology is the detection of weak ultraviolet-visible radiation emanating from the microplasma
with high sensitivity and good signal-to-noise performance. The CCD arrays that are currently being fielded do not
have the sensitivity of the laboratory ICCD systems, leading to a compromise in spectral detection performance with
regards to signal-to-noise ratios and spectral resolution. [1-3] New innovative array detectors are sought that will
provide: (i) sensitivities of an intensified sensor device, (ii) full operation from the ultraviolet to the near infrared
region (200-1000nm), (iii) gating capability down to the microsecond time resolution for optimal LIBS
performance, and (iv) cost that is comparable to the CCD arrays currently being used in very compact spectrometers.
Target improvements in array detector sensitivity are a factor of 100, with a factor of 10 being the minimum that
would be acceptable. The cost target is for these arrays, when packaged into spectrometers, to cost no more than a
factor of 2 over current spectrometer systems. This would mean that the cost is no more than 1/4 of current ICCD
spectrometer systems.

One example of current LIBS technology thrusts is the detection of explosive residues for counter- Improvised
Explosive Devices (C-IED) applications. A major challenge for standoff IED detection is the weaker LIBS
microplasma emission as the standoff distance is increased. An array detector that can provide performance of an
ICCD system but which is smaller, more rugged, and much less costly, will greatly expand the utility of LIBS in
field applications as a manned or unmanned surveillance tool.

PHASE I: Develop and demonstrate a novel single detector element (point detector) that is capable of being
developed into an array in Phase Il and that compares favorably in sensitivity and time response to current ICCD
detectors in capturing the transient spectral light emission from a LIBS microplasma event. Describe a detailed
engineering approach to produce an array detector early in Phase II.

PHASE II: Construct the detector array based on the novel detector material and integrate into a spectrometer for
close-contact and standoff LIBS studies at ARL. The overall size and weight of the detector/spectrometer shall not
be greater than current non-intensified compact spectrometers used in field LIBS systems, yet the sensitivity (signal
output) should be at least a factor of 10 greater than the current non-intensified units. This novel detector array must
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maintain the low noise levels of current non-intensified systems. The cost of the new detector array must be within
a factor of 2 in quantity to the cost of current non-intensified detector arrays.

PHASE I11: A next generation array detector will have a major impact on a variety of LIBS configurations where the
greatly improved sensitivity and ruggedness will allow for smaller and less expensive sensor devices for both
civilian and military applications. A robust, cost effective detector could be utilized for other types of optical
spectroscopies as well, such as Raman and Laser Induced Fluorescence.
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A06-066 TITLE: Compact Direct Methanol Fuel Cell Power System Using Pulsed Electrical Control

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: Develop a compact direct methanol fuel cell power system that utilizes pulsed electrical control of the
cell stack as a means to maintain high electrocatalytic activity. The hybrid power system should deliver a constant
20 W for 72 h with a minimum system energy density of 1 kwWh/kg.

DESCRIPTION: The Army has need for high-energy, lightweight, and compact power sources for the soldier; for
example, one potential scenario requires 20 W (electric) for a three-day mission (1.5 kWh) with a system energy
density of 1 kwh/kg or greater. In principle, a direct methanol fuel cell (DMFC) using a polymer electrolyte
membrane (PEM) would fulfill this need, but a number of factors prevent reaching this target. For example: areal
power density of a DMFC is low (in comparison to a hydrogen/air fuel cell), which necessitates a greater number of
cells with commensurate increase in stack weight and volume; low areal current density (relative to hydrogen/air
fuel cell) limits the methanol concentration due to an otherwise unacceptable parasitic methanol crossover through
the PEM to the cathode (air side), thereby lowering system efficiency; water vapor in the exiting cathode gas must
be condensed and reused, requiring added complexity and weight/volume in a condenser and air mover; etc ...
Operation of the DMFC at greater current densities, while still maintaining a high cell voltage relative to the
equilibrium potential, would alleviate these problems and provide an improved DMFC power system.

The state-of-art electrocatalyst in a DMFC is Pt/Ru as the anode and Pt as the cathode. It is generally accepted that a
CO or CO-like surface adsorbate forms on the anode as a reaction intermediate during methanol electrooxidation
and poisons otherwise high-catalytic activity Pt electrodes (e.g., 1 and references therein). The Ru in the Pt/Ru
electrocatalyst mix provides adsorbed oxygen for the oxidative removal of the poison to maintain reasonable
catalytic rates of methanol electrooxidation. Clean polycrystalline Pt has intrinsically high-catalytic activity for
methanol electrooxidation but the reaction rate quickly drops to unacceptably low values at potentials relevant to
power systems as the poisonous adsorbate accumulates on the surface. It was apparently first recognized by Bockris
(2) that poisonous adsorbates can be electrochemically removed in situ by short duration, high-current pulses in
which the electrode potential is brought sufficiently anodic during the pulse to oxidize surface species. It has been
demonstrated in half-cell studies that Pt can be electrochemically cleaned of surface adsorbates formed from
methanol electrooxidation in acid aqueous environment (3).
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The application of short duration, high-current pulses to a PEM DMFC should, in principle, provide an anode
surface of high-catalytic activity on average over the periodic-pulse cycle. Advantages may also accrue on the
cathode side if oxy-adsorbates (known inhibitors to dioxygen electroreduction at the cathode) are reduced in the
pulse sequence. Pulsed-potential control of a single-cell has been recently reported to effect enhanced performance
of a PEM DMFC (4). Periodic electrical control has also been recently reported to effect increased performance of a
reformate/air PEM fuel cell in which adsorbed catalyst poison CO is electrochemically removed during the pulse
from the anode (5). Challenges remain to be addressed, however, before the potential of this control strategy to
improve performance of a compact DMFC power system can be assessed. Questions to be examined include: Can a
cell stack be operated in a pulsed-control mode without detrimental effect to individual cells in the series? A
possible and unacceptable outcome, for example, is potential reversal in one or more cells in the series. Are there
detrimental long-term effects on the distribution or chemical stability of the electrocatalysts subjected to periodic
potential perturbations? The integrity of the electrocatalysts and carbon support materials must not be detrimentally
affected by the time-varying control mode. What is the best pulse-control mode? Because, either the current or
stack potential can be readily manipulated, it is imperative to determine if one is more advantageous than the other.
What is the optimal control waveform? Rectangular-shaped waveforms (pulse) have been used in laboratory studies
although it is not clear that these are the best control to implement in a practical manifestation of the strategy. What
electronic and energy-storage devices are required to implement the control? The weight, volume, complexity, and
cost of the control circuitry must be considered as well as the means to store energy in the pulsed mode and deliver a
steady power supply to the user. What is the effect of the pulsed-control strategy on balance-of-plant components?
It remains to be determined if the complexity of the control mode is counterbalanced not only by increase in
performance of the cell stack but also a decrease in weight and volume of other system components. These and
other issues will be examined under this topic, which focuses on this novel control strategy and its effect on system
performance. Compelling arguments or experimental results will need to be supplied by respondents to justify use
of other than state-of-art DMFC components in the cell stack.

PHASE I: At breadboard level, identify and evaluate a pulsed-control strategy applied to a PEM DMFC stack as a
means to enhance performance. Quantify the performance increase and compare with state-of-art PEM DMFC under
steady control. The DMFC stack must contain a minimum of five cells that deliver 3 W. Pulsed-control strategy
must be applied and evaluated in a continuous 100-h run. Identify, implement, and evaluate the circuitry and energy-
storage hardware to affect the pulsed control and deliver a constant (time-invariant) power output. Based upon these
results, provide a conceptual design and project the performance characteristics of a complete and self-contained 20-
W compact power system.

PHASE II: Design, construct, and evaluate a compact soldier portable DMFC PEM fuel cell power system with a
minimum system energy density of 1 kwWh/kg for 72-h operation at a steady 20 W delivered power production.
Evaluate performance of the power system for a minimum of 500 h continuous operation. One complete 20-W
power system is to be delivered to the Army.

PHASE I11: Developments in fuel cells will have significant 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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A06-067 TITLE: Stereoscopic 3D Viewing of Single-sensor Video from Moving Surveillance Platforms

TECHNOLOGY AREAS: Information Systems, Human Systems
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OBJECTIVE: To design and develop a system for providing time-sequential video-delay in a binocular display for
videos taken from a single sensor on a moving platform that can be viewed in true stereoscopic 3D. This capability
would incorporate a viewer-adjustable “time-slip” video delay for one eye relative to the other eye and also the
capability for the video to be paused, reversed or fast forwarded, during which the degree of perceived binocular
depth in the scene could be adjusted by the viewer. Key objectives include the ability to create stereoscopic video
from live or stored video and the creation of a user interface for pausing, playing, rewinding and fast-forwarding the
video and for setting the magnitude of the time-slip inter-ocular delay.

DESCRIPTION: The Army Research Laboratory Human Research and Engineering Directorate has been involved
in assessing the utility of stereoscopic 3D displays for the performance of Soldier tasks requiring extraction of
spatial information from a scene. Such stereoscopic displays have been shown to provide significant performance
improvements over 2D (monocular or bi-ocular) displays of the same scene (CuQlock-Knopp et al., 1995; Merritt et
al., 2005). The stereoscopic percepts produced in these studies were obtained by displaying separate, simultaneously
recorded and time-synchronized Left and Right video streams to observers' left and right eyes. This technique is well
suited for military situations in which the Soldier is viewing a stationary scene or is moving in a largely forward
direction through a scene, such as when traversing off-road terrain or driving a vehicle at night using image
intensifiers or thermal imagers. However, video supporting this technique needs to be captured by pairs of precisely
aligned sensors and the storage of the video requires either a time-synchronized pair of video recording/playback
devices or some means of multiplexing or compressing the video streams into a single stream -- a process that
typically results in some degree of image degradation.

A time-sequential stereo technique has two distinct advantages over traditional simultaneous stereo pairs and would
be well suited for a large subset of Army reconnaissance and surveillance tasks. First, stereoscopic video or still
frames can be generated from any video taken at a side-looking angle from a moving platform without any
additional image processing. Secondly, the described technique allows for the effective distance between the virtual
sensors to be quite large, thereby allowing for the percept of depth and object-to-background contours (i.e.,
binocular disparity due to occlusion) at great distances. The Army's Future Combat System (FCS) calls for the
proliferation of unmanned assets on the battlefield, from micro-UAVs to large, armed ground vehicles. In addition,
ongoing military action in Iragq and Afghanistan have called into service a number of unmanned aerial vehicles
(UAVs) and unmanned ground vehicles (UGVs) to support our troops in the asymmetric battlefield of today. Many
of these systems, particularly UAVS, have as part of their mission the ability to perform reconnaissance and
surveillance. The proposed capability would provide human analysts an enhanced ability to interpret surveillance
footage of terrain and enemy forces deployed with little or no modification of the UAV or UGV platform or sensors.

PHASE I: The goal of Phase I is to demonstrate the feasibility of observer-adjustable time-sequential stereoscopic
video. Specifically, the Phase | system should demonstrate how video taken from a sideways-pointing sensor
mounted on a moving ground or aerial platform can be used to generate useful 3D visual percepts of a scene. The
system will use as input a single video stream from the sensor and will provide as output two video streams, to be
displayed to the left and right eye of an observer. One of the streams will be delayed some time delta-t relative to the
other stream to create an effective inter-ocular distance (I0D) by which two sensors viewing the scene would be
separated. The magnitude of the delay will be adjustable in real time by the user. The system will be able to process
digital images to ensure that time-delayed image pairs are vertically aligned against roll and pitch of the platform
and that the delayed video stream is sent to the appropriate eye of the viewer. The playback of the video to the
observer will have two sets of controls: one similar to those on a digital video recorder (e.g., pause, play, fast
forward, reverse) and one that controls the time delay between frames. The time-delay control will operate at all
playback speeds, including pause, so that different effective IODs can be examined. The Phase-I system will also
include as a deliverable some commercial off-the-shelf means for displaying the two video streams to the observer's
left and right eyes for stereoscopic 3D viewing.

PHASE I1: During Phase |1 the capabilities of Phase | should be augmented to produce a small-profile, fully-
featured, ruggedized prototype with an easy-to-use user interface. The Phase-11 system will support advanced video
image processing, allowing the system to remain useful in a variety of situations and for a variety of tasks not well
supported by Phase I. Situations would include when sensors are mounted obliquely on the platform and when the
platform moves non-linearly. (Both situations will lead to mis-alignment and size disparities between scene
elements in the two output streams and must be compensated for digitally or limited in severity.) . Form-from-
motion techniques will be employed such that exact scene geometry can be calculated based on the horizontal and
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temporal disparity of subsequent frames of video. This geometric information will include the distance from objects,
the heading of the platform with respect to the scene, the effective camera spacing in units of distance or units of
convergence angle. This information will allow the viewer to set constraints to be met by the system automatically
changing delta-t: maintain a constant convergence angle while viewing the scene, or maintain a constant time-delay
while viewing the scene. The system will provide this information to the user in the form of overlays inserted
binocularly into the output video streams. Two complete systems with supporting documentation will be delivered
in Phase II.

PHASE I11: The time-sequential stereoscopic video device will have widespread applications in situations wherein
human observers must view and inspect objects or terrain moving with respect to a sensor. Examples include the
inspection of products moving down an assembly line, wherein video from a stationary camera will allow inspectors
to perceive the three-dimensional shape and surface characteristics of the product, and analysis of aerial video taken
by police or Drug Enforcement Agency surveillance and inspection assets.
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A06-068 TITLE: Effects of Damage to Composite Materials

TECHNOLOGY AREAS: Materials/Processes

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 develop a method/tool to characterize the effects of damage to a composite material on its overall
structural performance and modal properties. Given that damage has occurred (hole(s), delamination, cracking, etc.)
to the composite material, the developed tool shall determine what effects this damage has on the structural
performance (e.g., strength) and behavior (modal responses) of the material or overall structure.

DESCRIPTION: Composite materials are being used more frequently, particularly for armor and structural
applications, in current combat vehicles and will continue to be used as the requirements for light-weight strength
extends into the future. The characteristic properties of composite materials are more complex and thus it is more
difficult to accurately understand and predict their behavior. Of particular concern for the Army is the effect that
damage to the composite has on its vulnerability within a combat environment.

The Army currently utilizes a shock model with the capability of predicting damage to critical components mounted
internally within combat vehicles. The current shock methodology assumes undamaged materials when performing
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calculations. However, holes and other damage can not only cause a decrease in structural performance but can also
alter the modal properties of the structure thus causing changes in the structural response calculations. The
capability to determine the vulnerability of degraded structures, specifically how the damage effects structural
response and integrity, would greatly enhance vulnerability modeling.

The reduced performance of a composite structure when damage has occurred is of interest. The damage may range
from actual holes in the material to simple ply delamination. But in either case, it is desired that the degraded
performance of the structure be quantified is some manner. Current vulnerability codes are unable to incorporate
complex structural codes, like finite element analysis. Thus, engineering level models need to be developed that can
characterize trends and damage mechanisms to quantify structural performance degradation.

PHASE I: 1. The contractor shall design and develop the methodology/tool to determine effects of composite
material damage on structural performance and modal responses of vehicle panels and structures. The input to such
a tool could be hole size and location, delamination, and/or maximum deflections.

2. The contractor shall show the feasibility of this new method through the use of test cases and show the feasibility
of it being implemented in a practical engineering manner.

PHASE II: The contractor shall extend the Phase | methodology to the full capability of a productive tool. The new
tool shall be capable of determining the reduced performance of a composite structure when various degrees of
damage occur in the composite material. The new tool shall be a complete software package that meets the
requirements set forth in Phase I, and have basic verification and validation efforts conducted to show it
effectiveness.

PHASE I11: The creation of this tool will have a broad range of commercial applications. Not only will it directly
impact structural modeling capabilities, it will also be applicable to civilian defense issues. Commercial
applications can range form the aircraft industry to the auto and shipping industry.
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A06-069 TITLE: Structural Damage Effects to Army Vehicles

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: To develop a new method/tool to characterize vehicle failure and/or residual vehicle capability as it
relates to structural damage that is caused by a ballistic environment. Where residual vehicle capability is defined as
the capabilities (like mobility, fire power, etc) that remain based on the level of damaged imparted to the vehicle.
Conceptually the new tool can be thought of as an advanced fault tree concept that is based on structural damage of
the vehicle. This new tool shall be capable of analyzing both existing and future vehicle technologies to the effects
of the ballistic environment that includes fragments and a blast effect.

DESCRIPTION: Future Army systems are becoming more lightweight and thus are becoming more susceptible to
conventional weapons. The thinner walled vehicles of advanced materials allow a greater transmission of energy to
the internal components and are also more vulnerable to rupture due to the blast environment. The Army has been
utilizing computer aided design (CAD) modeling tools with complex survivability analysis tools, like MUVES S-2
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(Modular Unixed-Based Vulnerability Estimation Suite) to determine the survivability of ground vehicles to
conventional weapons effects for many years. The blast effects from these weapons have largely been ignored
because the ground targets have been so robust. The Future Combat Systems (FCS) will be a lighter weight system
of systems and blast effects will have a greater impact then ever before. A new stand alone module that can
determine the residual vehicle capabilities (like fire power, mobility, etc) due to damage effects of the fragments and
a blast induced environment is needed to complete the overall MUVES-S2 modeling suite. Given the structural
damage in terms of a maximum deflection, perforation, material failure, or composite cracking and/or delamination
the tool must be able to correlate these structural damage mechanisms to reduced capabilities of the overall
system/vehicle.

PHASE I: 1. The contractor shall design and develop the methodology/tool to determine the vehicle residual
capabilities as it relates to structural damage induced by a conventional ballistic environment. The structural
damage will be given (known) from a separate analysis conducted by ARL. Thus input to the new tool could be a
maximum deflection, a perforation, a material failure, or a composite cracking and/or delamination. This type of
damage information along with the known location of the damage would be the starting point of the new model.
This damage information will be generated from experimental data as well as from analytical modeling techniques.
The proposed methodology shall consider advanced lightweight materials as well as basic materials such as
aluminum and steel. The reduced capability can be quantified in various ways. It can be given as a limiting speed
to travel, a distance to travel, an amount of times the system can fire its weapon, etc.

2. The contractor shall show the feasibility of this new method through the use of test cases and show how it could
be linked to higher level vulnerability computer codes including the MUVES S-2 computer code.

PHASE II: 1. The contractor shall extend the Phase | methodology to the full capability of a productive tool for
ballistic analysis. The tool shall be capable of relating structural damage (like panel failure) to the residual vehicle
capabilities. The new tool shall be a complete software package that meets the requirements set fourth in Phase I,
and shall interface with the MUVES S2 Computer code.

2. The new tool shall also be validated through a series of experiments and analytical studies.

PHASE I11: The creation of this tool could have a broad range of commercial applications. Not only will it directly
impact ballistic modeling capabilities, it will also be applicable to civilian defense issues, and the commercial airline
industry.
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A06-070 TITLE: LIBS-Based Deminer’s Probe for Buried Landmine Detection

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics, Battlespace
ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: To develop an innovative soil-insertable LIBS sensor for the detection and discrimination of
landmines from other buried object such as rocks, roots, and anthropogenic clutter) in the subsurface.
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DESCRIPTION: Not only are landmines a threat on the battlefield, but they remain a significant problem for
civilians around the world in areas of current and former conflict. Some 15,000 - 20,000 people in more than 90
countries fall victims each year to the more than 80 million land mines present in more than 80 countries world-
wide [1,2]. These cannot be efficiently removed using current humanitarian demining approaches [3]. At present,
landmine detection is generally conducted in a manner not that dissimilar to that employed half a century ago. A
hand-held metal detector is used to identify a subsurface anomaly that may be a buried landmine. In humanitarian
demining, meter wide lanes are searched for anomalies while swinging a metal detector back and forth just above
the ground surface. After receiving a signal from the metal detector, the suspected area is probed to determine
whether or not it contains a buried landmine. This is also the general procedure used for military post-operational
landmine clearance, although a prototype handheld system that combines a metal detector with a ground-penetrating
radar was deployed for the first time in 2003 on a limited basis by US forces in Afghanistan. To investigate the
detected anomaly, a human deminer then uses a thin, tapered prodding device for decision making about the nature
of the detected anomaly to determine if it is a solid object and, if so, whether or not it is a landmine. This is a very
tedious and sometimes uncertain approach. Thus, there is a particular need for a deminer’s soil prodder that will
differentiate between buried anti-personnel mines and other subsurface objects [4].

Broadband Laser Induced Breakdown Spectroscopy (LIBS) has been shown to be a sensor technology capable of
discriminating among different types of plastic landmine casings through a statistical approach that compares the
full 200-980 nm LIBS spectrum acquired for an unknown sample against a spectral library [5,7]. The discrimination
of different explosive and energetic materials using LIBS has also been demonstrated [6, 7]. Thus, LIBS has the
attractive possibility of being a single-sensor technology with the potential to detect and discriminate both the casing
of a landmine and its explosive contents. The recent development of the man-portable/backpack LIBS sensor
system (MP-LIBS) [7], which utilizes the traditional nanosecond-range Nd:YAG laser that is mature, small, rugged
and very suited for field use, has opened up the possibility for the development of LIBS as a confirmatory sensor
technology for landmine detection.

The concept for a complete man-portable LIBS system for landmine detection and discrimination is a backpack-size
system in which a mini-laser is contained in the prodder handle and laser light is delivered to the tip of the probe and
plasma light collected by optics in the body of the probe. In such a configuration, analyses could be made readily
and reliably by touching the buried object that one is interested in identifying. A spark would be created and a
plasma generated on the surface of a buried object when encountered by the probe, after one or two preliminary
‘cleaning’ shots to remove surface soil particles and expose a fresh material surface. The resultant light would be
captured by the optics in the probe tip and transmitted through the prodder and handle to the broadband
spectrometer. The spectrum obtained would be background corrected by software in the on-board computer and
then compared with a spectral library of landmine casings, explosives, and a variety of common environmental
clutter objects to determine if there was a positive correlation. A spectral match with a reference spectrum in either
the landmine casings or explosives library would be declared a positive response that required marking and
excavation in a ‘heads-up’ display. The objective of this SBIR topic concerns the construction of an innovative
prodder/probe that maintains the functionality of current de-miner’s probes but allows for the capability of the LIBS
technique at the tip of the probe which will be underground surrounded by soil.

PHASE I: The design of LIBS-based deminer’s prodder and development of a ‘breadboard’ prototype. The probe
would be similar in form and material composition to the current generation of prodders currently in use within the
humanitarian demining community, i.e., having a thin, ~30-40cm long, end-tapered probe of non-metallic
composition (e.g., grade 3CR12 stainless steel) that joins a barrel-style handle. The handle will contain a pulsed Nd-
YAG laser capable of delivering at least ~30mJ pulse energy per shot. The laser radiation will be directed via a set
of internal optics that will both transmit the laser signal and returned plasma light to a man-portable LIBS-
spectrometer system contained in a backpack worn by the user. The probe will also allow for the passage of an inert
gas (e.g., Ar) to the tip of the probe, and the tapered tip of the probe will be designed to protect the optics from both
damage and soil obstruction during insertion. The Ar gas flow serves to increase the LIBS spectral signal as well as
allows for improved detection of the actual explosives that may have migrated from the landmine and are located in
close proximity of the mine. The capability of the Phase | breadboard system to propagate and focus pulsed
nanosecond laser light to a buried target flushed by Ar in a sandbox, as well as to capture the resultant microplasma
emission, will be demonstrated under laboratory conditions. This can be done in coordination with the ARL LIBS
research group located in Aberdeen Proving Ground, MD.
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PHASE II: Development of a full prototype LIBS-based deminer’s prodder suitable for field use and delivered to
ARL for testing.

PHASE I1I: The development of a handheld probe for man-portable LIBS analysis will have the potential to be used
as a confirmatory sensor for both humanitarian and military demining, but would also find wide use in a wide
variety of applications where real-time, chemical analysis under field conditions is needed (e.g., homeland security,
forensic, environmental cleanup, geoscience, and bioscience applications) where it is necessary to determine the
chemical character of a substance in real-time, undisturbed in the field.
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A06-071 TITLE: Awareness and Recognition of Behavioral Threat within Complex Environments:
Detection of Intent from Biomotion Signatures

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: The goal of this SBIR initiative is to develop a biomotion signature generation and recognition
technology that will facilitate the identification of hostile, friendly and neutral players within a common operational
environment, with special concern for backdrops characterized by complexity (e.g., high density military operations
in urban terrain, i.e., MOUT). Given that the protection of the individual warfighter, the safety of the deployed
force, and the timeliness of information processing to ensure such security are assigned highest priority during
mission planning and execution (TRADOC PAM 525-66) for both the current and future force, such a technology
would significantly impact the safety and effectiveness of tactical operations. Questions that should be addressed
and resolved during development include the following:

» What are the regions of interest when scanning populated, dynamically changing environments?

