ARMY

SBIR 10.2 PROPOSAL SUBMISSION INSTRUCTIONS

The US 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 Web site:  https://www.armysbir.com/.

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, contact the Topic Authors listed for each topic in the Solicitation.  To obtain answers to technical questions during the formal Solicitation period, 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 (8:00 am to 5:00 pm ET).  Specific questions pertaining to the Army SBIR Program should be submitted to:
John Pucci
Program Manager, Army SBIR (Acting)
army.sbir@us.army.mil
US Army Research, Development, and Engineering Command (RDECOM)

ATTN: AMSRD-PPB

6000 - 6th Street, Suite 100

Fort Belvoir, VA 22060-5608
(703) 806-2085

FAX: (703) 806-0675

The Army participates in three DoD SBIR Solicitations 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.
SUBMISSION OF ARMY SBIR PROPOSALS
Army Phase I Proposals have a 20-page limit which includes the Proposal Cover Sheets (pages 1 and 2) and Technical Proposal (which begins on page 3 and may include: table of contents, pages left blank intentionally by you, references, letters of support, appendices, and all attachments).  Therefore, a Technical Proposal of up to 18 pages in length counts towards the overall 20-page limit.  ONLY the Cost Proposal and the Company Commercialization Report are excluded from the 20-pages.  Army Phase I Proposals submitted over 20-pages will be deemed NON-COMPLIANT and will not be evaluated. This statement takes precedence over section 3.4 of the general DoD solicitation instructions. Since proposals are required to be submitted in Portable Document Format (PDF), it is the responsibility of those submitting the proposal to ensure any PDF conversion is accurate and does not cause the proposal to exceed the 20-page limit.
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).  When submitting the mandatory Cost Proposal, the Army prefers that small businesses complete the Cost Proposal form on the DoD Submission site, versus submitting within the body of the uploaded proposal.  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 the proposal is selected for award, the DoD Component program will contact you for signatures.  If you experience problems uploading a proposal, call the DoD Help Desk 1-866-724-7457 (8:00 am to 5:00 pm ET).  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, II or III 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, samples, data, facilities, troops or recruits, and so forth, must all be arranged carefully. The few months available for a Phase I effort may preclude plans including these elements, unless coordinated before a contract is awarded.

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, they must be clearly identified. For foreign nationals, you must provide  technical resumes, country of origin and an explanation of the individual’s involvement. Please ensure no Privacy Act information is included in this submittal. 
No Class 1 Ozone Depleting Chemicals/Ozone Depleting Substances will be allowed for use in this procurement without prior Government approval.

Phase I Proposals must describe the "vision" or "end-state" of the research and the most likely strategy or path for transition of the SBIR project from research to an operational capability that satisfies one or more Army operational or technical requirements in a new or existing system, larger research program, or as a stand-alone product or service.

Every Phase I proposal will be reviewed for overall merit based upon the criteria in section 4.2 of this solicitation.
PHASE I OPTION MUST BE INCLUDED AS PART OF PHASE I PROPOSAL

The Army implemented the use of a Phase I Option that may be exercised to fund interim Phase I activities while a Phase II contract is being negotiated.  Only Phase I efforts selected for Phase II awards through the Army’s competitive process will be eligible to exercise the Phase I Option.  The Phase I Option, which must be included as part of the Phase I proposal, covers activities over a period of up to four months and should describe appropriate initial Phase II activities that may lead to the successful demonstration of a product or technology. The Phase I Option must be included within the 20-page limit for the Phase I proposal.
A firm‑fixed‑price or cost‑plus‑fixed‑fee Phase I Cost Proposal ($120,000 maximum) must be submitted in detail online. Proposers that participate in this Solicitation must complete the Phase I Cost Proposal not to exceed the maximum dollar amount of $70,000 and a Phase I Option Cost Proposal (if applicable) not to exceed the maximum dollar amount of $50,000.  Phase I and Phase I Option costs must be shown separately but may be presented side-by-side on a single Cost Proposal.  The Cost Proposal DOES NOT count toward the 20-page Phase I proposal limitation.
Phase I Key Dates

10.2 Solicitation Pre-release
April 21 – May 18, 2010

10.2 Solicitation Opens
May 19, 2010 – June 23, 2010

10.2 Solicitation Closes
June 23, 2010; 6:00 a.m. ET

Phase I Evaluations
June – August 2010

Phase I Selections
September 2010

Phase I Awards
October 2010*

*Subject to the Congressional Budget process

PHASE II PROPOSAL SUBMISSION

Army Phase II Proposals have a 40-page limit which includes the Proposal Cover Sheets (pages 1 and 2) and Technical Proposal (which begins on page 3 and may include: table of contents, pages left blank intentionally by you, references, letters of support, appendices, and all attachments).  Therefore, a Technical Proposal of up to 38 pages in length counts towards the overall 40-page limit.  ONLY the Cost Proposal and the Company Commercialization Report are excluded from the 40-pages.  Army Phase II Proposals submitted over 40-pages will be deemed NON-COMPLIANT and will not be evaluated. Since proposals are required to be submitted in Portable Document Format (PDF), it is the responsibility of those submitting the proposal to ensure any PDF conversion is accurate and does not cause the proposal to exceed the 40-page limit.
Note!  Phase II Proposal Submission is by Army Invitation only. 

For Phase II, no separate solicitation will be issued and no unsolicited proposals will be accepted.  Only those firms that were awarded Phase I contracts, and are successfully executing their Phase I efforts, will be invited to submit a Phase II proposal.  Generally, invitations to submit Phase II proposals will not be earlier than the 5th month of the Phase I effort.  The decision to invite a Phase II proposal will be made based upon the success of the Phase I contract to meet the technical goals of the topic, as well as the overall merit based upon the criteria in section 4.3.  DoD is not obligated to make any awards under Phase I, II, or III.  DoD is not responsible for any money expended by the proposer before award of any contract.   For specifics regarding the evaluation and award of Phase I or II contracts, please read the front section of this solicitation very carefully. Every Phase II proposal will be reviewed for overall merit based upon the criteria in section 4.3 of this solicitation.
Invited small businesses are required to develop and submit a technology transition and commercialization plan describing feasible approaches for transitioning and/or commercializing the developed technology in their Phase II proposal.  Army Phase II cost proposals must contain a budget for the entire 24 month Phase II period not to exceed the maximum dollar amount of $730,000.  During contract negotiation, the contracting officer may require a cost proposal for a base year and an option year.  These costs must be submitted using the Cost Proposal format (accessible electronically on the DoD submission site), and may be presented side-by-side on a single Cost Proposal Sheet.  The total proposed amount should be indicated on the Proposal Cover Sheet as the Proposed Cost. Phase II projects will 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.  Small businesses must submit (1) the Fast Track application within 150 days after the effective date of the SBIR phase I contract and (2) the Phase II proposal within 180 days after the effective date of its Phase I contract.
CONTRACTOR MANPOWER REPORTING APPLICATION (CMRA)

Accounting for Contract Services, otherwise known as Contractor Manpower Reporting Application (CMRA), 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 CMRA as part of the cost proposal for Phase I ($70,000 maximum), Phase I Option ($50,000 max), and Phase II ($730,000 max), under “CMRA Compliance” in Other Direct Costs. This is an estimated total cost (if any) that would be incurred to comply with the CMRA requirement. Only proposals that receive an award will be required to deliver CMRA reporting, i.e. if the proposal is selected and an award is made, the contract will include a deliverable for CMRA.

To date, there has been a wide range of estimated costs for CMRA.  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 CMRA as it applies to SBIR contracts.

· The Office of the Assistant Secretary of the Army (Manpower & Reserve Affairs) operates and maintains the secure CMRA System. The CMRA Web site is located here: https://cmra.army.mil/. 
· The CMRA requirement consists of the following 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) Contract number, including task and delivery order number;

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

(3) Estimated direct labor hours (including sub-contractors);

(4) Estimated direct labor dollars paid this reporting period (including sub-contractors);

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

(6) 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);

(7) 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 Web site);

· 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.

· According to the required CMRA 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 Web site.  The CMRA Web site also has a no-cost CMRA XML Converter Tool.

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.  CMRA 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 $500.00 annually, or to be included in overhead rates.

DISCRETIONARY TECHNICAL ASSISTANCE

In accordance with section 9(q) of the Small Business Act (15 U.S.C. 638(q)), the Army will provide technical assistance services to small businesses engaged in SBIR projects through a network of scientists and engineers engaged in a wide range of technologies. The objective of this effort is to increase Army SBIR technology transition and commercialization success thereby accelerating the fielding of capabilities to Soldiers and to benefit the nation through stimulated technological innovation, improved manufacturing capability, and increased competition, productivity, and economic growth.

The Army has stationed Technical Assistance Advocates (TAAs) in five regions across the Army to provide technical assistance to small businesses that have Phase I and Phase II projects with the participating organizations within their regions. 

For more information go to: http://www.armysbir.com/sbir/taa_desc.htm.

COMMERCIALIZATION PILOT PROGRAM (CPP)

In FY07, the Army initiated a CPP with a focused set of SBIR projects.  The objective of the effort was to increase Army SBIR technology transition and commercialization success and accelerate the fielding of capabilities to Soldiers.  The ultimate measure of success for the CPP is the Return on Investment (ROI), i.e. the further investment and sales of SBIR Technology as compared to the Army investment in the SBIR Technology.  The CPP will: 1) assess and identify SBIR projects and companies with high transition potential that meet high priority requirements; 2) provide market research and business plan development; 3) match SBIR companies to customers and facilitate collaboration; 4) prepare detailed technology transition plans and agreements; 5) make recommendations and facilitate additional funding for select SBIR projects that meet the criteria identified above; and 6) track metrics and measure results for the SBIR projects within the CPP.  

Based on its assessment of the SBIR project’s potential for transition as described above, the Army will utilize a CPP investment fund of SBIR dollars targeted to enhance ongoing Phase II activities with expanded research, development, test and evaluation to accelerate transition and commercialization.  The CPP investment fund must be expended according to all applicable SBIR policy on existing Phase II contracts.  The size and timing of these enhancements will be dictated by the specific research requirements, availability of matching funds, proposed transition strategies, and individual contracting arrangements.

NON-PROPRIETARY SUMMARY REPORTS

All award winners must submit a non-proprietary summary report at the end of their Phase I project and any subsequent Phase II project. The summary report is unclassified, non-sensitive, and non-proprietary and should include:

· A summation of Phase I results

· A description of the technology being developed

· The anticipated DoD and/or non-DoD customer

· The plan to transition the SBIR developed technology to the customer

· The anticipated applications/benefits for government and/or private sector use

· An image depicting the developed technology

The non-proprietary summary report should not exceed 700 words, and is intended for public viewing on the Army SBIR/STTR Small Business area.  This summary report is in addition to the required final technical report and should require minimal work because most of this information is required in the final technical report.   The summary report shall be submitted in accordance with the format and instructions posted within the Army SBIR Small Business Portal at http://www.armysbir.com/smallbusinessportal/Firm/Login.aspx and is due within 30 days of the contract end date. 

ARMY SUBMISSION OF FINAL TECHNICAL REPORTS

A final technical report is required for each project.  Per DFARS clause 252.235-7011
(http://www.acq.osd.mil/dpap/dars/dfars/html/current/252235.htm#252.235-7011), each contractor shall (a) submit two copies of the approved scientific or technical report delivered under the contract to the Defense Technical Information Center, Attn:  DTIC-O, 8725 John J. Kingman Road, Fort Belvoir, VA  22060-6218; (b) Include a completed Standard Form 298, Report Documentation Page, with each copy of the report; and (c) For submission of reports in other than paper copy, contact the Defense Technical Information Center or follow the instructions at http://www.dtic.mil.

ARMY SBIR PROGRAM COORDINATORS (PC) and Army SBIR 10.2 Topic Index

Participating Organizations
PC
Phone

Aviation and Missile RD&E Center (Aviation)
PJ Jackson
(757) 878-5400
A10-033

Non-Metallic/Metallic Debris Sensor

A10-034

Unmanned Aerial Vehicle (UAV) Engine Innovative and Durable Sealing Techniques for

Increased Power and Efficiency

A10-035

Fatigue Resistant Martensitic Steel for Rotorcraft Drive Train Components

A10-036

Miniature Flash LIDAR for Helicopter UAV Obstacle Field Navigation and Landing Site

Selection in Complex Urban Environments

A10-037

Active Terahertz Imager for Covert Navigation Assist

A10-038

Integrating Fibre Channel and EIA-422 for Weapon System Communications

Armaments RD&E Center (ARDEC)
   Carol L’Hommedieu
(973) 724-4029
A10-039

Modular Targeting, Prosecution and Effects Delivery Payloads for Small Unmanned Air Vehicles

A10-040

Closed-Loop Fire Control (CLFC) for Small Caliber Weapons

A10-041

Novel Multifunctional Lightweight Nanocomposites

A10-042

Cross-compatible cartridge case for orthodox or rarefaction wave gun firing

A10-043

Innovative Polarized Navigation Reference

A10-044

Innovative Nitrogen-doped Boron Nanotubes/Nanofibers Propellants
A10-045

Novel Directed Energy Propagation Methods for Extended Range Operation

A10-046

High Rate High Energy Storage Devices

A10-047

Propulsion System for Confined Space Projectile Launchers

A10-048

Multi-shot EOD Disrupter for Robotic Applications

A10-049

Reactive Materials with Reduced ESD Sensitivity

A10-050

Application of Nanothermite based Modified Composition as Propellant Initiator

A10-051

Novel Combustible Polymer Cased Small Arms Ammunitions

A10-052

Innovative Heavy-lifting Manipulators for EOD Robots

A10-053

Nanostructured Magnesium Composites for Lightweight, Structural Applications

A10-054

Innovative Non-conventional Imaging Technology for Situational Awareness

A10-055

A large field-of-view and high resolution camera in a small form factor

A10-056

Affordable GPS-independent Precision Munitions

Army Research Laboratory
Mary Cantrill
(301) 394-3492
A10-057

Dynamic Conditioning of Projectiles for Ultra-Lightweight Armor Applications

A10-058

Development of a Two Color Polarimetric Forward Looking Infrared (FLIR) Camera System

A10-059

E-Field Warhead & Projectile Technology

A10-060

Fabrication of High-Strength, Lightweight Metals for Armor and Structural Applications

A10-061

Formation of large single crystals of aluminum oxynitride (AlON) ceramic

A10-062

Inexpensive Large Scale Manufacturing of High Specific Modulus and Strength Ceramic Fibers

A10-063

Cast Encapsulation of Unfinished Ceramic Armor Tiles

A10-064

Light Weight Electric and Magnetic-Field Sensors for Unmanned Aerial Vehicles

A10-065

Probabilistic Forecasting for Aviation Decision Aid Applications

A10-066

Neurological Simulator for Applied Data Collection

A10-067

Programmable Multichannel RF Filter-Equalizer

A10-068

Low Cost Carbon Fluoride Materials for Lithium Batteries

A10-069

Compact, Rugged and Ultrafast Femtosecond Laser for Hazardous Material Detection at Range

A10-070

Compact Light Weight Sulfur Sensor for JP-8 Fuel

A10-071

Profile Feature Extractor (PFx) Sensor Component for Persistent ISR Applications

A10-072

Soldier Adaptability/Human Dimension: Knowledge Management Framework for

Network Centric Operations

Army Research Office
Roger Cannon
(919) 549-4278

A10-073

Multisensory Navigation and Communications System

A10-074

Universal Bio-Sample Preparation Module

A10-075

Widely-Tunable Distributed-feedback Mid-Infrared Laser for Standoff Chemical Detection

A10-076

Terahertz Emitter Based on Frequency Mixing in Microchip Solid-State Laser Cavity

A10-077
Energy-Dense Hydrocarbons from Eukaryotic Microorganisms
U.S. Army Test & Evaluation Command
                        Nancy Weinbrenner
(410) 278-5688


                    Michael Orlowicz             
(410) 278-1494
A10-078

Compact, High Intensity, Low Cost, Free Standing Illumination Sources 

A10-079

Smart Body Armor Active Protection System

A10-080
Formulation and Production of Novel Barrier Materials
Communication Electronics Command
                Suzanne Weeks
(732) 427-3275
A10-081

Novel Passive Low Light Level Solid State Imager Development

A10-082

Active Closed Loop Infrared Countermeasures (CLIRCM) Sensor for Rotary Wing Aircraft

A10-083

Multi-Threat Passive Detection for Aircraft Survivability Equipment (MTD-ASE)

A10-084

Wall Characteristic Extraction for Through Wall Radar Systems

A10-085

Scenario Based Modeling of Electronic Systems

A10-086

Spectroscopic Home Made Explosive Detector

A10-087

Identification Based on Individual Scent (IBIS)

A10-088

Forensic Facial Image Analysis providing 3D Mapping, Metatagging, Comparative Operation and

Search System

A10-089

Tactical Counter Concealment Aerial Sensors Electronic Protection (TC-CAS EP)

A10-090

Visualization Tools for Causal Data Mining

A10-091

Adversarial Reasoning for Combined Unmanned Aerial Systems (UASs) and Unmanned Ground

Vehicles (UGVs)

A10-092

Contextual Framework for Command and Control Decision Making

A10-093

Intelligent Human Motion Detection Sensor

A10-094

Advanced Thermoelectric Milli-Power Source

A10-095

Consistent Visualization Across Battle Command Systems

A10-096

Use of Nanotechnology to Enhance Power and Energy System Performance

A10-097

Enhanced Field Expedient Body Wearable Antenna

A10-098

Adapterless Information Consolidation

A10-099

Solid Hydrogen Fuel Cartridges

A10-100

Standoff-Biometric for Non-Cooperative Moving Subjects

A10-101

Repeatable Virtualization of Intelligence, Surveillance & Reconnaissance (ISR) System Servers 

A10-102

Low Cost High Assurance Separation Kernel

A10-103

Integrated Counter-Mine/Improvised Explosive Device (IED) and Command and Control (C2)

Capabilities

A10-104

Human Signature Collection and Exploitation via Stand-Off Non-Cooperative Sensing 

A10-105

Heuristic-based Prognostic and Diagnostic Methods to Enhance Intelligent Power Management

for Tactical Electric Power Generator Sets

Engineer Research & Development Center           
            Theresa Salls
(603) 646-4591
A10-106

Modeling of concrete failure under blast and fragment loading

A10-107

Development of a user model and information system for multi-tiered approaches for modeling

and predicting attributes of engineered nanomaterials

A10-108

Developing Capabilities for the Visualization and Analysis of Qualitative Data within Geographic

Information Systems

A10-109

Sustainable Materials to Reduce Heat Signatures of Base Camps

A10-110

Development of a desktop application to integrate tools and databases for environmentally-



important chemical aspects of military compounds

A10-111

Non-rotating Wind Energy Generation

A10-112
Multiple Mode Structural Health Monitoring System for Equipment and Facilities
JPEO Chemical and Biological Defense                
             Larry Pollack  
(703) 767-3307
A10-113

Electronic Sensing Fiber Scaffold Sensor

A10-114

Monolithic tunable diode laser absorption spectrometer

Medical Research and Materiel Command 
JR Myers
(301) 619-7377


              Dawn Rosarius
(301) 619-3354
A10-115

Manufacturing Development of Biomimetic Tissue Engineering Scaffolds

A10-116

Miniaturized Fluidic Chip for Impedance Monitoring of Vertebrate Cells

A10-117

Manufacturing Development of Allogeneic Stem Cells in Clinical Settings

A10-118

Differentiation of Leishmania in the Sand Fly Vector

A10-119
Ultrafast Fiber Lasers Smart Surgical Tool Development
Program Executive Office Ammunition
                   Vince Matrisciano
(973) 724-2765
A10-120

Laser Vibrometry Detection of SBIEDs

A10-121

DIm and Imperceptible Tracer Ammunition Product Development

Program Executive Office Aviation
         Dave Weller 
(256) 313-4975
A10-122

Lightweight EMI Resistant Wiring Solutions

Program Executive Office Combat Support & Combat
Service Support
Robert LaPolice
(586) 909-9945
A10-123
Ultrastrong Dual Use Nanocomposite Materials for Blast and Transparent Armor
Program Executive Office Ground Combat Systems
Jim Muldoon
(586) 770-3513


Peter Haniak
(586) 574-8671
A10-124

Lithium Ion Batteries with Wide Operating Temperature Range

A10-125
Plug & Play Integrated Hybrid Power System for Humanoid Robot
Program Executive Office Integration
        Fran Rush
(703) 676-0124


             Philip Hudner
(703) 676-0082
A10-126

Reduction of vehicle display-induced motion sickness

Program Executive Office Missiles and Space
                George Burruss
(256) 313-3523


                      Carol Tucker
(256) 876-5372
A10-127

Advanced Materials and Manufacturing for Lightweight, Low Cost Seeker Gimbals

A10-128
Missile Based Deployment System
Program Executive Office Soldier
             John Houston
(703) 704-3309


                TJ Junor
(703) 704-2856
A10-129
MTBI Protective Mandibular Appliance
Space and Missiles Defense Command
Denise Jones
(256) 955-0580
A10-130

USB Firewall for Direct Connect USB Cyber Warfare Protection

A10-131

Compact Efficient Electrically Small Broadband Antennas

Tank Automotive RD&E Center
Jim Mainero
(586) 282-8646
A10-132

High Temperature Silicon Carbide (SiC) Gate Driver

A10-133

Power regenerative suspension systems

A10-134

JP-8 Hydraulic Power System for Legged Robot

A10-135

High Mobility Robotic Platform with Active Articulated Suspension

A10-136

Scalable technology for military and humanitarian water purification applications

A10-137

Real Time Thermal Mapping Techniques for Elastomeric Track Components

A10-138

Development of Super-Capacitor with Improved Energy Density

A10-139

Lithium Air Rechargeable Battery

A10-140

Rapidly Deployable Thin Film Camouflage

A10-141

Acoustic Signature Self Monitoring System

A10-142

Hands-Free and Heads-Up Control of Unmanned Ground Vehicles

A10-143

Perception for Persistent Surveillance with Unmanned Ground Vehicles

A10-144

Urban Time-to-Detect Simulator for Vehicle-Developers

A10-145
Reduce Thermal/Signature Analysis Cycle Times
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 I 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 II 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 3.5 of the Solicitation.
____
4. Army Phase I Proposals have a 20-page limit which includes the Proposal Cover Sheets (pages 1 and 2) and Technical Proposal (which begins on page 3 and may include: table of contents, pages left blank intentionally by you, references, letters of support, appendices, and all attachments).  Therefore, the Technical Proposal up to 18 pages in length counts towards the overall 20-page limit.  ONLY the Cost Proposal and the Company Commercialization Report are excluded from the 20-pages.  Army Phase I Proposals submitted over 20-pages will be deemed NON-COMPLIANT and will not be evaluated. This statement takes precedence over section 3.4 of the general DoD solicitation instructions. Since proposals are required to be submitted in Portable Document Format (PDF), it is the responsibility of those submitting the proposal to ensure any PDF conversion is accurate and does not cause the proposal to exceed the 20-page limit.
____
5.  The Cost Proposal has been completed and submitted for both the Phase I and Phase I Option (if applicable) and the costs are shown separately.  The Army prefers that small businesses complete the Cost Proposal form on the DoD Submission site, versus submitting within the body of the uploaded proposal.  The total cost should match the amount on the cover pages.

____
6.  Requirement for Army Accounting for Contract Services, otherwise known as CMRA 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.  The Phase I Proposal describes the "vision" or "end-state" of the research and the most likely strategy or path for transition of the SBIR project from research to an operational capability that satisfies one or more Army operational or technical requirements in a new or existing system, larger research program, or as a stand-alone product or service.