» How do overt biomotion threat signatures parametrically differ from more subtle, covert biomotion threat
signatures?

» How do the perception and neural instantiation of biomotion-derived threats differ from neutral/friendly biomotion
signatures?

» How will a technological application achieve anticipatory biomotion threat signature detection for monitoring
and/or direct action?

» How do eye-movement cluster patterns, electrophysiological signatures, and behavioral performance
characteristics change with increased exposure (e.g., from naive observers to street-savvy individuals, from infantry
scouts to covert operatives)?

« Is there degradation in detection efficacy with increased distance? What technological solutions might remedy
such losses, should they become apparent?

» How does perspective (i.e., viewing plane) impact detection of intent signatures from biomation (e.g., aerial
intelligence stream vs. localized, ground-based intelligence)?
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Gains from this effort will inform the following programmatic Army initiatives:

» Manpower and Personnel Integration domain of soldier survivability

» Army Cognitive Readiness Initiative

» ARL Strategic Neuroscience Thrust

« Development of biometric-based surveillance systems

* Technology for Human-Rabotic Interaction Army Technology

Automated sensor technologies to assess biomotion signatures

 Enhanced Learning Environments with Creative Technologies Army Technology Objective: improved immersion
and realism for simulations fed by biomotion threat signatures

DESCRIPTION: The human ability to detect implicit intent based on non-verbal signals is executed by most
individuals in an effortless, instinctive manner. However, the breadth and depth of personal experience with specific
behaviors characterized by physical threat or otherwise overt hostility allows certain individuals to recognize and
react to such activity, preemptively, relative to individuals whose awareness of such actions may be dangerously
delayed due to a naiveté in these domains. The ramifications of this faculty for commanders and tactical operators,
who must immediately recognize, distribute and act upon real-time operational intelligence is readily apparent.
Patrols within urban landscapes continue to provide challenges to the individual warfighter, whose survival and
effectiveness is dependent upon reliable, immediate analysis of the dynamics of crowds, the behavior of marketplace
patrons, or individuals in transit through the immediate area of operations. Though the deployed current force faces
these challenges daily, planning for future force operational doctrine has acknowledged this issue as a targeted
specification, such that the future Brigade Combat Team (BCT) “...is designed and equipped to develop a situation
before contact (TRADOC PAM 525-3-90)”. One way to achieve such preemptive awareness is through detection
and identification based on biomotion signatures, which may provide anticipatory intelligence well in advance of
overt operational threats.

PHASE I: 1. A comprehensive literature review that examines the bases of non-verbal transfer of communicative
information. The review should include, but not be limited to the topics of sensory vs. perceptual roots of detecting
and recognizing intent, the inability to determine implicit communicative detail among autistic or brain-damaged
patients (right-hemisphere localized), the ecological vs. information processing roots of deciphering implicit intent,
the predictability of the sequencing and temporal dynamics of bodily motion, and bases for the subjective attribution
of intent.

2. A feasibility analysis for a technology that dynamically isolates joint locations, categorizes movements, assigns
biomotion signatures, classifies threats, and is functional in a dynamic and hostile setting.

PHASE II: A field practical pilot study to validate the technology (proof of principle). Upon validation, biomotion
signature detection technologies may be employed within both military and civilian frameworks where security
concerns are a priority.

PHASE I11: Commercialization potential for the current proposal will include industrial fields spanning the military,
law enforcement, and private security services. The operational dynamics of public transportation systems, urban
centers, and large meeting venues (e.g., shopping centers, stadiums, arenas) could derive particular security benefits
from the development of the proposed technologies.
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A06-072 TITLE: Mobile Toxic Hazard Transport and Diffusion Analysis and Prediction Tool

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Starting with a database of Hazardous and/or Toxic materials, input of weather information and a
Geographic Information System (GIS) capability; design and code a portable tool based on a Personal Data
Assistant (PDA) that provides a map of the location of a hazardous release and the expected path and concentration
of the material.

DESCRIPTION: With the advances in the capabilities of PDA's, it is possible to store more information on flash
disks, communicate data quickly in several communication methods, display higher resolution maps on PDA
screens, and perform small amounts of computations in relatively short time. A toxicology database has already
been migrated to PDA's as well as weather tactical decision aids. What is missing is the addition of forecast weather
fields for predicting the transport and diffusion of the material from a hazardous/toxic spill and the ability to ingest
real weather from surface observations or remote sensors (to keep the weather field up-to-date). Being able to
visualize toxic plumes in relation to the locations of the first responders and in relation to significant sites while
enroute to a hazardous material spill, would greatly protect first responders, local command posts and the most
susceptible citizens.

PHASE I: Develop an overall design for equipping an existing PDA to access weather data, have a hazardous / toxic
chemical database resident on it or its flash memory, and be able to display a map of the local area with responder
and plume locations on it. Carefully consider and document the mode of communications to be used under different
operational conditions and the breakdown of which items would be most effectively computed on the PDA, which
best would reside on flash memory, and which would be most effectively transmitted to the PDA on one of the
communication modes (and how often this would be necessary). Conduct a feasibility study to determine
effectiveness in a hazardous release emergency. Consider the following weather related information:

a. Weather Prediction Models. The most effective of these are generally considered too compute-intensive to run on
a PDA. Typically runs of 5 to 15km grid spacing are available in the field near the command center from the
Integrated Meteorological System (IMETS) and soon from the Distributed Common Ground System - Army
(DCGS-A) at Future Combat System (FCS) vehicles in the field, but these would not be useful by themselves in this
task. Show how much data would have to be downloaded and provide a means to download this information.

b. High-resolution Diagnostic Models. These more quickly calculate the higher-resolution weather fields based on
the output of the above weather prediction models updated with up-to-the-minute observations and using higher-
resolution terrain and land characterization. These range from 2D (Cionco, 1985) to 3D with several vertical levels
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(Scire, et.al, 2000). One of the models of this category should be used, but it must be a model for public release. For
this topic, low resolution with such models would be 1km grid spacing. High resolution would be 50m or less. A
domain using 200x200x10 grid points is a goal but 50x50x10 would be acceptable.

c. Transport and Diffusion Models. These range from models using just one surface wind observation and a fixed
angle of diffusion (considered inappropriate to the task) to full LaGrangian Particle models using 4D model output
(which may be too compute intensive for the PDA). The recommended model would be a Gaussian puff model
using the full 4D model output field such as (but not limited to) CALPUFF (Scire, et al., 2000). Whichever model is
selected, it must respond correctly to the time and space varying winds and the terrain.

d. Local Surface Observations. It is envisioned that surface weather information will be available on the battlefield,
from either automated sensors placed in the field or from the Soldiers themselves (Every Soldier is a Sensor).
Provision for acquiring this information, merging it with raw observations from IMETS or DCGS-A, and using it to
update the forecast from IMETS or DCGS-A is required.

Although there is much documented work on GIS systems, weather modeling, transport and diffusion modeling and
toxic chemical hazards on larger computers (Olvera, 2004), and even Tactical Decision Aids (TDAS) (Sauter &
Torres, 2004), navigation, GIS and a toxic chemical library on PDAs (Next Century Corp, 2005), the innovation
required here is to determine a way to quickly and effectively get the information to the dismounted user in the field
by efficient communication of a smaller set of data from a larger computer (IMETS or DCGS-A), without
transmitting extremely large sets of data, or spending large amounts of time on PDA computation.

PHASE Il After decisions to choose the "best" methods of meeting the objectives, then:

a. Develop and demonstrate a prototype PDA-based hazards monitor based on an existing PDA. It would be
necessary to see all the parts required on the PDA for this project in place using simulated data, and simulated
communication of those data that would reside off the PDA.

b. Develop methods to update the weather, toxic chemical release information, and hazard source location while
away from the required database sources to simulate update enroute to the emergency.

c. Show how the capability to be resident on the PDA can be included in the DCGS-A environment.

PHASE III: Participate in a test emergency response to hazardous spills using the PDA to site the command post and
first responders before arriving on the scene, showing that the system can give response enroute to an emergency by
uploading the location of release and the latest weather on the fly. This system could be used in a broad-range of
military and civilian applications where release of hazardous materials and the efforts to provide environmental
cleanup could affect soldiers, general populace, or first responders. This could occur on military bases, in industrial
areas, along interstate highways or near railroad tracks. Knowing where the material will be transported in the air
will greatly help to protect lives.
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A06-073 TITLE: Lightweight Structural Energetic Composites for FCS Munitions

TECHNOLOGY AREAS: Materials/Processes, Weapons
ACQUISITION PROGRAM: PEO Ammunition

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 perform enabling research and development that will lead to the creation of a radically new
generation of multifunctional materials (lightweight structural energetic composites (SEC) for Future Combat
Systems (FCS) munitions that are composed of organic energetic polymer composites). The term “Composite” is a
well-accepted and generally refers to structural components with enhanced mechanical performance. The creation
of SECs that contain energetic materials, such as energetic polymer materials or fills, will enhance not only the
strength, stiffness, and fracture resistance of munitions components, but provide energy to the overall system. A key
objective is to replace inert munitions structural components with energetic structural materials that: contain no
metals; can be used in propulsion systems and leave no solid combustion products; provide energy and gaseous
combustion products.

DESCRIPTION: There are a wide variety of programs in reactive materials that utilize metal/metal, metal/metal
oxides, and polymer/metal materials to provide enhancements to warheads. There is now significant interest, with
potential broad applicability in munitions, to exploit the energy of a new generation of materials (unlike reactive
materials) that can provide high-energy output per gram while concurrently providing a high-degree of structural
integrity for advanced gun propulsion applications. The proposed work seeks the creation of SECs that contain
energetic materials, such as energetic polymer materials or fills, that will enhance not only the strength, stiffness,
and fracture resistance of gun-launched munitions components and propulsion systems, but provide energy to the
overall propulsion system. A key objective is to replace inert munitions structural components with energetic
structural materials that: contain no metals; can be used in propulsion systems and leave no solid combustion
products; provide energy and gaseous combustion products. Key applications of SECs will be as replacements for
combustible cases (tank ammunition cases, modular artillery charge cases, and mortar propellant cases); energetic
laminates for sabots and projectile bases; consumable igniter tubes, and components for gun-launched munitions.
SECs will be an enabler for more effective, efficient, lethal, and survivable munitions designs. Key technical
challenges to be addressed are (1) developing SECs and understanding and evaluating the energy release
characteristics, (2) developing modeling capabilities that could be used to assess their performance and lethality
under a variety of conditions, and (3) developing and understanding the processing and manufacturing
characteristics. A multidisciplinary research and development approach for SECs will be focusing on mechanics,
materials science, physics, chemistry, modeling, and numerical simulations to identify and characterize these
processes, as well as development of capabilities to predict the response of macroscopic events based upon these
MICroscopic processes.

PHASE I: Define and provide supporting analysis on all promising NEW SEC materials for applications as outlined
in the description.

PHASE I1: Design, fabricate and test prototype SEC materials to validate performance and applicability. Evaluation
tests will be conducted at the contractors' facility as well as at an Army Research facility.

PHASE I11: The developed technology is inserted/transitioned into several Army programs for weapon development

efforts (120 mm Tank Ammunition (LOS); 155 mm Modular Artillery Charge System (MACS) [NLO]; 120 mm
Mid Range Munition (MRM)).
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Excellent dual use applications for combustible cartridge cases for commerical small caliber ammunition (billions
produced on a yearly basis) - eliminate brass cartridges, eliminate lead containing igniter materials.
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A06-074 TITLE: Design and Development of a Micro Solid State Cooling Device for Harsh Battlefield
Environments

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: To develop the materials testing, integration, and process science required to prototype a micro solid
state cooling device for harsh battlefield environments. The technology developed must be light weight, small size
and low cost and capable of integration with individual soldiers clothing.

DESCRIPTION: In battle field environments reliable compact refrigeration systems are critical to maintain vital life
support temperatures for soldiers, as well as for high power electronic systems, and temperature critical sensors (i.e.,
infra-red, night vision etc.). Traditional heat pumps for cooling and heating are based on vapor compression cycles.
These cycles require compressors and pumps that limit the level of miniaturization that can be achieved.
Additionally the many moving parts make conventional systems prone to mechanical failure. Alternative solid state
thermoelectric cooling devices are more robust, but are prone to low efficiencies, and require a large power source
to operate. Development of thermoelectric cooling is fairly extensive and will not be consider under this SBIR.

Novel thermal cooling technologies and concepts are being considered using active or “smart” material concepts.
These include but are not limited to magnetocaloric materials that can absorb and release heat through a phase
transformation process. Possible materials with an electrical or photo induced phase change could be used to shuttle
thermal heat for a heat pump as well. Devices employing these concepts can provide true thermodynamic
refrigeration cycles with large thermal cooling capacities and large temperature ranges. The device would be solid
state and scaleable from the miniature level to the micro scale, environmentally friendly, and extremely robust and
reliable. The solid state heat pump has the promise to revolutionize the current market for refrigeration systems and
create new ones from their extended capabilities. Some envisioned commercial applications would include portable
refrigeration units for food, and biological specimens, more reliable cooling systems for aerospace and the
automotive industry.

PHASE I: Phase | of this program will develop a cooling concept utilizing a novel phase changing material. A
through processing methodology will be developed and subsequent testing and characterization of the material will
be performed. Integration of the material into a possible heat pump device should be investigated and analysed. A
final constitutive model to estimate the cooling performance with baseline figure of merit comparison to alternative
technologies is required.

PHASE II: At the conclusion of Phase I, a prototype design and numerical simulation that will demonstrate the
viability of the concept will be completed. A specific application for the micro cooling will be selected and the
prototyped designed. The prototype must exhibit the capability to pump a minimal 20° C difference, have a
footprint less than 16 squared inches. Testing and characterization of the prototype will be conducted to fully
evaluate its performance. Cooling capacity, efficiency, range, and cooling rate will be evaluated. An analysis of
scaling effects will be conducted to provide performance effects at smaller scales.
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PHASE I11: A manufacturing and large production scale up strategy will be developed. Foundry friendly process
protocols, as well as other standard manufacturing technology will be utilized to the utmost to ensure a feasible
transition to commercialization. Phase I11 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. Thus, subsequent to
prototype demonstration, a manufacturing process will be developed and demonstrated. The feasibility of
alternative products will be investigated.

This solid state heat pump could be used in a broad range of military and commercial applications such as cooling
for the soldier in the battlefield, light-weight cooling systems for the aerospace industry, and components cooling in
power electronics.
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A06-075 TITLE: Simulation Tools for Strain Engineering, Manufacturing and Design of Novel Optical and
Electronic Superlattice Materials and Surfaces

TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVE: To develop simulation capability for engineering, manufacturing and design of novel materials and
surfaces with nanoscale features arranged into superlattices. The key outcome will offer trade-off principles for
manufacturing parameters of new types of devices.

DESCRIPTION: Superlattices consist of alternating layers of two different semiconductors. The lattice misfit-
induced strain causes interesting new behavior by deformation-potential effects: It changes the band gaps of the
constituent materials and splits the degeneracy of the zone-center heavy- and light-hole bands [1]. The flexibility of
tuning the electronic band structure of the semiconductor superlattices has applications in novel design of
semiconductor diode lasers, electro-optical modulators, nonlinear optical devices, infrared imaging systems, etc.
Recent nanoscale science and engineering has opened various new frontiers, with perhaps one of the most
dynamically growing areas still being in electronic devices and semiconductor physics. Fabrication and growth of
quantum wells (QWSs), quantum wires (QWRS), and quantum dots (QDs) structures based on different
semiconductors and compounds are reported weekly with various novel features being observed for potential
applications in optoelectronic and sensor devices. Current trends in the commercial sector have already identified
the benefits and weaknesses of strained-silicon-based semiconductor design [2].

To tailor and modulate the optoelectronic and other properties in QD structures, the size, shape, and distribution of
the QD superlattice need to be precisely controlled. Therefore, from the device application point of view, QD
superlattices should have high density, narrow size distributions, and good spatial ordering, with known material
properties. Experimentally, however, accurate control of these parameters are extremely difficult due to the fact that
they depend on various factors, including temperature, flux rate, spacer thickness, diffusion character, system
energy, among others. The material properties, on the other hand, are directly related to the underlying atomistic
physics. Thus, a reliable modeling and simulation tool is in urgent need which could help to understand the effect of
various factors and provide vital information for designers and experimentalists in controlling and accelerating
fabrication of QD architectures. Furthermore, the lattice-misfit induced elastic/electric fields in QD superlattices
need to be accurately predicted with full reconstruction capability so that reliability studies on the mechanics of the
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structure can be carried out. The elastic/electric fields are also important inputs for the control and modulation of
the energy bandgap which is the key to strain energy band engineering.

Recently, a variety of numerical simulation models have been proposed for epitaxial growth study of QD
superlattices, spanning from atomistic to continuum with multiscale methods linking them [3-7]. Among these
models, those centering on event-based kinetic Monte Carlo (KMC) technique to simulate the heteroepitaxial growth
of QD superlattices have shown promise [8]. The marginal use of elastic strain generated by the monolayer islands
has been shown to be instrumental in inducing narrow size distributions and good spatial ordering [8]. Moreover,
the direct and simplified continuum mechanics (CM) model [9,10] has further shown that the long-range elastic
interaction with different growth orientations is the key factor to the observed correlation and anti-correlation
features.

Current KMC-based modeling methods still have some limitations when applied to self-organized QD superlattice
growth. First and foremost is the lack of specificity and experimental validation. Theoretical materials, while
informative, lack sufficient material details that would lend relevance to real laboratory materials and conditions.
Secondly, long-range elastic strain effects are based on overly simplistic models that are hard to justify for real
materials. We seek methods that realistically handle cubic and non-cubic lattices for materials such as wide band-
gap group llI-nitrides with full atomistic features, where appropriate, and accurate long-range effects,.

Besides the precise growth of QD superlattices, and perhaps even more importantly, there is a pressing need for the
corresponding mechanical study of the structure, and subsequently, the profound effect of the induced and fully
coupled strain/electric fields on the energy bandgap. These are extremely important and urgent issues for the next-
generation fabrication and mechanical/electronic modeling of QD superlattices. Particular emphasis is on reliability
and multifunctional/conformable materials and sensors.

PHASE I: Develop methods to apply modern computational, numerical techniques and sophisticated computer
modeling methods to the conceptual design and manufacture of sensors based on superlattice material structures.
Particular emphasis shall be placed on the potential of applying the models to Army-centric sensor designs.
Methods that exploit the parallel nature of the numerical methods for easy and direct application to high
performance computing are especially welcomed. Identify engineering studies on design trade-offs of
manufacturing processes and operational capabilities of fabricated devices that can be further explored in Phase 1.
Successful completion of Phase | will also identify benefits and limitations of the methods through feature-
comparison with other competing methods for their ability to accurately model design trade-off scenarios of the
manufacturing processes and projected operational capabilities of devices.

PHASE II: With the background established in Phase I, this part of the effort will be to implement and develop a
robust software tool. Both theory/method and software development are warranted. The outcome will be a turn-key
solution for engineering simulations and design of optoelectronic manufacturing processes of QD superlattices.
Realistic processing scenarios modeled through kinetic Monte Carlo algorithms coupled to molecular dynamics and
continuum mechanics on high performance computers are favored.

PHASE I11: Phase Il of the project will focus on development for dual use applications. Significant dual use will
be made of the outcome primarily in semiconductor design and quantum dot devices. The effort will draw attention
to improving materials modeling for alternate chemical species that are more readily found outside of the defense
sector. These developments will be based on the same computational engine as the Phase Il effort and center more
on modules development for other types of materials (atoms). Main thrust will be for testing and validation of
software. Collaboration with commercial entities will be encouraged.
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A06-076 TITLE: Novel, Low Cost Superhydrophilic Anti-Fog Coatings to Maintain Transparency

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE: Design and develop a robust processing and fabrication technique to exploit nanotechnology for
deposition of superhydrophilic coatings to provide anti-fog capability to glass as well as to transparent polymeric-
based substrates.

DESCRIPTION: The Army has identified an urgent need for transparent armor systems that are lightweight and
capable to provide a greater extent of protection to the individual soldier as well as to the armored vehicles against
emerging threats. One of the major drawbacks of the currently fielded transparent armor platforms is their
vulnerability to fogging. Emerging high performance materials are also likely to fog. When fogging occurs, tiny
water droplets condense on the surface which cause light-scattering and often render the surface to become
translucent. This is common particularly when a cold surface suddenly comes in contact with warm, moist air such
as a soldier’s breath. Fogging severity can ultimately compromise the transparent platform capabilities, and often
jeopardize the soldier’s survivability simply because they need to remove their protective eyewear or face shields to
be able to see. Current commaodity anti-fog coatings often diminish after repeated cleanings over time and require
constant reapplication to ensure their effectiveness. Recent advances in nanotechnology have the potential to enable
superhydrophilic surface coatings with anti-fog characteristics that prevents the formation of water droplets.
Superhydrophilic coating technology will provide the Army with significantly enhanced soldier and vehicle
survivability by preventing battlefield’s fogging hazards. Additional benefits of anti-fog coatings include improved
light transmittance, service performance durability and a significant reduction in logistic costs.

PHASE I: Demonstrate feasibility of synthesis and processing of superhydrophilic anti-fog coating for deposition
onto glass as well as polycarbonate substrates. Determine the anti-fog efficiency and environmental durability
including the adhesion onto coated glass and polycarbonate plates. Demonstrate that the coating does not diminish
visibility. It is desirable that the coatings can be applied to both individual protective systems and vision blocks for
ground vehicles. ldentify the potential material candidates for use to produce prototypes in Phase II.
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PHASE II: Refine and optimize the materials synthesis and application process. Develop a low-cost fabrication
process with scale-up capabilities to produce prototype coated vehicle window systems that meet the performance
specifications of both glass and polycarbonate. One of the following top candidate prototypes shall be subjected to
durability evaluation including resistance to scratch and abrasion as well as to field testing for validation of anti-fog
efficiency: coated Sun-Wind-Dust (SWD) goggles, riot face shields, and chemical/biological protective lenses for
face masks. Ballistic testing of coated polycarbonate plates and selected prototypes including SWD goggles and
Riot Face Shields shall be conducted to ensure the performance requirements for protection against a 0.22 caliber
fragment simulating projectile.

PHASE I11: Potential military dual use applications include Sun-Wind-Dust goggles, laser safety eye protective
spectacles, chemical/ biological protective face masks, ballistic shields for explosive ordnance disposal personnel,
and vision blocks for light tactical vehicles. There is a very high probability for commercialization for applications
such as sport goggles, auto windshields, windows in public transit vehicles, armored cars for law enforcement and
VIP protection, and solar panels and green-house enclosures.

REFERENCES:

1. M. F. Rubner, "Polyelectrolyte Multilayers with Extreme Wetting Properties”, 230th

American Chemistry Society National Meeting, Washington, D.C. (2005).

KEYWORDS: Anti-fog Coatings; Superhydrophilicity; Transparent Lightweight Armor; Nanotechnology.

A06-077 TITLE: High Power Density Gears Using a Systems Engineering Approach for Selection, Test,
and Evaluations of Emerging Materials, Surface Engineering, and Tribology Solutions

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Demonstrate capability to develop high power density gearing by a systems engineering approach
including development and application of economically viable test and evaluation methods. The concept is to
develop methodologies to evaluate and apply combinations of emerging technologies for materials, heat treatments,
surface engineering on a continuous basis.

DESCRIPTION: Gear systems for next generation air and ground vehicles for military and commercial applications
will require high power density gears to meet demands for improved durability, reduced operating costs, improved
fuel economy. Efforts to improve power density for gears have typically sought to advance one particular aspect of
the gear system (for example, a new alloy, a new coating [Ref. 1], a new surface modification [Ref. 2], etc.). Such
an approach has met with only limited success, perhaps since increasing power density relative to current state-of-art
requires improving the power capacity relative to multiple potential failure modes (bending fatigue, spalling, pitting,
micropitting, scuffing and scoring, impact fracture) while meeting other operational requirements (such as operating
temperature requirements, corrosion resistance, compatibility with lubricants, and military helicopter drive system
requirements for oil-off capability). The cost of gear component testing inhibits the rapid assessments of emerging
technologies in the areas of materials, processing, and lubricant improvements.

This effort should define a methodology to select and then evaluate combinations of emerging technologies that
could be applied to increase gear power density. This may involve the development analytical software and/or one
or more test machines using cost-effective test samples. The test specimens and test machines must produce
performance data representative of gears. The analysis methods and test data should enable engineers to optimize
gear performance for a particular application by an economical process to incorporate emerging technologies in a
synergistic fashion. The offeror should consider methods to evaluate any or possibly all of wear, surface durability,
scoring (scuffing), friction and efficiency, fracture toughness, bending durability, and compatibility with lubricants
by appropriate combinations of analyses and test. After completion of an effort the offeror should be in position to:
(1) use a standardized, documented procedure to select potential combinations of promising technologies, (2)
evaluate the selected technologies by analysis and specimen testing, (3) be able to define specifications for
procurement of gear test specimens for proof- of-performance gear testing, and (4) be in position to again apply the
methodology on a continuous basis as new technologies emerge in the areas of materials, processing, surface
engineering, lubrication, and tribology.
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The focus of this topic is gear component technology (materials, processing, and surface engineering) and influence
of lubricants. Novel gear systems technologies (such as new gear tooth geometries, novel arrangements of gears,
hybrid electro-mechanical drive systems, etc.) will not be considered for award. Only proposals that show realistic
potential for assessment of emerging technologies on a continuous basis will be considered for award.

PHASE I: Define requirements for evaluation of emerging technologies for gear applications giving consideration to
all possible modes of gear failure. Define analysis and test requirements to optimize combinations of treatments
leading to downselect for proof-of-concept gear testing. Develop specifications for economical test specimens and
test machine(s). ldentify needs for accompanying analysis tools. Select emerging technologies for evaluation
during Phase II.

PHASE II: Complete test machine fabrication and test methodology. Develop any identified analysis tools required
to make use of the empirical data from the test machines. Procure test specimens and complete testing to assess
performance, testing multiple combinations as budget allows. Analyze the test data and define performance limits
of the selected technologies. Downselect to a single concept, specify and procure gears for evaluation on gear test
rigs to enable final proof-of-concept and benchmarking of the newly developed methodology and test machine(s).

PHASE I1I: Military markets include developers of aircraft gear systems and ground-based systems and research
organizations. Commercial markets include developers of ground vehicles, aircraft systems and industrial gear
systems.

REFERENCES:

1) “Increased Surface Fatigue Lives of Spur Gears by Application of a Coating”, Krantz, T. L., Hansen, G, Copper,
C, Townsend, D; J. of Mech Design, Vol. 126 No. 6, Nov. 2004.

2) “Surface Fatigue Lives of Case-Carburized Gears With an Improved Surface Finish”, Krantz, T., Alanou, M.,
Evans, H. and Snidle, R.;ASME Journal of Tribology, Vol. 124 No. 4, 2001.
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A06-078 TITLE: New and Improved Nonaqueous Electrolyte Components - Salts and Solvents

TECHNOLOGY AREAS: Materials/Processes, Electronics
ACQUISITION PROGRAM: PEO Soldier

OBJECTIVE: The Army has multiple requirements for higher performance longer life power sources with a wider
operating temperature range. Develop new and improved electrolytes enabling the development of Li-ion batteries
capable of operating in a temperature range from -40 to 70 degrees Centigrade with improved storage/cycle life,
power performance, and safety in a large format.

DESCRIPTION: The electrolyte is one of the key components in broadening the operation temperature ranges
without sacrificing the storage/cycle life at temperatures above 55 degrees Centigrade and the power performance at
temperatures below -20 degrees Centigrade. The electrolyte also impacts the safety of the Li-ion batteries. Safety
becomes a critical issue when the battery size gets larger. Therefore, the research of chemically, electrochemically,
and thermally stable and conductive electrolyte is critical for achieving high power density and high energy density
energy storage devices for future Army applications in soldier power, hybrid electric vehicles, and pulse power
sources.

PHASE I: Identify and demonstrate new and improved electrolytes containing new and improved salts, solvents, or
a combination of salts and solvents in a laboratory cells over the state-of-the-art electrolytes. Basic chemical,
electrochemical, and thermal properties are characterized preferably relevant to Li-ion cell environment.

PHASE II: Fabricate sufficient quantities of new and improved electrolytes based on the formulations developed in
Phase I research. Evaluate and demonstrate the new and improved electrolytes in industrial prototype cells such as
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18650 or larger sizes. Evaluation should include storage/cycle life test at temperatures above 60 degrees Centigrade,
power performance at temperatures below -30 degrees Centigrade, and overcharge safety test. Mechanism for
improvement should also be investigated.

PHASE I11I: Optimize new and improved electrolyte formulation for selected Li-ion anode and cathode material
system. Fabricate industrial prototype cells of sizes larger than 18650 for long term performance and safety
evaluations. Participation of an established Li-ion battery manufacturer is encouraged in this Phase of development.

REFERENCES:

1) US Patent Application Publication No.: US 2003/0100761 (May 29, 2003).
2) US Patent 6,399,255.

3) K. Xu, Chem. Rev., 104, 4303 (2004).

4) T. R. Jow et al., J. Power Sources, 119-121, 343 (2003).
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A06-079 TITLE: Identification of Cultural Demographics to Predict Community Responses to Military
Operations

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: The objective of this SBIR is to test a proof of concept that interactions among demographic variables
can be extracted from a population data set (either electronic or text or both), that these interactions can be extracted
at the national, regional, and local levels, and that these can be visually displayed on a command interface in such a
way to reduce uncertainty in decision making during urban operations. The effort here is not to determine which
demographic variables may be of interest at the strategic to tactical levels, but rather to identify interactions between
variables and to develop display technologies that can help a command staff rapidly develop a holistic understanding
of a region. For example, religious affiliation is an important variable. At one level of abstraction, it may appear
true that followers of one religion would not support a new democratic leader in Irag, and would support an
insurgent effort. However, if this variable interacts with other variables such as income and age, for example, the
original assumption may be incomplete. We might expect that followers of this particular religious party, when of
an upper income group and older age cohort, would be more likely to support the democratic party and be
unsupportive of insurgent rhetoric. This information would be important for a command staff to have because it
would give them a finer grasp on the likelihood of population groups to be influenced by information operations or
other military activities.

DESCRIPTION: Displays that translate text data to visual interfaces must be pursued and included on battle
command systems. One promising technology capable of this translation is computer data mining. Socio-economic
data can often be viewed as revealing multiple attributes of very many entities. For example, for many wards or
precincts, data about ethnicity, housing, voting history, average income, etc. may be known. Computer data mining
techniques and associated software programs allow the user to interactively explore data sets graphically and to use
the data collected about the many entities to learn about the relationships between their different attributes. Visual
displays in the data mining process are used to understand the relationships between variables. These displays may
include: two-dimensional plots of continuous or discrete attributes against one another, histograms of frequency of
occurrence of attribute values, lists and tables, and stacked one-dimensional plots to see the distribution of attribute
values on each criterion of interest. Sensitivity analysis is also a recommended data mining activity, discovering to
what degree various attributes appear to be affected by fluctuations in others.

In the Phase | SBIR process, the data mining process would be undertaken for either the Afghanistan or Iraq regions,
based on the availability of adequate population based data and socio-economic text data. A report on the
interactions between the socio-economic variables would be prepared, identifying the interaction patterns at the
strategic, operational, and tactical levels. For each of these levels, information would become more refined and
specific. Additionally, the region of interest would be scaled, moving from the nation (strategic) to province
(operational) to the town (tactical). Data treatment technologies and display techniques should be considered and
recommendations made. However, the emphasis should not be on creating a data mining engine, as this technology
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already exists. Rather, the emphasis would be on the interactions between variables, the interpretation of how these
interactions would impact a command staff's understanding of the area in a holistic sense, and suggestions on how
this information could be visually displayed on a battle command interface.

PHASE I: Conduct a literature search to gather more data on how socio-economic data has been collected and used
in recent military operations. A primary source of information would be ‘lessons learned’ documents. The review
should discuss how the data should be structured to accommaodate the three levels of command (strategic,
operational, and tactical). This addresses the issue of the scalability of data. Consider relevant data treatment
technologies, such as statistical routines and group display techniques that would be appropriate for the development
of a graphical user interface of this type. Explore the data display techniques that would be most appropriate for this
type of information. Consideration should be given to visualization techniques and various types of displays that
allow the rapid integration of information. The conclusion of Phase 1 would be a report that includes these topics
above. The focus of this effort is not to reinvent the importance that demographic information plays in
understanding the sensitivities of a region of interest, but to document the differences in scale that exist between the
national, regional, and local levels. Also, the problem of how to represent this information in a visual display is a
part of this Phase 1 effort. Normally, demographic data is presented primarily in text format and is lengthy due to
the need to describe the interactions between variables. A command staff won’t have the time to wade through a
large text document but instead, would benefit from an interactive display that presents information through
pictures, graphs, or other methods and that permits scaling down to get more details in certain fields.

PHASE II: The second phase of the SBIR would explore the data display techniques that would be most appropriate
for this type of information. Consideration should be given to visualization techniques and various types of displays
that allow the rapid integration of information. In this phase a prototype interface would be formulated that would
be tested in a pilot study. The focus of phase Il would be to validate the contributions that a display of this nature
makes to decision making in an urban environment. A major challenge in Phase Il would be to scale the information
to strategic, operational, and tactical users. Included in that challenge is the problem of how to tailor the information
in an interface. Should one interface be developed? Three? How does population data change with different units
of analysis? How can we scale military effects so that they correspond to the national, regional, and local areas of
concern?

PHASE Il1I: This technology has potential application for military staffs operating in peace keeping operations. In
these situations, the focus is on returning a nation to its pre-war state of stability and rule of law. However, the
internal groups that disagreed on National policies must be supported in their efforts to achieve a new state of
equilibrium. As our experiences in Bosnia and Kosovo have shown, the military presence is essential in the fragile
years of rebuilding and peacekeepers must have an excellent knowledge of the host nation’s history and current
needs. To use the Bosnia example, this tool would use text and data base material for a data mining effort that
would allow the command staff to remain current on socio-economic trends and sensitivities. As these variables are
not static, the ability to use data mining of current documents such as newspapers and census files is critical for
updated statistics. In Bosnia, as internally displaced persons returned to their homes, the demographic structure of
regions changed in a significant way.

A commercial application of this technology would be useful for businesses seeking to better understand their
customer base. One might imagine a tool such as this would be particularly useful for colleges who seek to
understand in more detail the demographic needs of their student population.

A spin-on capability could be to use a tool such as this with societal level models that seek to predict unintended
consequences from military actions taken in a combat or peacekeeping mission. Or, this kind of technology could
potentially help community planners and military reserve and guard units who struggled in the wake of Hurricane
Katrina.

REFERENCES:

1) Berson, A., Smith, S., & Thearling, K. (undated). Excerpts from Building Data Mining Applications for CRM.
Downloaded on 8/30/04 from http://www.thearling.com/text/dmtechniques/dmtechniques.htm.

2) Handbook for Joint Urban Operations. (2000). Joint Staff. Washington: Author.

3) Martel, R. J. & Sudano, J. J. (1997). Information optimization for decision making. Aerospace and Electronics
Conference, Vol. 1, 454-461.
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4) Thearling, K. (undated). An introduction to data mining: Discovering hidden value in your data warehouse.
Downloaded on 8/30/04 from http://www.thearling.com/text/dmwhite/dmwhite.htm.

5) Thearling, K., Becker, B., DeCoste, D., Mawby, B., Pilote, M., & Sommerfield, D. Visualizing Data Mining
Models. Published in Information Visualization in Data Mining and Knowledge Discovery, Usama Fayyad,
Georges Grinstein, & Andreas Wierse, Eds. Morgan Kaufman, 2001. Downloaded on 8/30/04 from
http://www.thearling.com/text/dmviz/modelviz.htm.
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A06-080 TITLE: Coatings for Field Repair of Transparent Materials

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: The objective of this research is to develop a nanoparticle filled coating that will repair scratches and
other damage to goggles and other transparent materials caused by sand abrasion. After application, optical
transparency will return to a functional level with little to no degradation in performance.

DESCRIPTION: Transparent armor (e.g., goggles, windscreens, blast shields) provides a critical capability for
soldiers by protecting their eyes with little or no visual obstruction. Recently, in environments such as Irag and
Afghanistan, sand induced damage has become a serious issue. Soldiers have found that abraded and scratched
surfaces significantly degrade optical clarity and the usefulness of goggles.

Recent basic research results in the ARO Polymer Science Program show promise for a simple, effective solution to
this problem. Research results have predicted (1, 2, 3) and experimentally confirmed (results are pending
publication) that nanoparticles can be functionalized such that when incorporated into a compatible polymeric
coating, they will selectively migrate into cracks and abrasions at the air-surface interface. The goal of this Topic is
to build on these results to design an easy to apply coating that contains particles that will selectively migrate to
cracks, adhere to the surface, and restore optical transparency without distortion. Research will focus on tailoring
particle size, composition, aspect ratio, surface functionalization, and coating formulation. The resultant technology
should be designed such that a company supply sergeant can easily use it to repair damaged goggles and other
transparent materials.

PHASE I: Initial research will focus on identifying promising particles and base coating formulations. Issues that
may need to be addressed include nanoparticle composition, size, shape, functionality, coating solubility,
UV/Visible adsorption, refractive index, glass transition temperature, optical clarity, and photo and temperature
stability. Processing studies will be carried out to characterize and address nanoparticle dispersion within the base
coating formulation. An understanding of interface adhesion between nanoparticle, base polymer, and transparent
material will be developed. Reliable metrology (i.e., ASTM International Standards, using for example, ASTM
F548-1, -03, -081) will be identified and used in proof of concept experiments to evaluate success and failure criteria
(i.e., optical clarity, distortion, adhesion, durability) for suitable coatings applied to scratched and abraded
transparent materials. Repair coatings will be demonstrated on a statistically significant number of specimens of a
minimal sample size (5 x 5 cm), as determined in the metrology.

PHASE II: Experiments will be performed to demonstrate that nanoparticles migrate to defects and that optical
clarity and transmittance are maintained. An understanding of nanoparticle segregation into surface defects of
predefined type and size will be developed so that the limits of the technology are understood. Optical clarity,
optical transparency limits, reflectance, and distortion will be defined using reliable metrology and reported for
uncoated, coated, and recoated systems. Interface adhesion between nanoparticle, base polymer, and transparent
armor surface will be characterized and optimized for typical environmental conditions involving blowing sand.
Aging studies will be conducted to determine formulation component stability, including particle agglomeration and
settling, and used to determine any adverse effects on coating performance. If necessary, particle re-dispersion
procedures will be developed. Reliable metrology will be used to evaluate success and failure criteria for coatings
applied to sand abraded and scratched transparent armor under at least three damage conditions (e.g., minor,
medium, and heavy). Best coating application practices will be determined on standard issue goggles (e.g.,
spraying, dipping, rolling). Durability testing (abrasion resistance, cracking, peeling, flake off) on the repaired
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surfaces of 50 standard issue goggles will be conducted so that a cost/benefit analysis can be performed by the
Army. The formulation should be easily scaleable so that manufacture can be done either by the small business or
through a toll processor. The coating should be non-toxic, non-flammable, easily applied, meet existing United
States VOC manufacturing regulations, and should not require expensive or difficult to operate equipment.

PHASE I11: The technology developed as a result to this research will find applicability to both DoD and civilian
applications including coatings for eyeglasses, goggles, lenses (e.g., watch, camera, binoculars), headlights, and
windows.

REFERENCES:

1. Lee, J. Y., Buxton, G. and Balazs, A. C. “Using Nanoparticles to Create Self-Healing Composites”, J. Chem.
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A06-081 TITLE: Efficient and Novel Algorithms for RADAR Systems with Phased Array Antennas

TECHNOLOGY AREAS: Sensors

OBJECTIVE: The purpose of this SBIR topic is to solicit developments of efficient and novel algorithms for signal
extraction/detection and object recognition in RADAR systems with phased array antennas. The algorithms
developed should have the capability for handling fast changing nonlinear and cluttered environments.

DESCRIPTION: Efficient methods of signal extraction/detection and object recognition in Radars with phased
array antennas (RPAA) in complex cluttered environment and under prior uncertainty include adaptive spatial and
spatial-temporal processing. Adaptive spatial filtering includes weighted accumulation of signals at outputs of
channels in a multi-channel system. The vector of weights is computed based on the estimates of the clutter
covariance matrix. A conventional approach involves the following three-stage procedure:

1. Estimation of the clutter covariance matrix based on a training sample in passive mode;

2. Setting an adaptive threshold, also based on the training data;

3. Adaptive processing of data in active mode using previous two steps (in particular, adaptive thresholding to limit
a false alarm rate).

This standard approach is efficient in cases where clutter does not change or changes slowly in time, so that the
estimates obtained from steps 1 and 2 are accurate enough for the third step. However, the drawback of this
approach is that weighted coefficients used for target detection (thresholding) and recognition are computed based
on the training sample, while detection and recognition are performed based on the testing sample in active mode.
In rapidly changing environment when clutter is nonstationary, the performance of this procedure degrades
dramatically.

Therefore, the development of a novel approach that overcomes shortcomings of the conventional method is a
challenging problem. Moreover, the corresponding new algorithms should be efficient not only for nonstationary
Gaussian clutter, but also for non-Gaussian clutter. New methods have to perform adaptive tuning (in particular,
computing of weighted coefficients) simultaneously with target detection and recognition. New methods should not
use passive training data to form adaptive thresholds for false alarm stabilization and to compute vectors of weights
for adaptive weighted processing for ATR (i.e., these functions should be performed as a one-stage adaptive
procedure that uses only testing sample).

Specific requirements to new methods:

1. No pre-classified training data sets that do not contain targets should be used for tuning.
2. No Gaussian assumption on the clutter distribution should be used.
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3. Algorithms should be efficient when the sample size (in time) bigger than a number of clutter sources in space,
but not the number of phased array channels. Otherwise, computational complexity will become an issue.
4. Algorithms should guarantee super-resolution properties in (a) space; (b) range; (c) frequency (speed).

The purpose of this topic is to call for involvement of the private sector in these studies that will enhance the
development of ATR (automatic target recognition) systems for the United States Army, Air Force, and Navy. In
particular, the Army agencies such as Aviation and Missile Command and Space and Missile Defense Command
will be among the beneficiaries of this research. The mathematical tools and technique needed for the research
include new theory and algorithms of spatial-temporal nonlinear filtering. Mathematical developments in this area
can also be applied to commercial radar systems for airlines and weather forecasting. It is proposed that the
program be carried out in the following three phases.

PHASE I: Phase I of this SBIR project shall focus on feasibility study of: 1) non-usage of pre-classified training
data sets for turning; and 2) deletion of Gaussian assumption on clutter distribution. The results of the Phase I
research shall be documented in monthly progress reports and the final report.

PHASE II: In Phase Il, we suggest that the following issues be investigated:

1) Development of spatial-temporal nonlinear filtering and/or other theory and methodologies that are applicable to
the RADAR systems with phased array antennas.

2) Development of the computational algorithms for the theory and methodologies mentioned above. The results of
the research shall be delivered in the form of written reports and demonstrations of the efficiency of the algorithms.

PHASE I1I: The research and development of efficient and novel algorithms for RADAR systems for commercial
flights and weather forecasting. Computer codes (both source and executable codes) for the algorithms shall be
delivered for further testing.
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A06-082 TITLE: Multifunctional Erosion Resistant Coatings for Turbine Engine Components

TECHNOLOGY AREAS: Materials/Processes
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OBJECTIVE: Develop innovative, advanced multifunctional erosion resistant ceramic coating concepts to
significantly improve the erosion related degradations of compressor and turbine hot-section components in harsh
sand ingestion, and/or combustion gas environments.

DESCRIPTION: The advanced propulsion engines for Future Combat Systems (FCS) and Joint Heavy Lift
helicopters may be designed by utilizing high strength and lightweight metallic and ceramic components to meet
engine high efficiency, high power density, compactness, and low emission goals. Advanced erosion resistant
coatings will play a crucial role in the engine systems by providing vital erosion, corrosion and thermal protections
for engine components in the harsh sand ingestion, erosive and/or combustion gas environments.

This SBIR solicitation seeks innovative ceramic erosion resistant coating concepts for turbine engine compressor
blades and vanes to meet future engine performance goals. Thin film configurations with combined high hardness
and toughness are required for this compressor erosion coating application. In addition, advanced erosion and
corrosion resistant thermal and environmental barrier coating concepts for metallic superalloy and Si-based ceramic
turbine hot-section components will also be of great interest. In particular, novel ceramic barrier coatings with
significantly reduced sand particulate erosion and molten sand interaction related degradations under thermal
cycling will be considered. The SBIR will emphasize advanced coating compositions, architectures and processing
techniques to significantly improve the coating toughness and interface adhesion, thus ultimately improving the
component erosion resistance. Novel processing techniques may be developed for realizing multifunctional coating
concepts in thin layer configurations with built-in or embedded erosion monitoring and damage detection sensors for
turbine engine components. Innovative approaches to incorporating other coating, component and engine health
diagnostic functions that can help improve the engine reliability and durability may be also developed in this SBIR
effort.

PHASE I: Develop advanced erosion resistant coating material concepts for engine compressor and/or turbine
applications. Demonstrate the coating feasibility and material erosion performance in laboratory tests.

PHASE II: Integrate the coating functions by multi-component alloying concepts and/or embedded sensor
approaches. Demonstrate the multifunctional erosion resistant coating feasibility with potential damage detection
capability for compressor and/or turbine components in engine relevant environments. Down select erosion resistant
coating systems with improved performance and functionality.

PHASE I1I: The erosion coating technologies developed under this SBIR can be widely used in the Army and other
DoD vehicle propulsion applications. The technologies can also be used for commercial propulsion and power
applications including commercial aircraft engines, land-based power generation turbine engines, and diesel engines.
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A06-083 TITLE: A Process to Produce High-Purity Encapsulated Particulates in Large Quantities

TECHNOLOGY AREAS: Materials/Processes
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ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: To enable the Army/DOD/Industry to procure a new class of materials and a new raw material source,
by the development of a process to encapsulate particulates in large quantities. These particulates can subsequently
be used to produce bulk materials/coatings/components with specific engineered properties that can significantly
increase the lethality of various weapons systems, such as bullets, rockets, shape charges and mortars.

DESCRIPTION: Recent achievements in the consolidation of metallic and/or ceramic particulates, in addition to the
need to control the chemistry of inorganic and organic coatings and bulk materials, has created the need to produce a
new raw material source in the form of encapsulated particulates. The ability to uniformly apply an element onto a
micron or sub-micron particulate will allow for the development of a new class of materials that can be used to
engineer coatings and/or bulk materials with greater precision. The proposal calls for the production of encapsulated
particulates, having diameters in the range of 1-10 um, that have a high-purity, uniform coating over the entire
surface area of the particulate. These size particulates, which fall into Geldart’s Class C category of particulate
material [1], often have high aspect ratios and cause particular problems when attempts are made to consolidate
them, since they tend to agglomerate and are difficult to handle and process. The ability to control the thickness of
the coating is a requirement, as well as the ability to economically produce at high-volume production rates
(thousands of pounds). These materials could then be used by the Army/DOD/Indusrty to produce weapons with
greater lethality and would be able to be used to solve a variety of problems that have plagued the US Armed forces
and the commercial sector for years, such as lead-based munitions[2]. The development of this technology will also
provide for significant advances in combustion and propulsion science, resulting in the production of munitions with
greater scaled lethality.

PHASE I: Develop and demonstrate the use of a process to uniformly coat two different particles with a specific
element to a specific wt% as described:

1. Aluminum particles having a diameter of 10-20um are to be coated with a uniform layer of Nickel resulting in an
Aluminum coated particle having a composition of 70%Ni-30%Al wt%.

2. Tungsten particles having a diameter of .5-1um are to be coated with a uniform layer of Copper resulting in a
Tungsten coated particle having a composition of 80%W-20%Cu wt%.

The proposer would be expected to produce at least 10 pounds of powder and if successful demonstrate a process for
producing encapsulated particulates meeting these requirements. The proposer should address the necessary process
parameters required to scale-up to produce high-volume quantities.