____
10.  If applicable, Foreign Nationals are identified in the proposal. An employee must have an 

H-1B Visa to work on a DoD contract.
Army SBIR 10.2 Topic Index
A10-033

Non-Metallic/Metallic Debris Sensor

A10-034

Unmanned Aerial Vehicle (UAV) Engine Innovative and Durable Sealing Techniques for

Increased Power and Efficiency

A10-035

Fatigue Resistant Martensitic Steel for Rotorcraft Drive Train Components

A10-036

Miniature Flash LIDAR for Helicopter UAV Obstacle Field Navigation and Landing Site

Selection in Complex Urban Environments

A10-037

Active Terahertz Imager for Covert Navigation Assist

A10-038

Integrating Fibre Channel and EIA-422 for Weapon System Communications

A10-039

Modular Targeting, Prosecution and Effects Delivery Payloads for Small Unmanned Air Vehicles

A10-040

Closed-Loop Fire Control (CLFC) for Small Caliber Weapons

A10-041

Novel Multifunctional Lightweight Nanocomposites

A10-042

Cross-compatible cartridge case for orthodox or rarefaction wave gun firing

A10-043

Innovative Polarized Navigation Reference

A10-044

Innovative Nitrogen-doped Boron Nanotubes/Nanofibers Propellants
A10-045

Novel Directed Energy Propagation Methods for Extended Range Operation

A10-046

High Rate High Energy Storage Devices

A10-047

Propulsion System for Confined Space Projectile Launchers

A10-048

Multi-shot EOD Disrupter for Robotic Applications

A10-049

Reactive Materials with Reduced ESD Sensitivity

A10-050

Application of Nanothermite based Modified Composition as Propellant Initiator

A10-051

Novel Combustible Polymer Cased Small Arms Ammunitions

A10-052

Innovative Heavy-lifting Manipulators for EOD Robots

A10-053

Nanostructured Magnesium Composites for Lightweight, Structural Applications

A10-054

Innovative Non-conventional Imaging Technology for Situational Awareness

A10-055

A large field-of-view and high resolution camera in a small form factor

A10-056

Affordable GPS-independent Precision Munitions

A10-057

Dynamic Conditioning of Projectiles for Ultra-Lightweight Armor Applications

A10-058

Development of a Two Color Polarimetric Forward Looking Infrared (FLIR) Camera System

A10-059

E-Field Warhead & Projectile Technology

A10-060

Fabrication of High-Strength, Lightweight Metals for Armor and Structural Applications

A10-061

Formation of large single crystals of aluminum oxynitride (AlON) ceramic

A10-062

Inexpensive Large Scale Manufacturing of High Specific Modulus and Strength Ceramic Fibers

A10-063

Cast Encapsulation of Unfinished Ceramic Armor Tiles

A10-064

Light Weight Electric and Magnetic-Field Sensors for Unmanned Aerial Vehicles

A10-065

Probabilistic Forecasting for Aviation Decision Aid Applications

A10-066

Neurological Simulator for Applied Data Collection

A10-067

Programmable Multichannel RF Filter-Equalizer

A10-068

Low Cost Carbon Fluoride Materials for Lithium Batteries

A10-069

Compact, Rugged and Ultrafast Femtosecond Laser for Hazardous Material Detection at Range

A10-070

Compact Light Weight Sulfur Sensor for JP-8 Fuel

A10-071

Profile Feature Extractor (PFx) Sensor Component for Persistent ISR Applications

A10-072

Soldier Adaptability/Human Dimension: Knowledge Management Framework for

Network Centric Operations

A10-073

Multisensory Navigation and Communications System

A10-074

Universal Bio-Sample Preparation Module

A10-075

Widely-Tunable Distributed-feedback Mid-Infrared Laser for Standoff Chemical Detection

A10-076

Terahertz Emitter Based on Frequency Mixing in Microchip Solid-State Laser Cavity

A10-077

Energy-Dense Hydrocarbons from Eukaryotic Microorganisms

A10-078

Compact, High Intensity, Low Cost, Free Standing Illumination Sources 

A10-079

Smart Body Armor Active Protection System

A10-080

Formulation and Production of Novel Barrier Materials
A10-081

Novel Passive Low Light Level Solid State Imager Development

A10-082

Active Closed Loop Infrared Countermeasures (CLIRCM) Sensor for Rotary Wing Aircraft

A10-083

Multi-Threat Passive Detection for Aircraft Survivability Equipment (MTD-ASE)

A10-084

Wall Characteristic Extraction for Through Wall Radar Systems

A10-085

Scenario Based Modeling of Electronic Systems

A10-086

Spectroscopic Home Made Explosive Detector

A10-087

Identification Based on Individual Scent (IBIS)

A10-088

Forensic Facial Image Analysis providing 3D Mapping, Metatagging, Comparative Operation and

Search System

A10-089

Tactical Counter Concealment Aerial Sensors Electronic Protection (TC-CAS EP)

A10-090

Visualization Tools for Causal Data Mining

A10-091

Adversarial Reasoning for Combined Unmanned Aerial Systems (UASs) and Unmanned Ground

Vehicles (UGVs)

A10-092

Contextual Framework for Command and Control Decision Making

A10-093

Intelligent Human Motion Detection Sensor

A10-094

Advanced Thermoelectric Milli-Power Source

A10-095

Consistent Visualization Across Battle Command Systems

A10-096

Use of Nanotechnology to Enhance Power and Energy System Performance

A10-097

Enhanced Field Expedient Body Wearable Antenna

A10-098

Adapterless Information Consolidation

A10-099

Solid Hydrogen Fuel Cartridges

A10-100

Standoff-Biometric for Non-Cooperative Moving Subjects

A10-101

Repeatable Virtualization of Intelligence, Surveillance & Reconnaissance (ISR) System Servers 

A10-102

Low Cost High Assurance Separation Kernel

A10-103

Integrated Counter-Mine/Improvised Explosive Device (IED) and Command and Control (C2)

Capabilities

A10-104

Human Signature Collection and Exploitation via Stand-Off Non-Cooperative Sensing 

A10-105

Heuristic-based Prognostic and Diagnostic Methods to Enhance Intelligent Power Management

for Tactical Electric Power Generator Sets

A10-106

Modeling of concrete failure under blast and fragment loading

A10-107

Development of a user model and information system for multi-tiered approaches for modeling

and predicting attributes of engineered nanomaterials

A10-108

Developing Capabilities for the Visualization and Analysis of Qualitative Data within Geographic

Information Systems

A10-109

Sustainable Materials to Reduce Heat Signatures of Base Camps

A10-110

Development of a desktop application to integrate tools and databases for environmentally-



important chemical aspects of military compounds

A10-111

Non-rotating Wind Energy Generation

A10-112

Multiple Mode Structural Health Monitoring System for Equipment and Facilities 

A10-113

Electronic Sensing Fiber Scaffold Sensor

A10-114

Monolithic tunable diode laser absorption spectrometer

A10-115

Manufacturing Development of Biomimetic Tissue Engineering Scaffolds

A10-116

Miniaturized Fluidic Chip for Impedance Monitoring of Vertebrate Cells

A10-117

Manufacturing Development of Allogeneic Stem Cells in Clinical Settings

A10-118

Differentiation of Leishmania in the Sand fly Vector

A10-119

Ultrafast Fiber Lasers Smart Surgical Tool Development

A10-120

Laser Vibrometry Detection of SBIEDs

A10-121

DIm and Imperceptible Tracer Ammunition Product Development

A10-122

Lightweight EMI Resistant Wiring Solutions

A10-123

Ultrastrong Dual Use Nanocomposite Materials for Blast and Transparent Armor

A10-124

Lithium Ion Batteries with Wide Operating Temperature Range

A10-125

Plug & Play Integrated Hybrid Power System for Humanoid Robot

A10-126

Reduction of vehicle display-induced motion sickness

A10-127

Advanced Materials and Manufacturing for Lightweight, Low Cost Seeker Gimbals

A10-128

Missile Based Deployment System

A10-129

MTBI Protective Mandibular Appliance

A10-130

USB Firewall for Direct Connect USB Cyber Warfare Protection

A10-131

Compact Efficient Electrically Small Broadband Antennas

A10-132

High Temperature Silicon Carbide (SiC) Gate Driver

A10-133

Power regenerative suspension systems

A10-134

JP-8 Hydraulic Power System for Legged Robot

A10-135

High Mobility Robotic Platform with Active Articulated Suspension

A10-136

Scalable technology for military and humanitarian water purification applications

A10-137

Real Time Thermal Mapping Techniques for Elastomeric Track Components

A10-138

Development of Super-Capacitor with Improved Energy Density

A10-139

Lithium Air Rechargeable Battery

A10-140

Rapidly Deployable Thin Film Camouflage

A10-141

Acoustic Signature Self Monitoring System

A10-142

Hands-Free and Heads-Up Control of Unmanned Ground Vehicles

A10-143

Perception for Persistent Surveillance with Unmanned Ground Vehicles

A10-144

Urban Time-to-Detect Simulator for Vehicle-Developers

A10-145

Reduce Thermal/Signature Analysis Cycle Times

Army SBIR 10.2 Topic Descriptions
A10-033

TITLE: Non-Metallic/Metallic Debris Sensor
TECHNOLOGY AREAS: Air Platform, Materials/Processes, Sensors, 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: Develop a non-metallic/metallic oil debris monitoring sensor for use on rotorcraft transmissions and turboshaft engines. 

DESCRIPTION: The use of hybrid ceramic bearings has significant benefits for use in rotorcraft transmissions and turboshaft engines.  The hybrid ceramic bearings have silicon nitride rolling elements with metallic races.  These bearings offer the advantage of longer life, less weight, and improved safety over steel bearings in certain applications.  To utilize hybrid ceramic bearings in rotorcraft, it is desired to have a sensor capable of detecting debris from both the ceramic elements and the metallic races.  Detection of bearing debris and characterization of the debris provides indication of bearing health and supports the Army’s goal to transition to condition-based maintenance (CBM).  Commercially available oil debris sensors can detect metallic debris (ferrous and non-ferrous) but cannot accurately detect non-metallic debris.  Therefore, development and commercialization of a reliable oil debris monitoring system for both non-metallic and metallic debris is necessary to support the Army’s CBM objective for hybrid-ceramic bearings.

Desired characteristics of the oil debris sensor are as follows.  The sensor should be able to detect non-metallic and metallic (ferrous and non-ferrous) debris.  It should be able to distinguish between debris and air bubbles in the oil.  The system must characterize the debris, particle sizes, total mass of debris, record the sensor data, and provide data output to the aircraft’s health and usage monitoring system (HUMS) via RS232, ARINC 429 or CAN BUS.  The sensor shall be capable of handling oil temperatures to 350 degrees F.  Electronics shall have an operating range of -40 to 185 degrees F.  Objective system weight is 1.5 pounds.  The sensor shall also provide algorithms to assess the health of bearings based on the oil debris data.

Other desired attributes to consider for phase III are (1) impact per Mil-Std 810F, Method 516.5; (2) vibration requirements of Mil-Std 810F, Method 514.5; (3) acceleration per Mil-Std 810F, Method 513.5; (4) altitude per Mil-Std 810F, Method 500.4; (5) rain per Mil-Std 810F, Method 506.4; (6) fungus per Mil-Std 810F, Method 508.5; (7) humidity per Mil-Std 810F, Method 507.4; (8) salt spray/fog per Mil-Std 810F, Method 509.4; (9) sand/dust per Mil-Std 810F, Method 510.4; (10) fluid susceptibility per Mil-Std 810F, Method 504; and (11) electromagnetic interference (EMI) per Mil-Std 461E as modified by ADS-37A-PRF Table 1.

PHASE I: Develop and conduct a feasibility demonstration of the proposed oil debris sensor system technology on a laboratory scale.  The overall system must be able to produce accurate detection of debris using a bench top setup and include algorithms to characterize the debris, particle sizes, and total mass of debris.  This phase should demonstrate key technologies for the sensor concept.

PHASE II: Further design and develop the proposed oil debris monitoring system, preferably coordinating with an airframe or turboshaft engine manufacturer, to fully validate the operating characteristics and performance in a relevant demonstration environment (full-scale components in a rig test).  The design and demonstration should provide interfaces to an aircraft HUMS for download of the data and user interfaces for data and diagnostic algorithms of bearing health.  

PHASE III: Develop final production configuration and qualify to military standards listed in the description.  The technology is applicable to both military and commercial rotorcraft transmissions and turboshaft engines. The system will support improved aircraft safety and allow scheduling of oil samples based on indicated need versus time usage, thus reducing maintenance burden. As this technology matures it can be transition to other applications for transmissions and turboshaft engines. Presently within the Army there are both ground and air vehicles using turboshaft engines/transmissions, and many more throughout the DoD force.

REFERENCES: 

1. MIL-STD-810F, DOD Test Method Standard for Environmental Engineering Considerations and Laboratory Tests, 1 January 2000.

2. MIL-STD-461E, DOD Interface Standard Requirements for the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment, 20 August 1999.

3. ASD-37A-PRF, Electromagnetic Environmental Effects (E3) Performance and Verification Requirements, 28 May 1996.

KEYWORDS: Oil Debris, Monitoring, Condition-Based Maintenance

A10-034

TITLE: Unmanned Aerial Vehicle (UAV) Engine Innovative and Durable Sealing Techniques for
Increased Power and Efficiency
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: Develop and/or demonstrate durable, innovative engine combustion area/hot section sealing techniques that will overcome sealing losses associated with loss of power and efficiency relative to any variety of Unmanned Aerial Vehicle (UAV) heavy fuel engines in the 30 to 150 horsepower class to include but not be limited to turbine, rotary, reciprocating, and non-standard (experimental and non-production) types.

DESCRIPTION: It is well known that loss of power and efficiency in internal combustion engines can be a direct result of combustion area (and associated surrounding areas in turbine engines) losses. By minimizing these losses, power and efficiency can be greatly improved. This effort seeks to establish implementation of novel sealing methods/materials to minimize these losses for a candidate engine (30 to 150 horsepower class heavy fuel engine selected by offerer) and derived estimates of improvements to power and efficiency. Dependent upon the engine/engine cycle selected, it is anticipated that this sealing technology would be applicable to combustion pressures in the 8:1 up to 30:1 compression ratio (up to 6:1 pressure ratio for turbine engines) and up to 2500 degree farenheit combustion temperatures. Proposed sealing techniques must also be durable, long life designs which retain good sealing throughout the life of the engine.

Some examples of these losses are as follows:

Reciprocating Engines: Piston ring blowby, piston ring gap losses, valve/valve seat interface leakage. Ring sealing continues to be an area of ever changing technology. Frictional losses both by the pistons and rings as well as crankcase pressure build-up are known power and efficiency robbers.

Rotary Engines: Apex seal leakage and failure, case leakage. Rotary engines Achilles heel are the apex seals. Wear at higher horsepower to weight ratios continues to be a problem and detract from the reliability and longevity of the engines especially in heavy fuel variants required by the military.

Turbine Engines: For small turbine engines, hot section sealing requirements involve improved sealing of the turbine blades with advanced shroud designs (minimize blade-to-shroud clearance while retaining durability) and durable sealing techniques to improve air to oil sealing of hot bearing sumps in order to minimize use of secondary air flow (which produces a loss to the cycle) for sump pressurization. 

Experimental and Non-Standard: Apex seals, sealing vanes. There are numerous experimental concept engines in existence that are either variants on the pistonless rotary concept or are totally in a design class all by themselves. Invariably though, they all must compress an air/fuel mixture in a sealed or momentarily sealing combustion area. Any pressure losses in this area due to insufficient sealing adds to efficiency and power losses.

PHASE I: Offerer will investigate methods and materials required for improved combustion area/hot section sealing for a selected engine. Implementation of said concept(s) should be well thought out. Laboratory testing of coupon samples or small scale application is encouraged. Based on analysis and testing, a quantifiable measure of improvement to efficiency and power shall be presented.

PHASE II: Offerer will apply the methods/materials developed in Phase I to a full scale selected engine. Rig testing and data acquisition will be conducted to determine the actual benefits derived from the improved sealing. Offerer will demonstrate the durability/life capability, validity and versatility of the sealing concept/technique and its ability to be utilized on a large scale production basis. 

PHASE III: Offerer will make any final adjustments to the product and look towards mass producing, on a small scale basis, the product and applications of the product to a small engine fleet for long term field evaluation. This will serve to finalize the products final form as well as to validate the life and realized benefits of the product.

DUAL USE APPLICATIONS:  This technology is applicable to both military and civilian uses as well as commercial aviation markets. The automobile industry could potentially benefit greatly from this technology with the additional derived benefit of lower vehicle emissions.

REFERENCES: 

1. Car Craft Magazine-Piston and Ring Technology-by Marlon Davis and various manufacturers (www.carcraft.com/.../piston_ring_technology/index.html)

2. Advances in Piston Ring technology-by Larry Carley-June 1, 2006. (www.underhoodservice.com)

3. Experimental and Analytical Study of Ceramic Coated Tip Shroud Seals for Small Turbine Engines-Jan 1985-USAAVSCOM TR 84-C-19 and NASA TM 86881

4. The Development of a Stratified Charge Rotary Engine Apex Seal Material, February 1991,by G S Revankar-Deere and Co. Document No. 910627

5. The Impact of Oil and Sealing Airflow, Chamber Pressure, Rotor Speed, and Axial Load on the Power Consumption in an Aeroengine Bearing Chamber, Journal of engineering for Gas Turbines and Power-January 2005, Issue 1, 182, By Michael Flouros

KEYWORDS: Combustion area sealing, hot section sealing, apex seals, vane seals, piston and ring technology

A10-035

TITLE: Fatigue Resistant Martensitic Steel for Rotorcraft Drive Train Components
TECHNOLOGY AREAS: Air Platform, 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: This topic seeks to increase the high cycle bending and contact fatigue strength of case carburized martensitic steels for use in rotorcraft drive system components through the development of manufacturing processes that significantly reduce the ability of base metal inclusions to serve as crack initiation sites.

DESCRIPTION: Improvements in power density (horsepower/lb) of rotorcraft drive trains is critical to increased performance of the total aircraft. The fatigue strength of mechanical elements such as gears, shafts and bearings typically sizes these components. These components are typically manufactured from high strength case carburized martensitic steel. AMS 6265 is a commonly used aerospace gear material with a moden high cleanliness rating. Bending fatigue endurance strength for this alloy in the carburized, quenched and shotpeened condition is typically 175ksi. Contact stress allowables of 275 ksi are also typical of this material. The steels currently in use are typically double vacuum melted (sometimes triple melted) to reduce impurities and forged to enhance the grain structure. To enhance the fatigue strength, shot peening is often applied to critical areas as a final process. Numerous factors affect the fatigue resistance of carburized steel. They include hardness, residual stress, surface finish, microstructure, grain size, globular and network carbides, intergranular oxidation, microcracking, and the presence of retained austenite. Many of these factors interact to influence wear and fatigue performance. It is well known that subsurface crack initiation often occurs at primary non-metallic inclusions in high strength steels. These inclusions promote stress concentration and act as fatigue crack nucleation sites. The specific crack initiation mechanisms depend on the local stress–strain distribution in the material, which in turn depends on various parameters such as geometry (shape and size of the inclusions), mechanical and physical properties (elastic moduli, thermal expansion, and work hardening properties of the inclusion and matrix), interface conditions between the inclusion and matrix, and arrangement of the inclusions. It is well established both experimentally and theoretically that the size of inclusion is a critical factor in influencing fatigue life. This topic seeks to develop innovative processes for minimizing the size of inclusions and optimizing the interfaces and arrangements between the inclusions and the matrix material. Method D of ASTM specification E45-05 is typically used to rate the inclusion content of high grade aerospace steels like AMS 6265. the AMS 6265 specification shows maximum allowable inclusion ratings for four different inclusion types and two different morphologies based upon microscopic observations of mutiple samples taken from a lot of the material. This topic seeks techniques that can achieve a 50% reduction in these allowable inclusion ratings. Potential approaches might involve innovative forging techniques or thermal/mechanical processing of the forged part prior to machining and caburization/hardening.

PHASE I: During the phase I effort, analysis of the technical approach proposed should be conducted in detail. This analysis should include discussions with rotorcraft airframe manufacturers to identify the specific requirements for application of the process to a gear typically used in a rotorcraft transmission. A preliminary analysis of the potential performance improvements and projected cost of the proposed approach should be conducted. Small scale manufacturing trials and material characterization testing may be conducted to establish basic feasibility and guide the effort to be conducted in Phase II.

PHASE II: The results of the Phase I effort shall be further developed to scale-up the proposed approach and optimize the manufacturing methods. Coordination of the specific approach for  optimization and scale-up effort with a rotorcraft airframe manufacturer is encouraged.  This development work shall be supported by necessary design and modeling effort. Manufacturing trials and material property development of increased complexity shall be conducted to evaluate the performance of the specific approach. Application of the process to a full scale gear shall be conducted. Fatigue testing to establish the potential benefits shall be conducted. Potential target applications shall be identified and plans for technology insertion and product development conducted. 

PHASE III: Effort in this phase would involve further collaboration with the helicopter manufacturer regarding design and manufacture of a specific component to which the process could be applied. Additional specimens would be fabricated incorporating any improvement resulting from the Phase II effort. Additional testing necessary further prove the advantages of the process and potentially qualify it for service could be performed.

REFERENCES: 

1. Zhang J, Prasannavenkatesan R, McDowell D, Modeling fatigue crack nucleation at primary inclusions in carburized and shot peened martensitic steel. Journal of Engineering Fracture Mechanics, 2008

Woods JL, Daniewicz SR, Nellums R. Increasing the fatigue strength of carburized spur gear teeth by presetting. International Journal of Fatigue 1999

2. Toyoda T, Kanazawa T, Matsumoto K. A study of inclusions causing fatigue cracks in steels for carburized and shot-peened gears. JSAE Rev1990

3. Wise JP, Matlock DK. Bending fatigue of carburized steels: a statistic analysis of process and microstructure. SAE technical publication No.2000-01-0611, SAE, Warrendale, PA; 2000.

4. Wise JP, Matlock DK, Krauss G. Bending fatigue of carburized steels. Heat Treat Progress 2001

5. Almer JD, Cohen JB, Moran B. The effects of residual macrostresses and microstresses on fatigue crack initiation. Matererial Science Enginering A 2000

6. Kunio T, Shimizu M, Yamada K, Sakura K, Yamamoto T. The early stage of fatigue crack growth in martensitic steel. Int J Fracture 1981

7. Trantina GG, Barishpolsky M. Elastic–plastic analysis of small defects-voids and inclusions. Engng Fract Mech 1984

8. Melander A, Ölund P. Detrimental effect of nitride and aluminium oxide inclusions on fatigue life in rotating bending of bearing steels. Material Science Technology 1999

9. Murakami Y, Kodama S, Konuma S. Quantitative evaluation of effects of non-metallic inclusions on fatigue strength of high strength steels. I: Basic fatigue mechanism and evaluation of correlation between the fatigue fracture stress and the size and location of non-metallic inclusions. International Journal of Fatigue 1989

KEYWORDS: Martensitic, Steel, Gears, Carburization, Fracture, Inclusions, Fatigue

A10-036

TITLE: Miniature Flash LIDAR for Helicopter UAV Obstacle Field Navigation and Landing Site
Selection in Complex Urban Environments
TECHNOLOGY AREAS: Air Platform, Sensors

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: Design, build, and test an airworthy flash light detection and ranging (LIDAR) suitable for use as the primary sensor in a flight-critical obstacle field navigation system. 

DESCRIPTION: An accurate and reliable terrain sensor is a key enabling technology for helicopter UAV operations in complex urban environments. Ongoing Army research in autonomous obstacle field navigation and landing site selection has shown tremendous promise (Refs. 1-4). Unfortunately, the work to-date has had to rely on scanning LIDAR systems adapted from COTS land survey and industrial measurement components. These systems have shown that they are marginally capable of supporting navigation R&D but tend to be large, fragile, and costly. There is hope, however, in the next generation of LIDAR sensors. Specifically, flash LIDAR systems have the potential to provide an improved capability while being significantly smaller, more robust, and lower cost.

This effort will develop a wide field-of-view (FOV) flash LIDAR suitable for a small helicopter UAV performing autonomous maneuvering at low altitude in a complex urban environment. This effort will begin with a study that explores the design and performance trade-offs for flash LIDARS weighing 0.25 lb, 2.5 lb, and 25 lb, targeted for use on micro, small, and full-scale helicopter UAVs.

Following a successful Phase I effort, a flash LIDAR will be developed to demonstrate the efficacy of said device for autonomous guidance and navigation in complex urban environments. The US Army Aeroflightdynamics Directorate (AFDD) helicopter UAV will be made available as a demonstration test bed if desired. This helicopter is equipped with autonomous guidance and navigation algorithms well suited to flash LIDAR output.

The resulting system would target the following sensing capability: 200m range for objects with 15 percent reflectivity, large field-of-view (FOV > 90 deg), high-resolution focal plane array, 5 Hz frame rate, and 10W power consumption. The sensor should be capable of sensing small wires at shallow incidence angles at 30m range. The pulsed laser should be eye-safe. Data output should be provided in the form of a sensor-frame point cloud along with a separate, dedicated hardware timing signal output. The sensor should be configurable in either a free-running or hardware-triggered mode.

Once developed, a low-cost wide FOV flash LIDAR will have numerous dual-use applications beyond autonomous helicopter flight. Currently, scanning LIDARS enjoy wide use in the civilian world in 3D modeling, industrial automation, survey, and more recently and perhaps most importantly, automotive safety. Flash LIDAR will revolutionize the existing market by replacing large, complex devices with small, solid-state, and lower cost devices instead.

PHASE I: Perform and document a trade-off analysis of sensor range, FOV, resolution, frame rate, weight, power, and cost. Identify design points within the study appropriate to micro, small and full-scale helicopter UAVs, i.e., sensor weight equal to approximately 0.25 lb, 2.5 lb, and 25 lb, respectively. Particular attention should be payed to the tradeoff between FOV and sensitivity. Develop a preliminary design based on the needs of a helicopter UAV. Demonstrate a breadboard implementation of the resulting design.

PHASE II: Build a prototype system and demonstrate it in a relevant environment. If desired, the AFDD small helicopter UAV test bed will be provided as Government-furnished equipment. This helicopter is equipped with autonomous guidance and navigation algorithms well suited to flash LIDAR output.

PHASE III: This system could be used in a broad range of UAV and UGV missions requiring autonomous operations in complex urban environments. Manned helicopters operating in the same environment could also benefit from such a sensor to prevent inadvertent flight into terrain. Numerous dual-use applications also exist including 3D modeling, industrial automation, survey, and perhaps most importantly, automotive safety.

REFERENCES: 

1) Whalley, Tsenkov, Takahashi, Schulein, Goerzen, Field-Testing of a Helicopter UAV Obstacle Field Navigation and Landing System, Proceedings of the 65th Annual Forum of the American Helicopter Society, Grapevine, TX, May 2009.


Ref. doc uploaded in SITIS 5/19/10.
2) Fabiani, Whalley, Piquereau, Sanfourche, Le Besnerais, Comparison of Terrain Characterization Methods for Autonomous UAVs, Proceedings of the 65th Annual Forum of the American Helicopter Society, Grapevine, TX, May 2009.

Ref. doc uploaded in SITIS 5/19/10.
3) Tsenkov, Howlett, Whalley, Schulein, Takahashi, Rhinehart, and Mettler, A System for 3D Autonomous Rotorcraft Navigation in Urban Environments, Proceedings of the 2008 AIAA Guidance, Navigation and Control Conference, Honolulu, Hawaii, August 2008.


Ref. doc uploaded in SITIS 5/19/10.
4) Whalley, Schulein, Theodore, and Takahashi, Design and Flight Test Results for a Hemispherical LADAR Developed to Support Unmanned Rotorcraft Urban Operations Research, Proceedings of the 64th Annual Forum of the American Helicopter Society, Montreal, Canada, May 2008.


Ref. doc uploaded in SITIS 5/19/10.
KEYWORDS: flash LIDAR, wide field-of-view, UAV, helicopter, sensors

A10-037

TITLE: Active Terahertz Imager for Covert Navigation Assist
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: Develop a prototype active terahertz (>100 GHz) imager that can render objects through brownout conditions up to 100 m away.

DESCRIPTION: Aids for navigating during brownout conditions [1] have generally used either RADAR or LADAR techniques. [2] Active RADAR techniques penetrate brownout well but render coarse images and are detectable by adversaries at great distances. Active LADAR renders much higher resolution images, but laser radiation is strongly scattered by brownout debris and can pose a safety hazard to ground personnel. Although terahertz signature science is still in its infancy, [3] THz imaging techniques may manifest many of the best attributes of both RADAR and LADAR by combining good penetration with good resolution without posing a radiation hazard.[4] Often cited among its many limitations, [5] the fact that THz radiation is naturally absorbed by water vapor in the atmosphere affords the intriguing opportunity to limit its ultimate propagation range. Thus, by choosing the appropriate THz operational frequency, an active THz imager can penetrate brownout to detect nearby objects while remaining undetectably covert at greater distances.

In order to construct an active THz imager, appropriate THz transceiver and imaging technology must be developed. Although a broadband THz source and detector may be considered, preference is for a narrowband, tunable frequency heterodyne transceiver because of its superior signal to noise, spatial resolution, and tunable propagation range. Equally importantly, the technique for rendering an image (e.g. scanning mirror, phased array scanner, staring focal plane array) should be chosen to allow for rapid image refresh (>1 Hz) over a grid with sufficient resolution to image obstacles up to 100 m away. Since this prototype imager will be designed to assist navigation, it is only necessary that the imager face the direction of motion with a field of view comparable to the pilot's.

PHASE I: Design an active THz imager that can penetrate brownout conditions to image objects up to 100 m away. Detailed descriptions of the transceiver and imager design must quantitatively specify how the chosen technology solutions will perform (e.g. spatial resolution vs range, field of view, pixel signal-to-noise, image refresh rate) in realistic brownout navigation scenarios. The ability to chose the propagation range by adjusting the THz operational frequency must be included. From this design, develop a strategy to construct a laboratory-scale technology demonstrator that will allow AMRDEC to assess the performance of this potential navigation aid.

PHASE II: Construct and deliver to AMRDEC a laboratory-scale technology demonstrator of an active THz imager that can penetrate brownout conditions and detect obstacles covertly. The demonstrator must combine a transceiver and a image rendering system with sufficient resolution to image objects in brownout conditions up to 100 m away within a fixed field of view, preferably with an image refresh rate >1 Hz and an adjustable propagation range.  Based on the lessons learned during the construction and initial testing of the demonstrator, deliver an improved design for a deployable active THz imager that can penetrate brownout conditions to render an image of objects up to 100 m away while remaining undetectable at an adjustably greater distance.

PHASE III: A navigation aid for pilots in brownout conditions is increasingly important to ongoing military operations not just in southwest Asia but around the world. This project will provide the means for critically assessing the potential of THz imaging against competing solutions. The insight and technology developed will directly support a number of current or planned navigation assistance acquisition programs. In addition, commercial pilots and both commercial and military drivers sometimes face similar brownout navigation challenges, so this project will naturally develop dual-use technology. Finally, a working THz imager will allow fundamental questions about THz signature science be addressed, potentially opening new commercial and military markets for THz techniques or closing inappropriate ones.
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A10-038

TITLE: Integrating Fibre Channel and EIA-422 for Weapon System Communications
TECHNOLOGY AREAS: Information Systems, Electronics, Weapons

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: Determine the ability of one electronic device to support two different communications-over-power data protocols using the same physical signal lines for application to tube-launched small guided munitions. 

DESCRIPTION: Recent combat operations have highlighted the need for small air-launched guided munitions and current 2.75-inch rocket technology is being extended to fill this need.  New guided munitions will require a multi-signal digital connection from the launcher to munitions such as that defined in SAE’s Interface for Micro Munitions (IMM).  The IMM connection specifies Fibre Channel as its data communications protocol and superimposes these data communications on DC power signals.  Fibre Channel is a commercial high speed, high cost protocol that has seen only limited use in military tactical applications, but it is able to support high bandwidth capabilities used by some advanced weapons such as high resolution video.  Low speed, low cost serial communications such as those based on EIA-422 are much more common in existing weapon systems.  New small guided munitions are being viewed as inexpensive alternatives to the HELLFIRE missile system and this argues that these new small munitions use simpler, cheaper serial communications.

The ideal small guided munition launcher would support both protocols: EIA-422-based serial communications for simple, cheap munitions and Fibre Channel communications for more capable, more expensive munitions.  However, the two protocols are significantly different.  Fibre Channel requires a sophisticated network infrastructure while serial communications are point-to-point with minimal overhead.  Fibre Channel communications operate at 1 Ghz while current weapon system serial communications typically operate at much less than 1 Mhz.  This frequency difference poses challenges for efficiently extracting both types of digital data from the same analog DC power signal as required by the SAE’s IMM.

This topic will explore technologies for simultaneously supporting both Fibre Channel and simple EIA-422-based serial data protocols within the context of the IMM requirement to superimpose data communications over DC power.

PHASE I: Phase I will be a trade study that investigates various existing and theoretical techniques for implementing a dual-protocol Launcher Electronics Assembly (LEA) capable of communicating using either Fibre Channel or an alternative low cost serial protocol.  The study should include an analysis of possible options, their advantages and disadvantages and the relative costs and performance with respect to each other.  Recommendations for the path to follow in Phase II should also be provided.

PHASE II: Phase II will focus on implementing the recommendations of the Phase I trade study by implementing hardware prototypes of the dual-protocol LEA, Fibre Channel-based munition, and serial-based munition and by conducting a proof of principle demonstration.  Phase II deliverables will include the prototype hardware and supporting design documentation.

PHASE III: Phase III would address cost and supportability issues that would make the newly developed commercial, standards-based, dual-protocol technology suitable for incorporation into the Joint Attack Munition Systems (JAMS) new Modernized Rocket Launcher.
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A10-039

TITLE: Modular Targeting, Prosecution and Effects Delivery Payloads for Small Unmanned Air
Vehicles
TECHNOLOGY AREAS: Air Platform, Information Systems, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Investigate and demonstrate innovative and robust algorithms, architectures and hardware/software implementation approaches for a small unmanned air vehicle compatible targeting, prosecution and effects payload that is modular, interchangeable and re-configurable and that will provide an ability to detect, track, geo-locate, classify and hand-off targets, including dismounted and/or hostile UAV targets, to other small organic UAV platforms and/or small unit targeting/effects assets. Identify emerging protocols, standards, and frameworks that can simplify the interchanging of targeting/effects payload components and reconfiguration of small unmanned air vehicles for multiple platform targeting and prosecution roles and missions including real time fires adjustment, battle damage/collateral damage assessment, and potential re-targeting.

DESCRIPTION: Currently available small, hand-launchable UAVs  have limited target geo-location/tracking accuracy and virtually no capability to automatically search, detect/ track dismounted targets or provide any effects delivery capability. Advances in small/micro UAVs, sensors, computing and distributed processing algorithms and architectures and enabling targeting/effects mission package component technologies however, now make feasible a new generation of small/micro UAVs  capable of performing a number of target acquisition and effects delivery roles currently only performed by manned platforms and/or larger UAVs controlled at Brigade or higher echelon. More specifically, these advanced small UAV and sensor/effects/processing payloads will provide the current/future force small combat unit and mounted/dismounted soldier with the capability to rapidly employ small man portable, hand launchable small unmanned air vehicle based targeting sensors and networked scalable target effects to support full spectrum operations in urban and complex terrain. However, due to the limited space, weight, power, processing and endurance capabilities of these small UAV platforms, significant innovation will be required in algorithm, software and computing hardware design approaches, including agent based distributed sensor processing and fusion of targeting information from multiple platforms, to achieve required localization, tracking and terminal guidance performance. In addition, sensor, processing and effects payload components must be highly modular, re-configurable with standards based open interfaces that can be easily retrofitted on commercially available small UAVs that would potentially be deployed at the small unit level. Capability will enable the small unit leader/soldier to rapidly detect, acquire, geo-locate and track high priority personnel/threat targets in defilade and/or concealed positions at tactical and operational distances, in day/night environment, estimate wind direction/speed at target location and rapidly hand-off target data to the small unit effects network to support collaborative target engagement and effects delivery. Innovative, real time high resolution multi-spectral sensor/image processing, stabilization, fusion and tracking techniques will be required which exploit emerging, state-of-the-art low cost, low power, high throughput system-on a chip processor technology and architectures in order to achieve highly automated feature/motion based detection, lock-on, tracking and hand-off of both target image and geo-location data, classification, target location error estimates, wind estimates, damage assessment etc to a small unit effects network via an IP based digital radio link by the dismounted soldier/operator. The architecture and algorithm approach should take into consideration communication bandwidth constraints/latency and allow reuse and sharing of software components by small UAV developers and integrators without requiring the use of the same sensor/effects payload hardware (e.g., EO/IR, data links, laser designators, SAR, etc.). 

PHASE I: Investigate innovative algorithms and real time processing architectures with potential to meet the topic requirement. Conduct analysis to determine feasibility of the design concept including overall software/hardware component design approach and accompanying algorithms for optimized target search, detection, geo-location, designation, tracking, hand-off, prosecution and communications link selection. Analysis and concept definition should address algorithm processing requirements, target location estimation accuracy, sensor spectral and resolution requirements, communication requirements, throughput/ bandwidth requirements, conceptual hardware/software architecture and interfaces. Document results

PHASE II: Develop demonstration prototype small Unmanned air vehicle modular, open architecture payload which integrates hw/sw component technologies and algorithms for target detection, geo-location, tracking, designation, hand-off, prosecution, effects delivery/assessment and/or mapping with commercially available small UAV platform in a wireless, net-centric test environment. The component/application package must be capable of follow-on maturation and configuration to enable seamless integration and insertion within the future force/current force experiments. Conduct prototype testing to demonstrate, validate and benchmark prototype performance and document results.

PHASE III: The algorithms, software and prototypes developed under this effort address current force special operations requirements as well as Future Force Ground Soldier and small unit network lethality requirements and 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, port security, airport security, search and rescue 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.
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A10-040

TITLE: Closed-Loop Fire Control (CLFC) for Small Caliber Weapons
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

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 develop a closed-loop fire control device for small caliber weapons that utilizes LADAR technology to track a fired projectile and the target and provides an improved aimpoint for the next round fired to ensure target impact.

DESCRIPTION: Small weapons combat lethality requires rapid and accurate aiming adjustments to ensure target elimination.  A soldier’s preference is target impact with a single shot, but due to the complexities of the modern battlefield, this single shot impact is not always possible.  First round hit probability is influenced by several factors, which include human aiming errors, down range wind, atmospheric conditions (temperature/pressure), variations in target and shooter elevations, target state (moving, accelerating) and variations in muzzle velocity.  Currently, when a soldier fires the first round at a target and misses he attempts to adjust his fire to correct for the impact error.  However, under the stress of active combat engagement, the human-based correction mechanism to address all of the possible hit probability influences may not always be accurate enough and the adjustment may not lead to target impact. 

New advancements in laser RADAR (LADAR) technologies may lead to a pathway to circumvent the human-based aiming correction mechanism.  It is envisioned that a LADAR system in conjunction with an adjustable aimpoint display can be used to track the fired projectile and in the case of a target miss, present an improved aimpoint to the shooter to greatly increase the probability of target impact on the next fired round.  The proposed closed-loop fire control (CLFC) system will accomplish this feat by measuring how far a round misses a target by, and subsequently providing an adjusted aimpoint to the shooter.  The CLFC system will factor in the aforementioned environmental, location, target state and muzzle velocity variables when determining the final firing trajectory to help ensure accurate fire.  Thus, by giving the soldier a more precise firing trajectory, the lethality of the soldier can be greatly enhanced.

PHASE I: Identify components and architecture for tracking small caliber projectiles and calculating an improved aimpoint for subsequent firing.  A trade-off study shall be preformed to determine best components for laboratory-scale device.  Identified LADAR system must be eye-safe.

PHASE II: Leverage results from Phase I design effort and develop proof-of-concept breadboard device to demonstrate technologies and capabilities. Upon completion of proof-of-concept device, further develop system to reduce the size, weight and power (SWAP) of the closed-loop fire control system.  SWAP developed system shall be mountable on small caliber weapon and shall be able to function in foggy and dusty conditions.  Phase II will culminate with delivery of weapon mountable system.  Accuracy of system shall be analyzed by evaluating the probability of hit as the performance metric.   

PHASE III: Finalize system technology and develop manufacturing capabilities for weapon mountable system.  Dual use applications include use for Homeland Security, FBI, and tactical police forces.
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A10-041

TITLE: Novel Multifunctional Lightweight Nanocomposites
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Exploit emerging nano-materials technologies to develop and optimize nanocomposites to result in multifunctional materials, such as lightweight structural materials with radio frequency-electromagnetic interference (RF/EMI) shielding. 

DESCRIPTION: Nanocomposites, the integration of nanomaterials into metals, polymers and ceramics, are an area of intense interest to the Army for the design of next generation lightweight structures with enhanced properties and multifunctional capabilities. Lightweight structural systems can be realized through the development of composites having nanoscale reinforcement with the proper morphological control. Metal matrix composite systems such as aluminum or magnesium reinforced through carbon nanotube and/or other dispersoid inclusion is one area of interest. While the nano reinforcement offers enhanced properties as compared to their traditional counterparts, such composites can be engineered for multifunctionality. For example, the aforementioned metal matrix composite can be designed as a structural component with sufficient RF/EMI shielding for sensitive military applications including but not limited to, components for munitions housings/casings. Thus, the goal of this effort is to demonstrate novel nanocomposites designed preferably through the particulate route, with a high strength to weight ratio and RF/EMI shielding equivalent to or better than currently fielded materials in accordance with MIL-STD-461E and other appropriate standards. 

PHASE I: Demonstrate that the impressive properties of nanoscale materials can be imparted to a macro-scale composite. Identify fillers and matrix materials, synthesis and processing technologies/parameters that result in lightweight structural nanocomposite materials suited to replace heavier materials systems that are currently in use. Quantify the effect of nanoscale particulate additives and design on the overall properties of the composite and demonstrate a tensile strength in excess of 600MPa at 5% elongation. Deliver candidate composites to the Army for property validation 

PHASE II: (a) Scale up manufacturing processes for producing prototypes of at least 12" x 12" in size. (b) Modify as required (prototype geometry, composition, processing, etc.) and quantify mechanical properties with respect to the areal density of the nanocomposites. (c) Integrate the electromagnetic interference (EMI) shielding capability into the optimized hybrid nanocomposite structures. 

PHASE III: Potential dual use applications include structural elements for munitions components, helicopters and aircraft, armored transports for counter-terrorism protection, vehicle protection, and Government buildings. 
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A10-042

TITLE: Cross-compatible cartridge case for orthodox or rarefaction wave gun firing
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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: Research, develop and demonstrate novel methods to incorporate new cartridge case design that will function normally when fired from an orthodox (closed-breech) gun, but will enable blowback venting when fired from a rarefaction wave gun armament.

DESCRIPTION: Rarefaction wave gun (RAVEN) has provided a true breakthrough in armament technology for highly mobile lightweight and lethal combat systems. As is discussed below, it reduces gun barrel heating, erosion, and recoil. It allows lighter guns to fire bigger or faster bullets.

Current and developmental tank guns and counter rocket artillery and mortar systems burn through barrels. Propellant energy is reduced until the minimum acceptable life can be achieved. The subsequent loss of muzzle velocity potential reduces the performance due to time of flight disturbances (accuracy) and stand-off engagement potential. Similarly, area protection lethality is limited by the recoil and weight of armaments.

When fired from a RAVEN, the breech seal of the cartridge case is only maintained until the bullet has traversed some substantial portion of its travel down the bore, e.g., one third. After this, the propellant gases are diverted through or around the case head and into a rearward directed expansion nozzle that generates forward thrust to eliminate all or part of the recoil momentum endowed by the launch. Delayed venting of a cartridge case in this manner is unprecedented and novel technology innovation is essential to achieve the performance of a worthy weapon.

As with many disruptive innovations, there is a strong incentive to achieve a common modular interface between this weapon technology and the ammunition that it is to fire. The logistic burden required to field a new suite of ammunition that would only be compatible with RAVEN firing would be high. A great advantage could be attained if unprecedented ammunition designs could be adapted to function in both current orthodox weapons as well as provide robust performance with the radically different requirements when functioning in new rarefaction wave guns.

The primary challenge when firing this round from a RAVEN is to punch out or rupture the center of the cartridge case head early during the chamber pressure rise following ignition. (This is analogous to the existing 105mm RAVEN demonstrator.) In such a system, the case head is partially supported by a breech block with a center hole that is fixed to the barrel during firing. The unsupported ballistic pressure is applied to a blow-back bolt; driving it rearwards through the center hole and endowing it with velocity. Once ruptured, the case head would still be required to obturate the fixed portion of the breech closure as well as the blow-back bolt as it traverses the vent tube (breech block center hole). No gases should leak prior to the passage of the bolt through the vent passage. This operation results in a swift “uncorking” of the chamber pressure due to the rearward velocity endowed within the bolt. That portion of the cartridge that is punched out and recoils rearward with the bolt must also protect the bolt face from undue heating during the rapid rearward flow of hot propellant gases following venting. This is the primary challenge of this project.

With respect to firing from orthodox (legacy) weapons, such a case must properly function and remain intact and extractable when fired from legacy closed breech cannon. This is a secondary challenge of this project. The rational to integrate cross-compatibility within this project is the self evident opportunity presented by the fact that when fired from a normal closed breech gun, the full support of the case head may be anticipated to reliably prevent vent functioning (case rupture). This innovative approach bypasses one of the most challenging impediments to adoption of disruptive technology. Modular compatibility with existing systems. So, in addition to the complexity and unprecedented nature of the rarefaction wave venting cartridge, the defense department may reap a large logistic benefit with respect to legacy systems when both types are concurrently fielded. Ammo developed to be fired from the new rarefaction wave gun could also be fired from existing cannon without venting gases. One common cartridge could service two radically different weapons.

The focus of the SBIR is on innovative case design and supporting manufacturing knowledge and technology. Proposers at their discretion may opt to include engineering of the vent tube as it relates to obturating the chamber after rupture but prior to venting. Proposers preferring to assume a constant diameter hole through the fixed portion of a breech, are welcome to do so. It is not the intent of the SBIR to engineer a weapon system, projectile, propelling charge, or a munitions handling system.

The final objective caliber of this project is any currently used (or acquisition pending) department of defense large caliber cartridge for bullets of 57mm or greater diameter. Subscale demonstration is acceptable provided a clear technology development path to an objective caliber is included within the project execution plan. Subscale demonstration if chosen must exceed the following minimum ballistic metrics to provide credible traceability to objective caliber: 1) muzzle kinetic energy must be greater than 100 kJ, 2) muzzle velocity must be greater than 1,000 m/s, 3) peak chamber pressure must be greater than 300 MPa, 4) bore diameter must not be less than 25mm, and 5) projectile travel must be greater than 30 calibers. Further, to avoid impractical designs, the peak pressure and projectile travel length shall be less than 700 MPa and 80 calibers respectively.

PHASE I: Investigate innovative methods to design and fabricate a case that will provide robust and reliable service when fired from orthodox guns and rarefaction wave guns.  Conduct simulation (computational and/or experimental) of the objective caliber ballistic environment to enable this development and validate the model to the extent practicable. The design must predict the weight and propellant volume of the new cartridge and compare it to the legacy cartridge case.   If subscale demonstration is anticipated to be proposed for potential continuation efforts beyond phase I, the feasiblity of fabrication of subscale demonstration cases is also encouraged.

PHASE II: Develop, simulate, and demonstrate a prototype capability in a laboratory environment for the objective caliber.   Conduct firing tests of cases (objective caliber or subscale) from closed breech guns to demonstrate successful function (including extraction) in the legacy environment. Although rarefaction wave testing is desired, simplified ballistic tests that fire no bullet, just the blowback bolt may be proposed as a relevant test environment.  Conduct simulation (computational and/or experimental) of the objective caliber ballistic and rough handling environment to demonstrate case function to the extent practicable. The weight and propellant volume of the new cartridge must be compared to the legacy cartridge case. Simulation tools must be validated by the firing tests.

PHASE III: The manufacturing technology and cartridge case design fostered by this effort will have dual use applications for both future rarefaction wave guns as well as current legacy guns at objective calibers. This capability may be leveraged to decrease manufacturing cost, increase design robustness, and achieve precision manufacturing and assembly of cartridges to support the warfighter and home land security forces. 
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A10-043

TITLE: Innovative Polarized Navigation Reference
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

OBJECTIVE: The objective of this project is to develop an innovative adaptive polarized RF reference source for establishing a position and orientation referencing system over an entire battlefield. This type of referencing system can be used by polarized RF sensors on guided munitions, ground and airborne platforms, and on the soldier to determine position and orientation relative to the coordinate system. This grid could be used to initialize other position and orientation sensory devices such as inertia-based devices. 

DESCRIPTION:  Innovative methods to establish position and orientation referencing systems using polarized radio frequency reference sources over an entire battlefield are needed.  Such a system will act as a local navigation referencing system similar to the Global Positioning System (GPS) but over the battlefield space. The sources may be fixed or mobile, on the ground or in the air. The establishment of such a 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 independent of the GPS. 

This system will significantly reduce errors due to cross-referencing, loss of GPS signal, inherent errors in inertia devices and rate gyros which will greatly improve the effectiveness of munitions guidance and control systems. 

This 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. Such a referencing system could be used for command and control, and by forward observers, UAV, and warfighters alike. 

The proposed innovative reference sources must be relatively small and low-power, rugged, and should be adaptive, i.e., capable of being deployed very quickly without calibration or adjustments. The proposed referencing system must be capable of providing referencing signals at rates of at least 10 KHz, using methods and protocols that minimize the possibility of detection, spoofing and jamming. This effort must address the amount of power necessary to reject interference from jamming and spoofing as a function of distance to the jamming source. The frequency of operation of the referencing system should be in the range of 8-100 GHz. The proposed solution must not use signals from the Global Positioning System for its operation.  The proposed concept must be easy to deploy, must provide a reliable and secure reference source, and must be capable of being synchronized to form a position and orientation referencing system with built-in redundancy, be capable of covering a very large area, portions of which may not be in line-of-sight. 

PHASE I:  Develop innovative adaptive polarized RF sources 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. Develop analytical models to simulate the performance of the proposed RF sources.

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

PHASE III:  The adaptive RF sources for full position and orientation referencing have a wide range of military, homeland security and commercial applications. For military applications, the position and orientation referencing system would enable smart munitions, weapon platforms, vehicles and warfighters to have a common, accurate, reliable and secure position.  The referencing system could be used for guidance and control of all smart munitions, missiles and guided bombs, and ground and airborne weapon platforms with minimal error due to the use of a single position and orientation referencing system. Homeland security and commercial applications include guidance and control for  robotic systems used in hazardous environments, and materials handling applications involving cranes; loading equipment, and industrial equipment used in assembly, welding, inspection, and other similar operations. 
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A10-044

TITLE: Innovative Nitrogen-doped Boron Nanotubes/Nanofibers Propellants                                                              
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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 innovative, cost-effective nano-additives in high-energy propellant formulations for reducing gun bore wear and erosion, and flash and blast in small, medium and large caliber tank and artillery weapon systems for improved performance.  Specifically, synthesize, characterize and develop test methodologies for nitrogren-doped boron nanotubes/nanofibers (BNNTs/BNNFs) produced using chemical vapor deposition techniques to provide a narrow distribution of diameters.  The heat of sublimation of the structures produced will be measured and the materials tested at high flame temperature by incorporation into gun propellants and firing in a wear and erosion tester. Characterization of the BNNT/BNNF based coatings formed inside gun barrels will be conducted. 

DESCRIPTION: The Army is interested in reducing gun barrel wear and erosion, and blast and flash characteristics of ammunition in large caliber gun systems by incorporating selected nanoscale additives in propellant formulations. To achieve increased gun performance, high energy propellants are often utilized, the undesirable consequences of which are often increased gun bore wear and erosion, blast and flash.  These characteristics are dependent on the propellant formulation thermochemistry and can be tailored to a certain extent by adjusting component compositions and incorporating specific additives. The extensive large caliber gun testing needed to evaluate wear and erosion characteristics is extremely costly (requiring potentially thousands of rounds to be fired).  Therefore, it is desired to devise a scalable test protocol that is capable of cost-effectively investigating the erosion, blast and flash characteristics of propellants formulated with nano-additives with comparatively few tests.  Some tests devised in the past do not accurately simulate the interior ballistic event and therefore can provide misleading or inaccurate results.  To achieve increased gun performance, high energy propellants are often utilized, the undesirable consequences of which are often increased gun bore wear and erosion, blast and flash.  Nitrogen-doped boron nanotubes are potentially attractive additive materials for this purpose because of their oxidative stability and hardness relative to carbon-based materials. Like CNTs, BNTs will have strong bonds that will impart high strength to composite materials, whereas nitrogen-doping is expected to further stabilize BNTs and provide even stronger materials. 

PHASE I: Down-select and demonstrate the most cost-effective method to produce nitrogen-doped nanotubes/nanofibers with controlled diameters. Protocols for characterization of the nanotubes and nanofibers will be developed to ensure high quality of the materials produced. Scanning electron microscopy should be used to confirm nanotube diameters below 50 nm and transmission electron microscopy coupled with electron energy loss (EEL) and Raman spectroscopic data should be used to confirm that the nanotubes/nanofibers produced are over 95% pure. The heat of sublimation will be determined. During Phase I, develop and design the experimental test methodologies that will be utilized to evaluate the advanced propellant formulations in Phase II.  Analytical methods may be utilized to augment the experimental techniques used to evaluate the propellants.  Once the experimental test hardware has been designed, some, most or all of it may be fabricated during Phase I, depending on cost.  The remainder of the experimental hardware and test fixtures will be fabricated during Phase II.  Limited testing can also be performed if resources exist. The composite propellant incorporating the nitrogen-doped nanotubes/nanofibers should have a CO/CO2 ratio of 2.53-7.78, H2 /H2O ratio of 0.40-0.59 and wear not to exceed 18.3-88 mg at 5 msecs.   

PHASE II: Optimize and scale up the synthesis process from Phase I. Deliverables must include fabrication optimization and demonstration of a scaled up process for production and detailed characterization in accordance with the plans from Phase I. Large scale gun barrel testing and characterization will be carried out in collaboration with ARDEC and a sub-contractor. Complete the design and fabrication of the experimental hardware identified during Phase I.  Evaluate the testing protocol using a limited number of conventional propellant formulations with known characteristics and suitable granulations supplied by the Army or commercial suppliers to establish the feasibility and sensitivity of the protocol in determining propellant wear and erosion, and blast and flash characteristics.  Quantify and rank the relative erosion, blast and flash characteristics of the propellant formulations and compare the results with observations from full scale ballistic tests if available (to be supplied by the Army).  

Using the test protocol identified during Phase I, including optimization of the nanotube diameter and purity specified above for Phase I, and evaluated during Phase II, characterize the erosion, and blast and flash characteristics of various propellant formulations which contain selected nano-additives.  Propellant samples will be provided as GFM by Government laboratories, such as ARDEC, and by commercial propellant manufacturers interested in having their formulations evaluated.  Test results will be compared to those of similar formulations that either do not contain nano-additives, or contain additives of identical chemical nature, but of larger more conventional particle sizes.  The composite propellant incorporating the nitrogen-doped nanotubes/nanofibers should have a CO/CO2 ratio of 2.53-7.78, H2 /H2O ratio of 0.40-0.59 and wear not to exceed 18.3-88 mg at 5 msecs.   

The test matrix will include several baseline propellant formulations modified with nano-additives of different chemistries and quantities.  As part of the test protocol, the contractor will recommend the physical granulation of the propellant formulation to be tested based on burn rate and thermochemical characteristics. Conduct the testing protocol developed during Phase I on this enlarged slate of propellants and rank the propellant formulations based on the resulting data.  Downselect the field of propellants to two or three promising candidates for continued study and evaluation.  

The next step will be to scale the experimental results to the larger caliber gun application in which the propellants will ultimately be utilized (i.e., small arms, medium caliber, tank or artillery).  This effort will additionally include the design, fabrication and testing of experimental test fixtures that simulate the larger caliber test requirements.  Obtain appropriate granulations of the downselected gun propellant formulations from the Army and/or commercial suppliers for use in the scale testing. Test the downselected slate of propellants in the scaled test fixture(s) and rank them with respect to their relative erosion, blast and flash characteristics.

PHASE III: Partner with DoD Program managers to develop application of these novel nanomaterials in propellant formulations to mitigate gun barrel wear and erosion. Use the experimental test techniques and methodologies developed during the Phase I and II programs to evaluate advanced high performance gun propellant candidate formulations for the military (including Army and Navy laboratories), with nano-additives or otherwise.  Characterization of potential replacement propellants with respect to their wear and erosion, and blast and flash for their respective field or fleet applications will save the Military a great deal of money and time pursuing propellants that do not exhibit favorable behavior in representative gun environments[1,2].  

For non-military applications, this technology could be applied to the private/commercial firearms industry.
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A10-045

TITLE: Novel Directed Energy Propagation Methods for Extended Range Operation
TECHNOLOGY AREAS: Sensors, 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:  Investigate, design and/or develop innovative method(s) by which directed energy (radio frequency (RF) and/or electromagnetic (EM) can be delivered at tactical ranges without the use of traditional techniques. 

DESCRIPTION:  As Directed Energy Weapon Systems (DEWS) are being developed for scalable target effects for anti-personnel, anti-material, and countermeasure applications, the size and weight of these systems is one of the most significant barriers to system realization. In order to deliver energy on target at sufficient levels to achieve the desired effects, large radiators or extremely high power sources are required to overcome atmospheric attenuation losses.  For example, a one 100 KW class solid-state system (specific operational details are not publishable in open forum) recently designed to engage targets at ranges of less than 100 meters required a 6 meter cargo container, a dedicated generator, extensive heat exchanger system and an antenna system greater than 2 cubic meters.   From an operational and logistical point of view, this is unacceptable for most applications.   