PHASE II: Building on the successful results of Phase I, develop the process for producing large quantities of
encapsulated powder and expand the technology to enable the production of other types of encapsulated particulates
including ceramic and nano-size powders (.5-1um). A goal of this program is the ability of the process to produce
large quantities (batches of 50-100Ibs) with the same or improved material properties from Phase I. Perform a cost
analysis assessment for future production. Reasonable performance related goals expected to be achieved by the
proposer related to the execution of this project are the demonstration of the production of 500Ibs of Aluminum
coated particles having a composition of 70%Ni-30%Al wt% at the end of the first year of the Phase Il effort. This
powder will be delivered to the US Army Research Laboratory (ARL) for evaluation. Similarly, a successful second
year of this Phase Il effort could be expected to develop the process parameters, demonstrate production capability
and deliver three additional prototype powders, to ARL, for evaluation.

PHASE I1I: The procedures developed during the performance of this SBIR for producing encapsulated particulates
will then be scaled and applied to other Army applications (various caliber munitions and mortar systems, shape
charges and mortars).

The development of the technology which allows for the production of high-purity encapsulated powders will enable
a new raw material source that can be used by the powder metallurgy producers, thermal spray industry and other
particulate materials industries to make advancements in the production of materials that could not otherwise be
produced, including nano-size bulk materials and coatings for use in the electronics, aerospace, automobile and
petrochemical industries, for the production of conductive-high temperature resistant coatings, corrosion and wear
resistant coatings, cutting tools, abrasives and heat exchangers.
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A06-084 TITLE: Reliable Biometrics Data Quality Measure for Multi-modality Biometrics Fusion

TECHNOLOGY AREAS: Information Systems, Biomedical, Human Systems
ACQUISITION PROGRAM: PEO Enterprise Information Systems

OBJECTIVE: The objective of this project is to develop and implement reliable biometrics data quality measures for
multi-modality biometrics systems.

DESCRIPTION: Biometrics data quality is one of the variables that has the largest effect on biometric system
accuracy and is the major cause of high false reject rates (FRR) and failure to enroll (FTE) rates [1][2][3]. Recent
studies have revealed that this strong dependence of authentication performance on biometrics data quality makes
many critical biometric systems vulnerable to exploitation [4]. Within a high-quality multi-modality biometrics
system, two or more forms of biometrics data are combined to perform human identification or authentication.
Knowledge of biometrics data quality will allow such a system to carry out multi-modality data fusion intelligently.
For example, using data quality-based modality, specific weights can be assigned so that poor quality biometric data
will have less influence on final decision.

There have been recent works in the area of biometrics data quality analysis [5-8]. However, there are no or very
few implementations of multi-modal biometric data analysis functions in current commercial systems although such
data quality assessment has been deemed as a critical component for robust biometrics authentication.

To achieve the goal of this project, a well-performing and high confidence biometrics data quality assessment
system must advance the state of the art of in the following areas:

1. Better quality assessment methods:

New techniques for assessing data quality for biometric systems (both single and multi-modal) are essential to
improve fusion accuracy and authentication performance. A thorough comparison study is necessary to learn the
advantages and disadvantages of various proposed methods. Further, new algorithms/methods need to be developed
to perform reliable data quality assessment. Such algorithms/methods must be able to generate quantitative data
quality measures such that they can be used as an input to the multi-modality fusion system.

2. Performance improvement for single and multi-modal biometric systems:

New data quality techniques must advance the accuracy of authentication performance. A reliable and effective data
quality assessment algorithm must be developed to analyze, quantify, and calibrate the performance of a specific
biometrics system. The ability to benchmark system performance quantitatively through biometrics data quality
analysis will allow us to design and develop more accurate biometrics systems. Further, it offers an opportunity to
develop data processing schemes to correct low quality data.

PHASE I
a. Conduct a literature survey on proposed methods and make comparisons.
b. Research and develop biometrics data quality measure techniques that can evaluate the accuracy of single

or multi-modality biometrics system. The biometrics data of interests may include (but not limited to) fingerprint,
facial images, iris image, hand geometry, etc. Based on data quality measurement, develop data processing schemes
that can enhance data quality/accuracy through techniques such as filtering, restoration, or re-sampling.

c. Demonstrate that the proposed method can improve accuracy on biometrics based authentication systems
through lab experiments
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PHASE II:

a. Develop a generic framework that can perform biometrics data quality assessment for various biometric traits and
performance quality-based multi-biometric fusion.

b. Develop a full implementation of the assessment algorithm and make it available for commercialization.

c. Demonstrate that the proposed method can improve system accuracy of multimodal biometric systems through
field trials.

PHASE Il1I: Plan and perform full commercialization of the developed technology. The biometrics data quality
measurement tool can be licensed to biometrics vendors or be implemented as a stand-alone data analysis tool that
can be run on generic computers such as a Window-based systems. Hardware based implementation is also highly
desirable. The hardware based implementation will allow the data quality evaluation carried out in real-time on a
large amount of data. The biometrics data quality measurement tool should be an integral part of a multi-modal
biometrics system which combines different types of biometrics data (such as fingerprint plus facial image) to
achieve accurate verification or identification of human subject. A biometrics verification and identification system
with a high accuracy is of high importance to military field operations as well as to civilian applications such as
border control or trusted traveler program.
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8) S. Pankanti, N. Haas, N. K. Ratha and R. Bolle, Quantifying Quality: A Case Study in Fingerprints, Proc. IEEE
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A06-085 TITLE: Real-Time Tracking of Multiple Entities Within a Complex Joint Urban Environment

TECHNOLOGY AREAS: Ground/Sea Vehicles, Battlespace, Human Systems
ACQUISITION PROGRAM: PEO Soldier

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 tracking system that can provide local positioning within a complex Urban environment, to
include positioning in and around buildings of all types.

DESCRIPTION: The need to test the Warfighter as a system of systems continues to grow as their complex roles

evolve with the technical advances being introduced through Future Combat Systems (FCS) and other military
programs. Due to the ongoing conflict, there is much demand on training and testing of soldiers in a Military
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Operations on Urban Terrain (MOUT) or Urban environment. To adequately test soldiers in such environments, it is
critical to know where they are located at all times, including inside of buildings. Knowing where the soldier is
located within a test environment will provide valuable information about the context of the soldier’s surroundings,
which can be a necessary component of determining the soldier’s Situational Awareness (SA). Tracking technology
can also be linked with Laser Engagement Systems (LES) to provide higher fidelity in force-on-force actions. It can
also be used to supplement virtual and constructive test environments. The state of the art in this technology area
consists of systems based on different technologies, such as Ultra Wide-Band (UWB), Radio Frequency
Identification (RFID) and Inertial Measurement Units (IMU). Current tracking technologies do not meet all of the
requirements for tracking soldiers within the constrained and harsh environments definitive of MOUT and Urban
test sites. Many of these systems lack the power to transmit signals over large distances and the ability to transmit
through walls and objects (specifically metal). There is also a limit in current tracking technology on how many
people can be tracked at once and at what frequencies. There is a great need to establish a tracking technology with
high accuracy and update rates, and the ability to track a large sum of individuals within locations of various
dimensions. There is also a need for this technology to be able to withstand the harsh and noisy test and training
sites. With such a system, the capability will exist to track soldiers accurately within tight groupings and small
spaces. This technology will provide the means to achieve a more accurate classification of the soldier's SA. It
would also provide the capability to automate some of the testing environment if the tracking data is used as
feedback to control certain test instrumentation, such as cameras, targets, and audio sounds, and possibly even
pyrotechnics. This tracking technology will find many uses within the Developmental and Operational Test
Commands along with the training communities such as the Fort Benning McKenna MOUT site. We need a small
business to perform Research and Development (R&D) with respect to tracking within a complex Urban
environment and deliver a feasibility study followed up with a prototype.

PHASE I: The focus of Phase | will be to identify soldier tracking requirements within an Urban environment and
identify the technologies that are most capable of meeting those requirements. This effort will also result in the
determination of appropriate tracking hardware and software for visualization of the tracking data.

PHASE II: The Phase Il effort will result in the development of a working hardware prototype and software solution
for tracking data visualization. The prototype will demonstrate the capability to accurately track soldiers within an
Urban/test environment and provide a software visualization package that can be integrated into a test or training
site.

PHASE I11: The proposed technology will have a high payoff throughout the DoD testing and training communities.
The proposed instrumentation will be applicable to any testing and training site that is involved with soldier
operations in an Urban environment. Projected use case beyond Research, Development, Test and Evaluation
(RDT&E) include use in hospitals for patient and asset tracking, and tracking of military logistics within an
operational environment.

REFERENCES:

1) Steggles, Pete and Peter Batty. "Local Positioning Systems: New Possibilities for Urban Combat Training".
Ubisense Ltd. December, 2003.
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A06-086 TITLE: Multiplex Data Bus Controller/Translator

TECHNOLOGY AREAS: Air Platform, Information Systems, Electronics

OBJECTIVE: To have small business perform R & D with respect to aircraft bus controllers and deliver a
feasibility study followed by a prototype Multiplex Data Bus Controller, Translator and Transmitter (MDBCTT).

DESCRIPTION: Aircraft systems have a requirement to communicate with one another during operation. Modern
aircraft accomplish this with multiplex data bus systems.
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The state of the art in data bus technology allows the data buses to act as conduits for data streams from/to aircraft
components. Aircraft systems data may be gathered from the data buses and, in some cases, communications data
has been input to aircraft radios. Stimulation of aircraft systems such as sensor target detection or aircraft engine
parameters require multiple bus stimulation input.

Current technolgy precludes stimulation of multiple aircraft systems making the aircraft believe that it is flying
while it is in a controlled environment in a hanger.

The technology to externally input flight data through the data buses simply does not exist.

ATTC realized that if stimuli could be input through the aircraft multiplex bus to aircraft systems and sub —systems,
control of those systems could be gained.

The ability gain control and to command aircraft systems in a laboratory environment, will allow the testers to
simulate system response to variable aircraft and system states without the inherent risk and cost of open air flight
testing.

The ability to input bus data is a requirement of the U.S. Army Aviation Technical Test Center System Test and
Integration Laboratory (STIL) and Crew Station Interface (CSI) being developed by the Program Executive Office
for Simulation, Training and Instrumentation (PEO STRI).

A MDBCTT will provide an interface between the STIL/ CSI, and data bus controlled aircraft to permit realistic
aircraft-in-the-loop simulation of system and sub-system operation. With the STIL connected to the aircraft through
the MDBCTT the aircraft crew controls the aircraft systems by manipulating system and aircraft controls in
response to STIL inputs. The MDBCTT will receive and translate the bus traffic into open architecture computer
language. The signal will be sent to the STIL, test cells or simulation devices where it will be used to emulate,
stimulate, or simulate aircraft component(s) being tested or developed. The MDBCTT will be capable of receiving
computer generated input from the STIL, CSI, test cells or simulators, converting the signals to bus traffic and either
providing the appropriate response or directing the appropriate action of the aircraft system(s). The interface must
not interfere with the subsequent airworthiness of the aircraft. The interface must not damage the aircraft,
components or sub components of the aircraft. The interface should be capable of integrating a majority, if not all, of
the aircraft systems.

REQUIREMENTS:

a. Physical: Requirements are for computer software and hardware necessary to perform as a data bus controller and
to translate bus traffic to an open architecture computer language allowing external display of all aircraft systems
information.

b. Aircraft Interface: The MDBCTT should interface with the aircraft using open architecture software and without
extensive instrumentation.

c. Realistic Pilot Feedback: Feedback to the pilot will be provided by translating emulated, stimulated or simulated
message traffic to data bus traffic and directing, via the MDBCTT, the appropriate response in aircraft systems and
displays. Feedback to the pilots may include flight controls, flight instruments and displays, and system monitoring
displays.

d. Visual Displays: Bus data traffic received and translated by the MDBCTT may be used to drive out-the-window
(OTW) displays or on board aircraft sensors (i.e. Pilot Night Vision Sensor). However, no specific requirements
exist for the MDBCTT to drive the displays. Digital image traffic may be sent via the MDBCTT to the aircraft data
bus to drive the on board aircraft visual displays.

e. Setup/Tear Down: The MDBCTT should require no more than one day to set up or to tear down.

PHASE I: Determine feasibility and develop system design that includes specification of the off-aircraft Bus
Controller/Translator for one of the Army’s advanced aircraft.
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PHASE II: Develop an operational prototype MDBCTT for the advance Army aircraft equipped with a 1553 data
bus. The prototype will be installed at the Aviation Technical Test Center, Fort Rucker, AL.

PHASE I1I: The MDBCTT has numerous possibilities for use in conjunction with a broad range of military and
civilian activities where there is a need to interface with aircraft or ground vehicle data bus traffic.

a. Military activities include, when used in conjunction with simulation hardware/software: Training and currency
requirements; use by forward deployed units for realistic mission rehearsals; use by units not collocated with fixed
base simulators.

b. Civilian applications include: Fixed base airport operations support to private/general aviation aircraft for special
use/high risk operations training and mission rehearsals (oil rigs, ships, logging operations); commercial airlines
training.

KEYWORDS: Multiples Data Bus Controller Translator and Transmitter, MDBCTT ,bus controller

A06-087 TITLE: Improved Web-Based Mapping

TECHNOLOGY AREAS: Information Systems, Battlespace

OBJECTIVE: Research available commercial web-based mapping tools to find and leverage for use in military web-
based mapping applications. Develop an Improved Web-Based Mapping (IWM) application server product that
provides thin client map access in a web browser but with fast response times.

DESCRIPTION: NEBC (Network Enabled Battle Command) is an Army Technology Objective (ATO) in the
Communications-Electronics Research, Development and Engineering Center (CERDEC), the Command and
Control Directorate (C2D) focused developing C2 (Command and Control) mission planning and execution
monitoring services. C2 Service clients will come in many varieties, but the main difference is thin versus thick.
Thick clients are applications that require heavy install processes and take up large amounts of hard drive space.
They tend to run faster than thin clients but are available to a smaller set of users. Thin clients require little or no
install processes and take up almost no hard drive space. While thin clients tend to run slower than thick clients they
are available to a larger group of users. Thin clients could be something as simple as a web browser.

There exists a need to display mapping information over a network in a timely manner. Current solutions (ArcIMS,
JointWebCOP, etc...) work adequately, but there exists new emerging solutions (Google Maps, MSN Virtual Earth)
that seem to work much more efficiently and display mapping information over a thin client as if it was a thick
application. By utilizing technology like AJAX (Asynchronous JavaScript and XML) the user can view information
over a web browser with the response time close to that of a local application (thick client). The user can pan and
zoom the map with such speed that it appears to be running locally with no delays for the communication to the
server.

The goal of this SBIR is to create an IWM web server application that allows commanders and other military and
edge users to view mapping and plan information over a web browser in an extremely fast manner. Loading and
wait times should be virtually non-existant. Research of existing commercial tools will have to be completed to
determine what can be leveraged and what has to be created. In addition to displaying mapping products like DTED
(Digital Terrain Elevation Data), the IWM should provide an APl (Application Programming Interface) that would
allow other data providers to incorporate their information into the map (e.g. weather, intelligence, logistics).
Effectively this would create a combined mapping product that merges all different types of information into one
uniform picture that can be provided to the user. Examples of this type of merging can be seen at HousingMaps,
where real estate data is overlaid on mapping information coming from GoogleMaps. The end result is that the user
is presented with data from multiple sources but integrated into one picture.

PHASE I: Research commercially available thin client technologies (i.e., AJAX). Explore how these components
could work with available military mapping technology and data elements. Any solution must work in concert with
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the C/IMTK (Commercial Joint Mapping Toolkit) as it is the standard for generating military maps and symbology.
Also, this solution must be capable of allowing multiple providers to incorporate data into the map.

PHASE I1: Build an IWM that would reside on a web server and act as a map/data displayer to any thin clients. The
IWM will also provide an API such that any other data provider could incorporate its information into the map.

PHASE I1I: The final product and API specification could be commercially licensed to mapping companies like
ESRI (Environmental Systems Research Institute) or included as part of the C/IMTK. Specific commercial
applications include the creation of a fast web-based weather map viewer or dynamically updating traffic and
congestion maps.

For military use, the IWM could be included as an enhancement to the existing PM GCCS-A (Global Command and
Control System - Army) product JWC (JointWebCOP).
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A06-088 TITLE: Automated World-View Construction for a Multi-Modal Mobile Mounted Sensor Suite

TECHNOLOGY AREAS: Electronics

OBJECTIVE: To develop algorithms for the automatic fusion and registration of multi-modal sensor data from
multiple sensors mounted on a swiftly moving scout vehicle—for the purpose of real-time analysis and post-
processing. The goal is to quickly acquire an accurate and integrated model of the vehicle’s environment so as to
identify threats, for example improvised explosive devices (IEDs), in order to enable target recognition and change
detection processing. The algorithms will integrate state-of-the-art advances in sensor fusion, image registration,
tracking, and global positioning system (GPS) analysis—enhancing situation assessment while minimizing exposure
to enemy identification and attack. The algorithms will specifically address overcoming GPS error to provide an
accurately geo-registered world-view in order to permit later revisiting of suspicious objects.

DESCRIPTION: The importance of rapid and accurate scouting capability cannot be overemphasized. It is vital that
such efforts are as inconspicuous as possible while collecting reliable information that can allow reaction to
immediate threats and pinpoint locations for later closer inspection. In addition, it is important to utilize the
advanced capabilities of multi-modal sensor suites for inspection and detection. These sensor types include, but are
not limited to, high resolution visible wavelength cameras, infrared and near-infrared wavelength sensors,
magnetometers, and GPS devices (respondents should be prepared to work with Army to expand sensor
configurations and may suggest expansions in their proposals). However, rapid migration through the environment
combined with multiple sensor input often causes unacceptable error. Specifically GPS information is often
imprecise to the point of making extremely accurate fusion and registration impossible. The research goal is to
optimally overcome sources of registration error while maintaining speed of movement (40-75 kph). The innovation
here over previous work is that as yet, no military system effectively provides such rapid, very high accuracy, multi-
sensor scouting capability.

PHASE I: (Respondents are not required to develop hardware for program.) Will investigate, enhance, combine,

and create algorithms and methodologies for automatic fusion and registration of multi-modal sensor data. Will
provide specific and detailed testing plan focused on proving applicability. Will conduct limited tests.
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PHASE I1: Will conduct full system tests for the automatic fusion and registration of multi-modal sensor data. Will
demonstrate functioning and utilizable prototype system. System will perform successful registration of data from
(but not limited to) sensor types listed in project description above.

PHASE I1I: Commercialization of technology would involve all types of scouting and mapping, including surveying
operations and border control. Applications exist wherever a multi-sensor multi-modal collection of data must be
integrated and indexed. Additionally, this project could lead to advanced applications in automated driving and

flying.
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A06-089 TITLE: Helmet Antenna System

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop a 225 MHz to 2500 MHz helmet antenna system and an innovative antenna to radio
connection.

DESCRIPTION: The helmet is an ideal location for Radio Frequency (RF) communication antennas given that it is
the highest point on the soldier. Presently, there are a number of concerns in the use of a helmet antenna. The major
concerns are size and weight of the antenna, the antenna connection to the radio (radio is normally carried at the
torso of the solider), health issues associated with RF radiation absorbed by human tissue, and Electromagnetic
Interference/Electromagnetic Compatibility (EMI/EMC) of the helmet antenna with other electronic equipment such
as headset, display, and weapon targeting and acquisition.

The Future Force Warrior (FFW) Advanced Technology Demonstration (ATD) had made the assessment that
helmet antenna technology represents high risk for the FFW ATD and decided on a body worn antenna solution
without any helmet antenna components. The objective of this SBIR effort is to investigate solutions to mitigate the
technical concerns to enable helmet antenna to be a practical antenna solution for the future soldier combat system
beyond FFW ATD.

A soldier combat system includes all the soldier’s wearable gears, weapons, communication equipments, and

sustainment supplies. A body worn antenna that is at a lower height has the potential of interference with other gear
hanging off the soldier. There are more system configuration variations with the lower (that is below the neck)
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portion of the soldier combat system, dependent on weapons and supplies the soldier carries, and the soldier’s
fighting position, such as in a fox hole, or a prone position. The helmet antenna has the advantage being on a rigid,
stable platform located high on the soldier combat system.

To address the concerns of size and weight of antenna, cumbersome and inflexible antenna connection to the radio,
an integrated solution for a helmet antenna and antenna to radio interconnect system of 225 MHz to 2500 MHz, 1
watt, and less than 4 oz is needed. The RF radiation absorbed by human tissue, and Electromagnetic
Interference/Electromagnetic Compatibility (EMI/EMC) of the helmet antenna with other electronic equipment such
as headset, display, computer and weapon targeting and acquisition system also need to be addressed. Existing
antenna to radio connection solutions are too large and inflexible or flexible and not rugged. Soldiers require a
connection solution that will not impede their movements, that is light and rugged and does not add to the
EMI/EMC issue of the soldier combat system.

The specific absorption rate (SAR) measurement referenced will use industry and IEEE test standards that use
specially designed manikin and measurement equipment. Human and/or animal test subjects will not be used.

PHASE I: Design the helmet antenna and antenna to radio connection accounting for EMI/EMC and health issues.
PHASE II: Using the design from Phase I, develop a helmet antenna and connection device system.

PHASE I1I: The developed innovative connection device is primarily for helmet antenna application, there are
many other electronic equipment that need to be interconnected in the soldier combat system, and any cables
reduction will improve the performance of the system, such as ergonomics (soldier movements, avoid entanglement
with foliage, quick set-up), maintenance, reliability, and cost.

Military applications include various military platforms, Unmanned Aerial Vehicles (UAV), and the FCS Program.
Commercially, the aviation, automotive, and marine industries with an ever greater number of wireless systems
would be interested in technology for improved and simplified antenna systems.
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A06-090 TITLE: Detection and Neutralization of Improvised Explosive Devices

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: To develop sensors capable of detecting and identifying improvised explosive devices (IED) and
landmines; or to develop devices to precisely neutralize landmines and IEDs at large standoff distances. For
landmine and IED neutralization, the objective shall be to investigate innovative technical concepts for the
neutralization of buried and non-buried, or obscured, landmines and IEDs.

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 and neutralization of landmines and
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 three cases of interest.
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For case one the sensor will confirm the presence of a landmine or 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 seconds. 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 4 mm in thickness. In addition the larger explosive devices explosive may be buried under 12 cm of rocks or soil.
The generic detection of a piece of metal without identification as an IED is not of interest for this case.

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. The ability to
scan a moving occupied vehicle would be of even greater interest.

The third case involves the detection of a landmine or an IED at standoff distances of 20 m or more. For this case
the IED is a mortar or artillery shell and may be covered by rocks or other material. The detection of a large
obscured metallic object at these distances is of interest for this case. The sensor must scan a 4m wide path and be
capable of moving at speeds greater than 3 kph.

If neutralization technical solutions are proposed, the innovative research concept must provide standoff precision
neutralization approaches that can neutralize individual buried and surface landmines and IEDs, and can be mounted
on a manned (or unmanned) Future Combat Systems (FCS) vehicle. The technical solutions shall enable the FCS
vehicle to neutralize mines, IEDs, and off-route mines in all mounted trafficable terrain at standoff distances and at
objective rates-of-advance with a minimum of logistics burden. The neutralization concept shall support standoff
precision mine neutralization of antitank mines, IEDs, and off-route mines at distances of up to 250 meters in front
of the host vehicle and at a system rate-of-advance of 25 kph. The technology solution shall have a probability of
kill (PK) greater than 90 %. The neutralization time shall be less than 15 minutes, with 2 minutes desired.

PHASE I: This proof of feasibility phase will focus on laboratory and limited field investigation of the
landmine/IED detection or neutralization technique(s) as a potential candidate for application in a tactical system.
The sensitivity of the mine detection technique to discriminate landmines and 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 landmines and IEDs.

PHASE II: The purpose of this phase is to design and fabricate a brasshoard data acquisition system and to use this
brassboard system to experimentally confirm the detection or neutralization capability under varied conditions and
undergo extensive testing at Army 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 or neutralization time need not be met but the contractor must show a straightforward path for meeting all
the requirements.

PHASE Il1I: 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 mine detection can be obtained
through the following conferences: SPIE Defense and Security Symposium (Detection and Remediation
Technologies for Mine and Minelike Targets Session) in Orlando, FL; Mine Warfare Conference; and UXO
Detection and Remediation Conference.

KEYWORDS: Explosives detection, IED detection, IED neutralization, landmine detection, landmine neutralization

A06-091 TITLE: Lithium-Air Hybrid for Soldier, Sensor and Unmanned Aerial VVehicle (UAV) Power

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO Soldier
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OBJECTIVE: Develop a high energy/high power lithium-air hybrid system to provide power to dismounted
soldier’s electronics suite. Proposed Lithium-air hybrid system needs to be 12V, 1000W-hrs/kg at 100W for
extended missions in the battlefield.