This topic seeks unique, innovative, high risk solutions to the "one over R squared" issues the DEWS community faces on a daily basis. It is encouraged that the proposed technologies think outside the realm of current methodologies, i.e. larger antennas or bulkier sources. We do not expect that the laws of physics will be broken, but bending them or tricking them to operate in another regime are exciting possibilities. 

Proposed solutions should not be frequency dependent. There are applications for extended range DEWS at a number of frequencies or frequency ranges. A common goal across applications is extending that range as far as possible while maintaining or reducing the overall system size.  Potential integration opportunities exist in the VHF-UHF Radio bands, as well as in the IEEE Radar Bands designated L, X and W.  

The referenced bands of frequency of operation are diverse, and it is very difficult to define specific goals or design metrics in terms of size, weight and footprint.  We will evaluate the proposed solutions based on the ratio of power density on target (mW/cm^2) at a range of 100m to the output power of the source.  It is acceptable to use a theoretical source in Phase I.  Although nearly 10 years old, the primary reference (cited below) is an excellent source of information on militarily relevant sources, output powers and size thereof.  

PHASE I:  Design a conceptual system that includes detailed analysis of range extension methodology/technology. Indicate potential gains over standard atmospheric losses, and provide initial modeling to corroborate claims. 

PHASE II:  Develop and demonstrate a prototype system capable of demonstrating long range propagation of RF and/or EM energy. If the developed system is designed to operate at a specific frequency range, Phase II deliverables will also include an analysis of the capability to scale the technology to other frequencies and power levels. 

PHASE III: End-state application of this technology is wide-spread throughout DoD and industry. If universally applicable across frequency spectrum, it could revolutionize the battlespace. Directed Energy Weapon Systems would be more effective at current ranges, effective at longer tactical ranges, and less of a logistical nightmare to field and operate. 

In the commercial sector, the technology could be applied to all RF communications applications, extending the range of television and radio transmissions, reducing the power requirements to achieve range, and providing higher quality product. 
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A10-046

TITLE: High Rate High Energy Storage Devices
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: The objective of this project is to develop new energy storage materials capable of absorbing and delivering large amounts of energy in short periods of time. Phase 1 will investigate the feasibility of various materials, study the ability to absorb energy at very high rates and also deliver large amounts of power to electrical loads. Furthermore, the feasibility studies would provide options for developing and prototyping classes of rechargeable energy storage materials that could be used in munitions power sources to provide the capability of multiple uses in a volumetric efficient format for high power delivery in small and lightweight packages that would meet all military requirements.

Progress has been made in the search for materials and devices that have both a very high power density as well as a very high energy density.  Such devices effectively would combine the power density of a capacitor and the energy density of a battery to create the ultimate energy storage medium for portable electronics in general and gun fired munitions in particular.  This technology could allow the dumping of a large amount of energy in very short time periods and would allow the simplification of munition power sources from a combination of batteries and capacitors to a single device capable of satisfying the entire power budget. For munitions applications, such a device could be charged completely during the initialization sequence of the round to provide power throughout the entire munition power budget, which would typically last for a few seconds.  The energy stored would need to be on the order of 10s of kJs for the intended applications with typical runtimes maxing out on the order of several minutes.  Devices capable of meeting these requirements as well as the standard munition environmental requirements would have widespread use among munitions applications. 

DESCRIPTION: Power sources for munitions have relatively strict requirements, and consequently are limited to a narrow selection of conventional solutions.  These conventional solutions are expensive, large, and will not generally support a significant amount of commercial attractiveness.  Reserve batteries are typically utilized in order to meet the 20-year shelf life, but they suffer from reduced power and energy densities because of the separation of electrolyte from the cell, and/or suffer from a limited run time, or power capability depending on the application.  It would be desirable to have a device, which could store a large amount of energy over the time period of a few seconds and satisfy the complete munition power budget.   Combining the multiple power sources within some munitions maximizes the volumetric efficiency of the munition power source, allowing for high power delivery in small and lightweight package that would meet all military requirements.  

This has advantages in munitions since it provides significant flexibility in power system design.  Currently, there may be up to three energy storage components in munitions The replacement of these three elements with a single energy storage component would reduce weight and volume and provide system flexibility and would require a rechargeable high power battery with characteristics similar to a high power capacitor but with an energy storage capability of a battery.  Identification and production of a suitable high power rechargeable electrochemical power source is the objective of this program.  In addition there are operational and military operational temperature requirements (–40 to +145 degrees F), a required shelf life of 20 years and a manufacturability for these power sources. Voltage outputs should extend from a few volts to 2 Kilovolts. There is a lack of suitable solutions to meet the Army munitions needs for rechargeable high power batteries with capacitor-like power delivery capabilities. 

PHASE I: Feasibility evaluation of proposed high power high energy storage power will include identification of electrochemical power source materials and suitable engineering architectures to deliver high power and acquire energy at rates similar to high power capacitors. In addition to power delivery performance, capabilities to operate under military conditions – e.g. over wide temperature ranges, and to retain their storage characteristics over a period of 20 years will also be included in the search for suitable chemistries and engineering. The selection will then down select to candidate prototypes for transition to Phase II.  The energy storage component will also offer high safety throughout a range of environmental and operational conditions.  

PHASE II:  Build full-scale rechargeable high power and high energy storage prototypes and test in relevant environments. Demonstrate that prototypes can survive in operational environments while providing voltages from a few volts to up to 2000 volts with the capability of integration into munitions power systems to. 

PHASE III: Develop a manufacturing plan for transition from prototypes to low rate initial production. Possibility for application not limited to the realm of munitions.  Examples include electric vehicle transportation, high power tools, medical devices, communications and entertainment.
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A10-047

TITLE: Propulsion System for Confined Space Projectile Launchers
TECHNOLOGY AREAS: Sensors, Weapons

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 demonstrate a means of launching a projectile from a confined space while maintaining minimum weight, a high muzzle energy, target hit accuracy and safety of personnel in confined space and immediate vicinity.

DESCRIPTION:  Military operations in urban terrain of dismounted warfighters requires the use of projectile launchers, typically shoulder-fired, from a confined space, such as a small room or alley, for a variety of tactical operations including armor and bunker defeat missions.  Conventional confined space recoilless launchers meeting blast overpressure requirements typically achieve a muzzle energy of 100 KJ and acceptable projectile stability through spin or fin stabilization yet utilize a propulsion devise that is much heavier than desired.  To dramatically reduce system weight, new and innovative solutions to propelling a projectile to operational velocities while maintaining personnel safety within a confined space is sought.  These solutions must keep weight to a minimum and weigh substantially less than conventional technologies fielded.  A typical fire-from-enclosure conventional system configuration utilizes a shoulder-held launch tube to propel an approximately 2.5 Kg warhead to over 300 meters/sec accurately striking a target up to 300 meters distant.  These chemical propellant actuated devices, weighing approximately 3 Kg, produce a marginally acceptable blast overpressure when fired from a standardized confined space enclosure.  New ideas are sought to launch a projectile from a confined space either within the current systems package of a shoulder-fired launcher or other means while meeting performance and safety requirements.  Projectiles from shoulder-fired launchers are usually either rocket motor propelled or driven by expanding burning chemical propellants in a launcher tube with flight stabilization effected by projectile fins or launcher induced spin.  Current state-of-the-art confined space launcher propulsion units typically use a chemical propellant driven counter mass which is ejected rearward to counter balance the forward momentum of the projectile.  This counter mass may be solid or liquid and may or may not mix with the expanding propellant gases.  Personnel safety limits the blast overpressure within the confined space to be within established limits per MIL-STD-1474D.   Novel ideas for providing sufficient propulsion while remaining below blast overpressure limits and reducing system weight through any physical process is sought.

PHASE I:  Investigate novel or improved conventional means of confined space projectile propulsion to meet operational requirements to include launching a projectile from an enclosed space and striking a target with a terminal energy of 80KJ or greater at a range of up to 300 meters with a probability of hit of at least 0.6.  The enclosed space is defined as an enclosure with dimension 12 feet by 15 feet by 7 feet with 20 sq ft of ventilation area.  The propulsion system weight shall not exceed 5.0 lbs and not generate pressures within the enclosure exceeding Impulse Noise Limit Z as defined by MIL-STD-1474D.  The propulsion system shall not be toxic nor injure the unprotected operator via flash burn, chemical reaction or particle impart when fired from the confined space.  The propulsion system shall provide full functionality in the operating temperature range from -40°F to 140°F.  The propulsion unit will be used to launch a projectile from a shoulder mounted launcher ranging from between 66mm and 90mm in internal diameter and may use the launcher as a pressure vessel provided internal pressures generated do not exceed 68.9 Mpa anywhere within the launcher.  Ignition of the propulsion unit shall be accomplished via an electrical charge from the Launcher with a minimum energy level of 2e-3 J.  The propulsion unit shall not generate an impulse forward or rearward to the launcher exceeding 16 N sec.  Determine the technical feasibility of these new solutions through analysis and possibly a breadboard demonstration of the basic physics.  Demonstrate applicability to current military doctrine and personnel to complete the mission requirements.  Develop and initial concept design to show interface with projectile, launcher and fire control system.  Deliverables will include a report with detailed description, analyses and design concepts and possibly hardware breadboard prototypes demonstrating technical feasibility and practical applicability.

PHASE II:  Develop and demonstrate a hardware prototype to meet operational requirements as defined in Phase I.  Perform component and system level tests to quantify system performance in a simulated operation environment and compare to established system metrics including reliability and repeatability.  Demonstrate warfighter interface capability and safety acceptability.   Deliverables include a final report documenting all design, analyses, manufacturing and testing activities and a detailed plan for further development and transition into a fielded system and/or commercial markets.  Deliverables will also include a final inert prototype hardware unit.

PHASE III:  The propulsion solutions developed and successfully demonstrated in SBIR Phase I – II will be extended to transition the technology to current and future confined space projectile launcher systems under development within the U.S. Army.  One possible application is an extremely lightweight Urban Assault Weapon providing anti-armor, bunker and wall breaching capability as a fire-from-enclosure disposable weapon.  Dual use transition to the commercial market may include launcher systems for the law enforcement community for such use as crowd control smoke or tear gas grenade non-lethal launchers.  Law enforcement or security personnel may also benefit through the development and marketing of specialized stand-off door or structural wall breeching tools operable from a confined space.  The maritime industry may find use of a confined space propulsion unit to launch mooring lines from ship to shore or ship to ship.  Avalanche control groups will be able to apply the technology to noise grenades for the safe initiation of snow movement.  Aircraft manufacturers may be able to apply this technology to mid-flight deployment of various devices such as emergency parachutes or decoys.
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A10-048

TITLE: Multi-shot EOD Disrupter for Robotic Applications
TECHNOLOGY AREAS: Ground/Sea Vehicles, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Design and build an innovative, electrically-initiated (no mechanical trigger), mechanically actuated, semi-automatic, near recoilless disruption tool for EOD robotic platforms.  

DESCRIPTION: The intelligence community and trend analysis suggests that terrorism of the future will continue to include a vast amount of IEDs in their weapons arsenal.  The rise in more sophisticated IEDs around the world and the EOD community exploring new disrupters to defeat them become even more critical to successful mission accomplishment.  It is imperative that we think ahead and exploit recent technology development to assist the EOD technician in the field.

Current EOD disruption tools provide single shot capabilities ONLY and must be manually reloaded if target reengagement or multiple target engagement is required.  That necessitates a return to the safe area, slowing mission effectiveness and straining robot energy resources.  There are currently no fielded disrupters that provide a semi-automatic, multi-shot capability.  Likewise, there is currently no multi-round device, commercial or otherwise, that can fire multiple EOD water shots (each water shot would necessitate its own barrel, or an innovative way to refill the barrel with water) or withstand chamber pressures (approx. about 27k psi) caused by the standard EOD ammunition this multi-shot disrupter must utilize.

The Joint Service EOD community has a need for a Multiple Round Disrupter capable of firing all Percussion Actuated Neutralizer (PAN) cartridges.  This capability would allow for both water shots (blank cartridge firing water) and solid slugs.  The Multiple Round Disrupter must be compatible with various robotic platforms and lightweight (5 lbs is desired and 10 lbs is acceptable) to be employed by one EOD technician.  Likewise, the recoil force imparted to the robot from the disrupter tool must be negligible (200 lbf or less), and the firing system for the tool must be compatible with the electrical firing circuits currently found on the Foster-Miller Talon and iRobot Packbot robots (16 Volts, 500 milliamps for 2 second duration).

The disrupter must contain a mechanical firing pin, capable of activating the percussion primers of the existing PAN cartridges, but should lack such items as a stock, grip, or mechanical trigger, as it should not be designed for off-hand firing.  In addition, the disrupter must also be equipped with a fool-proof (impact and ESD) mechanical safety that is also electrically initiated and must be easily verified by one or more of the onboard robot cameras with little operator effort.  The restrictive weight limit placed on the tool may require research into materials other than steel, such as titanium or composites.  

PHASE I: Conduct a feasibility study of an electrically-initiated semi-automatic disrupter with built-in recoil force reduction device and able to sustain multiple shot of hot-loaded PAN cartridges (minimum 4 rounds). Provide a detailed report describing the possible conceptual designs that will provide the desired performance.

PHASE II: Design an electrically-initiated (no mechanical trigger) semi-automatic disrupter with little-to-no recoil and capable of firing hot-loaded PAN cartridges (4+ round capacities) without modification to the cartridges.  Develop a prototype system and perform preliminary field testing.

PHASE III: Technologies developed under this SBIR can be used for a variety of commercial and government applications.  The electrically-initiated disrupter (firearm) technology can be leveraged for future military robotic and remote systems, as well as numerous other applications such as law enforcement, bomb squads, etc.  In addition, the technology allowing the disrupter to fire PAN ammunition while being near recoilless, as well as the lightweight materials research, could be leveraged for other firearms.
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A10-049

TITLE: Reactive Materials with Reduced ESD Sensitivity
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: The overall objective of this proposal is to design and develop new advanced Reactive Materials (RM) with reduced electrostatic discharge (ESD) sensitivity for ammunition applications. To promote safe handling of this advanced RMs, suitable coating methods will be developed to reduce their electrostatic discharge (ESD) sensitivity. The energetic material will, in general, consist of nanothermite materials and composites thereof. The coated safe material can be both in the form of pallets and powders. 

DESCRIPTION: Reactive materials have major defense applications in developing futuristic weapon systems. In an integrated device, energy release at the target are related to the structural components such as payload casing, bomb casing (for fragment formation) etc. If these components can be made out of energetic materials, then, total energy delivered to the target can be increased [1]. Metal-Metal/Oxide (nanothermite) composition in nanoscale is an excellent choice for use as the initiator for secondary energetic materials, because of its ability to exhibit tunable performance and generate high temperatures during chemical reactions between the oxidizer and the fuel [2-5]. The use of thermite materials as a structural element of weapon system can increase energy delivered to the target and increase efficiency of hit the target factor. The synthesis of self assembled nanocomposite consisting of oxidizer and fuel will produce nanoenergetic materials with superior combustion characteristics. One of the key problems preventing the extensive use of this kind of energetic material is the extremely high sensitivity of nanothermites to electrostatic discharge (ESD). Typically values of ESD sensitivity for bare nanothermite composition are less than 1 mJ. Special additives and formulation techniques can increase energy of spark discharge to initiate nanothermite compositions. For example, suitable composition of  copper oxide / aluminum nanothermites, selective polymers and electrically conducting materials  can pass up to a safe energy level of accidental spark discharge. This level of insensitivity is expected to be acceptable for safe handling such as for military and commercial application. The Electrostatic Sensitivity Test is described in MIL-STD-1751A, dated 11 December 2001, Method 1032, "ESD (Electrostatic Discharge) Sensitivity Test (ARDEC(Picatinny Arsenal)Method)".  The formulated sample containing these RM should not react in 20 trials at 0.25 joule (the maximum energy level of the test apparatus) if used in HE applications. Pass/Fail safety criteria for primary, booster, or main charge explosive formulations are listed in MIL-STD-1751A including: impact sensitivity, friction sensitivity, electrostatic sensitivity, stability at constant temperature, self-heating, compatibility, detonation velocity, critical diameter, shock sensitivity, hot wire ignition, exudation and growth safety tests.

PHASE I: Development of Reactive Materials and evaluation of their performance in terms of combustion wave speed, pressure, reactivity and ESD Sensitivity will be undertaken in the Phase I. The formulations will be developed for composites of nanothermites with polymers, explosives and electrically conducting polymers.  The novel materials should produce desired combustion performance and safe handling level. The integration of nanothermite composition with advanced materials like carbon nanotubes, graphite nanoparticles etc will also be carried out. The phase I plan will include development of the right combination of materials’ compositions and optimize their synthesis procedures to solve the most important problem (high ESD sensitivity of bare nanothermites) limiting the practical use of the nanothermite compositions.  The proof of concept will be established during this effort. If the optimized formulations including these RMs pass the ESD test according to the pass/fail criteria stated in MIL-STD 1751A for any or all of the specified applications (ie. booster explosives, primary explosives, etc.), Phase II can begin. 

PHASE II: Systematic investigation of the performance and aging studies of the developed RMs with reduced sensitivity in Phase I will be performed The Scale-up of the most successful composition preparation technology to produce 1-50 pounds (lb.) of advanced RMs in the shape of pallets and powders for testing at ARDEC Facility and its affiliates in this cooperative program will be explored in Phase II.   

PHASE III: Commercialization of the technology will be undertaken in the third phase through strategic partnership. Other than defense needs, the business plan is expected to include dual-use applications as for military and commercial technology.
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A10-050

TITLE: Application of Nanothermite based Modified Composition as Propellant Initiator
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Design, develop and demonstrate the suitability of employing nanothermite-based pyrotechnic composition as a primer in propellant system for effective and fast response time of action.

DESCRIPTION: The concept of application of nanothermite composition in the perspective munitions’ systems is very attractive. Metal-metal oxide (nanothermite) exothermic reaction generates very high reaction temperature up to 4000K in comparison to less than 1000 K for nitro-based primer composition. The significance of modified nanothermite compositions over conventional primer compositions is the ability to generate extremely high temperatures during reactions. The Copper oxide – aluminum, iron oxide – aluminum and molybdenum oxide – aluminum compositions can be considered as base materials for propellant initiation compositions. Typical combustion wave speed of pure nanothermite materials is around 500-2000 m/s. Such bare nanothermite materials exhibiting high combustion wave speed are not suitable for pyrotechnic and propellant initiation application. To increase both the pressure and the flame impact time for definite ignition of secondary propellant, modified nanothermite composition comprising of gas generating polymers and bare nanothermite is being proposed [1-5]. More importantly, these polymers also reduce the high sensitivity of nanothermite primer composition to electro static discharge (ESD). Typical value of ESD energy for pure nanothermite is less than 1 mJ whereas the ESD energy of polymer modified nanothermite compositions can be tuned up to 125 mJ without compromising on their desired combustion characteristics. Such high values of ESD energy will allow safe handling of nanothermite based primer compositions preventing any accidental ignitions. Successful model experiments for initiation of JA2 pellet by iron oxide / aluminum / polymer composition demonstrated the proof of the concept.  

PHASE I: The Synthesis and investigation of Fe2O3/Al composition with suitable nitro-content polymer to control the burn rate, maximum pressure, sustained pressure duration will be undertaken for propellant initiation application. Physical and chemical characterization of materials will be performed. The overall technology process of synthesis of modified nanothermite material system will be developed and documented. 

PHASE II: The Scale-up methods of synthesis of suitable nanothermite material system for primer applications will be explored. The proof of principle of the design will be demonstrated by showing the data from model experiments. Testing will be conducted to demonstrate the feasibility of the proposed initiation composition for operation with a given real propellant-based system. The data from model initiation experiment in lab scale will be analyzed. The comparison of the initiation data from the nanothermite-based composition with the currently-used primer material systems (such as Benite) will be evaluated.  

PHASE III:  The optimized nanothermite primer will be incorporated into real munitions and the functionality of the whole system will be widely tested.  The performance features of nanothermite compositions will be evaluated for future applications. The new materials and technology developed under this effort are anticipated to have use in a wide variety of civilian applications beyond defense fields such as an automotive and aviation security system, process surface treatment, mining applications, etc. The commercialization aspects of dual-use applications will be undertaken in this phase through strategic partnership. 
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A10-051

TITLE: Novel Combustible Polymer Cased Small Arms Ammunitions
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop and test lightweight combustible polymer cased small arms ammunitions to replace brass cased ammunitions without sacrificing ballistic performance and long-term reliability.

DESCRIPTION: Weapon system advances have resulted in the infantry soldiers carrying additional gear to enhance their combat effectiveness, but at the cost of increased logistics burden. To ensure that America’s soldiers maintain their overwhelming combat edge into 21st century, decreasing soldier loads has moved to the top of the priority list in the Army. In this regard, one of the heaviest load pieces for soldiers is their ammunition. However, the high cost of lightweight metal materials and the associated manufacturing costs represent a significant part of the affordability challenge faced by these efforts. Attempts in the past 50 years to use lightweight polymers to replace brass can only reduce the weight by about 25% and has not yet proven successful to achieve the ballistic performance and long-term reliability. Combustible cartridge case technology is successfully used in large caliber ammunition systems to eliminate the logistical burden of disposing of unconsumed packaging after firing. Combustible cartridge cases bring additional advantages in comparison to metallic cartridge cases or old bag charges such as reduction in barrel wear, enhanced firing energy, increased firing rate and reduction in charge costs. At the same time the combustible polymer case materials offers protection of the propellant charge in the handling, storage, and loading phases, making it the better candidate to replace metallic packaging than caseless cartridges. 

Recently there is significant interest to pursue combustible cartridge case technology in small caliber weapon systems to achieve the lightweight ammunition goal. However, it is challenging to apply the combustible cartridge technology used in large caliber ammunitions to small arms ammunition to replace the conventional brass case. The technical hurdles include the combustible resin inherently lacking mechanical strength, high porosity, vulnerability to penetration of water and water vapor, and problems related to materials used for fabrication, and complete combustion. Therefore, despite numerous advantages of the combustible cased cartridge to the conventional metal cased cartridge, enough attentions should be given to characterizing the potential problems associated with the production and use of combustible cases. 

The program shall accomplish specific performance objectives. A multidisciplinary research and development effort, focusing on mechanics, materials science, physics, chemistry, design and numerical modeling and simulations, shall be conducted to identify and characterize the combustible polymer materials, optimize small caliber cartridge case design, as well as production feasibilities. First, this effort shall develop or identify combustible polymer materials for polymer cartridge case applications. Included in this development is the study of the material residue after burning of the selected combustible polymeric materials. Analysis on mechanical and physical properties of the combustible materials at various temperature, humidity and treatments shall be performed. Secondly development efforts for small arms cartridge case design using combustible polymer materials shall be carried out. Dynamic finite element analysis simulations to validate the internal and exterior ballistic performance of the proposed cartridge case designs shall be conducted. Lastly, investigations on the environmental effects on the mechanical and physical properties of the selected combustible polymer materials shall be accomplished. Assessment of the production capabilities and feasibilities of the proposed lightweight combustible polymer cased small arms ammunitions need to be addressed.

The success of this combustible small arms cartridge case technology will deliver the lightweight ammunition solution to US Army. By reducing the ammunition weight, solders can have the same or more fire power with a stronger armor protection and additional gear without compromising their mobility, thus achieving tactical objectives and protection of our soldiers.

The novelty of this topic is that it addresses small caliber munitions. While the technology to implement combustible cartridge casing is mature for large caliber munitions, there is little work done on small caliber munitions. While the state of the art is NC based cartridge cases, and there is current work being performed with cellulose based cartridge casings, it is difficult to apply them to small combustible cartridge casings.  These materials have low mechanical strength, high porosity, they are vulnerable to water infiltration, they can leave behind some residue (especially in the case of non ideal combustion), and they are difficult to fabricate into small cartridges.  While these problems are largely unimportant for large caliber munitions, for small caliber they are critical.  Even small amounts of residue and water infiltration will jam small arms, while such degradation would largely be unimportant with large arms. Ongoing R&D is focused on developing and implementing large caliber combustible cartridge cases.  This SBIR provides a unique opportunity to invest in the development of small caliber combustible cartridge munitions which present an interesting problem, largely independent of large caliber combustible cartridge casings.  This SBIR will address not only novel materials, but novel methods of manufacturing and processing of these materials as well.

Parameters/Metrics which these cartridges must meet:

* The cartridges should exhibit little to no porosity, and must be completely hydrophobic

* The material used to fabricate the charges should be relatively easily formed into the desired shapes   
* The cartridges must be made of a material 25% mechanically stronger than currently used in combustible cartridge cases in large caliber munitions. 

* No residue should be left behind after combustion.

* The ballistic performance of the new rounds should be 10% superior to legacy rounds.

* The weight should be 50% of that of legacy rounds.

* There should be no toxicity issues with the cartridge.

* The cartridges should be able to withstand standard operating conditions.

* Aging should not have significant effects on the performance or safety of the cartridge cases.

PHASE I: Develop novel small arms cartridge case design concepts using combustible polymer materials. Conduct dynamic finite element analysis simulations to validate the internal ballistic performance of the proposed combustible cartridge case designs. Identify, develop and test combustible polymer materials for small arms polymer cartridge case applications. Study the material residue after burning of the selected combustible polymeric materials. Perform analysis on mechanical and physical properties of the combustible materials at various temperature, humidity and treatments. 

PHASE II: Review the results from the Phase I feasibility study. Optimize the combustible material selections and refine the cartridge case designs. Investigate environmental effects on the mechanical and physical properties of the selected combustible polymer materials. Develop proper tooling and molds and build actual prototype cases on proposed combustible small arms cartridge case designs. Conduct advanced 3-D finite element analysis modeling and simulation to validate the ballistic performance of the proposed cartridge case with combustible material at extreme low temperature or cook-off temperature in hot weapon chamber. Conduct ballistic testing to measure chamber pressure and muzzle velocity and inspect the residue material. Assess production capabilities and feasibilities of the proposed lightweight combustible polymer cased small arms ammunitions.

PHASE III: If this program is demonstrated to be successful, this combustible polymer casing technology can be applied to military and civilian applications. Military application includes lightweight cartridge cases for small arms (5.56mm, 7.62mm and .50 calibers), medium caliber (20mm, 25mm, 30mm and 40mm) as well as large caliber (60mm, 81mm, 105mm and 120mm) ammunitions. Civilian application includes ammunitions for hunting and law enforcement.
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A10-052

TITLE: Innovative Heavy-lifting Manipulators for EOD Robots
TECHNOLOGY AREAS: Ground/Sea Vehicles, Weapons

OBJECTIVE:  Develop an innovative high-strength dexterous manipulation system that utilizes innovative gripping and lifting technologies for the small robotic platforms used by Explosive Ordnance Disposal (EOD) to investigate and interrogate Unexploded Ordnances (UXOs) and Improvised Explosive Devices (IEDs).  