In addition to supporting the dismounted system, the proposed lithium-air hybrid system would also support
unattended sensors in the battle space for prolonged periods of time.

DESCRIPTION: Soldiers of the 21st century are more reliant on technologies to win the war in the battlefield. Due
to the increase in technological advances, portable power sources have been stretched to the point where advanced
technologies to help the soldiers cannot be supported due the lack of power.

New battery chemistries need to be developed to support increased power demands of the future force warrior. The
highest specific energy capacity potential is offered through metal-air batteries (specifically lithium-air battery).
The theoretical energy capacity for a lithium-air battery is ~ 11kW-hr/kg. The drawback is that it does not offer high
power. To solve this problem, a hybrid system, consisting of an integrated high energy battery and high power
battery would be the ideal system to support the future power load for the dismounted soldier.

The proposed Lithium-air hybrid system would also support unattended ground sensors for extended periods of time
in the battlefield. These sensors monitor activities in the battlefield and send signals if enemies are detected. It is
very important that the power source is reliable in any environmental condition for the soldiers to hear, see and
strike first.

PHASE I: Identify/specify lithium-air cells technology use in this system of delivering 2000W-hrs/kg and any high
specific power battery able to deliver 100W to complement lithium-air battery. All class of lithium-air batteries,
aqueous, non-aqueous, solid state will be considered if it falls within the guideline of performance and safety. All
chemistries for high power batteries will also be considered, lithium-ion, nickel metal batteries and etc..., if the total
performance of the lithium-air hybrid system is greater than 1000W-hrs/kg.

PHASE II: Component fabrication/integration of Lithium-air hybrid system/testing: the subcomponent from Phase |
will be fabricated and integrated into one hybrid system for testing. The system will be tested for performance and
safety. Continue efforts to improve subcomponents to meet the goal of 12000W-hr/kg at 100W for the lithium-air
hybrid system. Develop business case analysis showing how lithium-air hybrid would benefit the Army/DOD.
Develop a marketing strategy for launching into a commercial market segment.

PHASE I11: The results and effort from Phase Il will afford the contractor the capability to provide the Government
and industry a high energy/ high power system needed to support power hungry electronic suites for the future.
Potential applications for the Army is powering the electronic suite for the dismounted soldier (e.g., weapon sight,
radio, biosensors, GPS and other technologies as it evolves). Use the hybrid system to power unattended ground
sensors to detect enemies.

Potential commercial application related to area in which high energy/high power is required for extended periods
for surveillance.

REFERENCES:
1) Handbook of Batteries Third Edition, Linden and Reddy, McGraw-Hill, 2002.

KEYWORDS: Lithium-Air Hybrid, Metal-Air Hybrid, High capacity High energy battery

A06-092 TITLE: Low-Power/Low-Cost Global Positioning System (GPS) Receiver Card

TECHNOLOGY AREAS: Information Systems, Electronics

ACQUISITION PROGRAM: PEO Soldier
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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 develop a low cost, low power military Global Positioning System (GPS) Precise Positioning
Service (PPS) receiver card for embedding in handheld applications.

DESCRIPTION: The vision of Army Force Transformation operations are embodied in programs such as Future
Combat System (FCS) and Future Force Warrior (FFW) that emphasize a lightweight, highly mobile force with
information superiority used as a force multiplier. The fundamental element of information superiority, forming the
foundation of Battle Command, is position and navigation data. A key enabler of this vision is a position/navigation
and tracking system that is capable of providing its own platform navigation, as well as providing for position
distribution among the various force elements (i.e., dismounts, sensors, fires) for virtually all military functions.

The objective of the Army CERDEC Research and Development program, Advanced Pos/Nav and Tracking the
Future Force (APNTFF) is to develop affordable, reliable and accurate sources of position, orientation, and
movement information for soldiers and other platforms to support operations and training in urban and other
complex environments.

Lessons learned from Operation Enduring Freedom and Operation Iraqi Freedom have indicated a need for low cost
GPS receivers for nearly every soldier on the battlefield that would increase the demand for batteries. The AN/PSN-
13 Defense Advanced GPS Receiver requires one watt electrical power and operates in continuous mode for 16.5
hours on four AA size lithium iron disulfide batteries. It is expected that the new M-Code signal will increase the
power required. This topic will employ advanced low power optimization hardware and processing techniques to
develop a prototype GPS receiver technology that is optimized for military handheld and PDA applications that
provides a highly robust positioning capability.

The low-power, low-cost military GPS receiver card will need to acquire and track C/A and P(Y) GPS satellite
signals on both frequencies L1 and L2 with growth to M-Code. The primary goals are to consume 40 milliwatts
power to extend battery life by 25 times over current receiver technology in continuous, fix, or average operating
modes. Additionally, the card weight shall be less than 70 grams (2.5 ounces) excluding batteries, volume less than
40 cc (2.5 in™3), and recurring cost shall be less than $500. A fast fix mode shall provide a single position solution
within 10 seconds (5 seconds desired) of activation from a standby mode.

PHASE I: Define an approach to develop, build and test a GPS card suitable for implementation within PDA's and
other COTS applications.

PHASE II: Develop, build, test, evaluate, and deliver a GPS card suitable for implementation within PDA's and
other COTS applications.

PHASE I1I: Develop the production processes and deliver a mass producible version of a GPS card suitable for
implementation within PDA's and other COTS applications.

REFERENCES:

1) A Low Power GPS Chipset with Scalable Performance and Open Architecture for Modern Location Aware
Systems - M. Cavadini, P. Young, J. Brenner, F. Piazza, NemeriX SA, Institute of Navigation (ION) GPS Meeting
2003.

2) Engineering a GPS Receiver for Lowest Power Consumption; Francesco Piazza, Marco Cavadini, Alfredo Knecht
and Jim Bruister; NemeriX SA, Institute of Navigation (ION) GPS Meeting 2001.

3) Low-power GPS receiver Design; Meng, T.H.; Stanford Univ., CA, USA; IEEE Signal Processing Systems,
1998.

KEYWORDS: Navigation, Global Positioning System (GPS)
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A06-093 TITLE: Efficient JP-8 Burners for Soldier Portable Stirling Power Systems

TECHNOLOGY AREAS: Materials/Processes, Human Systems
ACQUISITION PROGRAM: PM Mobile Electric Power

OBJECTIVE: To design, develop, and demonstrate the feasibility of an efficient JP-8 liquid fuel burner for Stirling
Engine Power Systems below 250 Watts in support of the Army's need for portable power. The Army is developing
man-portable (<10kg) logistically fueled stand-alone free piston Stirling engine power sources for potential use in
applications such as battery recharging operations and silent direct power.

The investigation shall focus on a JP-8 burner design for an 80 Watt (electrical) free piston Stirling engine with an
overall efficiency of >80%, provides 260 Watts of heat input to the engine, an operation threshold of 100 hours with
3000 hour objective goal, with reliable fast start and operation on JP-8 fuel, demonstrated over the military
environmental conditions of -30C to +55C. The burner is to be designed to minimize weight, with an objective goal
of less than 2 kg for the burner assembly. The design shall consider reduction of maintenance, automation of
operation, and robustness with regard to operations in battlefield environments. The effort shall look to study
designs which increase life of catalytic combuster materials, increase efficiency of heat recuperation, improve
thermal efficiency, minimize soot and coke deposits during full and partial load operation, and minimize parasitic
losses.

DESCRIPTION: The Army is developing an array of portable power technologies <250 Watts for use as stand along
power generators. Currently, Stirling engine power generation has been identified as a potential technology to
provide quiet portable power. Stirling engines are external combustion, thereby meeting the ARmy's "One Fuel
Forward" requirement policy. A 160 Watt Stirling power system designed with dual opposed 80W free piston
Stirling engines is currently under development. The design is configured to operate on propane fuel, with the goal
of future design changes to allow operation on JP-8 fuel. However, limited approaches for efficient JP-8 burner
designs in the <250W size are known and require specific design and material development to allow for a reliable
efficient long life design suitable for military use.

Recent literature has recorded the development of small catalytic burners capable of burning JP-8 with efficiencies
greater than 65% on small 35 Watt (electrical) Stirling systems. These designs have demonstrated catalytic
combustor approaches suitable for providing high conversion efficiency. Improvements are required to increase the
reliability and overall burner efficiency as well as scale up the design specific to meet the Army's need for the larger
80 Watt (electrical) Stirling engine used in the 160 Watt (electrical) system design.

This program is intended to produce a long-life, ruggedized burner design for use on the 160W free piston Stirling
power system.

PHASE I: The investigation shall explore burner concepts, designs and materials towards development of a JP-8
burner design for an 80 Watt (electrical) free piston Stirling engine with an overall efficiency of >80%, an operation
threshold of 1000 hours with 3000 hour objective goal, with reliable fast start and operation on JP-8 fuel,
demonstrated over the military environmental conditions of -30C to +55C. The burner is to be designed to minimize
weight, with an objective goal of less than 2 kg for the burner assembly. The design shall consider reduction of
maintenance, automation of operation, and robustness with regard to operations in battlefield environments. The
effort shall look to study designs which increase life of catalytic combustor materials, increase efficiency of heat
recuperation, improve thermal efficiency, minimize soot and coke deposits during full and partial load operation,
and minimize parasitic losses.

The effort shall demonstrate a proof of concept prototype burner components to validate the requirements.

PHASE II: Design, develop and demonstrate proof of concept integrated burner system with controls for validation
with a 160 Watt (electrical) Stirling power system consisting of dual opposed 80W free piston Stirling engines.
Effort will incorporate improvements identified in the Phase | effort to operational and performance limits
delineated in the objective above. The proof of concept system should be able to operate through the military
environmental conditions required for soldier portable power sources.

ARMY - 129



PHASE I1I: Commercial migration of Phase 11 design. Finalize development of a JP-8 burner system and controls.
Modification of design to handle commercial diesel fuel. ldentify target markets for applications and industry
partners for production to minimize unit costs. Develop partnerships with Army project/program offices to increase
rapid fielding into Future Soldier Power Systems by FY12.

Potential for commercialization: It is considered high. Both the military and commercial sector have interest in
silent portable power. Burner technology to allow for the use of safe JP-8 fuel and commercial diesel fuel would
allow for broad commercialization of Stirling power systems for domestic, recreational, and emergency use.
Specific commercial needs for emergency first responder missions require safe reliable silent power for
communications, lighting, and robotic vehicles. Similar need exists for the military and the projected design will
ensure smaller, lighter components for power systems that will increase sustainability of tactical forces.

REFERENCES:

1) "Palm Power: Using Combustion at Small Scales and a Free Piston Stirling Engine to Replace Batteries", A.
Gomez, S. Roychoudhury, J. Berry, J. Huth, Proceedings of IMCE2005 ASME International Mechanical
Engineering Conference and Exposition, November 2005.

KEYWORDS: Stirling power system, catalytic burner, silent power

A06-094 TITLE: Models to Address Diplomatic, Information, Military, Economic (DIME) Factors for the
Propagation/Evolution of Ideas Through Defined Populations

TECHNOLOGY AREAS: Information Systems, Human Systems
ACQUISITION PROGRAM: PEO Command, Control and Communications Tactical

OBJECTIVE: Develop computer models to predict the propagation and evolution of ideas through civilian
populations with the intent of estimating the Political, Military, Economic, Social, Information and Infrastructure
(PMESI]I) effects of Diplomatic, Information, Military and Economic (DIME) tasks.

DESCRIPTION: Groups of people representing definable populations share ideas. These ideas take on a life of their
own and spread through the population evolving and changing over time. The United States (US) might perform
DIME tasks or actions on a population in the hope of achieving specific desired PMESII effects on that population.
For example, the desired PMESII effect might be to have a given population feel more favorably towards the US. In
order to better understand DIME tasks and their associated PMESII effects on a population it is important to begin
constructing models of how ideas are adopted by populations, how ideas are propagated through populations, and
how those ideas evolve in response to internal and external pressures during propagation. It has been suggested by
some that ideas within populations behave much like genes and are subject to reproduction and mutation similar to
genetic reproduction and mutation only at a much higher rate of speed. The term “memes” has been coined by
Richard Dawkins to describe the concept.

For this SBIR, the contractor will develop a generalized computer model permitting the definition of populations
with specified demographic characteristics and relationships between populations. The model will define a
representation for ideas, will predict how these ideas move through the population, and will predict how ideas
change as a result of actions performed on the population by outside forces and as a result of errors in transmission
within the population. In addition, the contractor will provide methods for model validation with real-world
populations and techniques for improving the models based on the results of the validation efforts.

PHASE I: Perform an analysis of alternatives and document the strength and weaknesses of competing applicable
models. Select an approach and produce an architecture for the model to be developed in Phase Il. Include in the
approach an analysis of the limitations of the selected approach and a scheme for evaluating and improving the
resulting Phase |1 model.
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PHASE II: Build and demonstrate the model. The demonstration must show how populations are defined, how
ideas are represented and how selected DIME-like actions coupled with the population demographics and errors in
idea transmission cause the ideas the change within the population. Demonstrate the accuracy of the model’s
predictions with real population data.

PHASE I11: The ability to accurately predict ideas moving through populations and how those ideas change as a
result of actions performed on the population has widespread commercial utility for sales, advertising and political
campaigns.

REFERENCES:

1) The Selfish Gene by Richard Dawkins, Oxford University Press, 1976, 2nd edition, December 1989.
2) Virus of the Mind: The New Science of the Meme by Richard Brodie, Integral Pr, September 1995.
3) Culture as Complex Adaptive System by Hokky Situngkir, http://cogprints.org/3471/.

4) Commander’s Automated Decision Support Tools by Dr. John Allen
http://www.darpa.mil/ato/solicit/IBC/allen.ppt.

KEYWORDS: Memes, population models, Diplomatic, Information, Military, Economic (DIME), Political,
Military, Economic, Social, Information and Infrastructure (PMESII)

A06-095 TITLE: Real-Time Three-Dimensional (3D) Visualization for On-The-Move (OTM) Applications

TECHNOLOGY AREAS: Information Systems
ACQUISITION PROGRAM: PEO Command, Control and Communications Tactical

OBJECTIVE: Develop an automated system that provides real-time Three Dimensional (3D) image capture and
scene generation.

DESCRIPTION: In today’s military the ability to realistically visualize the battlefield in high resolution 3D from a
remote location, out of harms way is not feasible. Cameras provide a Two-Dimensional (2D) view, which does not
give Commanders a sense of presence, and conventional Command and Control (C2) software provides 2D terrain
maps viewed on Army Battle Command System (ABCS) workstations. Additionally, to create or model a 3D virtual
environment takes weeks/months to complete, depending on the complexity of the model. The goal of this SBIR is
to provide Commanders with a portable 3D visualization capability to improve a Commander’s Situational
Awareness (SA) while conducting C2 during On-The-Move (OTM) and dismounted operations. This will be
accomplished by seamlessly fusing 3D imagery and mobile device technologies together to rapidly generate 3D
terrain, vehicle, and buildings in support of virtual Integrated Battle Command Environments. Created 3D virtual
environments will allow Commanders to make swift, precise command decisions through enhanced SA of the
battlefield. Dismounted commanders would be able to view 3D representations of surrounding Areas of Interest
(AOI) prior to embarking into hostile environments.

PHASE |: Demonstrate the feasibility of producing a demonstration of capturing and generating a scene of 3D
terrain. Demonstration shall include the design how 3D images will be automatically create a generated scene. Ata
minimum, the analysis shall address portability issues such as: low-bandwidth remote image capture, precise 3D
terrain generation, human interaction paradigms (i.e., usability, trainability), and commercially available hardware.
The contractor shall also develop a test plan enabling comprehensive functional, operational, and environmental
testing of the system during Phase II.

PHASE II: The contractor will perform an in-depth prototype demonstration of the Mobile 3D image capture and
scene generation devices, per the proposed Phase | system design. Prototype demonstration will include mobile
collaboration consistent with Army secure messaging systems, and the timeliness and accuracy of generating of 3D
terrain representations including a designed human interaction paradigm. The prototype’s target environments
initially include stationary operations within a controlled laboratory and/or simulated Army vehicle on-the-move
(i.e., ride profile on Motion Platform). Subsequently contractor will validate prototype demonstration in an
operational environment.
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PHASE I11: The contractor will deploy the prototype system to OTM Commanders and Dismounted Soldiers during
a scheduled field exercise. It is envisioned that similar systems would be desired for other agencies that are
interested in interactive 3D visualization of operational data (Homeland Security /Police / Fire / Rescue / Bomb
Squad), and the real estate market.

REFERENCES:

1) Mobile 3D: “link to OpenGL-ES”

2) Open 3D Standards: http://multigen.com/

3) Commercial Joint Mapping Toolkit: http://www.cjmtk.com/
4) FOC: www.tradoc.army.mil/tbpus/pams/p525-66.htm

KEYWORDS: 3D, Visualization, situational understanding, battle command, on-the-move, collaboration

A06-096 TITLE: Regenerable Sulfur Removal and Processing of Diesel and JP-8 Logistics Fuels for Fuel
Cell Auxiliary Power Units

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
ACQUISITION PROGRAM: PEO Command, Control and Communications Tactical

OBJECTIVE: Design, develop, demonstrate, and deliver a regenerable sulfur removal and fuel processing brass
board to be used for a 1 kWe to 5 kWe logistics-fueled fuel cell auxiliary power unit (APU). The brass board must
deliver an anode feed stream compatible with an investigator-identified fuel cell technology, have a maximum cold
startup time of 30 minutes, have an operational life of 1000 hours, and operate on JP-8 and diesel fuels.

DESCRIPTION: The Army has a need for quiet tactical operation, reduced logistics burden, and greater fuel
efficiency in portable power generation applications. Fuel cell technology has good potential for addressing many
of these military needs. The primary barrier to the use of fuel cells on the battle field is the inability to operate on
existing military logistics fuels; diesel and JP-8 (military users of power systems are mandated by DoD Directive
4140.25 to use only logistics fuels). Military logistics fuels contain high levels of organic sulfur compounds (up to
3000 ppm, weight basis), high concentration of polyaromatic hydrocarbons and the composition of logistics fuels
can vary greatly. Sulfur in fuels can poison many commonly used reforming catalysts and electocatalysts.
Polyaromatic hydrocarbons are difficult to reform, typically have long residence times and are associated with
carbon formation in fuel processing systems. Large variability in fuel composition dictates that a robust fuel
reforming approach be used.

A means for removing sulfur in the fuel processing system which is compact, efficient, regenerable under operation,
and operates at low pressures is needed. Additionally, the regenerable sulfur scrubber must be compatible with the
selected fuel reforming system as well as the target fuel cell stack technology. Of significant concern in fuel
processing is the sulfur-tolerance and coke-resistance of the catalyst used in the fuel reformer. Other desirable
characteristics of the sulfur removal/fuel processing system is good thermal cycling capability, high turn-down ratio,
rapid start from cold conditions, compact design, and good thermal efficiency.

This effort seeks to identify an integrated regenerable sulfur removal/fuel processing system which can operate
across the broad definition of logistics fuels and produce a product stream compatible with fuel cells. Laboratory
feasibility investigations conducted in phase I will be applied to the design, development, and construction of a
laboratory demonstrator prototype in Phase 1. The laboratory demonstrator prototype will be tested and evaluated
to discern possible near-term benefits to the U.S. Army.

PHASE |: Demonstrate the feasibility of the regenerable sulfur removal technology via laboratory experimentation.
Laboratory experimentation should demonstrate sulfur absorption efficiency, parasitic energy demand, and life of
regenerable sulfur removal system. Additionally, a laboratory reforming reactor should be used to substantiate
postulated performance, reforming efficiency, sulfur tolerance, carbon formation avoidance, and some indication of
life. The results of the laboratory research shall result in the identification of a specific process (unit operations, key
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operating parameters and operating conditions, and a preliminary system design) to desulfurize and process JP-8 and
diesel liquid fuels.

PHASE II: Construct, evaluate, demonstrate, and deliver a laboratory demonstrator prototype system. The prototype
must deliver a fuel stream compatible with the identified fuel cell technology when used with JP-8 and diesel fuels.
The prototype must be able to deliver this reformate within 30 minutes of being activated from a cold start and have
an operational life of at least 1000 hours.

PHASE I11I/DUAL USE APPLICATIONS: Developments in fuel processing and sulfur removal from logistics fuels
for use with fuel cells will have immediate impact on a wide range of military applications as well as commercial
power sources such as auxiliary power units for the automotive, trucking, and recreational vehicle industries.

REFERENCES:

1) X.Qi and M. Flytzani-Stephanopoulos, "Activity and stability of Cu-CeO2 catalysts in high-temperature water-
gas shift for fuel cell applications ", invited paper, Ind. & Eng. Chem. Res., 43, 3055-3062 (2004).

2) Chunshan Song, “New Approaches for Deep Desulfurization for Ultra-Clean Gasoline and Diesel Fuels: An
Overview”; Fuel Chemistry Division Reprints, 2002, 47(2), 438.

3) Ma, X.; Velu, S.; Sun, L; Song, C.; Mehdi, N.; Siva, S. “Adsorptive desulfurization of JP-8 jet fuel and its light
fraction over nickel-based adsorbents for fuel cell applications “, Am. Chem Soc Div Fuel Chem Prepr. 2003, 48,
526.

4) Kopasz, J; Applegate, D.; Miller, L.; Liao, S.; Ahmed, S.; “Unraveling the maze: Understanding of diesel
reforming through the use of simplified fuel blends”, International Journal of Hydrogen Energy, 30 (2005) 1243-
1250.

KEYWORDS: fuel processing, regenerable sulfur removal, logistics fuels, fuel cell, auxiliary power unit (APU)

A06-097 TITLE: Micro-Power Generation Suite For Future Combat Systems (FCS) and Global War on
Terror (GWOT): Watts To Kilowatts

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
ACQUISITION PROGRAM: PM Mobile Electric Power

OBJECTIVE: To develop an alternative suite of electric power generating building blocks that can be configured
into highly power dense, hybrid, load following power systems in the 2 to 15 kW range. A suite of next generation,
dual use power systems is sought that will:

* optimize the operational effectiveness of Future Forces Future Combat Syttems (FCS) tactical C4I1SR applications.
* maintain command and control functions for Commercial ‘new economy’ components (Internet, communications,
banking, etc) which enable information connectivity critical to national safety during Global War On Terror
(GWOT) and disaster relief activities.

DESCRIPTION: Whether they are to be used in support of a joint, interdependent, full spectrum, mission-tailored
force on a tactical battlefield or in areas under collapse conditions, the emerging suite of tactical power systems of
the 21st century must be adaptable / flexible / reliable to support the power needs of a digital age in various areas
and under varying environmental conditions.

Both Army platforms and the communication components of the ‘new’ economy are dependent on continuous
computer control and information flow and in turn on computers and electronics which control everything digitally.
Thus the linchpin to successful operation of both Military C4I1SR and commercial C2 is versatile, hybrid, distributed
power systems.

The solution sought is highly power dense, hybrid, load following power systems based on alternative power

technologies in the 2 to 15 kW range. (Note: the goal is not necessarily to provide a single system that will address
the entire 2-15 kW range, but to address a power level or range within this range.) The resulting power suite must
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enhance strategic responsiveness and core war fighting capabilities of various Future Combat System (FCS)
platforms and must address the power needs of ‘new’ economy applications used to enable the rebuilding of nations
and maintain critical information connectivity. Such a solution has potential to afford soldiers the capability of
“plugging in’ to a variety of common power systems.

PHASE I: Identify/specify emerging power conversion and generation technologies and energy storage technologies
that will yield advanced power generating building blocks for integration into a highly power dense, load following
power system in the 2 - 15 kW (nominal) range. Power technologies of interest include advanced/alternative
atomization/vaporization techniques and performance enhancing materials; JP-8 fuel burning engines (Stirling,
Microturbine, etc) Power Electronics Controls and Conditioning, Advanced Energy Storage, renewable
(Photovoltaics, Thermophotovoltaics, Thermoelectrics) energy technologies, advanced batteries, and system
integration and control technologies which promote a fully sustainable energy system on a world-wide basis that are
environmentally friendly. Selected components/subsystems shall be electrically compatible with tactical
applications. Technology drivers shall be size, weight, and cost.

Components and subsystems selected shall enable the following basic design requirements for the desired power
source operating at full rated load:

e Fuel: JP-8 fuel burning

» QOutput: 2 - 15 kW of continuous power output from sea level up to 4000 feet, 950F (1219 m, 35 oC) with no
degradation.

 Environment: operating at sea level with no degradation of power output within a temperature range from - 25F(-
2C) to + 140F(+60C) at any possible relative humidity within this range.