DESCRIPTION:  Over the past couple of decades, EOD warfighters have benefitted from the use of unmanned ground vehicles (UGV) class of robots to investigate and neutralize improvised explosive devices (IEDs) and unexploded ordnances (UXOs).  These small UGVs currently have only one arm with low degree-of-freedom (DOF) manipulators, primitive controls and light-weight lifting capability. The dexterity of currently fielded manipulators allows for only basic maneuvers, often requiring the operator to compensate for this deficiency by moving the UGV base to perform the manipulation task. This places a significant cognitive burden on the operator. The motors, motion controllers, and control software of currently fielded arms also typically produce imprecise, unsmooth motions. These primitive controls make teleoperation of the arms extremely challenging, and require the operator to have a high degree of skill. These rudimentary controls also make it nearly impossible to automate the current arms for more advanced, semi-autonomous behaviors. These robots can only perform one task at a time.  This limitation prevents the robot from performing dangerous tasks such as removing blasting caps or initiating devices from an IED while holding onto or making sure the rest of the IED does not move. This shortcoming may require the EOD technician to physically approach and manually neutralize the IED, exposing them to situations which could cause harm to the technicians. Finally, current arms on these small UGVs offer minimal lifting ability, making it impossible to lift commonly encountered items used as IEDs, such as a 155mm shell. Fairly dexterous manipulators have existed for decades within the Industrial Automation market. This market, which typically has no size, weight, power, or dynamic loading constraints, has led to the creation of manipulators that have excellent performance at their tasks, but are typically big and heavy, utilize large off-board computing cabinets, require heavy-duty current draw, and are not designed to endure the shock loads typically encountered on a mobile robot. Unfortunately, these designs cannot be simply ported to small UGVs, especially UGVs which the EOD technicians currently use.

This SBIR topic is seeking innovative gripping and lifting technologies addressing each of these major shortcomings, providing a highly dexterous, heavy-lift manipulator with smooth, predictable control. This system will also offer a solution that is highly intuitive for a human operator to control.

The solution should be able to: 1) have the dexterity to manipulate small items such as blasting caps and wires, while have the capability to lift a 155mm projectile weighing up to 120 lb, 2) utilize advanced materials such as composites and custom power-dense actuation technologies to produce a system with an objective target weight of 30 pounds or less, allowing it to be employed by the EOD small UGV class robot, 3) intuitively control arm(s), torso and end effectors, 3-DOF for the torso, and a variety of end effectors (desired to have 8-DOF but not required), 4) the controller must be simple and easy to use to offer a natural means to control each joint and end effectors. 

PHASE I:   Conduct a feasibility study to design a high-strength dexterous manipulation system and identify means to intuitively control the system to augment the capabilities of the currently fielded EOD robots. Provide a detailed report describing the possible conceptual designs that will provide the desired strength, dexterity, agility, and force-to-weight ratio. 

PHASE II: After optimizing the modeling and simulation of Phase I findings, develop and demonstrate a functional prototype of the advanced manipulation system.

PHASE III: The ultimate goal of this research is to provide an innovative manipulation system for use on currently-fielded EOD robotic platforms. Provide an open architecture interface, such as JAUS version 3.3 or AS4, to facilitate integration onto existing or future robotic platforms.  This system will also have the potential for application in other mission areas such as Combat Engineers and Infantry. With certain modifications this system would also be capable of being integrated into the next-generation Advanced EOD Robotic System (AEODRS) or small UGVs of the future Brigade Combat Team Ground Combat Vehicle Program. Commercial applications could be applied in routine police and fire EOD work situations and warehouse storage requirements.  
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A10-053

TITLE: Nanostructured Magnesium Composites for Lightweight, Structural Applications
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop process to produce fully dense, nanostructured, magnesium-based composites for lightweight, structural military and non-military applications.  

DESCRIPTION: Mg and Mg alloys are characterized by a very low density and high specific properties, have an inherently high ability to dampen mechanical and acoustic vibrations, and have extremely high thermal conductivities.  Bulk nanocrystalline materials have typically exhibited significant increases in strength and hardness compared to conventional coarse-grained materials.  Further strengthening may be achieved through the dispersion of fine, nanometer-scale reinforcement. The goal of this SBIR is to design and develop new nanostructured, magnesium-based composites with tensile strengths greater than 600 MPa (87 ksi) and tensile failure strain greater than 5 % at room temperature.  

It is believed that the development of a fully dense, nanostructured, Mg-based composite reinforced with carbon nanotubes (CNTs) will result in a lightweight, high strength, structural composite with unique properties.  It is believed that the successful incorporation of CNTs will serve to greatly enhance the specific properties, since CNTs have a low density, and high elastic modulus and tensile strength.  It should further enhance the materials damping capability, since carbon and graphite are well-known damping agents in a variety of materials, and presents opportunities to develop unique thermal management schemes for the composite.  The size scale of the CNTs may lead to conductivities that positively depart from conventional mixture rules; theory predicts non-linear conductivity enhancements as the size of a second phase within a composite matrix decreases.

The challenge is to design Mg-CNT formulations and develop a process to consolidate the powder blend formulations into a homogeneous, fully dense composite with nano-grain structure.  As such, techniques that use nano or nano-grained powders and consolidation techniques that can be used to preserve the microstructure of the starting powder and achieve a nanostructured composite are of special interest.  

PHASE I: Design a formulation for a magnesium alloy reinforced with CNTs and demonstrate a process to produce a homogeneous, fully dense composite with average grain size less than 200 nm.  Fabricate small test specimens (minimum cross section 1/4" x 1/4" or 1/4" diameter) and characterize the mechanical properties (in accordance with ASTM E8) of the composite under quasi-static conditions. The entrance criteria to be invited for a Phase II will be achieving a specific tensile yield strength of approximately 300 MPa*g^-1*cm^3).   

PHASE II: Determine optimal CNT content with respect to mechanical properties, and produce a homogeneous, fully dense composite further reducing the grain size to less than 100 nm.  Characterize the mechanical and thermal properties of the composite under quasi-static and dynamic conditions (0.001/s-10,000/s).  Scale up the process to produce 4" x 4" tiles for ballistic testing by US Army.  

PHASE III: The material developed under this effort will have dual use applications in military as well as commercial applications.  The material can be inserted/transitioned into several Army hardware programs for ground and air vehicles.  Commercial potential includes aerospace and law enforcement applications.  
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A10-054

TITLE: Innovative Non-conventional Imaging Technology for Situational Awareness
TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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: Research and develop innovative nonconventional technology to enable inexpensive, zero latency, hemispherical visual display of the area around manned vehicles to the personnel therein without placing them in harm’s way.

DESCRIPTION:  Situational awareness around manned vehicles is critical for the protection of soldiers in urban and mountainous terrain war environments.  Such environments are complex 3-dimensional arrays of obstructions that are very capable of hiding the enemy.  For moving manned vehicles the environment and the threat is constantly changing.  Threats can appear momentarily and disappear as rapidly.  Conventional optical devices such as cameras can miss transient threats due to possible frame rate restrictions and lack of resolution covering ranges from close to long distances from the vehicle.

This solicitation is for research, development, and implementation of innovative nonconventional technologies that are robust in a war environment, that are relatively inexpensive, and that provide immediate imaging of the visual sphere around the vehicle.  The innovative technology should be cheaper than conventional cameras, provide spatial resolution that is limited only by the human eye, and provide zero latency between an event and the observation of the event.  The nonconventional technology should provide continuous hemispherical imaging and use a maximum of 2 watts of power to operate during daytime hours.  This innovative solution must not put the occupants at risk by allowing outside observers to see them or by compromising the structural integrity or the ballistic properties of the vehicle.  The solution must spectrally transmit 90% or more of the energy from at least 400 nanometers to 1 micron.  The system, in production quantities, should cost less than $50,000.  

PHASE I: Research and develop innovative, nonconventional technology for use in the optical path to facilitate inexpensive, immediate, and continuous monitoring of the visual sphere around manned vehicles by the occupants. The optical resolution must be such that a soldier looking at a viewing screen can identify targets such as personnel and individual weapons from the edge of the vehicle to a distance of at least a kilometer. Light loss by the system should be less than 10% in the visible region through the near infrared region. The optical elements in the path should occupy less volume than traditional digital cameras used on current vehicle platforms and should be ruggedized to withstand military vehicle environments.

PHASE II:  Design and fabricate an innovative prototype meeting the above criteria.  Demonstrate that the system provides 90% transmission from 400 nanometers to one micron. Demonstrate the system’s spatial resolution, continuous hemispherical coverage, and image latency between the exterior of the vehicle and the occupant. Demonstrate the power and size requirements. The system design should be such that installing the system on a vehicle would not require any major modification to the vehicle.

PHASE III: Initiate actions for commercialization of the system within the DOD.  Install the system on an Army vehicle.  Such a system might also be used for fixed site platforms and enhanced to perform spherical imaging for an aerial based platform. Other DoD applications might include drones, airplanes, and Navy boats.  Commercial applications could include security systems for retail outlets, parking lots, warehouse storage areas, etc.  
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A10-055

TITLE: A large field-of-view and high resolution camera in a small form factor
TECHNOLOGY AREAS: Sensors, Electronics

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

OBJECTIVE: Design, develop and demonstrate a small form factor camera to provide a high resolution image capture over a wide field of view to enable significantly higher detection and classification of unexploded ordnance.   

DESCRIPTION: Miniaturized small and light weight cameras that have a large field-of-view (FOV) and that maintain the same image quality throughout the FOV are needed for many applications, including military, homeland defense and commercial applications. Although large FOV imaging systems have been demonstrated recently, achieving high spatial resolution and a large FOV simultaneously still remains as a challenge. Generally, the captured images in these systems suffer from distortions caused by off-axis aberrations. Alternatively, multiple images can be obtained from using an array of lenslets, each lenslet capturing a low resolution image of the scene and applying superresolution techniques to reconstruct a single high resolution image. This approach may prove good enough for some applications. Further, some of the large FOV imaging systems using mirrors and lenses may tend to be bulky and costly. In developing a large FOV camera one may derive useful hints from biological imaging systems, in particular, from the compound eyes of insects.  However, compound eyes, while having a large FOV, suffer from poor image resolution.

In general, image resolution in optical systems is subject to a fundamental limit of resolution known as "Abbe's diffraction limit," according to which the best resolution that can be achieved is approximately lambda/2 where lambda is the wavelength of light. The reason for the Abbe's limit in resolution stems from the fact that the evanescent light from the object, which carries the sub-lambda information of the object's features, decay exponentially as a function of distance from the object. As a result, only the propagating waves those carrying the low frequency spatial components (coarser details) are collected at the image plane. Superresolution imaging beyond Abbe’s diffraction limit can be achieved by utilizing an optical medium or ‘metamaterials’ that can either amplify or transport the decaying near-field evanescent waves that carry subwavelength features of objects. Such materials typically have one or more of their permeability or permittivity components that are negative. These metamaterials can be artificially engineered and fabricated using controlled nanofabrication techniques and offer the possibility of restoring or recovering the lost sub-lambda object features thereby making a high resolution image with little degradation. While superresoultion may perhaps be achieved by post processing of the collected images, the advent of the negative metamaterials offer for the first time the scope for developing optical components to achieve subwavelength imaging capabilities. Research also indicates the promise for metamaterials that are tunable over wide frequency ranges.  

This solicitation calls for the design and development of a small form factor camera to provide a wide field of view image capture with high resolution. Novel solutions that make use of the advent of new and innovative optical materials are expected to be considered to break the fundamental barrier of achieving resolution across a large FOV. One of the challenges of this topic is to design cameras that would operate over a wide wavelength range that includes but not limited to visible to near infrared (400-900nm) and short wavelength infrared (900-1700nm).

PHASE I: Demonstrate a proof-of-concept design to fabricating a small form factor camera using novel material and lens concepts that would offer high resolution wide field of view image capture. The proof-of-concept design should take into account size, weight and power (SWaP) of such a camera keeping in view its ultimate use in soldier hand-held and robotic applications and in smart munitions. The camera should have at least 180 degree by 90 degree field of view. Trade-off studies are to be performed to arrive at the best combination of field of view, resolution and sensitivity and yet maintaining the SWaP requirements. In one of the intended applications of locating small objects of interest, it is expected that the camera could achieve superresolution wide field of view image capture at reasonable depths to detect unexploded ordnance (UXO) (1 foot nominal depth) from standoff distances of approximately 25 feet or less. 

PHASE II: Develop and demonstrate a prototype small form factor camera that will simultaneously realize wide field of view and high resolution. Demonstrate the capability to achieve the high resolution image such that the camera can track objects rapidly moving at varying ranges. The prototype should have size, weight and power (SWaP) features that are commensurate with its intended operations in a hand held or robot mounted applications. Additionally, it is envisioned that a small form factor sensor/camera can be included in smart precision tactical/protective networked munitions. Ideally, the image collection and image recognizing functions in the small form factor camera would have the SWaP features of a cell phone camera (example: size of 10x10mm and power consumption of the order of 120 mW).  The camera should have at least 180 degree by 90 degree field of view and should offer subwavelength resolution in the operating wavelength ranges. The camera should operate over a wide wavelength range that includes but not limited to visible to near infrared (400-900nm) and short wavelength infrared (900-1700nm).  A prototype small form factor camera shall be delivered at the end of Phase II. 

PHASE III: The high resolution small form factor camera developed under this effort will have immediate application of detection of UXOs.  It will have dual use applications in all surveillance related missions. Further, it can find applications in smart precision munitions guidance and navigation as well as in target sensing. Smaller and lighter sensors with a wide field of view and high resolution in smart munitions can provide enhanced battlefield intelligence both in tactical and protective operations. Homeland Security Operations not limited to Border Patrol, airport security, Federal Emergency Management Agency and perimeter protection surveillance operations can benefit from the small, high resolution small form factor camera that can detect rapidly moving objects over a wide field of view. The camera can be mounted on robotic platforms and can acquire high resolution images from areas which would prevent human intervention such as in buildings with fire and/or those infested with biological, chemical, nuclear agents. These robots can also be deployed in operations requiring remote surveillance applications.
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A10-056

TITLE: Affordable GPS-independent Precision Munitions
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PEO Integration

OBJECTIVE: Develop an innovative, low-cost, GPS-independent, and high-G-survivable alternative guidance and control sensor for precision munitions.  

DESCRIPTION: Guidance and control systems for precision munitions consist of a processing unit, appropriate sensors and seekers, and a software application that can determine the desired trajectory of a projectile and make mid-course corrections to hit a target. 

Current guidance and control components used in precision munitions are very expensive, which is the primary impediment to their mass fielding. Another challenge to fielding a large number of precision munitions is the fact that few guidance and control sensors are able to survive high-G firing accelerations of up to 20,000 G. Current guidance and control sensors rely on GPS for accuracy, if GPS is jammed or not available these guidance sensors cannot meet the Excalibur target Circular Error Probability (CEP) requirements. Furthermore, current systems have high power consumption, requiring power sources that occupy a large portion of the warhead volume. 

This SBIR effort solicits innovative ideas to be evaluated through a series of feasibility studies, resulting in a proven solution that can be inexpensively integrated into munitions like the Excalibur round in a mass production scenario (see Reference (1, 2, 3, 4). 

The objective of this SBIR project is to provide a gps-independent inertial sensor suitable for the Excalibur round. This objective must be met while achieving a design that reduces the production cost of the sensor package to below $1000 (see references 1, 2, 3, 4). This innovative, low-cost sensor must meet current Excalibur requirements for Accuracy on Target CEP (Circular Error Probability) of 10 meters in a GPS-denied situation. The proposed system must provide high G survivability in the range of 20,000 G. Reducing the power requirement for this sensor will likely be an important factor in achieving the objective of this project (low power consumption for current inertial guidance sensors is in the range of 3 to 4 watts at 5 volts). Candidate proposals need to focus on how the guidance sensor is being used to supply accurate error data to the guidance and control algorithm. 

PHASE I: Perform feasibility studies for the proposed solutions to determine their potential to satisfy project objectives. Develop analytical models and perform computer simulations to determine the characteristics and the performance of each intertial sensor concept. Based on the metrics listed in the description, justify the selection of a concept to develop under the Phase II effort.  

PHASEII: Develop and demonstrate the selected sensor solution in a prototype guidance and control package suitable for the Excalibur round. Perform structural integrity tests, including an air gun test, to illustrate survivability. Perform laboratory tests and range tests to validate the developed models and to confirm the performance of the sensor in a guidance and control package.  

PHASE III:  Based on test results, develop an optimally designed guidance and control package with integrated sensors for integration into the selected round in preparation for test firing. Upon maturing the technologies, the prototype hardware developed and demonstrated by means of field tests will be inserted into relevant acquisition strategies such as Army Technology Objectives, or Naval and Air Force programs. The development of an optimally designed guidance and control package has a wide range of military, homeland security and commercial applications. In military applications, highly affordable guidance and control packages will enable the mass production of multiple gun-fired munitions, missiles, and smart bombs. Other military applications could include robotic platforms widely used in security and special hazardous missions. For commercial applications, affordable guidance packages and their components can be used in industrial automation, robotics, precision machines, automated transportation, the automobile industry and the commercial space industry.  
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A10-057

TITLE: Dynamic Conditioning of Projectiles for Ultra-Lightweight Armor Applications
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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, demonstrate, and evaluate promising materials, processes, and technologies to achieve improved Soldier and vehicle ballistic protection through dynamic softening of the projectile nose to reduce penetration.

DESCRIPTION: A common utilized method to defeat armor-piercing small and medium caliber ballistic projectile threats involves the utilization of ceramics such as aluminum oxide, boron carbide, and silicon carbide that are backed by metal plates. The ceramic materials are usually bonded onto metal and/or composite backings with low-density, low-impedance, and low shear strength adhesives. The primary ceramic properties exploited are high strength and hardness to rapidly fracture the penetrator on the hard ceramic surface after impact. The subject of understanding the dynamical failure modes of these materials and penetration mechanics of threat projectiles are areas of intense investigation that will allow for the development of new solutions for protection. In anticipation of new and/or unforeseen threats as they emerge, continual improvements in armor systems are necessary. Beyond the revolutions in materials technologies that design engineers may come up with, alternative means of improving armor systems are required. 

It is understood that the effectiveness of ceramic armor can be increased if the penetration capability of the threat projectile can be dynamically altered (blunted or deflected in some manner). Therefore, the focus of this program is to explore methods for enhancing the performance of ceramic armor through the development of advanced materials and/or processes that synergistically work together to blunt or deflect small projectiles. Critical technology areas to be addressed include blunting, deflection, delamination, and bonding. New innovative concepts are sought that can dynamically blunt projectiles. Examples include: (1) New materials and/or processes that are integrated to precede the ceramic armor exterior front surface that can interact with the projectile upon impact with sufficient response time, heating to deform or blunt. The response would need to react sufficiently fast to heat the projectile as it passes through the system. Activation would need to be enabled by the impact of the projectile on the materials and/or process. (2) Deflection mechanisms or materials capable of reacting sufficiently fast and with assymetrical volume expansion to deflect a projectile as it begins to penetrate the front surface. (3) Delamination materials or mechanisms from within a laminate ceramic composite designed to cause delamination and buckling of ceramic plates such that their motion deflects the tip of an incoming projectile. The materials and/or process would need to react sufficiently fast to produce delamination and buckling before the projectile penetrated into the second layer of the laminate, armor composite. (4) Bonding or brazing materials and mechanisms placed on the exterior of ceramic armor to enable bonding of braze like materials to the tip of an incoming small projectile. The bonding process would be designed to add mass to and thereby blunt the tip of the projectile, and in turn, minimizing penetration.

The primary objectives are to conceive, devise, model, fabricate, and experimentally validate advanced concepts and configurations that may be able to defeat ballistic projectile threats. The advanced concepts and configurations must able to achieve and exploit dynamic conditioning mechanisms in <100 microseconds. The advanced concepts and configurations must lightweight and able to be scaled for portability in the future. The advanced concepts and configurations will be evaluated against a baseline armor configuration.

PHASE I: Define, design, and analyze promising protection technologies that have the potential to dynamically soften the nose of a projectile upon ballistic impact and reduce projectile penetration by 25% versus an equivalent thickness of silicon carbide. The advanced concepts and configurations must able to achieve and exploit dynamic conditioning mechanisms in <100 microseconds. The advanced concepts and configurations must lightweight and able to be scaled for portability in the future. The advanced concepts and configurations will be evaluated against a baseline soldier or vehicle armor configuration.

PHASE II: Design, fabricate, and test both new advanced materials and dynamic processes to validate performance and applicability. Dynamic performance evaluations will be conducted at the Army Research Laboratory at no additional cost to the contractor. The advanced materials and dynamic processes must demonstrate improved ballistic performance in a prototype lightweight protection system.

PHASE III: The developed technology will be inserted into Army ATO Program TWV -“Tactical Wheeled Vehicles” and transitioned to PEO-CSS, PEO-Soldier, and DARPA. Technology will also be jointly integrated into Navy and Air Force protection programs. 
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A10-058

TITLE: Development of a Two Color Polarimetric Forward Looking Infrared (FLIR) Camera
System
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop a ruggedized forward looking infared (FLIR) video-imaging system capable of measuring and displaying in real-time, calibrated Stokes imagry and associated products, in both the MidIR (3-5µm) and LWIR (8-12µm) regions of the IR spectrum, i.e., two color operation.

DESCRIPTION: Polarimetric imaging (PI) is the generation of a 2D image (or video) whose pixel intensity is directly related to the polarization state of the image forming light.  This novel imaging methodology has been explored to varying degrees in the past where the primary mode of operation was limited to the visible or NIR regions of the spectrum.(1-4)  However, there has been recent development within the DoD and private sector research communities in which a series of “research-grade” LWIR and MidIR polarimetric imaging sensor systems have been developed.(5-8) 

Sensors that operate in the thermal IR are designed to exploit the phenomena that man-made objects emit thermal radiation that tends to have a preferential polarization state (usually linear), while naturally occurring “background” materials, e.g., vegetation, grass, trees, etc., tend to show little or no preferential polarization. As a result, a thermal polarimetric image can significantly enhance the ability to detect certain targets by increasing the contrast between a man-made object and their respective background, while simultaneously suppressing any irrelevant clutter. Example applications for using polarimetric imaging in the thermal IR include: detection of disturbed earth and/or altered road-type surfaces, enhanced targeting and tracking of man-made vehicles and personnel, and the identification and suppression of decoy objects.(9-12)  

However, in order to realize the full tactical benefit for using thermal polarimetric imaging on the battlefield (or for civilian applications), new ruggedized and cost-effective sensor platforms must be developed. Prospective candidates should be familiar with the current state-of-the-art polarimetric filtering techniques, as well as the advantages (and disadvantages) inherent with each optical design, i.e., division-of-focal-plane (sometimes termed micro- or super-pixel) approach, division-of-aperture (DOA), division-of-amplitude (DoAmP), and division-of-time (or spinning achromatic retarder) approach. Similarly, since polarimetric imaging relies on differencing two images (or video streams) image misregistration error must be kept below 1/10 pixel.

In addition, because the thermal polarimetric signal results from either “emission” dominated polarization as seen in LWIR, or “reflection” dominated polarization as often seen in the MidIR, it is desirable to operate in both IR bands simultaneously in order to maximize the information content from the resulting 6 channels, i.e., a conventional radiance image for each band, and a pair of polarimetric Stokes images, S1 and S2, for each band.  By being able to separate and distinguish between two IR regions in a polarimetric image that are either reflection or emission dominant, one gains a significant amount of  new information about the composition and nature of the target(s) and its environment.(13,14) Additional rational for two color operation are outlined in an earlier paper by Howe.(15)

Therefore, the proposed polarimetric FLIR system must satisfy the following minimum operational criteria: 1) capture and record  a minimum of 4 video channels, e.g., conventional thermal Mid and LWIR channels, and 2 (user specified) polarimetric channels, say, S1(Mid) and S1(LWIR),  2) display in near realtime, user specified 2 or more  fused thermal/polarimetric channels, e.g., create a mask with one channel and superimpose it on second channel, 3) complete camera system must result in less than 1/10 pixel misregistration error between difference images, and 4) FLIR system must exhibit a rugged and portable design capable of combat type operation.(16,17) Additional parameters such as size, weight, choice of a particular focal-plane-array(s) (FPA), cooled or uncooled operation, power consumption, etc., will be left to the discrepancy of the proposal author(s). Major criteria for evaluation will include maximizing polarimetric/radiometric signal-to-noise, ease of use, and sensor ruggedization.  

PHASE I: Identify all optical components and conduct radiometric/polarimetric ray tracing calculations to predict expected throughput and identify aberrations. Identify specific FPA(s) and vendors required for dual-band operation. Identify/design all required computer processing hardware, frame-grabber, circuit and A/D boards, etc., as well as software to be used for both mathematical computations and real-time multichannel video fusion and display. Outline detailed polarimetric calibration procedures. 

PHASE II:   Assemble, test, calibrate, and demonstrate prototype device as described in Phase I. Measure and quantify image misregistration error. Testing should include measurement of the overall modulation transfer function (MTF) as well as the polarization MTF (PMTF). Upon completion of a working prototype, the system will be delivered a government research facility for demonstration and assessment of specific system capabilities. Such capabilities will include:  a) remote detection of disturbed earth, b) detection of low observable targets, c) identification and suppression of decoy targets, d) remote detection of camouflaged objects, and e) the use of resultant polarimetric imagery to enhance performance of established automated target recognition (ATR) system(s). 

PHASE III: Examples of nonmilitary applications for IR polarimetric imaging include: 1) ice detection on planes, roads and bridges, 2) detection of low observable objects, i.e., oceanic search and rescue, 3) remote sensing and identification of various geological features such as crop conditions and detection/monitoring of sea contaminants, 4) nondestructive testing in various manufacturing processes, and 5) noninvasive detection of sublayer metallic corrosion.
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A10-059

TITLE: E-Field Warhead & Projectile Technology
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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 discover, develop, and integrate innovative technologies to concurrently couple the energy from electric fields into both structural warhead and projectile cases and explosives providing compact munitions capable of achieving focused and scalable lethal and non-lethal effects against targets.

DESCRIPTION: Current Army weapons utilize a wide range of small, medium, and large caliber ammunition, projectiles, warheads, mortars, rockets and missiles. These are recognized as the world’s most lethal and survivable weapons, but it is understood that they must rapidly evolve to meet the needs of the Soldier in the ever-changing theaters of conflict in an increasingly urbanized world. The presence of manmade structures, limited engagement areas, restrictive maneuver space, the presence of noncombatants, and the ability to effect resource denial to enemy forces occupying the urban area without completely destroying the resource infrastructure are factors that can limit the use of certain weapons. The Army has identified the need for weapons that span the full range of multifunctional capability that can be tailored to the target, result in low collateral damage, provide overwhelming lethality, and/or non-lethal effects. 

There are ongoing efforts to develop warhead and projectile technologies such as selectable fragmentation and controlled blast to provide scalable and adaptive lethal effects against targets. There are also extensive ongoing parallel efforts to develop new classes of weapons capable of providing non-lethal effects. Through this work, the state of weapons technology for urban warfare has improved, but is far from optimal. It is also apparent that increased numbers of specialized munitions are on the horizon to fill these needs, and will likely result in increased burdens on the supply and logistical chains. Significant technology gaps must be overcome to enable truly multifunctional and multipurpose compact weapons that can singularly provide the full range of desired effects. 