* Fuel Consumption: reduce fuel consumption from a battlefield “system” standpoint

» Power Quality: per MIL-STD-1332B

» Weight: reduce by 50 % defined 2 — 15 kW TQG weights

Develop conceptual power component and subsystem designs per the above. The designs should include the
following elements:

a. Narrative and graphical depiction of the design
b. Projected physical attributes (size, weight...)
c. Projected performance metrics (fuel consumption, power output, etc.)

A decision model of selected components and subsystem designs shall be constructed with weighted values for
performance & operational/logistics parameters. Weighting factors shall be assigned to each parameter by the
contractor and justification for these weights shall be provided. It shall also be possible to easily change weighting
factors to study the effects on the overall utility of the design.

Using a decision model, or another suitable approach, the contractor shall propose an optimal combination of critical
power components for development in Phase Il and integration into an operational hybrid, load following power
mule capable of providing continuous output power and operating on JP-8 fuel. Component/Subsystem designs
shall consider integration issues.

PHASE Il: Component Fabrication / Integration of Mule / Testing: The component and subsystem designs from
Phase 1 will be fabricated, integrated into a mule (prime mover, alternator, power electronic controls/conditioner)
configuration, and tested under conditions that will determine component/subsystem readiness to be employed in a
load following power system demonstrator. Develop a business case analysis showing how the electric power
generating building blocks would benefit the Army / DoD. Develop a marketing strategy for launching the building
blocks into a commercial market segment.

PHASE Il1I: The results from the Phase 1l effort will afford the contractor the capability to provide industry an
advanced state-of-the-art load following power source with increased power density and increased fuel efficiency
that can support a wider range of loads. Potential commercial applications for a mobile higher power density system
that consumes liquid fuel and that can effectively provide continuous power output, follow load and efficiently
convert JP-8 fuel to electricity for either primary or backup power for emergency mobile hospitals, temporary field
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police stations and developing nations. All Solutions will directly impact/support commercial proposals provided
in response to upcoming DoD procurements through PM-MEP for power sources in the 2 - 15 kW range that support
the Small Tactical Electric Power Program.

It is imperative that both DoD and Commercial sectors focus on advancing/broadening the design approaches of the
next generation power families so that they can address not only the tactical electric power needs of the battlefield
but also the power needs of ‘new’ economy components that aide GWOT applications, and disaster relief activities.
The results of this development effort will help to advance and broaden the design approaches of the next generation
power families developed in support of GWOT applications, of rebuilding nations, supporting disaster relief
activities and back up power systems for homes and hotels in times of weather-related electric outages. The
decision model approach used in phase | should be applied to commercial applications.

REFERENCES:
1) Pamphlet 525-66, Military Operations - Force Operating Capabilities.
http://www.arcic.army.mil/Key%20Documents/p525-66.pdf

KEYWORDS: alternative suite of electric power generating building blocks; optimized combat effectiveness,
enhanced strategic responsiveness; highly power dense, hybrid, load following power systems

A06-098 TITLE: Innovative Integration Layer for Signal Analysis Support

TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: Develop an innovative architectural layer for information integration to support ground analysis of
communications signals and patterns to enhance capabilities of Army signals intelligence & electronic warfare
(SIGINT & EW) systems such as Prophet and the Enhanced Trackwolf direction finding and intercept system.

DESCRIPTION: Ground based analysis of signal intelligence is a labor intensive and difficult process where
important information can be lost due to poor communications quality or high operator workload. New architectures
for Army systems of the future are currently in development [Reference 6, 7]. These architectures will offer new
capabilities for interoperability of structured and semi-structured information. Longer term, the goal is to also
include support for unstructured data, however a significant technology gap exists.

To address this gap, an innovative architecture for unstructured data management, correlation and knowledge
discovery is needed to assist the analyst by capturing data and metadata for rapid and intelligent retrieval of critical
information. The layer’s basic architecture must support both a taxonomic and graphical set of relationships
between data elements.

It is envisioned that as signal data is captured it will be processed into the integration layer along two parallel paths.
Using voice intercept processing and analysis consider the following example: Along one path the signal data will
be captured and tagged with metadata including temporal, geospatial and electromagnetic characteristics. The
second path will apply voice recognition and speech pattern analysis. The results of this analysis will be captured in
its transcribed form. Speech to text transcription should be obtained from a voice recognition front end which may
be a standard Government voice processing tool or a commercial tool using an open standard such as VVoiceXML.

The desired areas of innovation are in unstructured data discovery, integration and understanding (by the user). An
important capability of the information layer is that it must support ad hoc queries that consider not just data but also
relationships between types of data. This will result in shorter retrieval lists of highly relevant information. In order
to be successful this information management layer must result in an improvement to the analyst’s productivity
without a significant increase in workload. The overall objective will be to make the analyst more effective.
Innovative approaches to the integration layer architecture are needed to meet these requirements.

The focus of this SBIR is on innovation in the area of integration and accessibility of unstructured data to support
more insightful analysis. For the purpose of this SBIR the use of voice data will provide an acceptable
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demonstration; however the basic architecture must not preclude the integration layer from managing other types of
signal analysis data and tools.

PHASE I: Using the reference architectures [References 6, 7] as a baseline, produce a set of requirements in use
case form to capture the core needs of the information integration layer. Develop a prototype of this integration
architecture using a simulated signal input to demonstrate the ability to store and retrieve information.

PHASE II: Develop an operational prototype and conduct a demonstration of the prototype. This prototype will be
assessed as to its real-time performance, ability to provide relevant ad hoc queries and provide useful assistance to
the analyst. Findings will be documented in a final report.

PHASE Il DUAL USE APPLICATIONS: Dual use would be applicable wherever there is a need to perform signal
analysis and recognition as well as retention for further analysis. Army applications would support the Warfighter
through productivity boost for analysts charged with processing large volumes of signal traffic for critical
information. Systems such as Prophet and the Enhanced Trackwolf would benefit from these new capabilities.
Within the commercial sector, the capability to leverage unstructured information sources (such as voice) would
enable highly efficient call centers and expand current voice interaction efforts.

REFERENCES:

1) Avionics / Intelligence and Electronic Warfare Overview: http://www.sec.army.mil/sec/aiew.html

2) Enhanced Trackwolf Overview: http://www.globalsecurity.org/intell/systems/trackwolf.htm (non-Government
site)

3) Prophet Overview: http://www.globalsecurity.org/intell/systems/prophet.htm (non-Government site)

4) VoiceXML Standards Development: http://www.voicexml.org

5) Proceedings from the 13th IEEE International Workshops on Enabling Technologies: Infrastructures for
Collaborative Enterprises (WETICE-2004):
http://csdl2.computer.org/comp/proceedings/wetice/2004/2183/00/21830065.pdf

6) Distributed Common Ground System Integration Backbone Technical Requirements Document:
http://peoiewswebinfo.monmouth.army.mil/portal_sites/IEWS_Public/workspace/AF%20DCGS/Atch%204%20DI
B%20TRD%2019%20Sep%2003.doc

7) Future Combat Systems Overview: http://www.army.mil/fcs/factfiles/overview.html

KEYWORDS: signals intelligence; electronic warfare; integration; unstructured data

A06-099 TITLE: Low Jitter Clock Source for Radio Frequency Data Converters

TECHNOLOGY AREAS: Electronics

OBJECTIVE: To develop 40-100 GHz (gigahertz) oscillators with extremely low cycle-to-cycle jitter for integration
with ultrafast digital and mixed signal circuits.

DESCRIPTION: The goal of a true software radio is direct digitization of received radio frequency (RF) signals
followed by all-digital signal processing that is software controlled and reconfigurable. Towards that goal, high
performance analog-to-digital and digital-to-analog converters are being developed. High quality clock sources and
clock distribution schemes are essential for continued enhancement of these RF data converters. Precise 20-100
GHz on-chip oscillators with very low-jitter (10-100 fs (femtosecond)) are required for replacement of expensive,
external clock sources with higher jitter. Also required are clocking and clock distribution schemes that can exploit
the superior short-term phase stability of these oscillators. Approaches that include a phase locking scheme to an
external lower frequency reference to ensure good long-term stability are preferred.

PHASE I: Develop a clock technology for on-chip integration with data converters featuring direct digitization at
RF. Design and if possible demonstrate an on-chip clock source with desired short- and long-term phase stability.

PHASE II: Develop and demonstrate a digital-RF receiver front-end incorporating an on-chip clock source. The
system to be delivered will be an integrated circuit chip having a receiver with an on-chip clock source.
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PHASE IlI: Military Application: Primary applications are digital-RF transceivers for the next generation terrestrial
and satellite communication systems (e.g., JTRS (Joint Tactical Radio System), MILSATCOM (Military Satellite
Communications)). Other applications for the improved clock technology include digital true-time delay for phased-
array RADAR and broadband spectrum monitoring systems for SIGINT (Signal Intelligence) and EW (Electronic
Warfare) applications.

Commercial Application; In addition to transceivers for commercial wireless and satellite communications, faster
digital and mixed signal electronics, enabled by superior on-chip lock sources, will find applications in the high-end
instrumentation market. The clock source may also be developed into a stand-alone product for various digital and
mixed-signal applications.

REFERENCES:

1) R. H. Walden, "Analog-to-digital converter survey and analysis”, IEEE J. Selected Areas in Commun., vol. 17,
pp. 539-550, Apr. 1999.

2) D. Gupta and Y. Zhang, “On-Chip Clock Technology for Ultra-Fast Digital Superconducting Electronics,”
Applied Physics Letters, vol. 76, no. 25, pp. 3819-3821, June 2000.

3) C. A. Mancini and M. F. Bocko, “Short-Term Frequency Stability of Clock Generators for Multigigahertz RSFQ
Circuits,” IEEE Trans. Appl. Supercond., 13, 25, 2003.

KEYWORDS: clock jitter, femtosecond, on-chip oscillator

A06-100 TITLE: Reactive, Multi-Layer Simulation Technologies

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop and demonstrate an approach to modeling and simulation of the operation and performance
of distributed applications across multiple levels of the communications protocol stack.

DESCRIPTION: Accurate analytical and simulation-based performance and interoperation assessments of
Advanced Network Centric Warfare (NCW) systems are critical to the successful implementation of the Army’s
Future Force. While a multitude of modeling and simulation tools are available to address network analysis at
various levels of the communications stack, these tools remain deficient in that they do not provide cross-layer
interactions in a reactive manner, nor have the tools been successfully combined into a single and accurate tool set.
For example, many electro-magnetic (EM) tools are capable of analyzing antennas and propagation; network
simulators are well suited to analyzing media access, routing and transport protocols; and various software tools and
techniques apply to software simulation. However, combining these diverse modeling and simulation approaches
into a self-consistent tool set remains elusive.

NCW tactical systems, as currently envisioned, include a multitude of fixed and mobile entities interacting via
multiple applications, including collaborative tools, media streaming, VVoice-over-IP, semi-autonomous robotic
entity control, etc. These networked applications are typically composed of middleware, mobile agents, and other
advanced software. They are often developed by organizations other than those developing the network and its
associated flow control, routing algorithms, and hardware. Of course such software reacts to network conditions and
the physical environment; yet a systematic means to collectively and simultaneously assess and optimize the many
factors at various communications stack levels is largely unavailable. Obviously, distributed application software
can be optimized if knowledge of the network and its dynamics are known in advance or discovered during
deployment (e.g. see [7]). Critical factors influencing cross-level stack effects include, but are not limited to, timer
and protocol settings, routing algorithm selection, and antenna design/control.

Nevertheless, there is a distinct lack of targeted effort towards the development of a simulation/emulation capability
that provides an accurate means for assessing and developing distributed applications in complex and unreliable
network environments. See [5-6] as general references on network simulation and emulation. Much of the existing
research in cross-layer design and optimization tends to focus on specialized formulations or specific areas (e.g. see
[13-14] rather than provision of general-purpose assessment able to span many levels of the protocol stack.
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Moreover, this area is generally focused on transport and below layers and does not include the application layer
which is a focus of this effort. Computer-aided application software development is often times carried out using
UML. While the recent focus on ‘executable’ UML [11-12] aids in the development of class structure and
interaction, it does not typically extend to detailed quantitative assessment, correctness testing and optimization in
various non-ideal networked environments. And it also does not provide a capability for treating software that was
not initially developed using a UML approach.

The use of abstraction at communications stack layers above and below the level of interest is suggested in [4] to
enable very large scale simulations, and a similar simplification for the network layer is suggested in [8].
Unfortunately, detailed and potentially critical interaction effects and artifacts can be missed in such approaches.
Furthermore it is unclear how abstract executable models of lower and upper layers would be constructed such that
they were known to be correct and exhibit the full range of possible behaviors truly present. There has been some
recent work aimed at cross layer simulation that includes the application level in [9-10]. These have various
limitations in that only a particular source language can be used, only makes use of overly simplified models at
various protocol levels, or lacks the ability to leverage existing models specialized in certain areas.

The tool set to be developed must therefore enable the quantitative performance assessment of complex distributed
systems, where the analysis accounts for influence by the layers of the communication regime. Particular focus will
be on applications and networks deployed in ad hoc wireless environments. In addition to performance analysis, the
tool set design should also support system optimization, ranging from parameter adjustment to selection of system
components. For example, simulations might address determining the benefit of an improved antenna or data
coding scheme, determining the best ad hoc routing method, investigating impacts of various situational-awareness
update strategies, human factors, and many other multi-layer network factors.

The goal of this topic therefore is to explore new techniques for merging analytical tools and/or simulation methods
that capture at least two levels in the communication stack, which could encompass physical, data link, network,
transport, middleware, and application layers (or alternative layers in other stack representations). New tools that
operate primarily within a single level, or that include only minimal cross-layer aspects, are not to be addressed in
this work. Likewise, methods that do not provide reactive and self consistent assessments across layers, such as
using simplified data extractions from one layer to another, are not to be addressed, unless the approach provides
some means for proper inclusion of reactive actions between layers. Approaches that allow incorporation of human
or hardware in the loop (HITL) within a modeled simulation environment, again assuming that the simulation spans
multiple levels, are encouraged. The use of commercial and military standards, such as UML and HLA, is useful
but not required; the focus of this work should be directed towards new research on cross-layer simulation of
complex C4ISR systems where the analysis accounts for lower layer effects in an accurate and cross-layer reactive
way.

PHASE I: Develop new cross-layer simulation concepts and quantitative assessment techniques that span multiple
layers of the protocol stack. Identify output metrics that the cross-layer analysis methodology should provide, as
well as the inputs required for the analysis. Highlight the advantages of the new approach against existing tools and
methods. Account for practical problems such as the influence of lower communications stack timing delays on
higher level application performance, as well as methods to integrate real application software and systems into the
simulation environment. Emphasize innovative approaches that enhance simulation speed, ease, user interaction,
and accuracy such as the use of COTS multi-core processors, inter-process memory sharing/communications,
leveraging of GRID computing methods, and model re-use. Present applicability of approach to service-oriented
network architectures.

PHASE II: Develop new tools and techniques based on Phase | efforts, implementing novel simulation concepts.
Demonstrate and assess the prototype tool in terms of meeting performance goals and capabilities established during
Phase I. Also develop appropriate benchmarks to exercise the cross-layer modeling and simulation concepts and
confirm their validity.

PHASE Il1I: Utilizing the concepts and prototypes developed during Phase | and Il, develop a working set of

commercially-deployable modeling and simulation tools for use by DoD and commercial customers. Transfer
results into commercially viable simulation products.
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PRIVATE SECTOR COMMERCIAL POTENTIAL: This technology has applicability to any organization
deploying distributed software systems in various network environments. These organizations include public
operators of mobile broadband (including 3G) networks, telco and cable operators (especially in large scale 1P-based
services), emergency responder radio networks, etc.

REFERENCES:

1) IEEE Standard 1516 (HLA) https://www.dmso.mil/public/transition/hla/.

2) IEEE Standard for Distributed Interactive Simulation--Application Protocols, IEEE Std. 1278.1.

3) Cross-Layer Protocol Engineering for Wireless Mobile Networks, IEEE Communications Magazine, 2-part
series in Vol. 43, No. 12 (December 2005) and Vol. 44, No. 1 (January 2006).

4) Huang, P., Estrin, D., and Heidemann, J. “Enabling large-scale simulations: selective abstraction approach to the
study of multicast protocols,” IEEE International Symposium on Modeling, Analysis and Simulation of Computer
and Telecommunication Systems (MASCOTS), Montreal, Canada, July 1998, pp. 241-248.

5) NIST Net, see http://snad.ncsl.nist.gov/itg/nistnet/

6) L. Breslau, D. Estrin, K. Fall, S. Floyd, J. Heidemann, A. Helmy, P. Huang, S. McCanne, K. Varadhan, Y. Xu,
H. Yu, “Advances in Network Simulation,” IEEE Computer, vol. 33, No. 5, p. 59-67, May 2000.

7) Gary Shao, Fran Bermany, Rich Wolski, “Using Effective Network Views to Promote Distributed Application
Performance,” Proc. International Conference on Parallel and Distributed Processing Techniques and Applications,
1999.

8) S. Gadde, J. Chase, and A. Vahdat. Coarse-grained network simulation for wide-area distributed systems. In the
Communication Networks and Distributed Systems Modeling and Simulation Conference (CNDS 2002).

9) P. Urban, X. Defago, and A. Schiper. Neko: A single environment to simulate and prototype distributed
algorithms. In Proc. of the 15th Int'l Conf. on Information Networking (ICOIN-15), pages 503-511, Beppu City,
Japan, 2001.

10) David Cavin, Yoav Sasson and André Schiper, “FRANC: A Lightweight Java Framework for Wireless
Multihop Communication,” Ecole Polytechnique Fédérale de Lausanne (EPFL), Technical Report 1C/2003/22

11) Stephen J Mellor, Marc J Balcer, Executable UML, Addison-Wesley, May 2002.

12) Chris Raistrick, Paul Francis, John Wright, Model Driven Architecture with Executable UML, Cambridge
University Press, March 2004.

13) Vikas Kawadia, P. R. Kumar, “A Cautionary Perspective On Cross-Layer Design,” IEEE Wireless
Communications, February 2005. pp 3-11.

14) Jiantao Wang, Lun Li, Steven H. Low , John C. Doyle, “Cross-layer optimization in TCP/IP networks,”
IEEE/ACM Transactions on Networking, Vol.13, No 3, June 2005, pp. 582-95.

KEYWORDS: cross-layer simulation, distributed systems, networks, middleware, physical layer

A06-101 TITLE: Image and Character Restoration Module for Arabic Text Documents

TECHNOLOGY AREAS: Information Systems, Human Systems
ACQUISITION PROGRAM: PEO Intelligence, Electronic Warfare and Sensors

OBJECTIVE: Develop automated preprocessing techniques to restore degraded documents with Arabic text, leading
to higher Optical Character Recognition (OCR) rates.

DESCRIPTION: One of the continuing challenges facing U.S. warfighters is the ability to translate foreign text
contained in documents, such as photo images of signs, fax copies or machine printed Arabic text documents. There
are several commercially available multi-lingual OCR engines designed to process machine produced Arabic script.
However, the performance of these OCR engines is significantly reduced when the original document contains even
marginal level of noise or defects. Examples of document degradation include smudge marks, discoloration due to
aging, stains, handwritten notations, tears, hole-punches, crumpling, or simply documents generated from a low —
end printer/copier. Documents also contain artifacts such as lines, watermarks, logos and stamps that interfere with
OCR algorithms by cutting across the main text and obscuring the characters. Current known commercial image
enhancement and restoration products/techniques only partially satisfy the stringent military requirements to restore
documents for successful Arabic OCR readability. Existing image enhancement products handle generic noise such
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as speckle, skew and edge noise, but do not adequately perform image enhancements and restoration of Arabic
characters. It is anticipated that artifact removal and character repair will require the use of specific graphical
features of Arabic script.

Under this solicitation, we are looking for an Arabic-specific preprocessor to perform image enhancement and text
repair on machine-produced (not handwritten) Arabic text documents. The preprocessor needs to connect as
seamlessly as possible with commercial Arabic OCR programs and will need to demonstrate performance
enhancement without any manual intervention. Desired functionality includes: (a) removal of lines, watermarks,
logos, stains and stamps that cut across text in hardcopy pages, (b) restoration of broken or incomplete Arabic script
characters, (c) Arabic-specific noise removal, (d) standard non-language-specific image enhancement techniques,
(d) compatibility with a variety of image types (i.e. bitonal, grayscale, color), file formats (i.e. jpg, tif, png, etc), and
resolutions (100, 200, 300 dpi, etc), (e) fast processing (<15% of the time required for OCR), (f) small foot print, (g)
ability for the user to control all cited functionalities through an application programming interface (API).

PHASE I: Phase I- Compile a set of algorithms suitable for cleaning machine-produced Arabic text documents.
Perform initial implementation of select algorithms and demonstrate feasibility on sample text. Document the
algorithms and analysis and provide a projection of expected performance in the final report.

PHASE II: Phase IlI- Complete the implementation of the algorithms explored in Phase I and produce a fully
functioning prototype system. Demonstrate improved OCR performance on moderately degraded documents of
letter size with font sizes ranging from 1.5 mm to 6.0 mm, 200 Arabic words per page, and a minimum of 10 lines of
text requiring artifact removal. Deliverables will be the preprocessing software and a final report documenting all
activities in the project, including a user's manual for the software.

PHASE I11: Apart from the obvious commercial applications in Arabic document processing, a fully automated
Image and Character Restoration Module has application in categories such as medicine, forensics, astronomy, and
satellite imagery. Military applications include document processing in the intelligence community and will be
applicable for documents in other languages based on derivatives of Arabic characters (i.e. Farsi, Urdu and Pashto).

REFERENCES:
1- Proceedings of 2005 Symposium on Document Image Understanding Technology College Park, Maryland Nov
2005.

a- Effect of degraded input on statistical Machine Translation- by: Faisal Faroog and Yaser Al-Onazian CEDAR,
SUNY at Buffalo and IBM T.J. Watson Research Center.

b- NLP-Enhanced Exploitation of Degraded Arabic Text Michael Shalev, Encyclopedia Britannica.

c- Fast Skew and Slant Correction for Arabic Written word of Line (Essam M Zaki and M El Adawi, SAKHR USA
Inc).

d- A Process Flow for Realizing High Accuracy for OCR Text (Kazem Taghza, Julie Borsack and Tom Nartker,
University of Nevada, Las Vegas.

2- Evaluation of Machine Translation Output for an Unknown Source Language: Report of an ISLE-Based
Investigation by: Keith J. Miller, The MITRE Corporation, Washington D.C., USA keith@mitre.org.

3- Computational Linguistics Formalisms for MT: http://wings.buffalo.edu/linguistics/rrg/.

4- IBM Research Report, BLUE: a Method for Automatic Evaluation of Machine. Translation IBM report #
RC22176 (W0109-022) dated Sep. 17, 2001-Copies can be requested from IBM T. J. Watson Research Center , P.
0. Box 218, Yorktown Heights, NY 10598 USA-email: reports@us.ibm.com Donna M. Gates, Carnegie Mellon
University, Pittsburgh, USA dmg@cs.cmu.edu. Some reports are available on internet at:
http://domino.watson.ibm.com/library/CyberDig.nsf/home
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5- Products to cleanup images, to remove scanning artifacts such as skew and noise.
http://www.inliteresearch.com/homepage/products/repairs.html-- http://www.openarchive.com/renew_repair.htm

6- Latest Developments in Machine Translation Technology - Beginning a New Era in MT research:
http://ourworld.compuserve.com/homepages/WJHutchins/

7- Work Shop announcement- Computational Approaches to Semitic Languages.
http://www.cs.um.edu.mt/~mros/WSL/.

8- Predicting Intelligibility from Fidelity in MT Evaluation by: John White Litton PRC, 1500 PRC Drive, McLean
VA 22102 white_john@prc.com.

9- In One Hundred Words or Less by: Florence Reeder MITRE Corporation- 7515 Colshire Drive, McLean, VA,
22102 USA freeder@mitre.org.

10- OCR Scanning Services for Accurate and Affordable Automated Data Capture
http://www.compupacific.com/services/ocr.shtml

KEYWORDS: Image accuracy and image enhancement techniques, Image analysis, noisy document, random noise,
repair Arabic letters, remove noise form corrupted document, linear filtering techniques, Repair text charcter
improve OCR rate, MT, NLP, small fonts, accuracy, fidelity, and intelligibility, and, diversified forms of
data/documents

A06-102 TITLE: On-the-Move Geolocation of Very Weak RF Signals in _Urban Environments

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop a very sensitive, low profile, vehicle mounted, Three Dimensional (3D) geolocation system
capable of detecting and geolocating very low power, non-cooperative Radio Frequency (RF) signals within several
hundred meters of the vehicle across a wide range of frequencies in urban environments. Provide 360 degree
coverage and geolocation capability around the vehicle with a Spherical Error Probable (SEP) of less than 10m.
Provide algorithms that support graceful degradation in performance with increasing range, decreasing target signal
strength, and decreasing time on target.

DESCRIPTION: The Army requires a low profile, low cost, mobile 3D geolocation system capable of accurately
geolocating low power signals. Some of these signals will be on continuously while others will be transient in
nature. Systems exist that are able to detect and locate low power communications devices using a variety of
cooperative and non-cooperative techniques. A variety of military systems exist for geolocating High Frequency
(HF), Very High Frequency (VHF), and Ultra High Frequency (UHF) using angle of arrival and time difference of
arrival techniques. Finally, amateur radio and law enforcement direction finding (DF) products that offer the user on
the move capability are readily available. However, none of these products meet all of the requirements for
geolocating very weak, non-cooperative RF signals in harsh urban environments. Geolocation of very low power
signals has proven very difficult for a variety of reasons. Environmental challenges such as multi-path and co-
channel interference severely limit the performance of ground-based geolocation systems in urban environments.
Receivers that can detect very weak signals across a very large band of frequencies are only now becoming
available.

The goal of this program is to develop a very sensitive, low-profile, vehicle mounted, general-purpose RF detection
and geolocation system that would map very low power signals in an urban environment using advanced
geolocation algorithms combined with a highly sensitive mobile RF receiver and antenna subsystem. The system
should detect 90% or more of the weak RF signals present within a 300m or greater radius of the vehicle with the
vehicle moving a 60MPH or less. The antennas should be low profile with as small a footprint as possible. Size,
weight, and power requirements should be minimized to facilitate mounting the system on a variety of civilian and
military vehicles. The system should provide the user with a visual display that maps detected signals surrounding
the vehicle.
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PHASE I: Feasibility study for a low profile, general-purpose RF sensor with the capability of detecting and
geolocating very low power signals in an urban environment. Develop specifications for the receiver and antenna
subsystems including required antenna gains, receiver sensitivity, and scan rates. Conduct trade-off analysis on
receiver and antenna performance versus detection and 3D geolocation performance.

PHASE II: Design, build and demonstrate a general-purpose RF sensor prototype including the advanced
geolocation algorithms. The prototype should be designed to mount on a HMMWYV and powered by vehicle power
only. Demonstrate the capability against a predefined set of emitters provided by the government in a realistic urban
environment. Provide design documentation, a test plan and documented test results.

PHASE I11: The completion of this phase would result in a mature technology, that could be successfully applied to
both military and commercial applications such as law enforcement and homeland defense. The technology
developed as part of this effort should provide the warfighter with enhanced situational awareness and force
protection. The technology is also directly applicable to homeland defense and could be used by law enforcement to
detect RF devices.

REFERENCES:

1) 47 CFR Part 15, http://www.fcc.gov/oet/info/rules/

2) Goran M. Djuknicl and Robert E. Richton, "Geolocation and Assisted-GPS," Bell Laboratories, Lucent
Technologies http://www.lucent.com/livelink/090094038000e51f White_paper.pdf

3) Eiman Elnahrawy, Xiaoyan Li, Richard P. Martin, "The Limits of Localization Using Signal Strength: A
Comparative Study," Department of Computer Science, Rutgers University 110 Frelinghuysen Rd, Piscataway, NJ
08854.

KEYWORDS: geolocation, urban environment, military operations in an urban environment (MOUT)

A06-103 TITLE: Advanced Fast Tuning Low Phase Noise, Low Power Consumption, Wideband Tuner for
Electronics Warfare (EW) Applications

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Design a wideband tuner that is, fast tuning and low phase noise.The tuner must have sufficient
Intermediate Frequency (IF) filtering to output spectrum to modern digitizers in order to avoid aliasing.It should be
capable of receiving signals from 20-X MHz, extendable to Y GHz.

DESCRIPTION: Modern EW applications & systems require front end tuners that are faster, wider bandwidth, more
power efficient, and smaller than are presently available in the industry today. The development of such a
sophisticated tuner technology will greatly advance the EW industry. Having an advanced fast tuning, digital gain
control, low power consumption, wideband tuner is essential to creating EW systems that can address those threats.

Typically in wideband tuner design, fast tuning and phase noise have to be traded off; this advanced design will
demand that both parameters are optimized at the same time. The tuner must have sufficient IF filtering to output
the spectrum to modern digitizers in order to avoid aliasing. The new tuner module should be capable of receiving
signals from 20-X MHz, extendable to Y GHz. The device should be packaged in a chassis of no larger than 50
cubic inches. The DC power consumption must be no greater than 10W with a tuning time between any two
frequencies of less than 50 microseconds. The IF output bandwidth must be equal to or greater than 40 MHz.
Command and control must be through a high speed interface and the tuner must have a Built-In-Test capability.

PHASE I: Provide a feasibility study for a low cost widebdband tuner. Develop a Theoretical Model, and a
preliminary Technical Specification for tuner.

PHASE II: Design, build and demonstrate a prototype wideband tuner including the mechanical enclosures.

Wideband Tuner tests should be conducted in an environment emulating the intended applications of the tuner.
Generate a report showing the result and comparisons to the theoretical model and any deviations from expectations.
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PHASE I11: 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.

REFERENCES:

1) Digital Techniques for Wideband Receiver, James Tsui

2) Electronic Packing for High Speed Circuitry, Stephen G. Knosowski and Arden R. Helland.
3) Software Defined Radio, Enabling Technology, Walter Tyttlebee.

KEYWORDS: Electronic Warfare (EW), Jammers, Direct Digital Synthesizers, Compact Packaging, Fast Tuning,
Programmable, Improvised Explosive Devices (IED), Wireless, FCS, WarLock, Wideband

A06-104 TITLE: Portable Terahertz Imaging System

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop a portable, cost-effective, high-power, Terahertz Radio Frequency (RF) system
(transmitter/receiver circuit) for use in current and future military applications, specifically handheld/portable
imaging systems.

DESCRIPTION: The Terahertz frequency band, from roughly 300 GHz through 10 THz, is thought to be the most
under-explored region of the electromagnetic spectrum. A major problem that prevents the full exploitation of the
THz band is the lack of affordable, compact, high-power THz sources and receivers. Previous research has shown
that semiconductor technology can be utilized to create THz transmit and receive modules which are fairly compact;
however, their efficiency is poor, they are low power, costly and their frequency agility is lacking. Many of the
current cutting-edge systems have been limited to laboratory workbenches. Moreover, the current commercial
technology is macro in scale and relatively low power, with only Optically Pumped Terahertz Laser sources
approaching single Watt output power (and this is only for certain frequencies within the THz band).

Current THz technology has allowed for the demonstration of high resolution three dimensional (3D) imaging
through a variety of common mediums (such as clothes, leather, wood, ceramics, semiconductor materials, human
epidermis, etc.). High resolution imaging capabilities are desired for a number of military and commercial
applications including medical diagnosis, security screening of people and cargo, sense through wall applications,
and biochemical agent analysis. A major limitation of current THz imaging modalities is the required collection
time of the image. Most high resolution systems require many minutes to hours in order to collect a single image.
This is often due to a lack of cost effective sources/detectors leading many systems to implement only one source
which means that the source must be mechanically scanned across the sample to create the image. Leveraging
current technology and fabrication techniques in order to develop a more cost effective and efficient source and
detector would help to alleviate the collection time problem by allowing for more sources/detectors per system.
Designing new algorithms and software as well as optimizing current algorithms/software for the collection and
processing of 2D and 3D images would also help to alleviate the collection time problem.

Moreover, in the realm of medical imaging THz is currently only able to be used for diagnosis of dermal anomalies
such as distinguishing between healthy and cancerous skin in collected samples. It has also been shown to have
promise in diagnosing other skin level ailments such as burns and fractures in phalanges (where there is little muscle
tissue around the bones). Due to the low-power capabilities of current systems and the inherent absorption of THz
RF by polar molecules (such as water), achieving high levels of penetration into human tissue has not been very
successful. The signal to noise ratios required to detect reflections/transmissions of the current systems are rather
high due to the low power of transmission. Leveraging current technologies to develop a more efficient high power
emitter would help to alleviate this boundary in medical imaging applications.

With the increasing need for technologies that could utilize a complete THz system, it is vital that an affordable THz
RF system be developed. Not only can such a system be incorporated into many portable applications in the
medical imaging, security and defense fields, but it will also make the study of THz technology more approachable
for an lightly funded laboratory. Thus, even more expansion in THz research could be realized. The THz band also
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lends itself to a high degree miniaturization (of antennas, etc.) making highly portable (i.e., handheld) devices a
practical vision for the future.

The goal of this program is to develop a cost effective, portable, high-power Terahertz RF system that can be used to
explore the battlefield viability of THz technology and aid current Advanced Technology Objectives (ATOSs) in their
completion. Due to the portability requirement, a guideline for the design of the system is a gross weight of 15 Ibs.
The cost, degree of miniaturization, and peak power of the system proposed will be left for the phase | feasibility
study.

PHASE I: Feasibility study for the terahertz system to include degree of miniaturization, degree of improvement to
cost (through novel fabrication techniques for example), and degree of improvement to power output possible by
leveraging current technologies (i.e., Optically pumped lasers, Time Domain Spectroscopy Systems, Backward
Wave Oscillators, Direct Multiplied Sources, etc.) and investigation into innovative conceptual designs for
miniaturized (i.e., handheld), cost effective, high power THz transmitters and receivers. As well as a study of
possible algorithms/software to increase the effectiveness and timeliness of 2D and 3D image collection.

PHASE II: Design, build and demonstrate prototype THz RF transceiver circuit/system. Design and document
software/algorithms for efficient, high-speed 2D and 3D image collection.

PHASE I11: The completion of this phase would result in a mature technology/system which would undergo an
appropriate operational demonstration, such as imaging military cargo, medical diagnostics of battlefield wounds
and personnel security scanning. The system would then be applied to the commercial medical imaging community
as well as commercial security applications in law enforcement, homeland defense, etc.

REFERENCES:

1) http://www.teraview.co.uk

2) http://virginiadiodes.com

3) Adam, A. J. L., et. al. "Design and Fabrication of a novel room temperature Terahertz detection array". Imaging
and Imaging Applications (IEEE) (2004).

4) Asada, M. "Optoelectronic Devices for Terahertz Amplification and Oscillation." IEEE (2004).

5) Humphreys, K. "Medical applications of Terahertz Imaging." IEEE. 26th Annual International Conference of the
IEEE EMBS. San Francisco, CA. 1 Sept. 2004.

6) Norris, Theodore B.; et.al. “Three-Dimensional THz Imaging”

Sudworth, C. D., et. al. Optical Properties of human tissue at terahertz frequencies. Progress in Biomedical Optics
and Imaging, 24 June 2003, SPIE.

7) Wallace, Vincent P., et. al. "Biomedical Applications of THz imaging." IEEE MTT-S Digest (2004).

8) Woolard, Dwight L., Elliot R. Brown, Michael Pepper, and Michael Kemp. "Terahertz Frequency Sensing and
Imaging: A time of Reckoning Future Applications?" Proceedings of the IEEE 93 (2005).

9) Zhang, X C. "Recent Progress of Terahertz Imaging Technology." IEEE (2002).

KEYWORDS: Terahertz, transmitter, receiver, medical imaging, bone fracture, handheld, portable, Imaging System,
health monitoring, manufacturing cost, manufacturing efficiency, fabrication, solid state, optoelectronics

A06-105 TITLE: Propagation Modeling of Near Ground Radio Signals

TECHNOLOGY AREAS: Electronics

OBJECTIVE: The objective of the Topic is to develop an accurate model of near ground progation in the 30MHz to
3GHz frequency range. The model will be useful to characterize the performance of Signals Intelligence (SIGINT)
ground systems and other ground sensors against all signal types and in all environments. This model would have
wide application not only to SIGINT systems but also in commercial industry. Tri-Service utilization would also be
expected. This also has applicability to PM CREW interests.

DESCRIPTION: The Army requires many systems to operate at or near ground level, both static and on-the-move.
Areas such as, but not limited to, robotic based sensors, SIGINT ground collection systems, and other classified
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systems critical to the Army's ability to fight and survive on the modern battlefield. Such proposals shall be largely
based on mathematical theory, easily modeled on computers, and may be supplemented on a limited basis with new
empirical data. The frequency range of interest is 20 MHz to 3 GHz. The height of the antennae are within 1 meter
of the ground. The propagation model must address various code access schemes and modulation schemes, as well
as the effect of the various methods effect on propagation of the radio waves of interest. The frequency range of
interest may require different models to accommodate an accurate prediction of the radio phenomenology in this
total band. Propagation over grass, sand, gently and rapidly sloping terrain, dense and less dense wooded areas, wet
marshes, water, urban, rural and sub-urban areas are also to be included in the model. The diurnal and temperature
effects shall be considered in the model. Effect of power levels, transmitter thresholds, processing gain (co-herent),
and generic pre-amplifier performance shall all be variables considered in the model as they relate to radio wave
propagation.

PHASE I: Phase | will provide a feasibility study and outline of the modeling approach to be used to predict radio
wave behavior, near ground, in the 20MHz to 3GHz region.

PHASE I1: Phase Il will result in the delivery of a prototype software based model. The model will accurately
predict the propagation of radio waves at near ground level. During Phase Il the model will be tested against real
field data from SIGINT systems and matured based on comparison results of the predicted versus actual data.

PHASE I1l: The Prediction Model has many military and commercial applications. In the military it will predict
ground SIGINT and sensor systems performance accross the TRI-Services to allow PM's to wisely invest funding in
technology enhancements for optimum field performance. In commercial industry, it will allow cell phone
manufacturers to more accurately place cell towers, predict level of service coverage, and optimize frequency reuse
for their corporations products. This model will result in recovering the technology investment required to produce
it by lowering overall technology insertion costs and correction of problems earlier in the design efforts where
changes are cheaper than later afterward in production or the field where shortfalls and their associated fixes become
cost prohibitive.

REFERENCES:

1) "Field Strength and Its Variability in VHF and UHF Land-Mobile Radio Service," by Yoshihisa Okumura, et.al.,
Review of the Electrical Communications Laboratory, Vol. 16, No. 9-10, September-October 1968.

2)"A Report on Technology Independent Methodology for the Modeling, Simulation and Empirical Verification of
Wireless Communications System Performance in Noise and Interference Limited Systems Operating on
Frequencies between 30 and 1500MHz", TIA TR8 Working Group, IEEE Vehicular Technology Society
Propagation Committee, May 1997.

KEYWORDS: Radio Wave, Propagation, Modeling, 20 MHz to 3GHz, Near Ground, SIGINT (Signals
Intelligence), Sensors, Theory

A06-106 TITLE: Advanced People and Wildlife Discrimination Algorithms for Radar

TECHNOLOGY AREAS: Electronics, Human Systems

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 algorithms for discriminating between walking people and wildlife based on radar
returns.

DESCRIPTION: Ground Moving Target Indicator (GMT]) radar provides an all-weather day-night capability to
detect moving targets and provide robust persistent day-night surveillance of regions of interest. In principle such
systems, possibly in conjunction with other sensors, could provide semi-autonomous surveillance of large regions,
and provide cues/locations to the operator when hostile or unexpected human activity is detected. A variety of
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airborne and ground based radars and radar networks are being developed for perimeter surveillance, force-
protection and so forth. With improvements in radar detection performance, there’s a new challenge to sort out
returns from vehicles, moving people, and various forms of wildlife and domestic animals. This topic will explore
and develop novel concepts for exploiting radar returns to discriminate between vehicles, moving people, and
wildlife and other animals. The concepts developed will provide models that can be used with current and future
radar projects to help reduce the false alarms caused by wildlife. Provisions need to be made for “training on the
fly” modes to tailor the algorithms to the particular motion patterns of that location and season. There currently is
no data to support the proposed effort, as the radar technology is currently evolving. This SBIR topic is crucial to
improve the effectiveness and utility of these emerging radar systems. Users have indicated concerns with false
alarms based on wildlife returns, causing wasted time and resources (human and weaponry). Model based
techniques (which do not exist) will minimize the necessity of massive and extremely expensive wildlife data
collections.

PHASE I: Identify potential applications and develop and define model based algorithms for discriminating
between moving people and moving wildlife.

PHASE II: Using contractor provided resources, model applicable signature data sufficient to refine and test
algorithm performance. Algorithms must be refined in order to discriminate moving humans from moving wildlife
with a high degree of confidence. The algorithm should be developed using a technical computing and Model-
Based Design software. Develop a trade study defining algorithm performance versus radar parameters (i.e.,
range/Doppler resolution, polarization, etc.) in order to discriminate humans vs. wildlife in GMTI. ldentify radar
performance and computational processing requirements in order to run algorithms in an operational environment
with the desired level of confidence (in near real time). The final report shall contain the results of the trade study,
performance requirements, algorithm definitions and executable models. Applicable bands are UHF to Ka.

PHASE I1I: The technology developed under this SBIR minimizes false alarms in emerging DOD and DHS semi-
autonomous radar or radar-networks used for reconnaissance and perimeter surveillance. Other applications might
include cued perimeter surveillance around large facilities (e.g., airports, homeland defense, etc.) or wild
management applications where radar is used.

REFERENCES:

1) A neural network approach to Doppler-based target classification Martinez Madrid, J. J.; Casar Corredera, J. R.;
de Miguel Vela, G.; Radar 92. International Conference 12-13 Oct 1992 Page(s):450 - 453.

2) Wide-band polarimetry and complex radar cross section signatures Riegger, S.; Wiesbeck, W.; Proceedings of the
IEEE Volume 77, Issue 5, May 1989 Page(s):649 - 658 Digital Object Identifier 10.1109/5.32055.

3) Neural network adaptive wavelet classification of radar targets Jouny, I.; Kanapathipillai, M.; Geoscience and
Remote Sensing Symposium, 1994. IGARSS '94. 'Surface and Atmospheric Remote Sensing: Technologies, Data
Analysis and Interpretation’. International VVolume 4, 8-12 Aug. 1994 Page(s):1889 - 1891 vol.4 Digital Object
Identifier 10.1109/IGARSS.1994.399603.

4) Target classification by conventional radar Huang Jianjun; Huang Jingxiong; Xie Weixin; Radar, 1996.
Proceedings, CIE International Conference of 8-10 Oct. 1996 Page(s):204 - 207 Digital Object Identifier
10.1109/ICR.1996.573807.

5) Radar Handbook, 2nd Edition Merrill Skolnik McGraw Hill, NY 1990 ISBN 0-07-057913-X Radar Cross Section
Handbook, Volume 2 George T. Ruck Plenum Press, NY 1970 SBN 306-30343-4.

6) Radar Cross Section "Its Prediction, Measurement and Reduction™ Eugene F Knott, John F Shaeffer, Michael T
Tuley Artech Itouse, Ma 1985 ISBN 0-89006-174-2.

7) Radar Design Principles ""Signal Processing and the Environment", 2nd Edition SciTech Publishing, NJ 1999
ISBN 1-891121-09-X.

KEYWORDS: Manufacturing workforce, assembly, information technology devices, production engineering

A06-107 TITLE: Improved Efficiency of 2.09 Micron Pump Laser

TECHNOLOGY AREAS: Sensors, Electronics
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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 laser source operating at 2.09 microns for use in a next generation distributed aperture
Infrared Countermeasure architecture.

DESCRIPTION: The US Army is currently fielding Infrared Countermeasure (IRCM) systems for jamming infrared
threats to helicopter platforms. Army IRCM systems use a mid wave infrared laser and a mid wave infrared lamp to
defeat threats in different bands of the infrared spectrum. Army IRCM systems use a mechanical gimbal and an
articulated arm with mirrors to pass the laser and lamp energy from the source to the exit aperture.

Current Army IRCM systems are capable of countering today’s threats, however, they are expensive systems in
terms of production cost and Operation and Maintenance cost. Current systems use 2 sources, a laser and an
infrared lamp, to cover the required infrared bands. The mechanical gimbal is an expensive item that will require
maintenance to work effectively. The articulated arm has to be precisely aligned in order to pass the infrared
energy.

The Army Science and Technology community is currently working on developing the next generation architecture
for infrared countermeasures. The major advantages in this new architecture are the elimination of the multiple
infrared sources in favor of a single multiband laser; smaller, less complex beam steering devices to replace the
gimbal; and Mid-wave Infrared fibers to replace the articulated arm. To achieve the energy in the multiple infrared
bands, the multiband laser will make use of optical parametric oscillators, which will output energy at multiple
bands given an input pump of 2.09 microns. Lasers at 2.09 microns exist today commercially, however, not at the
power and efficiency necessary for implementation on military platforms. Improving the efficiency at the 2.09
microns pump stage will improve the overall throughput of energy on the target and aid in defeating threats.

The goal of this program is to improve the efficiency of a laser that can be packaged for use on a helicopter
platform. It should have a wall-plug efficiency of more than 10% at continuous wave operation. The entire pump
laser system should be capable of delivering greater than 40W of power at 2.09 microns. Size should be no greater
than 18”"Wx6”Hx12"D. Weight should be less than 30Ibs. The laser must be capable of being packaged for
implementation on a helicopter platform.

PHASE I: Feasibility study for improving the efficiency of 2.09 microns laser. Develop a study of the loss
mechanisms that hinder efficiency and means to counter them. Perform a study to determine possible architecture
changes to allow packaging on a military aircraft environment.

PHASE II: Design and develop a prototype laser with output at 2.09 microns as outlined in the description.
Demonstrate laser system power, spectral response and efficiency. Develop and document new packaging design
for laser system.

Deliverables will include prototype laser, characterization report, design documents, and any software.

PHASE IlI: The completion of this phase would result in a mature technology, which could be successfully applied
to both military and commercial applications such as medical technology, homeland defense, and aircraft protection.

REFERENCES:

Current work by IPG Photonics (Oxford, MA) and BAE Systems (Nashua, NH) have demonstrated highly efficent
2.09 micron lasers based on thulium fiber laser technology. US Army/US Navy has ongoing work with BAE and
IPG under the Distributed Aperture Infrared Countermeasure Program (DAIRCM).

1) "Room-temperature, flashpumped, 2.09 micron solid state laser", Esterowitz, L. and Quarles, G., Patent
Department of the Navy, Washington, DC ,1992, http://adsabs.harvard.edu/cgi-bin/nph-
bib_query?bibcode=1992navy.reptS....E&db_key=PHY.

2) “Intracavity-pumped 2.09-micron Ho:YAG laser”, Stoneman, R., Esterowitz, L., Optics Letters, May 17, 1992, p
736-738
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http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=19920ptL...17..736S&db_key=PHY

3)"50-mJ, Q -switched, 2.09- m m holmium laser resonantly pumped by a diode-pumped 1.9- m m thulium laser"
Optics Letters, Vol. 28, Issue 12, pp. 1016-1018 (June 2003) P. A. Budni, C. R. Ibach, S. D. Setzler, E. J. Gustafson,
R. T. Castro, E. P. Chicklis

State of the Art Commercial product
http://www.ipgphotonics.com/html/194 1800-2100nm_range.cfm

KEYWORDS: infared countermeasure, laser, pump laser, laser efficiency

A06-108 TITLE: Prioritization for Improved Effectiveness of Co-Located Wide and Narrow Field-of-View
Sensors

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Develop a battlefield object prioritization scheme to maximize the effectiveness of collocated
Ground Moving Target Indicator (GMTI) (wide-field-of-view) and Electro Optics/Infrared (EO/IR)(narrow-filed-of-
view) sensors. This scheme should impose commander’s Priority Information Requirements (PIRs) on the
prioritization logic and should be capable of supporting a range of missions. The prioritization approach should
make effective use of domain/environmental knowledge and support enhanced situation understanding.

DESCRIPTION: Future Combat Systems (FCS) is placing considerable emphasis on both extensive, as well as
persistent Intelligence Surveillance and Reconnaissance (ISR) coverage. With that emphasis, comes the burden of
rapid and accurate analysis of the resulting ISR products. Because additional manpower is not an option, more
sophisticated exploitation and fusion algorithms are required to either replace human analysts or, at a minimum,
significantly enhance their ability.