The goal of this effort, which may be an important leap in this direction, is the development of new technologies that combine, augment, or control the chemical energy provided by explosives with electrical field energy and concurrently drive dynamical processes within the munitions case. It has been shown that electromagnetic pulses, produced by explosive detonation (chemical energy conversion to electromagnetic energy) in a configuration known as a electrical flux compression generator (EFCG), can be utilized to provide non-lethal effects (mega amps that damage and/or disable electronics). Also, within the extreme pressure, chemical reaction region of a detonation event of an explosive, ionized intermediates within the electron rich environment preceding the shock front, are electrically conducting. Therefore, electrical energy coupled into the reaction zone of the detonation wave may increase and/or augment explosive chemical energy and output (e.g. control detonation pressure, tailor blast, alter fragment velocity, etc). Selective-controlled activation and switching of the EFCG, as the munition case itself, might lead to preferential mass and energy focusing (directional effects), focused lethal effects (all one direction), destruction of case (non-fragmenting), and/or electromagnetic pulse only. This technology might also allow for the use of very insensitive or inexpensive low-grade explosives where performance could be boosted as needed. The overarching technical challenges are to (1) develop a fundamental understanding of the chemical, physical, and engineering aspects of electric field augmentation of dynamic explosive events, (2) identify phenomena that control the partitioning of electrical energy into the detonation front , (3) elucidate approaches and activation mechanisms enabling electrical field control of munition structural cases for selective spatial and temporal directional effects, (4) identify mechanisms for optimum conversion of explosive energy to electromagnetic effects, (5) develop concepts and approaches for integrating these technologies into a single device capable of providing focused lethal and non-lethal effects, (6) perform numerical modeling to describe and predict properties, (7) determine efficacy and scaling parameters, including size limitations, for configurations in 155mm, 120mm, 105mm, 81mm, 60mm, 30mm, and 25mm diameters, and (7) experimentally evaluate the most promising configurations.  There is also great potential for the use of very compact explosively driven electromagnetic field devices for a variety of pulsed power applications and for dual-use applications for precision focused effects in mining and demolition.

PHASE I: Define and design new concepts for to concurrently couple the energy from explosively driven electric fields into both structural warhead and projectile cases and explosives. Utilize modeling and simulation or other numerical tools to determine approaches which achieve >10% coupling of electrical energy into explosive, >30% conversion of explosive energy into electrical energy, and >50% mass selectable and directional focusing from warhead and/or projectile in configurations (e.g., 155mm, 120mm, 105mm, 81mm, 60mm, 30mm, and 25mm diameters).  Define and design new concepts to develop extremely small explosively driven devices for pulsed power generation and electromagnetic field generation. 

PHASE II: Fabricate prototype devices to be tested in baseline 155mm and 60mm configurations to validate ability to achieve >10% coupling of electrical energy into the explosive; >30% conversion of explosive energy into electrical energy; and >50% mass selectable and directional focusing. The ability to most efficiently couple electrical energy into the explosive and convert explosive energy into electrical energy is a higher priority than mass and directional focusing from the device. Perform analysis addressing affordability, producibility, and manufacturability plans for new materials.  Fabricate prototype explosively driven compact devices and demonstrate & quantify pulsed power output; and demonstrate electromagnetic field generation in small portable devices.

PHASE III: The developed technology will be inserted into Army ATO program STAR – “Scalable Technology for Adaptive Response” and transitioned to PEO-AMMO, PM-MAS, PEO-Missiles & Space, DARPA, and acquisition programs. Technology will also be jointly integrated into Navy (Office of Naval Research), DTRA, and Air Force (Eglin Air Force Base Munitions Directorate) munitions programs, and also commercialized for military utilization.  The same technology will have large dual-use applications for very compact explosively driven devices with precision-focused output for mining and demolition for close-quarters work where explosives output needs to be carefully controlled to avoid unwanted damage to surrounding infrastructure.  Very compact explosively driven devices that produce high peak-current will have dual use applications for pulsed power (acctuators, explosive bolts, explosively powered portable cutting tools).  Compact explosively driven electromagnetic fileld generators will have applications for electronics defeat (stopping vehicles, disabling electronics, disabling IEDs).
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TITLE: Fabrication of High-Strength, Lightweight Metals for Armor and Structural Applications
TECHNOLOGY AREAS: Materials/Processes, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Development a manufacturing methodology to produce large-scale lightweight, high-strength ultrafine-grained (UFG) alloys for potential armor and structural applications.

DESCRIPTION: With recent global developments has come the increased recognition of the need to develop and implement lightweighting strategies for the full range of weapons platforms (land, sea, and air) without a loss in platform functionality.  Lightweight ultrafine-grained (UFG) alloys have shown tremendous increases in strength and ductility over conventional coarse-grained, conventionally process materials, but have primarily been researched at laboratory (cm) scales.  Furthermore, the typical scales at which the materials have been produced have excluded the possibility of ballistic evaluation.  This proposal aims to fill this void by soliciting optimized UFG materials for likely armor applications, and also, investigating the scale-up and prospective commercialization of the methods used to manufacture such a material.  The ability to achieve the desired mechanical properties on a large scale through novel processing approaches has the potential for high-impact and near-term applications. These significant improvements in the mechanical and physical properties of UFG lightweight metals will drive design of lightweight metal structures and armor components in military vehicles, thus reducing large logistical burdens, minimizing operational constraints and liabilities, and reducing vulnerabilities.  

PHASE I: The results of Phase I will be five (5) lightweight alloy and/or composite plates for metallurgical, mechanical and ballistic characterization.  Innovative equipment and processing methodologies may need to be developed to achieve plates with the following criteria:  specific density less than 3 g/cm^3, average grain size less than 0.500 micrometers, ultimate tensile strength greater than 450 MPa, relative tensile elongation greater than 8%, minimum plate size of 300 mm x 300 mm x 25 mm.

PHASE II: Phase II will culminate in the research and development of processing methodologies to provide scaled-up plates with a minimum size 1.25 m wide x 3.5 m long x 25 mm thick which meet or exceed the same standards as determined by Phase I.  Some of these panels will be rolled out into wider panels or sheet products.  This will be paralleled by continued metallurgical and mechanical testing, and assessment of commercial scalability. Technology Readiness Level (TRL) 5 should be attained by the end of Phase II and continued funding should be at 6.3/6.4 levels.

PHASE III: The production of high strength sheet and plate product could see an abundance of applications in both military and civilian realms.  The probable military applications span from lightweight personnel protection (e.g. E-SAPI vest back-plates) to large armor packages.  High-strength, lightweight sheet product would find its way into the civilian market as preform for sheet-formed items or perhaps vehicle body panels.  The transitions to operational capability to achieve these prospective applications will be based on a transition between the Phase I research and development to achieve property goals, to the scale-up feasibility in Phase II, and then commercial production in Phase III.  At the end of Phase II, program managers responsible for manufacturing and armor materials specification in military vehicles will evaluate the potential for transition.  
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A10-061

TITLE: Formation of large single crystals of aluminum oxynitride (AlON) ceramic
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: Develop and demonstrate a process for the growth of large aluminum oxynitride (AlON) transparent single crystals in the cubic crystal class, with high purity and perfection such as those suitable for optical or microelectronic applications.  A process for the manufacture of large ALON single crystals will also play a vital role in enabling the validation of ab initio and molecular dynamics calculations of AlON anisotropic elastic constants.  

DESCRIPTION: This effort would develop and demonstrate a process for the formation of large single crystals (50 mm diameter x 25 mm thick)  of  aluminum oxynitride, AlON, material which is a dense transparent armor ceramic being considered for windows in armored vehicles and semiconductor applications [1,2].  Current AlON material is formed from pressed, cast or molded powder which is then densified by heating in an oven. In this polycrystalline form, individual crystals are on the order of 200 microns in size, and are of cubic spinel structure.  Polycrystalline aluminum oxynitride is commercially known under the name ALON(trademark) (see e.g. www.surmet.com).  Large single crystals of gamma-AlON are needed that appear on the pseudo-binary AlN-Al203 (aluminum nitride-aluminum oxide) phase equilibrium diagram as described in [3].

PHASE I: The phase I objective will develop and demonstrate a process for growing large single crystals of AlON with stoichiometry (about 30-35% mole percent AlN)  ideally centered at Al8(CN IV) Al15(CN VI) AluminumVacancy(AlVI)O27 N5 as described in [3,4,5]. Crystals grown in Phase I should be sufficiently large (> 2 mm3), optically transparent and isotropic, and nearly free from defects so that resonant ultrasound spectroscopic (RUS) methods [6] can be used to independently determine the ambient cubic elastic constants, (C11, C12, C44), for the material. Deliverables for Phase I will include:

1)  Develop and demonstrate a process for growing single crystals of AlON (> 2 cubic millimeters)

2)  Crystals should have real in-line visible light transmission of 80% and the degree of optical transparency using a UV-VIS-IR transmission curve with > 70 percent transmittance.

3)  Demonstrate that the single crystals are optically isotropic.

4)  Measure cubic elastic constants (C11, C12, C44) for the single crystal material using RUS or other method.

5)  Write a final report describing the Phase I crystal growth process specifications, which incorporates all information in 1) – 4) above.

6)  Deliver five (5) single crystals (> 2 cubic millimeters) to ARL.

PHASE II: Phase II will demonstrate that the process can be scaled up to grow larger single crystals of AlON (50 millimeter diameter x 25 millimeter thick).

Deliverables for Phase II will include:

1)  Develop a process capable of scaling up the Phase I effort to grow AlON single crystals (50 mm diameter x 25 mm thick).

2)  Crystals should have real in-line visible light transmission of 85% and the degree of optical transparency using a UV-VIS-IR transmission curve with > 70 percent transmittance.

3)  Demonstrate that the Phase II single crystals are optically isotropic.

4)  Measure and compare the cubic elastic properties of crystals grown using Phase I (>2 cubic millimeter) using RUS techniques with Phase II, (50 mm diameter x 25 mm thick) using pulse echo or other techniques.

5)  Measure and compare the dielectric properties of crystals grown using Phase I (>2 mm3) with those in Phase II, (50 mm diameter x 25 mm thick).

6)  Write a final report describing the Phase II crystal growth process specifications, which incorporates all information in 1) – 5) above.

7)  Develop a viable technology transition plan.

PHASE III: The technology developed under this program if successful can be used on a number of Army and commercial applications that require large optical windows, domes, and plates, substrates for microelectronic applications, and the solution will be applicable/usable by any and all aircraft in the Department of Defense inventory.
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A10-062

TITLE: Inexpensive Large Scale Manufacturing of High Specific Modulus and Strength Ceramic
Fibers
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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 demonstrate an inexpensive large scale high output manufacturing process to fabricate high specific modulus and high specific strength continuous ceramic fibers.  The continuous ceramic fiber must be suitable to be used in a variety of existing conventional textile weaving processes without a modification for downstream aluminum (Al) and/or magnesium (Mg) based metal matrix composites (armor) fabrications.

DESCRIPTION: Continuous ceramic fibers have a wide range of potential engineering applications in civil and military sectors.  However, their limited processability and high cost hampers their utilizations in such applications.  Currently, extremely limited commercially viable continuous ceramic fiber processing techniques exist.  The focus of the current SBIR is to design, develop, and demonstrate an inexpensive and highly scalable manufacturing system suitable to process high specific modulus and high specific strength continuous ceramic fibers.  The output continuous ceramic fibers must be suitable to be directly fed into a variety of existing conventional fiber textile weaving processes without significant modifications for downstream lightweight Al and/or Mg metal matrix composites (armor) applications.  Orders of selection criteria of this SBIR topic are (1) specific modulus, (2) specific strength, (3) batch quantity, (4) cost, and (5) all others.

PHASE I: Design and develop one or more continuous ceramic fiber synthesis methodologies, demonstrate its compatibility with Al and/or Mg based metals, and demonstrate its manufacturing feasibility by producing ceramic fibers with the following characteristics as minimum requirements: specific modulus > (larger than) 135 GPa/g/cc; specific tensile strength > (larger than) 140 MPa/g/cc; fiber (single fiber or filament) diameter = (less than or equal to) 25 micrometer; fiber length to diameter ratio > (larger than) 1000; batch quantity > (larger than) 0.5 lb; and cost analysis < (less than) $1000/lb.

PHASE II: Scale up the ceramic fiber synthesis methodologies demonstrated during the Phase I without degrading the compatibility with Al and/or Mg based metals.  Build one or more prototype semi-continuous ceramic fiber manufacturing system; demonstrate its effectiveness by producing ceramic fibers with the following characteristics as minimum requirements: specific modulus > (larger than) 135 GPa/g/cc; specific tensile strength > (larger than) 140 MPa/g/cc; fiber (single fiber or filament) diameter = (less than or equal to) 15 micrometer; semi-continuous in fiber (single fiber or filament) length suitable to form commercial size spools of 5000 (+/- 2500) denier strands; batch quantity = (equal to or larger than) 25 lb in commercial size spools of 5000 (+/- 2500) denier strands ; and cost analysis < (less than) $100/lb.

PHASE III: Transition the manufacturing technology to civil and military sector applications.  The manufacturing technology transition to military applications includes partnerships with major MMC armor plate manufacturers, armor integrators, and/or DoD prime vehicle integrators.  Deliverables and technical data packages resulted from this SBIR will support a variety of ATOs, MTOs, and Army PMs and Army PEOs for Army warfighters and vehicle survivability.
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A10-063

TITLE: Cast Encapsulation of Unfinished Ceramic Armor Tiles
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: The purpose of this proposal is to establish an alternative metal encapsulation mechanism of unfinished ceramic tiles that will provide the Army with a greatly reduced cost option for legacy and future platforms within the current repertoire for armor solutions.  This purpose with be accomplished by leveraging existing design, modeling, and newly established manufacturing technology (MANTECH) capabilities against well known established manufacturing practices with large US industrial capacity employing existing metal alloy systems; systems that lack expensive elements, that are not environmentally prohibitive, or are sensitive due to their strategic alloy element acquisition.   A low-cost manufacturing process is sought that will directly cast the encapsulated ceramic structure to net/near-net shape and eliminate ceramic tile finishing practices currently required for existing ceramic panel designs.

DESCRIPTION: The casting process must produce sound parts where the metal encapsulating structure must be intact, crack-free, and of a structural metal (Mg, Al, Ti, or Fe based alloys).  The ceramic tiles must be constrained throughout the process so that they remain in a fixed location in the part throughout the process.  Also, the ceramic must not be degraded or damaged by the metal, either by chemical attack or dissolution, thermal shock damage, or residual stress induced fracture.  If there is potential for reaction with the metal during the casting process, the manufacturer must detail what steps will be taken to mitigate the reaction and protect the tiles.

PHASE I: Phase I will require a manufacturer to deliver two 26” x 26” panels of a surrogate design with encapsulated unfinished 3/4" to 1" thick 4" (measured flat to flat) hexagonal ceramic tiles arranged in an A/B stacking sequence with 1/8" spacing between tiles. Tiles must be located within 1/4" and parallel to the metal surface of one side of the panel with a 1" thick cast metal backing on the opposite side of the panel. The cast metal panel side walls must be at least 1/4" thick on all sides.  The process must be able to encapsulate the tiles without generating damage in the materials either by chemical attack/dissolution, thermal shock damage, or residual stress fracturing the tiles.   The ceramic tiles must remain in a preferred orientation throughout the process, and the manufacturer must address how the tiles will be immobilized during the casting process.   Provided by the manufacturer will be x-ray images of the encapsulation showing the location and lack of damage in the intact tiles.  Further non destructive evaluation (NDE) of the panels will take place at ARL by phased array technique to verify x-ray analysis.  Panels will be ballistically evaluated for qualitative analysis in this phase to inspect and verify metal-ceramic bonding. Key to potential advancement to Phase II is the ability of the manufacturer to: 1) duplicate consistent panels with required geometries and arrangement of tiles, 2) contain less than 2% porosity(by gas entrapment or internal shrinkage) without the need to hot isostatic press (HIP) the casting, 3) producing panels without weld repair and straightening, and 4) demonstrate by post ballistic analysis that the metal-ceramic interface remained intact.  Ferrous amd titanium based alloys must attain a yield strength of at least 100 ksi, 10% elongation, and Charpy V-notch impact toughness of 20 ft-lbs at room temperature.  Aluminum and magnesium based alloys must attain a yield strength of 40 ksi, 7% elongation, and fracture toughness of 25 ksi per root inch at room temperature.  Alloy property testing must be done in accordance with ASTM standards and test data must accompany both plates and be provided to the Army Research Lab (ARL) at the time of shipment.  All alloys must be gas metal arc weld (GMAW) capable.  Metal matrix solutions are not sought with this solicitation.

PHASE II: Phase II will leverage existing armor designs provided by the Army Research Lab (ARL) to incorporate the manufacturing method from Phase I.  The contractor will address scale-up of the process to make parts larger than the 26” x 26” size, and by the end of the Phase II be able to produce and deliver a 2 modules larger than 36” x 36”.  Included in this phase is funding for non destructive evaluation (NDE) of cast material (prior to testing) as required in Phase I.  Panel geometries and tile selection will be downselected to best support current Army needs at the time that Phase II is awarded.  Threat specific testing will be conducted on all panels.  Successful Phase II completion is predicated upon passage of the specific threat testing.

PHASE III: Successful Phase II testing facilitates immediate vehicle integration of demonstrated technology.  The manufacturing technology and threat information will be transitioned to both Tank Automotive Research and Development (TARDEC) and Tank Automotive Command (TACOM) for immediate implementation and integration into existing and future platform engineering efforts.
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A10-064

TITLE: Light Weight Electric and Magnetic-Field Sensors for Unmanned Aerial Vehicles
TECHNOLOGY AREAS: Air Platform, Sensors

OBJECTIVE: Develop highly sensitive passive small light weight electric-field and magnetic-field sensors for small inexpensive unmanned aerial vehicles that can be used to detect the electric and magnetic fields generated by power lines, manned aircraft, and electrical wiring in buildings. 

DESCRIPTION: In order for UAVs to operate autonomously in complex environments they must have a means to sense objects in their environment. For UAVs to progress beyond mere GPS waypoint following and perform higher level near autonomous and autonomous behaviors they must have adequate information about their environment. One relatively inexpensive method to equip a UAV with the capability to sense one of the major obstacles to flight in an urban environment, power lines, is to develop electric-field and magnetic-field sensors specifically for this task. Power lines provide a particularly difficult obstacle because they require high resolution video, laser, or radar systems to detect. However, they are easily detected by well tuned electric-field and magnetic-field sensors that sense the 50 and 60 Hz frequency for common alternating current. Electric-field and magnetic-field sensors have been demonstrated with the sensitivity that would allow UAVs to have the capabilities outlined above.  However, the sensors have not been demonstrated in a mode of operation in which they are being used in real-time to aid the navigation of a small flying UAV.  Research will be required to design the proper sensors with appropriate fidelity and resolution.  Along with the actual sensor research, there will need to be signal processing algorithm research to process the information from the electric and magnetic sensors in real-time such that the data may be used by the UAV autopilot as a navigational aid.  

It should be feasible to develop highly sensitive light weight sensors with a form factor optimized for small aircraft. A multi-axis sensor suite will be required. There are examples of fairly compact single-axis electric field and magnetic field sensors. For example a single axis magnetic field sensor with 0.1 Volt/nanoTesla level sensitivity is approximately 3-6 inches in length and 0.75 inches in diameter, weighs approximately 0.2 lbs.  For 3-axes the volume and weight required may be prohibitive. By employing creative packaging and innovative fabrication, it may be possible to incorporate the multiple single-axis sensors required into the airframe. There are very few integrated high-fidelity multiple-axis electric-magnetic field sensors. They are currently configured volumetrically for larger aircraft. It may be possible to reduce their size and weight for a small system, but it is likely that the airframe would require extensive modification or a new design to accommodate the relatively large sensor volume.  There would also be the issue of electrical interference that comes with integration of the larger sensor. 

When both electric and magnetic field sensors are employed, creative sensor fusion algorithms may allow a reduced number of  sensor axes, or reduced sensitivity in an axis thus saving total sensor system weight and volume. This may be necessary for micro UAV (less than 2ft wingspan) applications where payload can be less than 0.5 lbs. An innovative approach to the actual sensor design in which the sensor was a component of the airframe would allow the sensors to serve multiple roles in the aircraft and allow high surface area for increased electromagnetic sensitivity, but minimize overall vehicle and sensor mass.  The sensors could be designed as a patch, or laminate, etc and made as an integral portion of the fuselage or wing.  This would give small and micro UAVs a low cost but highly effective means of sensing objects in its environment. For applications at cruise velocity which is likely to be between 45-60 feet/s for a small fixed wing UAV, high speed signal processing algorithms and hardware will be needed in order to process the multi-axis electric and magnetic sensor data in real time to use as a navigational aid.  When designing the sensor system the vehicle configuration, vehicle speed, sensor range and fidelity, and hardware/algorithm signal processing speed must each be considered. 

Electric and magnetic field sensors can be used to find and track power lines as well as avoid them. Another application is to use electric-field and magnetic-field sensors to allow a UAV to autonomously search for indication of hostile forces in remote regions. Hostile forces require power and the signature of its generation, transmission, and consumption can be detected. The passive nature of the sensors allow for a means to provide surveillance without giving away position. Electric-field and magnetic-field sensors may also be able to detect aircraft in flight. Thus they can be used as a means for UAVs to sense and avoid aircraft in flight, and may be an inexpensive tool for airspace deconfliction. There is also the possibility that the sensors may have the fidelity to distinguish the signatures of different aircraft. Electric-field and magnetic-field sensors could provide similar information for manned aircraft as well and could be an inexpensive means for solving such problems as power line avoidance for manned helicopters. Other uses for the electric-field and magnetic-field sensors are improvised explosive device detection and mine detection. In the future the sensors could be used to give unmanned systems the capability for autonomous power harvesting and autonomous recharging.

PHASE I: Perform a feasibility studies and/or simulations for design and effectiveness of a system (electric and magnetic field sensors, signal processing hardware, and signal processing algorithms) that is capable of geolocating  man-made electric and magnetic fields in real-time on a small UAV.  The system should be designed to be compatible with current U.S. Army fielded small electric powered UAV physical configurations and operational requirements such as wing span, payload weight,  minimum flight speed, cruise altitude, etc.  The study should provide information for feasibility of the system to carry out the following functions,  1) sense and avoid a moving or still obstacle generating an electric and magnetic field in real-time, 2) geolocate and map a non-moving electric and/or magnetic field source in real-time. The feasibility study should be of sufficient detail to assess viability of sensor concepts, signal processing algorithms, and support hardware to perform missions described above.

PHASE II: Develop and demonstrate prototype sensors on a UAV that can 1) detect and geolocate power lines and 2) detect manned aircraft in a realistic environment. Develop signal processing algorithms and associated hardware to allow detection and geolocation of electric and magnetic field sources in real-time from a small UAV.  Demonstrate that the sensor autopilot/computer interface is an open architecture that can be utilized through standard autopilot/computer interfaces, (serial, TCP/IP, pulse width modulation, etc.) and gives accurate range and direction of electric and magnetic field sources.

PHASE III: The goal of this research would be to demonstrate the benefits of electric-field and magnetic-field sensors for autonomous UAV operation in complex environments. In doing so several new mission capabilities for UAVs will be developed as well as the sensors, signal processing and control algorithms, and related hardware to perform the task. In addition, the knowledge and process for developing the sensors, algorithms, etc for this SBIR can be extended to increase UAV capability even further. The sensor materiel, manufacturing process, and vehicle integration should be relatively inexpensive.  This research could be used in commercial aircraft. However it is likely that methodologies for developing the sensors for specific aircraft and missions derived from the research may be more difficult to transfer to commercial applications. The research from which the signal processing for the sensors, algorithms for autopilot interface, associated real-time signal processing hardware, etc will benefit a number applications. 
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A10-065

TITLE: Probabilistic Forecasting for Aviation Decision Aid Applications
TECHNOLOGY AREAS: Air Platform, Information Systems, Battlespace

ACQUISITION PROGRAM: PEO Command, Control and Communications Tactical

OBJECTIVE: Develop approaches and methodologies for using mesoscale ensemble modeling to produce forecast probabilities of meteorological variables critical to aviation. Establish capability to calculate forecast probabilities for meteorological parameters using ensemble model forecasts for determination of weather impacts on manned and unmanned aircraft flight routes.

DESCRIPTION: Army aviation meteorological forecasts and associated automated decision aids and assessment tools suffer from a lack of accuracy, uncertainty and reliability due to the inherent uncertainty in weather forecasts. This problem can be substantially solved by translating high-resolution, mesoscale ensemble model output to forecast probabilities for meteorological parameters along a flight path (ensemble forecasting ia a numerical prediction method used to generate a representative sample of the possible future states of a dynamical system). These forecast probabilities can then be applied to mission planning and operations risk assessment and management to increase the likelihood of mission success.

The probabilistic forecast output can be used in weighting schemes to assess the overall aviation mission risk and/or impacts due to the weather. This meteorological impact determination for aviation missions, operations and flights will advance the capabilities of the Army’s Aviation Weather Routing Tool (AWRT), the Tri-Service Integrated Weather Effects Decision Aid (T-IWEDA), and other aviation weather support tools and applications with new probabilistic presentation capabilities to enhance decision-making and course of action options. This capability will improve aviation mission effectiveness, efficiency, safety and survivability.

Ensemble model forecast probability output is required for applications of mesoscale model probabilistic forecasts of aviation impact parameters to be used for aviation route optimization, aviation mission planning and assessment of weather-related mission effectiveness and risk. Such probabilistic forecasts will revolutionize today’s deterministic forecasts by providing confidence and risk parameters as part of the forecast products.  Thus, commanders will have added and focused critical weather confidence factors to aid them in battlefield decisions impacted by adverse weather conditions. 

PHASE I: Determine technical feasibility and develop approaches to producing probabilistic forecasts of specific aviation weather variables such as icing, turbulence, thunderstorms, winds, and clouds from mesoscale ensemble model output for aviation meteorology. Establish a method (or methods) of calculating ensemble model forecast probabilities for aviation meteorological parameters and apply these methods to individual parameter probabilistic predictions.  Develop an initial capability to take one parameter’s adverse weather threshold probability of occurrence and translate that to an adverse weather impact display for a grid point, flight leg, and an entire flight route.

PHASE II: Implement the novel approach and methodology developed in Phase I to produce a prototype model and software that will output ensemble model forecast probabilities for aviation meteorological parameters at every grid point of the Weather Research and Forecasting (WRF) weather forecast model.  Adapt these grid point parameter probabilities for up to five parameters at a grid point, along a flight leg, and along an entire flight path.  Produce overall grid point, flight leg, and flight path weather impact calculations based on a combined probabilistic adverse weather impact calculation from these grid point probabilistic values.  Develop and implement the capability to adjust weights of up to five parameters in a hierarchal scenario where one or two parameters are declared “more significant” than the others.  Calculate and display overall adverse weather impact calculations based on such a weighting scheme and display these calculations at a grid point, along a flight leg, and along an entire flight path.

PHASE III: The ability to determine the accuracy and reliability of mesoscale ensemble model forecast output of aviation meteorological parameters through ensemble probabilistic forecasting is vital to improving and supporting military, civilian and commercial aviation operations and applications, and is a critical capability needed in the Distributed Common Ground Station - Army (DCGS-A) Weather Services and the Tactical Airspace Integration System (TAIS). Mesoscale meteorological ensemble model probabilistic forecasts for Army aviation support and applications would greatly benefit the Air Force, Navy, Marine Corps, civilian and commercial aviation communities. The utility of the aviation meteorological forecast probabilities would be used across the board to determine overall mission and flight impacts, effectiveness, and airspace management risk assessment for commercial, civilian, and military aircraft and aviation activities. Such calculations will benefit flight planning and mission execution aircraft routing decisions designed to help manned and unmanned aircraft avoid adverse weather conditions.
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A10-066

TITLE: Neurological Simulator for Applied Data Collection
TECHNOLOGY AREAS: Biomedical, Human Systems

OBJECTIVE: Develop, build, and demonstrate an innovative, rugged, and portable head-shaped system that will simulate the properties of human brain activity as measured with standard and near-future conventional electroencephalograph (EEG) equipment.

DESCRIPTION: There is a great deal of current work in the human performance arena that centers on the application of cutting-edge neuroscience tools to real-world operational environments. This includes the integration of EEG or other measures of nervous system state with other sensor systems during specific Soldier activities. However, environmental conditions and electrical noise can adversely affect the collection of usable physiological and neurological measurements within real-world scenarios. As neuroscience experiments move from the laboratory to the field, the environment becomes less controllable by the operator, introducing novel sources of noise and error to the measuring devices. While this can be problematic, if environmental factors are known, then many sources of error can be accounted and compensated for in experimental design, recording equipment design, or artifact modeling during online and offline data analysis. 

One way to tease apart externally-driven noise sources from naturally occurring and expected brain signal is through measurement of a standard or known-quantity model within the various target environments. At the moment, however, no standard model exists that can replicate human EEG-like signals within a physical structure that is similar in size, shape, and consistency of the human head. While there currently are a number of computational models outlining the conductive properties of brain matter, skull, and skin, no physical models are commercially available which also have analogous conductive properties. Likewise, the few physical, conductive models or “phantoms” discussed in academic literature or made in a handful of laboratories either have not been created in an appropriate shape for use with complete conventional EEG caps or soldier headgear; being structured as such which would enable use as a benchmark for typical off-the-shelf cap-based EEG systems.

To address this deficit, an innovative system is desired that will replicate signals analogous in size and scope to human brain activity which can in turn be measured with standard EEG equipment. In order to properly simulate the perturbation in measurement of real signals generated by human participants within varied environments, the model should be physically/conductively analogous to the human skull, scalp, and internal structure, so as to functionally replace a human during experimental setup and testing. Additionally, electrical signal generators (16-32 preferred) placed within the model should be fully programmable for future needs of generating true human EEG-like source data. Source signals may be generated or pre-programmed via an external device such as a laptop PC or signal generator for maximal flexibility.

Finally, because the model will be used as a test fixture within a wide variety of environments and varied conditions, it should be fairly durable, rugged, and portable, requiring minimal maintenance, and able to survive use within military vehicles. The end goal is to secure a device which can be used not only for examining and eliminating sources of error and noise within applied- research project environments, but also as a standard tool for comparing and validating new EEG technology and algorithms within these or other environments as it becomes available. That is, it will serve as a phantom standard for future materials testing. 

This project involves research in and understanding of material science, signal generation, transmission and perturbation, and EEG equipment. Because of the wide use and popularity of EEG within the academic, industrial and medical communities, we anticipate substantial interest in such a product as both a tool in laboratory and equipment setup, and the validation and comparison of new EEG equipment, or any scenario where repeated use of live humans as a test model is either infeasible or impractical. Discussion with commercial research EEG system manufacturers has already exposed a potential market for a standard product for their own testing and development.

PHASE I: Design a concept for an innovative, rugged, and portable system that will simulate the typical voltage range of human brain activity as measured with standard and future conventional electroencephalograph (EEG) equipment. Perform an analysis of materials to be used and signal generation techniques. Show evidence of a proof-of-concept prototype.

PHASE II: Develop, build, and demonstrate an innovative, rugged, and portable system that will replicate human brain activity as measured with standard and future conventional electroencephalograph (EEG) equipment. Deliver two fully digitally controllable working models to the Army Research Lab for capability demonstration, testing, and verification.

PHASE III: Develop a marketable device which could be used in a number of applications of interest in academia, industry, and medical device development, where repeated use of human participants in neither practical nor efficient and a standard model would be preferred. This technology will be used for repetitive testing in equipment development and scenario development. The ARL and the Army Test Center could both use this device to evaluate the changing state of the art in EEG equipment, determine capabilities of current equipment and integrate developing lab techniques for operational environments.

KEYWORDS: electroencephalograph, EEG, brain, neuroscience, sensors, recording, simulation, vehicle integration

A10-067

TITLE: Programmable Multichannel RF Filter-Equalizer
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Research and develop a Programmable Multichannel Radio Frequency Filter-Equalizer having a programmable number of channels, each programmable with potentially unequal spacing, bandwidth and equalization.

DESCRIPTION: Current RF systems requiring programmable multichannel filtering resort to cumbersome implementations using parallel or switched banks of passive filters with fixed passbands and stopbands in addition to passive equalizers to tailor passband responses for each channel. Alternatives such as digital filtering implemented in Field Programmable Gate Array (FPGA) devices embedded in a system design accomplish a fixed filtering function specific to that system, limiting wider application. This topic solicits innovative proposals to research and develop a prototype Programmable Multichannel RF Filter-Equalizer with hardware and software to demonstrate the capability of a digitally programmable unit that can perform complex RF filtering functions tailored for varying signal environments encountered in multiple applications. The following goals for this topic represent technical specifications that are consonant with the applications envisioned for it. Topic proposals that are responsive to these goals and show promise of exceeding them will be given extra weight in proposal evaluation. Proposals should include material indicating investigators' knowledge of relevant technologies employed in the proposal. Proposals with exceptions to topic goals should include a rationale for doing so. The topic goals are : [1] Input signal characteristics: (a) Instantaneous operating frequency bandwidth: 200 MHz or greater with the lowest possible 3 dB passband starting at 30 MHz; (c) Input power level dynamic range:  0 to -70 dBm or wider; (d) Input impedance: 50 ohms nominal; [2] Filter response: (a) Number of channels: user programmable from 1 to 5 or more with a goal of at least 8; (b) Channel responses: nominal gain of 0 dB with user programmable center frequency, channel bandwidth, passband ripple, and arbitrary equalization capable of up to 10 dB maximum variation in each channel; (c) Stopband rejection: -70 dBc or better; (d) Channel phase response: minimum variation of group delay across the passband of each channel and across all channels; (e) Channel delay: 50 ns or less desired for each channel; [3] Operating temperature range:  0 to + 50 C; [4] Output signal characteristics: (a) Channel gain maximum variations over operating frequency and temperature ranges: +/- 0.5 dB; (b) Spurious products within instantaneous operating frequency bandwidth:  -40 dBc or lower; (c) Spurious products outside instantaneous operating frequency bandwidth: -70 dBc or lower; [5] Programming: (a) Filter computation: performed by an embedded computer or (if an embedded computer is not used to do this in the system) by a host computer running a Microsoft Windows Operating System; (b) User interface: “draw your filter response” Graphical User Interface (GUI) as well as a low-level command programming syntax structured to minimize system response time to user reprogramming; (c) Filter setups: provision for saving and restoring filter setups to/from an internal non-volatile memory;  (d) Interface to host computer:  Ethernet 100BT; [6] Built-in test functions:  user programmable, capable of assuring proper system functioning and identifying the source of major component malfunctions; [7] Operating power requirements: 115 VAC, 60Hz; [8] Input and output RF connectors: Type SMA female; [9] Physical: Single rack mountable chassis with 3U and/or 6U blades (PXI or cPCI backplanes are preferred).

PHASE I: Research, develop and propose a system design with the potential of realizing the goals in the description above, favoring proven commercial off-the-shelf (COTS) technologies to minimize technical risk. Develop technical specifications for all system components and identify them as commercially available or to be developed. Model and predict the performance of the proposed system, identifying critical components to be developed. Conduct detailed theoretical and/or laboratory investigations on the design and performance of critical components to demonstrate the feasibility and practicality of the proposed system design, including mitigation of risks associated with factors limiting system performance. Deliver a report documenting the research and development effort along with a description of the proposed system and specifications for all system components.

PHASE II: Procure or develop the system components specified in Phase I. Fabricate a prototype of the system proposed in Phase I and demonstrate its capabilities. Characterize and refine the system performance in accordance with the goals stated in the description above. Deliver the prototype system along with a report documenting the system theory, design, component specifications, performance characterization and recommendations for system performance. 

PHASE III: The proposed research and development effort has wide commercial application to RF signal processing functions in military and commercial radar sensors and communication systems.  Military applications include IED Defeat systems requiring complex RF filtering tailored for specific operational regions, multiband EA and EP radar and communication systems requiring strict compliance with area frequency authorizations, sonar, telemetry, Software Defined Radio (SDR), baseband communication channel selection, spectrum monitoring and surveillance. Commercial applications include telecommunications, cable TV and video, airborne and space systems, sensor signal processing, SDR and vehicular technologies. As data conversion and digital signal processing technology advances, miniaturization of this technology would enable mass production of embedded subsystems or components useable in all of these applications.
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A10-068

TITLE: Low Cost Carbon Fluoride Materials for Lithium Batteries
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: To provide a lower cost carbon fluoride material for use on the half-5590 battery being developed for Soldier Power. This in turn will lower the cost for the finished battery.

DESCRIPTION: The Army is currently developing a battery for Soldier communication applications that utilizes the lithium-carbon monofluoride (Li-CFx) chemistry more typically used in low rate commercial applications.  The cost of carbon-monofluoride (CFx) will add significantly to the total cost of the new battery, and therefore lower cost routes to these battery grade materials are sought.  The phase I effort would focus on preparing carbon fluoride materials with Fluorine to Carbon ratios of 0.9 to 1.1 using new synthetic routes that can eventually result in lower cost materials. The Phase I effort should result in gram quantities of material for electrochemical evaluation by both the contractor and ARL.  The phase II effort would focus on scaling up the new process and proving out the lower projected costs.  Delivery of 1 kilogram quantities of carbon fluoride material would be the desired result of the Phase II. Any new material with significantly lower cost could be built into Soldier batteries using a third party.  The new material would have to be proven over time to have equivalent performance to existing materials, but the lower cost would be a major factor in its eventual adoption. The development of a low cost CFx material would benefit both the Military market and the commercial sector where CFx is already used in low rate battery applications.

PHASE I: The phase I effort should focus on preparing carbon fluoride materials with F/C ratios of 0.9 to 1.1, using new synthetic routes that can eventually result in lower cost materials. The Phase I effort should result in gram quantities of material for electrochemical evaluation.  New carbon fluoride materials should be evaluated in lithium cells for discharge capacity and storage performance at elevated temperature.  The new materials should be compared to the standard coke based CFx materials used in commercial Li/CFx cells.

PHASE II: The phase II effort should focus on scaling up the new process and proving out the lower projected costs.  Delivery of 1 kilogram quantities of carbon fluoride material would be the desired result.

PHASE III: The development of a lower cost CFx material would benefit both the Military market and the commercial sector where CFx is already used in a number of low rate battery applications such as Computer Memory and Real Time Clock Backup, Portable Instruments, Electronic Gas, Water and Electric Meters, Tire Pressure Monitoring Systems (TPMS), Toll Tags, ID Tags, Portable Electronic Devices, Cameras, Electrical locks, and Emergency signal lights.
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A10-069

TITLE: Compact, Rugged and Ultrafast Femtosecond Laser for Hazardous Material Detection at
Range
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a compact and rugged ultrafast laser system capable of advanced spectroscopic methods for detection of hazardous battlefield materials at a distance.

DESCRIPTION: Currently, the detection of hazards (e.g. explosives) at range suffer from a lack of sensitivity and selectivity due to the inability to receive signals that provide both the necessary strength and requisite information to delineate the threats from background materials.  Recent research is examining advanced spectroscopy methods that utilize Quantum Control techniques as a means to overcome these shortcomings.  Demonstrations have proven that detection strategies using these techniques could represent the next generation of stand-off battlefield sensors (1,2).  These demonstrations are based on the ability to manipulate the inherent pulse shape of the laser excitation through frequency domain techniques.  These manipulations currently rely on the bandwidth provided by large laboratory-scale Titanium-Sapphire laser sources.  Development of the next-generation sensor systems requires a more compact and robust laser source not currently available.  This laser source should provide ultrafast characteristics ( pulsewidth less than 100 femtoseconds, optical bandwidth 10 nanometers or greater and energy/pulse greater than 100 micro-Joules ) similar to laboratory system being used in sensor demonstrations.  Several routes toward these specifications are potentially available (e.g. fiber laser), but many technical hurdles due to the impact from high order dispersion and gain narrowing effects have limited development to sub-picosecond pulse-width and/or few micro-joule energy levels.(3,4)

PHASE I: Develop a design for a compact, rugged ultrafast laser with high output energy in excess of 100 micro-Joules per pulse and pulse width below 100 femtoseconds equating to a bandwidth in excess of 10 nanometers assuming time-bandwidth-limited pulse properties. Predicted performance should meet optical specification mentioned for above, but also strive to design system with a volume less than 1 cubic meter in size, a weight less than 100Kg and power consumption under 600 Watts.

PHASE II: Develop, test and demonstrate a prototype laser with required specifications as mentioned in Phase I. Required Phase II deliverables will include prototype, test report and OME cost for manufacture.

PHASE III: Based on Phase II results, a minimum of two laser systems should be fabricated and characterized. These laser systems will be used to demonstrate manufacturability and to validate the fabrication process and performance. A series of demonstration tests shall be conducted to verify performances.  

These laser systems can be used for multiple Military applications including: stand-off detection of chemical, biological and explosives materials being examined within Army programs [e.g. ATO R.ECB.2010.01 (Detection of Unknown Bulk Explosives)].  Commercial applications of this laser technology include analog sensing at range, but also include potential laser sources for tailored photofragmentation for Mass Spectroscopy, Laser Machining and Biomedical Engineering. The technical POCs for the phase I and II efforts will pursue further research and development funds in phase III in line with current ATO-R efforts, follow-on ATO-D and complimentary programs within the DTRA's CBRNE portfolio. 
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A10-070

TITLE: Compact Light Weight Sulfur Sensor for JP-8 Fuel
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a sulfur sensor system to measure total content of sulfur in JP-8 fuel tank on combat vehicles for system control of on board fuel cell based auxiliary power unit (APU).  The sensor system should be compact and light weight, and be installed either in the vicinity of fuel tank or in a suitable location between the fuel tank and the engine of the vehicle.  The sulfur detection range should be from zero ppm up to 3000 ppm as specified in MIL-STD-83133F, and this system is expected to have similar degree of reliability and durability to the vehicle engine. 

DESCRIPTION: A JP-8 fueled APU consisting of fuel reforming and a fuel cell is a highly desired and urgently needed technology for deployment onto combat vehicles. It is an enabling technology to ensure continued/continuous supply of electricity in critical silent mode for the duration of mission operations with additional benefit of increasing fuel efficiency and reducing logistics burden. Since the sulfur content of JP-8 fuel is detrimental to a fuel cell based APU and it varies in a wide range up to 3000 ppm, the concentration of the sulfur in the fuel must be closely monitored to allow the APU to fully function within specification. Without this information, the desulfurization system will be over designed and take up precious allocated space. A sulfur sensor would also allow for more predictable maintenance intervals, and thus a smaller overall system, by allowing the APU control system to compute when the desulfurization system needs to be cleaned or changed. Two approaches may be explored for a suitable solution, which includes innovative direct sensing of sulfur content in the liquid fuel, or indirect sensing of sulfur content after all the sulfur in the fuel is converted to SO2 gas form and subsequently detected optically/spectroscopically[1-3] at appropriate temperature. The goal of this topic is to develop a reliable, compact, and light weight SO2 sensor that is able to constantly measure the sulfur content in the JP-8 fuel in the combat vehicle fuel tank. The sulfur concentration of the incoming fuel stream, in real time, and the accumulative sulfur amount in the consumed fuel sent to the desulfurizer will be provided to the APU control system for operational parameter adjustment. Important issues such as sensor calibration, measurement interference, vibration resistance, and overall sensor system size should be considered. Using the engine exhaust as a target for measurement is allowed, but other innovative ways to convert liquid fuel to a gas mixture for better detection is encouraged. 

PHASE I: Demonstrate that suitable materials, detection approach, and system design for SO2 detection.  The sensor should be able to respond to SO2 at minimum 1 ppmV or below with sufficient signal strength within 30 seconds in an environment similar to automotive exhaust.  Present and discuss the strategy to design the sensor that will be compact and light weight, and able to be integrated with a combat vehicle in hardware and the electronic system control of the APU with sensor fail-evident feature.  

PHASE II: Design, construct, and evaluate a prototype of the complete SO2 sensor system.  At the minimum, the sensor system should be demonstrated to have a lifetime of 1000 hours MTBF (Mean Time Between Failures).  Deliver one complete sulfur sensor system to the Army.

PHASE III: Successful development of this sulfur sensor system for fuel cell based APU technology will enable higher fuel efficiency and less environmental footprint.  This will have impact on a wide range of military power applications and will enhance the Army’s fighting capability and survivability in the battlefield with reduced logistic burden and lower thermal and acoustic signatures.  The technology is also applicable to commercial power and energy applications such as fuel cell based electric power generation, mobile or stationary, fueled with fossil fuels such as natural gas, gasified coal, or liquid hydrocarbons. 
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A10-071

TITLE: Profile Feature Extractor (PFx) Sensor Component for Persistent ISR Applications
TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a profile measurement capability that is less complex, lower weight, smaller volume, lower cost and uses less power than today’s brass board profile sensors.

Each one of today’s profiling sensors was developed for a specific application.  Addressing the broad based applications area in this manner has resulted in a collection of brass board prototypes that are to large in volume, weigh to much, require excessive amounts of electrical power (short battery life), and cost much more than what we can afford for reasonable numbers of these sensors. In addition each brass board prototype requires an excessive amount of unique customized software to detect the object of interest, to extract the profile silhouette, and to then submit the silhouette to a standardized classifier. And today’s profile sensors are also limited to monitoring a single point on the ground.  

The objective is to develop a single sensor that is greatly simplified, lower cost per unit, low weight, small size, and low power (longer battery life) that meets all of the different applications including the ability to automatically extract profiles from multiple locations within a single field of view in real time. Knowing where in the field of view to extract the profiles is a major issue. Using a PDA to view the output of the profiling sensor, would allow the user to identify different locations within the image. However, using this approach requires that the user be able to see details in the scene. This approach is limited to applications with short range solutions. A more generic solution for the identification of extraction locations is required.

Another option is to use a motion detection algorithm; however, the algorithm must be able to detect object motion while ignoring the motion of other objects (grass, trees, etc). Another issue is that the detection of objects in motion does not allow one to know the specific aspect angle between the sensor and the object. Different aspect angles make the detection of back packs more difficult and also reduces the over speed of the motion through the field of view.

However, the impact on the height to width ratio of the human objects is not greatly effected by different viewing angles.  And the motion detection will allow multiple silhouettes to be extracted on the same object from different aspect angles as the object moves through the sensor field of view.

It is also the objective of this innovative research task that the new profile extraction software and new classifier software must be independent of the object motion (speed) through the sensor field of view.

DESCRIPTION: The ability to automatically and reliable tell the difference between humans, animals and vehicles is a broad based operational need. What is required is a single solution that can be used in both military and commercial ISR and Security sensor systems. The commercial application will result in a low cost, low power, small volume, and low weight sensor that can be used in a wide variety of applications. And to insure interoperability across all areas the use of standard electronic interfaces and open source software is required.

The LWIR PFx component should be a passive device with an array of detectors and simple collecting optics. The detectors in the array should have a large dynamic range to provide longer range capabilities with reasonable sized optics. Range and size of the sensor translates directly into the ability to remain covert both for the installation and operation of the sensor.

To meet any one specific application, a military system integrator or commercial security system integrator, must have the capability to choose from a number of different profiling sensor capability options. Some solutions may require that the silhouette off all objects to be transmitted for viewing by an operator. Other solutions may require that a standardized classification algorithm be used to identify the silhouettes of interest and then transmit only the silhouettes of interest. This would greatly extend the battery life of the sensor system.

Another option that will be required is the ability for the integrator to quickly and easily use different types of optics for different solutions. At first glance this may appear to be simple however, the use of commercial narrow field of view optics (a COTS all reflective telescope) or a wider field of view set of optics (45 or 60 degrees) field of view with one size of detector (detector pitch) may require the inclusion of one or more interchangeable optical elements as part of the PFx component. Obviously an innovative solution is required to make these options available to the integrators, and at the same time achieve the small size, low weight, low power and low cost requirements.

Other application options may include the ability to detect the number of arms and legs, the motion dimensions (size of the arch) of the arms and legs, and the size of any backpack. In addition the PFx component may offer the option of a grayscale silhouette; however, the number of bits in the gray scale should be small. 

The PFx component has a ready made commercial market in facility and home security systems. More than 99% of calls made from today’s facility and home security systems to law enforcement organizations are false alarms. Most law enforcement organizations are starting to charge a fee for responding to a false alarm. The PFx component will radically reduce the number of false alarms due to animals and electronic disturbances (lightning). Any manufacturer of facility or home security systems would gladly include a PFx as an option in their security systems.

PHASE I:  Phase I will include modeling and analysis to determine the best detector size and type, and to match the detector with the optics. The optical model and analysis must address the interface of the detector array with the component optics to ensure that sufficient signal to noise is available to detect a difference or change from the background to the intensity of the pixels on the object.

Detector types that should be considered as part of the modeling and analysis include thermopile, pyroelectric, photoconductor, and micro bolometers. Both reflective and refractive optics should be considered. An all reflective solution would be preferred and would make the integration into the full up system much easier.

Digital processor considerations should include the size of the detector array the time required to process the N number of detectors that must be processed from each location within the single field of view. In addition consideration must be given to the use of grayscale silhouettes vs binary silhouettes. The intent is to transmit a minimal amount of data. Packing and transmitting binary data requires far less electrical power than the transmission of gray scale data.

Phase I should include the development of component prototype descriptions that would be used to design and fabricate prototypes during Phase II.

PHASE II: Phase II will design, fabricate, debug, test and evaluate at least one PFx component. One or more PFx components for operation in the Long Wave Infrared (LWIR) spectral region are required. Digital interfaces and data formats should follow standards and open source procedures. Software and algorithms required to extract the silhouette from the background should be looking for a difference between the object that is in motion and the background that is in a fixed position. The development of these algorithms is an important part of the solution. We do not know where the sensors will be deployed. A large majority of the time we would think of a human or animal or vehicle being hotter than the background. However, if the background is in a hot aired environment, the humans, animals, or vehicles may be colder than the background. Automatically detecting a difference between the background and the object is critical to extracting the silhouette of the object.

Deliverables at the end of Phase II will be a minimum of one LWIR low cost commercial PFx component with mechanical, optical, electronic and software documentation. The deliverables will also include the source code that runs on the profiling sensor processor card. 

A written description of the alignment and calibration will be developed to insure that the component can be integrated into an ISR system and/or installed in the field correctly. It is understood that a large majority of the time, alignment, calibration and/or geo registration processes will be used in the field more than in a factory environment.

PHASE III: Phase III will include the use of the passive components in US Army Unattended Ground Sensor (UGS) systems. This could be an addition to an existing UGS system or it may be a new ISR UGS system. Commercial applications during Phase III includes the use of the PFx component in UGS systems for use on the US borders as part of the Department of Homeland Security efforts, and the PFx components would be used as part of a commercial facility security system that is sold, installed and operated by a commercial security company. In most cases, the PFx component would be used to cue other ISR sensors when humans are detected and classified.
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A10-072

TITLE: SOLDIER ADAPTABILITY/HUMAN DIMENSION: Knowledge Management
Framework for Network Centric Operations
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop decision support system based on Knowledge Management principles, search agents and tools to reduce soldiers’ cognitive workload and improve their situation awareness and mission performance during network centric operations so as to and quickly and accurately meet the Commanders Critical Information Requirements (CCIR)

DESCRIPTION: Given the shift toward network centric operations, today’s battlefield has become increasingly more complex, with improved technology, larger areas of operation, and a greater number and type of incoming information.  Soldiers are expected to sort through and process all of this data to determine what information is most critically needed to maintain a high level of situation awareness and support their Commander’s Intent.  As such, efficient knowledge management of the rich sources of data available from the network is essential for promoting timely and effective decision-making.

Knowledge management can be viewed as the art of using information to increase knowledge and is an important contributor to information superiority (Army FM 3-0).  Knowledge management is aimed at capturing “lessons learned” and best practices from prior experiences of current soldiers to promote improved future warfighter performance (Battle Command Knowledge System, 2008).  A key aspect of knowledge management involves information management, that is, providing the relevant information to the right person at the right time in a usable form to facilitate situation awareness and decision-making (Army FM 3-0).  Information management uses information technologies to collect, process, store, display, and disseminate data from both organic (e.g., situation updates from other team members) and non-organic (e.g., various forms of sensor data) sources.

Traditional knowledge management systems consist primarily of repositories of information (e.g., databases of lessons learned and best practices).  A significant challenge to successful network centric operations is to determine how to best capture the most relevant data in these databases and organize or visualize the data to meet soldiers’ critical situation awareness needs in a timely manner.  Knowledge assessment techniques and cognitive task analyses (e.g., Bolstad, Riley, Jones, & Endsley, 2002; Prevou & Baxter, 2008) can be used to guide the identification of the information requirements and the organization of the information for the soldier that is essential for the development and maintenance of soldiers’ situation awareness and subsequent decision-making.

Our soldiers are tasked with influencing the populace and empowering the host nation to secure their own defense against insurgency efforts. MiTT commanders and their staff would greatly benefit from a knowledge management decision support system that will help them to collect, filter, and present the expansive amounts of available data in a timely manner in order to succeed in these asymmetrical warfare environments.  Such data include: an understanding of the human terrain including equipment, training, culture, and operating procedures; “just-in-time” knowledge on recent insurgent activities in the area of operations; and updates from coalition partners on civilian unrest, to name but a few.

Knowledge management principles and best practices in knowledge assessment technologies can be integrated with artificial intelligence to create a decision support system that functions seamlessly with existing soldier technologies (e.g., Perusich & McNeese, 2006; Prevou & Baxter, 2008; Wang, Hjelmervik, & Bremdal, 2001).  The goal is to develop a knowledge management system and corresponding software that will deliver improved information access and sharing so that warfighters can act quickly and decisively.  At presents, research is needed to improve and develop sophisticated search and retrieval cap enable agents that focus on military applications to allow Soldiers and Commanders to search quicker, effectively and accurately.   The tool will also improve centralized knowledge sharing services and approaches that exhibits flexibility so as to conform to different mission needs and users information priorities. Such a system can aid soldiers by reducing their cognitive workload as they search and process incoming information and, thus, would be a huge benefit to today’s warfighter. In addition, a secondary benefit is that it will reduce phone and email volume which would also help reduce bandwidth in the battlefield.

PHASE I: Develop a tool based on knowledge management principles for reducing soldiers’ cognitive workload in network centric environments.  Design and develop an initial prototype of a system that utilizes SA oriented design, sophisticated search enable agents and knowledge management principles that improve centralized knowledge sharing services to provide soldiers with the ability to selectively attend to the information needed to maintain their situation awareness and quickly and accurately respond to information needs that support their Commander’s Intent.  This tool will need to demonstrate information filtering and decision support capabilities for soldiers in net centric operations,

PHASE II:  Develop and demonstrate a functional prototype of the knowledge management system designed in Phase I.  Conduct validation studies of the system in an operational test environment or experiments to demonstrate its utility for lowering soldiers’ workload while improving situation awareness, soldier performance and demonstrate its capability to direct soldiers’ attention to critical information in network centric environments.  Develop guidelines and documentation for tool transition to an operational setting.