GMTI radar systems often cover very large fields of regard, overwhelming analysts with tracks of moving objects.
Because tactical GMTI radar systems primarily provide only location, size, and velocity estimates, radar data alone
does not support high confidence object classification. EO/IR sensors, on the other hand, provide additional features
including shape, color, texture, and thermal characterization of detected objects that significantly increase the
potential dimensionality of the decision space.

Of interest is the development of an innovative prioritization scheme to sort object detections in a manner that
ensures the most likely targets of interest are prosecuted first, thus ensuring the most effective utilization of both
sensor and processing resources. Object prioritization should be based on, but are not limited to, sensor-derived
object and track-level features, a priori knowledge, and both dynamic and static battlespace context. The scheme
should allow flexible reprogramming to satisfy a variety of mission types as well as support some degree of dynamic
adaptation.

PHASE I: Investigate, analyze and document an innovative approach to battlefield object prioritization. Multiple
approaches shall be analyzed and documented with the most promising approaches integrated into a real-time
algorithm to be developed under Phase 1I. Modeling and simulation scenarios that will support the proposed scheme
during Phase 11 should be identified.

PHASE II: Develop, code, test, and demonstrate a real-time prioritization scheme, implementing the approach
designed during Phase I. The prioritization algorithm shall be developed in an incremental fashion that will permit
the Government to provide incremental feedbacks during the development of this code, as well as to allow the
algorithm’s contribution to be analyzed at a system level. The baseline effort must be able to support increasingly
complex missions and clearly demonstrate how the Commander’s Priority Information Requirements are used to
develop tailored and effective mission management.

The majority of the development activity should be geared to a modeling and simulation environment. However,
real GMTI radar and EO/IR data will be made available by the Government to support a demonstration phase during
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the later stages of this effort. A report shall document the final approach, implementation, and results of the overall
effort. Deliverables for this phase shall include algorithms and related documentation.

PHASE I1I: Successful technologies developed under this effort will be transitioned for military application. 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 surveillance, to border control by the Coast Guard or INS.

REFERENCES:

1) http:/lwww.capitolsource.net/filess=GMTI.pdf, "Ground Moving Target Indicator Radar And the Transformation
of U.S. Warfighting".

2 )https://research.au.af.mil/papers/ay2001/acsc/01-033.pdf, "UAVS AND ISR SENSOR TECHNOLOGY" by
Jeffrey T. Butler, Major, USAF.

3) Electronic Warfare for the Digitized Battlefield" by Michael Frater, Michael Ryan - 2001.

4) "Effect of Doppler ambiguities on GMTI tracking™ by Koch, W.

FGAN-FKIE, Wachtberg, Germany, RADAR 2002, INSPEC Accession Number:7503907.

KEYWORDS: GMTI, radar, fusion, processing, exploitation, tracking, discrimination, detection, prioritization

A06-109 TITLE: Wideband, Interference Rejecting Antenna Subsystem

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop a low cost, low profile, Radio Frequency (RF) Antenna Subsystem that significantly
enhances the performance of today’s RF communications and Signals Intelligence (SIGINT) systems by providing a
wideband, high gain, dead on the horizon antenna capable of rejecting strong wideband interference sources while
providing gain for very weak signals. Demonstrate the system capability through field testing on ground platforms.

DESCRIPTION: The Army requires a low cost/viable capability that facilitates the coexistence of high power
broadband transmitters and sensitive receivers on vehicles in close proximity without requiring modifications to the
system transmitting or system receiving. It is envisioned that an antenna subsystem replacing the existing receive
antenna could null strong, broadband, interference sources and deliver weak RF signals to the receiver. The antenna
subsystem should also be capable of receiving over a broad range of frequencies, offering the highest possible gain
towards the horizon, and providing high power transmit capability to ensure applicability to both communications
systems and SIGINT systems. Today’s military and commercial adaptive array antenna systems are very costly,
designed specifically for Global Positioning System (GPS) and therefore not a viable option for the US Army.

A wideband, interference cancellation antenna subsystem needs to have the capability to support today’s modern
military communications and SIGINT systems. It should not be assumed that the RF Antenna Subsystem can
physically interface to any system other than the one it is supporting and even that interface is limited to RF only.
This does not preclude measuring the interference sources at antenna subsystem.

With the increased use of RF systems, need for blue force broadband communications links and proliferation of
sensitive SIGINT receivers is vital for the Army to develop a system capable of suppressing broadband interference
in close proximity to the receiver. The wideband, interference rejecting antenna subsystem program will enable the
Army to carry out multiple missions on the same platform and/or caravan without costly modifications to existing
communications and RF systems thus reducing the risk to soldiers.

Interference cancellation techniques have been around for a long-time. Adaptive array antenna technologies on
airborne and space-based platforms have taken advantage of beamforming in order to reduce interference.
Sophisticated audio headphones sample the surrounding background noise and subtract the noise from the desired
audio. Antenna arrays can provide 20 to 30dB of spatial interference rejection. Successive and parallel interference
cancellation can provide another 10 to 20dB of rejection. Combination of techniques can achieve even better
performance.
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The goal of this program is to develop a low cost system that will provide the US Army with the capability to deploy
and use a variety of transmitters, communication systems, and SIGINT systems in close proximity to one another
without modifying any of the individual systems. In order to do so a Wideband, Interference Rejecting Antenna
Subsystem is needed. The total cost of the system shall not exceed $45,000 per unit. The system shall operate over
a minimum frequency range of today’s existing terrestrial SIGINT and communications systems, provide a
maximum gain toward the horizon, be capable of maximum wideband interference cancellation, and provide support
for transmission. The weight of each subsystem shall not exceed 50 pounds. The antenna subsystem shall be
designed for mounting installation and integration on ground platforms. The system shall be powered by vehicle
power only. The antenna profile shall be kept to a minimum.

PHASE I: Feasibility study for a low cost RF antenna subsystem with high gain across a very wide frequency range
and the ability to reject one or more very strong wideband interference sources. Develop a cost benefit analysis of
gain, wideband interference rejection, instantaneous bandwidth, frequency range, and antenna system size weight
and power. Provide a high-level list of the hardware and software necessary to implement the antenna subsystem.

PHASE I1: Design, build and demonstrate prototype antenna subsystem for ground-based vehicle mounted
applications. Develop and document the antennas, hardware, algorithms, software and test plans required to
implement the subsystem. Execute the test plan and determine the performance of the system in terms of gain,
frequency range, and interference rejection.

PHASE I11: The completion of this phase would result in a mature technology, which could be successfully applied
to both military and commercial communications and SIGINT applications. Specifically, the Wideband,
Interference Rejecting Antenna Subsystem is directly applicable to the Army's current ground-based and Airborne
SIGINT collection and communications platforms. In addition, technology developed as part of this effort can be
integrated into the DoD's next generation SIGINT and communications platforms. This technology is also directly
applicable to the commercial wireless communications markets.

REFERENCES:

1) Anthony Abbott, “Antijamming and GPS for Critical Military Applications”
http://www.aero.org/publications/crosslink/summer2002/06.htm

2) Lisha Li and Brian D. Jeffs, "ANALYSIS OF ADAPTIVE ARRAY ALGORITHM PERFORMANCE FOR
SATELLITE INTERFERENCE CANCELLATION IN RADIO ASTRONOMY™,
http://www.ee.byu.edu/rfi/docs/ursi_f_jeffs_2002.pdf

KEYWORDS: Broadband, low-Q antennas, interference cancellation, RF antenna subsystems, adaptive arrays, and
antijamming

A06-110 TITLE: Compact, Wideband, Single or Dual Antenna Geolocation

TECHNOLOGY AREAS: Sensors, Electronics
ACQUISITION PROGRAM: PEQ Soldier

OBJECTIVE: Develop and demonstrate techniques to perform geolocation using a compact, wideband, single or
dual antenna for applications where array-based Direction Finding (DF) systems are not practical due to size,
weight, and cost constraints.

DESCRIPTION: Antenna design is an integral part of the geolocation and DF systems development. Optimum
performance requires antenna designs tailored to the operational platform and propagation conditions. When these
geolocation and DF systems operate at low frequencies, they often result in increased antenna arrays size. The trend
toward smaller, portable (hand-held), and affordable DF/geolocation systems has and will continue to drive antenna
development into smaller form factors, while continuing to provide adequate performance. Finding suitable antenna
arrays to fit small platforms or to be portable by soldiers is required for military operations in an environment geared
toward mobility. The military and commercial communities are now faced with non-traditional platforms that are
severely constrained in available space and weight capacity for payloads, including associated antennas. To
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overcome these limitations, the U.S. Army seeks to develop new techniques which could use small, compact,
lightweight, and wideband single or dual antennae to perform geolocation. These techniques should offer a highly
efficient way to locate targets when ‘traditional’ array based DF systems are not practical due to size, weight, and
cost constraints.

The goal of this project is to find innovative methods that will reduce the number of antenna elements needed to do
geolocation to one or two elements. The antenna should have sufficient gain to support signal intelligence
(SIGINT), and be broadband to reduce the number of antennas needed to cover the frequency range of 20 to 3000
MHz. The antenna should also be compact, lightweight, and small enough to be portable by a soldier.

PHASE I: Develop the antenna designs and identify new approaches (consisting of existing and /or new techniques,
methods, and technologies) to perform geolocation with single or dual antenna. Provide a detailed trade study
comparing all considered antenna configurations and geolocation techniques and reason for final selection.
Demonstrate the feasibility of the selected technique. The Very High Frequency (VHF)/ Ultra High Frequency
(UHF) bands are of primary interest for Phase I.

PHASE II: Based on the designs of Phase I, fine tune and develop the final design. Fabricate and deliver prototype
antennas along with the algorithm of the geolocation technique(s) selected and used. The deliverables will be tested
at the contractor facility and the capability of the prototype will be demonstrated prior to delivery to the
Government. Identify potential follow-on work to extend the capabilities of the prototype.

PHASE I1I: The demand for a geolocation system using smaller, lighter weight, broadband, and low profile antenna
is in constant increase in both military and commercial applications. As mentioned above, military use includes all
SIGINT and Electronic Warfare (EW) applications such as determining the movements of enemy troops or
equipment, locating transmitting antennas associated with various weapon systems, and identifying possible targets
for jamming or intercept; whereas potential commercial applications are in law enforcement, search and rescue,
boarder control, anti-collision avoidance, merchandise/animal tracking, and amateur radio.

REFERENCES:

1) Eiman Elnahrawy, Xiaoyan Li, Richard P. Martin, "The Limits of Localization Using Signal Strength: A
Comparative Study," Department of Computer Science, Rutgers University 110 Frelinghuysen Rd, Piscataway, NJ
08854.

2) Robert J. Mailloux, "Phased Array Antenna Handbook, Second Edition," Artech House, April 2005.

3) Jung-Chieh Chen; Pangan Ting; Ching-Shyang Maa; Jiunn-Tsair Chen, “Wireless geolocation with TOA/AOA
measurements using factor graph and sum-product algorithm,” Vehicular Technology Conference, 2004. VTC2004-
Fall. 2004 IEEE 60th.

4) Goran M. Djuknic; Robert E. Richton, “Geolocation and assisted GPS,” Computer, VVolume 34, Issue 2, Feb
2001 Page(s):123 — 125.

KEYWORDS: Single antenna geolocation, antenna design, size and weight constraints, innovative geolocation
techniques, sufficient gain, broadband.

A06-111 TITLE: Compact Fast Tunning Direct Digital Synthesizer (DDS) Signal Generator for Electronics
Warfare (EW) Jammer Systems

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop a compact, fast tuning Direct Digital Synthesizer (DDS) signal generator that is smaller and
lower cost then existing units for use as mobile jammer.

DESCRIPTION: Modern EW applications & systems require a Direct Digital Synthesizer (DDS) signal generator
module that is faster, has a wider bandwidth, is more power efficient, and smaller than presently available units
today. This is especially true for mobile reactive jammer system designs where efficiency, size, and wide output
bandwidth on one card are of paramount importance. The development of such a sophisticated tuner technology
will greatly advance the EW industry in that it will create jammer applications that formerly were not possible.
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The advanced DDS signal generator module should be capable of generating signals from 1 MHz all the way up to 3
GHz. The Device should be packaged in a chassis no larger than 0.25 cubic feet and the DC power consumption
must be no greater than 5W. The tuning time between any two frequencies should be less than 3 microseconds and
the tuning frequency resolution must be better than 10 Hz. To minimize fratricide, the spurious levels must be better
than -40 dBc. Command and control must be high speed. The module must have a Built-In-Test capability and be
able to report results of those tests and must be capable of multiple synthesizer channels, all independently
controlled.

PHASE I: Provide a feasibility study for Compact Fast Tunning Direct Digital Synthesizer (DDS) Signal Generator
for Electronics Warfare (EW) Jammer Systems. Establish systems specifications for signal generator.

PHASE II: Design, build and demonstrate a prototype wideband tuner including the mechanical enclosures.
Wideband Tuner tests should be conducted in an environment emulating the intended applications of the tuner.
Generate a report showing the result and comparisons to the theoretical model and any deviations from expectations.

PHASE IlI: 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.

REFERENCES:

1) Direct Digital Frequency Synthesizers (DDS), Venceslav F. Kroupa.

2) Digital PLL Frequency Synthesizers, Theory and Design, Ulrich L. Rohde
3) DDS, Theory, Design and Applications, Jouko Vankka, Kari A. I. Halonen.

KEYWORDS: Electronic Warfare, Jammers, DDS, Radio Frequency, Mobile Jammers, Warlock, Fast Tuning,
Compact Package, Programmable, IED

A06-112 TITLE: Advanced Algorithms for Distributed Fusion (A2DF)

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop advanced multi-node, network-centric distributed fusion algorithms and the associated
information dissemination architecture/framework and techniques for the integration and synchronization of data
from multiple C41SR fusion systems within a distributed ad hoc networking environment. The developed software
would enable efficient sharing and synchronization of sensor fusion data from a variety of Army Intelligence,
Surveillance and Reconnaissance (ISR) systems/assets in a distributed network that would provide the Warfighters
at various echelons of command a cohesive and updated situational awareness (SA) on threat forces as part of the
Common Operational Picture (COP).

DESCRIPTION: In the modern Net-Centric battlefield, there is a need for the development of the next generation
intelligence decision support systems among distributed net-centric force structures to provide real-time, relevant
situational awareness of the threat forces based on fusion of ISR sensor data from all available sources, to include
data from on-board, off-board, and external sensors. To enhance the SA for the mobile commanders and
Warfighters, the heterogeneous information fusion in ad hoc networked and distributed environments needs to be
considered along with the data aggregation and association. Most of today’s advanced Army ISR systems have
“Local Fusion” and/or correlation being performed. This creates a complex problem when this data is shared to a
Net-Centric environment. The problems occur due to unique identification (ID) not being maintained without
understanding the original ‘data producer’ when there is a receipt of identical reports. Moreover, the problems
associated with the transportation of massive amounts of data from individual distributed systems to a centralized
fusion center may become the major bottlenecks.

Therefore, the development of innovative, robust, advanced fusion software algorithms and the associated fusion
system architecture and that specifically designed to enable C4ISR distributed fusion processes will be the goal of
this project. The A2FD software will be developed, implemented, evaluated and tested within a Systems-of-
Systems (SoS) modeling and simulation/stimulation environment to demonstrate the degree of scalability and
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robustness of the developed algorithms and associated architecture in performing fusion in a distributed network
environment.

PHASE I: Conduct a study on the Distribution Fusion concepts and identify issues (example: existing fusion
algorithms and their applicability in supporting the distributed fusion process, sensor data traffic load, sensor models
and Intel systems interfaces, simulation & stimulation environments, communication network: interruptions/delays,
node destruction, data management/distribution methodologies, message ID requirements and the effect on
distributed data networks, etc.) associated with the data fusion process and related architecture across C4ISR
network within realistic battle conditions. This effort will include: consideration of the factors that can affect the
minimum performance tradeoff for the overall system in the ad hoc distributed fusion system; explore and describe
issues (example: communications, processing, sensor and data, etc.) and solutions associated with the design of the
network in reference to the distributed fusion including reliability of links, capacity, etc.; perform analysis to
identify the fusion systems and fusion network definition and specify fusion systems for modeling and
environmental conditions (ad hoc, distributed, etc.); determine the methods and criteria for the performance
measurements.

PHASE IlI: Propose the technical approach and conceptual design at the top level of the software architecture and
development environment (software tools, interface requirements, specifications of input/output data, etc.) in
windows (laptop and desktop) based environment. Develop a prototype A2DF software to include: design the
Distributed Fusion algorithms and propose a variety of the distributed fusion architecture(s) with the analysis of the
performance cost-benefit tradeoff (data completeness and accuracy of the resulting pictures, computational and
bandwidth costs, etc.); develop and demonstrate the distributed fusion architecture and software prototype together
with the associated development and implementation of the required algorithms and the Graphical User Interface
(GUI); test and evaluate the proposed A2DF algorithm and software in a multi-node simulated distributed network
scenario. The preferred approach should include using a HLA (High Level Architecture) SoS simulation
/stimulation environment.

PHASE Il1I: In Phase 111, the prototype A2DF software will be enhanced in real-time performance and expanded for
functionality and scalability within the Army RDECOM Modeling Architecture for Technology Research and
Experimentation (MATREX) simulation environment with possible transition to key Army Acquisition programs
including Distributed Common Ground System-Army (DCGS-A), Future Combat Systems (FCS), and other Future
Force programs to be utilized across the Army echelons for threat red force situational awareness applications in
support of the mobile commanders and Warfighters. The developed A2DF software, techniques and methodologies
may be commercialized to support data fusion processes in ad hoc distributed networks for wireless
communications, disaster relief effort, law enforcement operations, etc.

REFERENCES:

1) Kumar R., Wolenetz M., Agarwalla B., Shin J., Hutto P., Arnald P. and Ramachandran U., “DFuse: A Framework
for Distributed Data Fusion”, 2003.

2) Joshi A., Batta R. and Nagi R., “Ad hoc sensor network topology design for distributed fusion: A mathematic
programming approach”, 2003.

KEYWORDS: Fusion, Distributed Fusion, Common Operational Picture (COP), ad hoc network, heterogeneous

information fusion, Net-Centric environment, C4ISR (Command Control Communications Computer Intelligence
Surveillance Reconnaissance) and situation awareness

A06-113 TITLE: Geometric Pairing (GP) of battlefield entities thru the Combat Net Radio System (CNRS)

TECHNOLOGY AREAS: Electronics
ACQUISITION PROGRAM: PEO Soldier
OBJECTIVE: Develop and evaluate an innovative and cost effective Combat Identification (CID) system that will

reduce fratricide, increase situational awareness (SA), and enhance combat effectiveness for Soldier-to-Soldier
based CID applications. System designs and development will employ signal triangulation techniques such as
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Geometric Pairing (GP) technology using Combat Net Radio Systems (CNRS) for determination of soldier position
on the battlefield.

DESCRIPTION: Joint, Allied and Coalition forces require a small and lightweight Combat Identification (CID)
system that can provide near real time responses for Soldier-to-Soldier identification. The CID system will utilize
Geometric Pairing (GP) or other potential triangulation techniques based on Global Position System (GPS) and
signal time of arrival to identify the location of battlefield entities. The algorithm is to be employed thru existing
Combat Net Radio Systems (CNRS) potentially using the radios themselves as sensors to triangulate individual
soldier’s position on the battlefield. Based on the time each soldier’s radio response is received by a net of radios
with known locations, the soldier’s position could be identified through traditional triangulation techniques. Laser
and GPS based geometric pairing systems are currently being utilized in simulated fire applications to determine
whether munitions impact their intended targets. Potentially these geometric pairing techniques could carry over to
develop an effective soldier-to-soldier CID solution.

The requirements of the CID system include the ability to provide location and identification of soldiers on the
battlefield who are either with or without a GPS receiver. The system must have the capability of determining the
location of soldiers in various terrain regions including: forest, Military Operations Urbanized Terrain (MOUT),
and desert. It is necessary for the triangulation algorithm to be transportable allowing for interface with other
communication systems promoting shared SA capability. Additionally the system should provide a means of
tracking entities either entering or leaving the battlefield along with providing an estimation or projection of an
entities future position based on their last know trajectory. Contractors should employ methods to reduce hardware
size and weight by incorporating advanced electronics and packaging designs as this technology must be carried by
dismounted soldiers.

PHASE I: The contractor shall develop an innovative concept for a CID system utilizing triangulation techniques
thru Combat Net Radios for soldier-to-soldier identification. Geometric Pairing should be investigated as a potential
method to meet the necessary criteria. The contractor shall perform a feasibility analysis of the design and
demonstrate its veracity through analysis, simulation, or other means. This analysis shall include, but not be limited
to: size, weight, power, sensors, waveforms, operational and other pertinent issues.

PHASE II: The contractor will develop a 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 | modeling efforts.

PHASE I1I: Technologies for friendly identification have a wide variety of application to commercial markets.
Personal identification technology such as this could be useful for law enforcement, homeland security, and
emergency response applications such as: firefighting and EMT situations. This system could provide a civilian
authority the ability to scan/interrogate an area to determine if any emergency personnel are present.

REFERENCES:

1) Coalition Combat Identification Advanced Concepts Technology Demonstration (CCID ACTD), June 2002,
CISC 2002, Pete Glikerdas, Gerardo J. Melendez, PhD, MAJ(P) Kirk T. Allen, & John G. Lalonde.

2) COMBAT IDENTIFICATION CONCEPTS AND CAPABILTIES FOR THE FUTURE ARMY, June 2002,
CISC 2002, Gerardo J. Melendez, Ph.D. & Panagiotis (Pete) Glikerdas.

3) Geo-Pairing Based Engagement Simulations for Shoulder-Fired Surface-to-Air Missiles, June 2001, John W.
Shockley, Virginia M. Gallagher, & James Y. Gilkey. <http://www.dfirst.com/documents/01E-SIW-075.pdf>

KEYWORDS: fratricide, combat identification, Geometric Pairing, Combat Net Radio Systems (CNRS)

A06-114 TITLE: Uncooled Long-Wave Infrared (LWIR) Hyperspectral Sensor

TECHNOLOGY AREAS: Electronics
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ACQUISITION PROGRAM: PEO Soldier

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 is to develop a compact, low cost, low power Long Wave Infrared (LWIR)
hyperspectral or multispectral sensor. This primary use for this sensor will be in the areas of urban warfare and
spectral threat detection. Targets will be located at relatively close range (< 1km). The sensor must be adaptable to
either ground to ground operations or low altitude unmanned aerial vehicle (UAV) surveillance operations.
Emphasis should be placed on using sensor technology that does not require cryogenic cooling. The sensor should
split up the LWIR spectrum into a minimum of 10 spectral bands. The noise equivalent spectral radiance (NESR) in
each band should be no greater than 1 microflick. If possible, temporal multi/hyperspectral data is desired. It is also
desired that the system covert from a standard imaging sensor to multi/hyperspectral sensor and back on demand.

DESCRIPTION: From buried land mine detection to basic chemical analysis, the possible applications for
hyperspectral imagery are just beginning to be explored. Thus far, several prototype hyperspectral systems have
been produced, each with its own strengths and weaknesses. This project will focus on the creation of a low cost,
low power LWIR multispectral or hyperspectral sensor. Therefore, the Army is seeking an innovative, low cost,
compact way to obtain a multi/hyperspectral LWIR data. By providing one or all functions of imaging, spectral and
temporal data, a single reconnaissance sensor system can support automated counter mine algorithms, aided target
cuing, Aided Target Recognition (AiTR) of difficult targets, flash detection and identification in complex/urban
areas to surgically attack foes, and spectral analysis of potential threat areas for counter Camouflage, Cover,
Concealment, Denial and Deception (CCCDD).

PHASE I: Design and demonstrate by analysis a new uncooled LWIR hyperspectral sensor. Determine physical and
performance specifications of the sensor such as: spectral range and resolution, field of view, and amount of
background radiation emitted to the system. If the component contains optical elements, determine by analysis the
amount of distortion (chromatic, keystone, curvilinear, coma, etc.) present in the design. If the design incorporates
an IR FPA, include estimates for the NETD, dark current, and spectral crosstalk if applicable. If the design can
switch between imaging and multi/hyperspectral modes, he proposal should include both modeled performance in
each case along with a description of the method of conversion between the two imaging modes The cost estimates
shall include the projected cost of a full hyperspectral imaging system. Comparison of proposed approach with
current hyperspectral technology is highly desirable.

PHASE II: Build, demonstrate, and deliver the hyperspectral sensor. Prior to delivery, characterize the performance
of the system and compare the results to the design calculations performed in Phase I.

PHASE Il11: Potential applications include sensors for urb