PHASE III / DUAL USE APPLICATIONS:

MILITARY APPLICATIONS: As knowledge management is critical for a wide variety of Department of Defense network centric operations, the decision support system developed through this research project will have widespread applicability to many Army and Air Force as well as Navy and Marine Corps programs.  These products would be especially useful to the military intelligence community, particularly in support of Joint Forces command and control operations.

COMMERCIAL APPLICATIONS: The products developed through this research project are also valuable for commercial / private sector applications, including, for example, knowledge management in distributed multinational organizations.  Non-military government applications include supporting the situation awareness and knowledge management needs of personnel in Homeland Security and border patrol operations as well as multi-agency emergency / disaster relief efforts.
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A10-073

TITLE: Multisensory Navigation and Communications System
TECHNOLOGY AREAS: Information Systems, 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: Design and build a proof-of-concept system that enables investigation of multisensory navigation and communications among dismount soldiers.  The system would enable dismount soldiers to quickly navigate to or away from specified waypoints or areas, while maintaining radio silence and light security. The system should utilize real-time visual and tactile cues to enable hands-free navigation and critical communications when silence must be maintained. In addition, the system will log user actions and present queries to enable detailed and automatic assessment of performance accuracy, time, and situation awareness.

DESCRIPTION: Prototypical torso-mounted tactile displays have proven effective for navigation and communication in field evaluations.  These displays, if integrated with GPS, enable Soldiers to navigate at night hands-free (allowing the soldier to hold his/ her weapon) and eyes-free (allowing focused attention to surroundings as opposed to a visual display).   Torso-mounted displays have also proven effective for Soldier communications, and in fact, proved better than arm & hand signals for critical communications, even during strenuous combat movements.  However tactile systems must be integrated with visual and command systems to enable map-based situation awareness and easy input of waypoints.  The system must be able to receive communications regarding waypoints, off-limits areas, and rally points, in real time. This system would augment battlefield visualization techniques now common to command and control, by enabling the commanders to quickly relate critical communications as to where to go or where to shoot in a manner that is immediately and intuitively understood.  The integration of a visual command center with distributed tactile communications enable dynamic battle maneuvers with intuitively understood signals.  Data-logging capabilities will enable in-depth research in multisensory perception and decision making. A critical aspect of this system is its contribution as a research platform to investigate effectiveness of alternative tactile patterns and multisensory arrays.  Flexible multisensory cues and data-logging capabilities will enable in-depth research in multisensory perception and decision making.

PHASE I: Research and develop an overall networked system design and a proof-of-concept prototype system that includes integrated GPS-driven tactile cues integrated with a visual map display.  The proof-of concept should enable stand-alone navigation by a single person while the system design should specify the characteristics and procedures to build a networked system. 

PHASE II: Develop and demonstrate a networked prototype system in a realistic environment.  Conduct human interface, task cost/benefit and ergonomic evaluations across several different mission scenarios using both novice and experienced soldiers.

PHASE III: Demonstrate capabilities to military POCs.  This capability can be integrated into current Soldier and command and control systems.  In addition, there are many commercial applications, from enabling navigation of first-responders (firemen, rescue personnel, etc.) to activities such as hiking, skiing, or touring an unfamiliar city.
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A10-074

TITLE: Universal Bio-Sample Preparation Module
TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: To develop a technology platform for automated, universal sample preparation for biosensor systems using small volumes of sample from complex matrices. 

DESCRIPTION: Today’s warfighters face multiple threats, whether they are from an intended attack by an enemy, searching for hazardous threats or dangers which could exist in food or water supplies. There are many existing technologies and research programs on sample collection and detection; however there is a gap in developing sample preparation technologies. An ideal sample preparation scheme needs to be universal in terms of both downstream detection technology and upstream sample collection. Most biological sample preparations are labor and reagent intensive and there is a great need to miniaturize and automate this process. 

Biological hazards can come in many forms including toxins, viruses, vegetative bacteria and spores. Each of these classes requires different sample processing before interrogation. Also these targets can be in complex mixtures and are frequently in matrices which are not compatible with current detection technologies. It is therefore necessary to develop the technology to remove the biological targets from the competing background matrices and to separate each class of biological target.  

Combining the capabilities of target separation and clean up would provide the interface between current sample collection and detection technologies resulting in a generation of biosensors that provides real-time detection and the exact locations of threats with minimal user training and interaction, therefore reducing the strain on logistics and tactical complexity.  Current needs require that these separation technologies be designed within the context of a mobile lab environment and provide targets for current and next generation analytical sensing technologies.

The module to be developed in this call must be compact and portable and be able to separate DNA, protein, protein fragments, and peptides from samples containing toxins, viruses, vegetative bacteria and spores in complex matrices such as soil, blood, and aerosol collections. Ideally, reagentless technologies are desired, however any needed reagents should be in very low volume, not target specific, and stable under field conditions.  Ultimately, the sample preparation modules should be universal; that is, their utility should be compatible with the spectrum of several well-established assay technologies (e.g., molecular/immunological), as well as various transduction platforms (e.g., optical, mass, electrochemical). Processing time should be automated, less than 5 minutes and be able to separate a set of representative targets and be compatible with detection technologies to be defined prior to Phase II. Operation of the equipment shall be convenient, simple to operate, and readily accessible for Warfighters while wearing protective clothing and equipment.  This solicitation seeks innovative solutions and is not intended for procurement.

PHASE I: Develop a strategy and define a prototype module for automated preparation of biological samples (against targets selected by the Army). The module will be capable of separating individual classes of biological targets (DNA, protein, virus, vegetative bacteria and spores) from a mixture in buffer. Show that the products have sufficient purity for immunoassays and that specifically, the nucleic acid products can successfully serve as PCR templates. The separation and collection of individual classes of targets should be achieved in less than 15 minutes.  There should be a clear demonstration that these products are capable of functioning as targets with a well-established sensing platform. By the end of Phase I, the Technology Readiness Level should be at TRL 2-3, and the Manufacturing Technology Level should be at MRL 2-3.  Phase I final report should also include both TRL and MRL assessment.

PHASE II: Further develop module from the Phase I demonstration into a test unit capable of separating the biological targets from complex matrices such as homogenized food, soil, or aqueous sample from an aerosol collector. The module will be capable of this separation within 5 minutes.  The purity of these samples should be compatible for use in mass spectrometric analysis and for two or more types of sensing platforms to include optical, mass and electronic detection.  Deliver an example prototype along with design plans and specifications to the Army.  These specifications should place a premium on compactness, low power requirements and field durability. By the end of Phase II, the Technology Readiness Level assessment should be at TRL 4-5, and the Manufacturing Technology Level should be at MRL 3-4.  Phase II final report should also include both TRL and MRL assessment.

PHASE III: Demonstrate that the module can process multiple matrices and products that can be utilized in multiple detection platforms.  Military application: Sample processing and preparation for multiple detection technologies within Army programs.  Applications include food and water safety, identification of infectious diseases in field environments, use in hospital, clinical or research laboratories. Commercial application: to identify infectious diseases in field environments, use in hospital clinical or research laboratories, and for civilian food and water safety.  By the end of Phase III, the Technology Readiness Level assessment should be through TRL 6, and the Manufacturing Technology Level should be at MRL 5-6.  Phase III reporting should also include both TRL and MRL assessment.  The technical POCs for the Phase I and II efforts will pursue further research and development funds in Phase III through DTRA.
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A10-075

TITLE: Widely-Tunable Distributed-feedback Mid-Infrared Laser for Standoff Chemical
Detection
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a widely tunable, mid-infrared (3 to 5 µm) distributed-feedback laser for standoff detection and identification of chemical agents and toxic industrial chemicals.      

DESCRIPTION: The mid-infrared (3 to 5 µm) atmospheric transmission window is important for spectroscopic application because it contains many fundamental molecular absorption features.  In particular a number of toxic industrial chemicals have distinctive absorption lines in this spectral region.  Infrared absorption spectroscopy has proven to be a very useful tool in the detection and identification of airborne chemicals.  Pattern recognition is used to compare the infrared spectrum of library molecules against the infrared spectra of airborne contaminants.  Infrared spectroscopy has been used to detect chemicals at very low concentrations.  Infrared spectroscopy also holds the promise of low false alarm rates due to the spectral pattern matching over a large number of spectral bins.  Standoff Infrared spectrometers have also shown promise in the area of standoff detection of liquid contaminants on manmade and natural surfaces.

Recently high-power continuous wave (CW) optically pumped distributed-feedback (DFB) lasers have become available.  These new high-power CW lasers have shown promise for significantly improving current capabilities in the area of standoff chemical detection in the mid-wave infrared region.  For example, power outputs as high as 11 watts in quasi-CW operation have been reported. High power output and large wavelength coverage across the infrared signature bands from 2 to 9 µm make this laser source very attractive to standoff detection programs within the Joint Service chemical and biological defense program 

In a distributed feedback (DFB) laser the active region of the device is coupled to a diffraction grating in the device cladding. The grating provides optical feedback for the system during the lasing processes. Since the grating provides feedback, DFB lasers do not require discrete mirrors to form an optical cavity. Since the feedback is accomplished without mirrors, very high laser powers can be achieved. The grating can also be constructed to reflect only specific frequencies of laser light with very narrow linewidths.  DFB lasers can also be configured to operate on a single longitudinal mode with very long coherence lengths, making them ideal for chemical detection techniques based on coherence.  DFB lasers may provide significant advantages over current systems for the standoff detection of chemicals and chemical agents. Broadband tunability has recently been demonstrated by coupling a chirped grating with a variable optically pumped stripe region.

The goal of this program is to develop a widely tunable distributed feedback laser designed specifically for standoff detection of toxic industrial chemicals.  This will require the development of a laser with wide tunability over a large wavelength range with a narrow bandwidth, while maintaining high laser power and coherence. A successful research and development effort will be expected to realize a fully operational prototype mid-infrared (3 to 5 µm) and to execute a hardware transition to some U.S. Army research laboratory or center for demonstration of capability within a military-relevant standoff detection scenario.

PHASE I: Design a distributed feedback laser based for standoff detection of a hazardous industrial chemical. The laser should operate in continuous wave (CW) mode and be rapidly tunable over a signature band of at least 100 nm within the 3 to 5 µm region. The laser should have a linewidth of less than ~ 1nm. It should have a power of at least 50 mW over the desired wavelength range.  Modeling of power, tunability and coherence should be performed and performance limitations should be identified. In addition, modeling of the detection sensitivity should be performed in the context of a standoff LIDAR system that utilizes the proposed laser. Here, the system should be assessed for its ability to detect trace quantities of toxic industrial chemicals at distances of several kilometers. In particular, small hydrogen-containing compounds such as ammonia and hydrogen chloride should be used as target molecules in the simulations. 

PHASE II: Fabricate a brassboard distributed feedback laser based on the design produced in the Phase I effort. Present a clear and practical analysis indicating the path from brassboard to prototype laser system that can be used in a field environment. Measure the performance of the laser and verify the performance standards established in the Phase I effort (i.e., using the same classes of toxic industrial chemicals). Plan and execute a delivery of the fully operation laser technology to some U.S. Army research laboratory or center for demonstration of capability within a military-relevant standoff detection scenario.

PHASE III: There are many defense, security and environmental relevant applications for a highly sensitive and discriminating standoff chemical detector/identifier technology.   A rugged, sensitive, and flexible standoff chemical detector will also benefit the manufacturing community by providing very finely tuned monitoring of chemical processes.  In addition, first responders such as Civilian Support Teams and Fire Departments have a critical need for a rugged, versatile, and rugged sensor that can be transported to the field to test for possible contamination by chemical warfare agents.
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A10-076

TITLE: Terahertz Emitter Based on Frequency Mixing in Microchip Solid-State Laser Cavity
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

OBJECTIVE: To develop and demonstrate a compact, portable, widely-tunable, and narrowband terahertz (THz) emitter, based on frequency mixing of two lasing beams in a nonlinear crystal being placed inside a dual-frequency solid-state laser cavity.

DESCRIPTION: THz spectroscopy holds promise in the identifications and detections of biological and chemical species [1]. However, such applications have been impeded primarily by the lack of a miniature, portable, coherent, high-power, and widely-tunable THz source [2-5]. It was demonstrated in the past that among all the schemes for THz generation, frequency mixing of two laser beams in a nonlinear crystal can be quite efficient [6]. However, since the lasers emitting the two frequencies are bulky, the corresponding THz source is not portable. Recently, a single-mode ultra-compact Nd:YAG microchip laser has produced ultra-high peak powers [7]. However, since a Nd:YAG laser has a rather narrow lasing bandwidth, it cannot be used to produce two different frequencies necessary for the generation of THz waves in a nonlinear crystal. Other solid-state lasers such as those based on a Nd:LSB laser crystal can generate lasing frequencies tunable within a broad frequency range [8-9]. Recently, a CW dual-frequency Nd:LSB microchip laser was implemented and used to generate THz waves [10]. In order to significantly scale up THz output powers, nanosecond laser pulses should be used. In addition, frequency mixing inside a dual-frequency solid-state laser cavity (i.e. intracavity frequency mixing) can dramatically improve the THz output powers. Since the THz output peak power based on frequency mixing is proportional to the product of the input peak powers for the two mixing beams, nanosecond laser pulses and intracavity frequency mixing can be employed to increase the THz output peak powers by four orders of magnitude. As a result, the average THz output powers are expected to approach the mW level. Moreover, novel structures such as plasmonic metallic gratings [11] and stacks [12] can be incorporated to modify dispersion of a nonlinear crystal, spatially confine THz waves, and utilize quasi-phase-matching, and therefore, to further improve the conversion efficiency for the THz generation. Therefore, a research and development effort is expected that will utilize nonlinear mixing and a dual-frequency solid-state cavity to demonstrate significantly enhanced THz emission performance and to demonstrate the effectiveness of the source technology within a military-relevant sensing and/or monitoring application.

PHASE I: In Phase I, laser devices should designed, fabricated, and tested that are capable of CW dual-frequency and transform-limited Q-switched dual-frequency operation. Here, laser technologies should be investigated that are amenable to significantly up scaling the output power at terahertz frequencies. Note that lasers based upon Nd:LSB  crystals are one potential candidate but other alternatives that offer the same or superior performance are acceptable. Detailed feasibility studies on intracavity THz generation based on the performances of the CW and Q-switched laser technologies investigated above should be executed and the results should be used to construct a development plan for a military-relevant sensors demonstration.

PHASE II: In Phase II, the methodology of THz generation inside the cavities of both CW and Q-switched dual-frequency lasers should be achieved, followed by the characterization and optimization of the THz emitter. Novel configurations and structures for achieving THz generation and enhancement such as total internal reflection, non-collinear propagation, backward propagation, plasmonic metallic gratings, and cavity should be investigated. By the end of Phase II, the first-generation electrically-driven miniature and monolithic THz emitter operating at room temperature should be demonstrated that achieve (or closely approach) the following operational capabilities: an average output power of 1 mW, a peak output power of 20 W; a continuously frequency-tuning range of 150 GHz – 1 THz (5-33.3 cm-1); a linewidth of 100 MHz; a repetition rate of 10 kHz; and, a system dimensional footprint of 10"×6"×4" or smaller. The Phase II effort should also include a sensing/monitoring demonstration that illustrates the advantages of the technology for a military-relevant application, and the preference is for this activity to be connected to a U.S. Army research laboratory or center.

PHASE III: The resulting THz source technology for be useful in the development of compact THz sensor systems for such military and private sector applications as sensing and monitoring of biological species, explosives, and hazardous chemicals as well as for nondestructive evaluation and medical diagnostics. The proposed technology development would also find dual-use applications in other highly specialized areas such as providing for ultra wideband communication capabilities for short-range, covert and/or space-based communications, and providing components for ultra fast/high-frequency data processing and computation.
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A10-077

TITLE: Energy-Dense Hydrocarbons from Eukaryotic Microorganisms
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: Develop eukaryotic microorganisms for the production of energy-dense alcohols or hydrocarbons with a carbon number of four or greater via fermentation using existing commercial infrastructure.

DESCRIPTION: The development of alternative sustainable fuels is essential to maintain Army capabilities in the face of dwindling fossil fuel stores.  Biofuels, derived from renewable biological sources, are an attractive option to fulfill this need.  Such fuels could be used directly for soldier-borne power capabilities or could be converted into JP-8 for a sustainable source of logistics fuel.  Ethanol has served as the first model for a commercial biofuel, but several limitations prevent widespread use, including limited energy density, incompatibility with the existing pipeline infrastructure, and the requirement to process food crops for fuel production.  Therefore, recent efforts have focused on the production of more complex (C4 or greater) energy-dense hydrocarbons derived from non-food crops.  Such higher chain molecules possess superior properties relative to ethanol, including increased energy density, low water absorption, low vapor pressure, and low corrosiveness.  Moreover, these properties approach the capability of transporting such fuels through existing pipeline infrastructure.  Energy-dense hydrocarbons can be blended with gasoline and even have the potential to be used as fuel replacements (e.g., butanol performs well in conventional gasoline engines).

The primary route for production of sustainable energy-dense hydrocarbons is the conversion of biological material by microorganisms.  Genetically engineered bacteria have been developed that produce a variety of compounds including higher chain alcohols and hydrocarbons.  However, the commercialization of fermentation processes that rely on bacterial microorganisms is hampered by low robustness to process conditions and incompatibility with existing infrastructure.  In contrast, commercial fermentation processes utilizing eukaryotic microorganisms have already been established for various products, including ethanol and lactic acid, but not for higher chain alcohols or hydrocarbons. The goal of this topic is to develop eukaryotic microorganisms (single species monoculture or a microbial consortium) for production of energy-dense alcohols or hydrocarbons with a carbon number of four or greater via fermentation using existing commercial infrastructure.

PHASE I: Develop approaches for engineering eukaryotic microorganism(s) to produce energy-dense hydrocarbons in a commercially viable yield.  The hydrocarbons produced must exhibit minimal water absorption, low vapor pressure, and low corrosiveness.

PHASE II: Integrate the eukaryotic microorganism(s) into commercial fermentation apparatus, demonstrate production of a minimum of 5 gallons of energy-dense alcohol or hydrocarbon for testing and analysis, and optimize yield.

PHASE III: The development of a system to produce energy-dense hydrocarbons using existing commercial fermentation apparatus will support capabilities for soldier-borne power systems driven by sustainable fuels.  In addition, this system will provide a sustainable source of hydrocarbons for conversion to JP-8 in support of Army logistics.  Commercial applications will have a significant positive impact on civilian life and the environment.  A sustainable supply of fuel will reduce dependence on foreign oil supplies, increasing national energy security.  Fuel that is less costly and clean-burning will enable enhanced civilian capabilities and reduce greenhouse gas emissions.
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A10-078

TITLE: Compact, High Intensity, Low Cost, Free Standing Illumination Sources 
TECHNOLOGY AREAS: Electronics

OBJECTIVE: The objective is to develop an innovative concept of an illumination system providing extremely high level of illumination of 200,000 lumens/sq meter for ultra-fast photography (million frames/sec or more) of dynamical events such as IED blasts or RPG impact on Army platforms and implement the concept into a prototype. 

DESCRIPTION: The Army needs high power light sources for high speed photography. The cameras with frame rates of million frames/sec or higher frame rates are increasingly being used for recording of fast events such as impact of a projectile on Army platforms such as tanks and APCs or an IED blast. To image fast events from a distance of 50 to 100 meters, high power collimated illumination sources are needed. This is because of the fact that with higher frame rates the number of available photons decrease proportionately, i.e. the number of available photons per pixel per frame for million frames per second will be approximately 33,000 times lower than 30 frames per second rate. We require illumination sources capable of delivering an illumination intensity of 50-200,000 lumens over one to several square meters of area for a number of applications. Higher intensity illuminators may be required in future so the solution should be scalable for higher illumination. 

Current state of the Art: The current technology for such illuminators are plasma light sources which are commonly used for stadium lighting, which ganged together can deliver up to 20,000 lumens. The size should also be no more than 65 cubic inches. However they cannot be focused into narrow divergence to deliver high illumination intensity at a distance of a hundred meter required for our application. Improved plasma sources or other technologies such as LEDs and lasers can be considered for the approach. The sources should be low maintenance and rugged to be deployable in the field. The wavelength of the sources should be compatible with silicon CMOS or CCD imagers. The illuminator should be operable from line power or vehicle power. The size of the unit should not exceed 12x12x8" and the weight should not exceed 25 lbs. They should also be low cost, easy to use and easy to repair and replace its components. 

PHASE I: In phase I, the objectives are 1) to study the need for a compact, high intensity, low cost, free- standing illumination source and 2) to develop a proposal to address it. A convincing argument should be made through theoretical or experimental studies that the solution would be able to address all the aspects of the problem. A proposed design of the illuminator should be made in phase I. The contractor should understand environmental and safety concerns and propose methods to address such concerns. The contractor should define metrics that will be used to in phase II to monitor the progress of the project. The deliverables of phase I will be the design and documentation around the illuminator which would be built in phase II. 

PHASE II: In phase II, the contractor will build two prototype illuminators. A design review will be held before starting the build. The illuminator prototypes will be thoroughly characterized in the contractor's laboratory. The deliverables will be 1) the two illuminators for further testing, and 2) documentation of the test results that obtained at the contractor's site.

PHASE III: Successful completion of phase III will demonstrate qualified devices which can built for multiple applications. A variation of the design which would be useful for commercial and industrial applications must be demonstrated. Commercial applications could include ultra-fast photography of various industrial accident scenarios, automobile and airplane crash events, and fast chemical reactions in chemical plants and in laboratories. A TRL (Technology Readiness Level) of 7 must be met by the devices. The contractor should demonstrate the ability to produce significant quantities of the hardware in phase III. 
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A10-079

TITLE: Smart Body Armor Active Protection System
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: This work is aimed at designing body armor which will detect the direction of azimuth of an incoming/impinging impact and activate a system to block, attenuate, and diffuse shock wave induced kinetic energy, thereby preventing transfer of net momenta to sensitive body organs and to the epidermal regions in line with these organs.

DESCRIPTION: This work is aimed at designing body armor which will detect the direction of azimuth of incoming/impinging impact using sensors which will active the directed release of a material from nearby reservoirs to an interior position so as to block, attenuate, and diffuse shock wave induced kinetic energy, thereby preventing transfer of net momenta to sensitive body organs and to the epidermal regions in line with these organs.  This cushioning and critical damping intervening action (akin to a series of mini-airbags) will prevent damage by shock waves to the hydrogen-bonding network of epidermal tissue -- this bonding being extremely weak and short-lived, and having thus the requirement for fast re-construction without permanent damage.  The water molecules that sheath the phosopholipid bi-layer (hydrophyllic extremities of fatty acids) undergo a transition in response to perturbation-induced impact, and this post impact state has properties more akin to those of ice, rather than those of liquid H2O.  The net result is that the impact conveys the properties of a rigid bar collision rather than a collision with a liquid state of matter.  The collision effect can also generate a tautomeric transition in bio-molecules that associate with water, such as the nucleic acid adenine, and this can lead to genetic defects if cells are adversely affected by the impact and net momenta transfer.  The enhanced nano-ordering occurs very rapidly, in millisecond time-frame.

The possible long-term effects of small-arms induced shock wave impact to epidermal layers of the skin can ultimately become cancerous lesions, and if not treated sufficiently early, can lead to death of cells due to erratic proliferation.  The probability for death will be accelerated if excess Ca 2+ ions associate with the damaged cells .   The dynamic action response zones of the smart body-armor will concentrate on protecting the heart, liver, and small intestine of the person wearing the armor.  In this work, a coupling of a very fast switching material must be employed, in conjuction with a fast-jet system so as to very quickly interrupt/interdict the shock wave that is produced by the small arms impact. 

The decision to execute this protection-enhancing deployment system, and its actual execution and functioning, must occur in a very short period of time.  The decision to initiate air bag deployment is currently made in a time period of 15-30 milliseconds, and the air bag is fully deployed within 60-80 milliseconds after the onset of a crash impact. Comparatively, the body armor smart-response must be executed in a shorter time interval to prevent penetration of a round, and to significantly attenuate the leading edge of a shock wave.

Considering the average velocity of sound is 3000 m/sec in the combination of void-air-space and fabric in the smart body-armor, a sound wave would travel 300 cm in 1 millisecond. Thus a response time in the microsecond range would be favored to interrupt and attenuate a shock wave, especially the leading edge.  This requires a very fast switching-triggering system to be employed in the smart armor design (2).  

The switching-triggering strategy would be to cascade sensing, switching, and actuator devices so that the leading edge of the impact sensor output signal would serve as the input of a very fast switching device. The consequent output signal would serve to trigger the actuator/generator device that releases the directed mass through the conduit system to the appropriate circular disk vulnerability region where the input has occurred or will imminently occur.  

PHASE I: TRL 2-3  Phase I includes characterization of subsystems, materials, and functionality of the proposed body armor system.  This shall include characterization of inhomgeneity and non-isotropicity of fabrics and armor plates, impact and/or bow wave detectors and determination of the optimal sensor system.  Fast switch coupling will then be delineated.  Interdicting materials research will focus on fast response mass-transfer interdicting materials.  Finally, the propelling system of interdicting material will be specified.  At the conclusion of Phase I, a design review will be conducted.  

Deliverable:  Written report detailing all work perfromed, along with Phase II plan.

PHASE II: TRL3-4  Phase II involves design of the optimal integration of all the sub-systems into the smart body-armor, allowing the system to be bread-boarded and subsequently brass-boarded- including the development of counter-countermeasures, if deemed appropriate, after studying effectiveness of enemy attempts at the neutralizing of the intelligence of the body armor.  Individual elements for the body armor system resulting from the Phase I design review will be tested and integrated into a working prototype to be tested in a relevant environment.

Deliverable:  Full report including design review, test results, and demonstration of working prototype.

PHASE III: TRL 4-6 Ultimate Specific Military and Commercial Applications:   The military application is to protect first-wave combat Army infantry troops, and marines, as well as to protect counter-insurgent and security personnel, and helicopter pilots.  The commercial applications are to protect police personnel, especially SWAT teams from fire from perpetrators, FBI teams, and other specialized units.  The Phase II prototype will be refined for brassboard testing and commercialization.

Deliverable:  Full report, along with all test results and demonstration of brassboard vehicle in a relevant environment.
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A10-080

TITLE: FORMULATION AND PRODUCTION OF NOVEL BARRIER MATERIALS 
TECHNOLOGY AREAS: Chemical/Bio Defense, 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: This SBIR topic calls for the development of semi-permeable and permselective membranes to serve as quality control standards in traditional Individual Protective Equipment (IPE) and Collective Protection (ColPro) swatch testing.  Furthermore, innovative technology to reproducibly and repetitively fabricate these membranes is required.  The IPE and ColPro barrier materials protect the warfighters, first responders, etc. from chemical and biological agents.  To effectively determine the protective capabilities of these barrier materials, they must be tested against the chemical and biological agents.  The proposed semi-permeable and permselective membranes shall serve as quality control standards in the testing regimen.

DESCRIPTION: The modern warfighter depends on individual protective equipment (IPE) and Collective Protection (ColPro) equipment as chemical and biological shields.  Prior to fielding, IPE and CoLPro equipment typically undergo extremely involved processes that can require many years of testing and evaluation.  Over the years numerous test methods have emerged and various fixture designs have developed to accommodate testing programs in the continuing effort to protect those who protect us.  Present analytical methodologies used in evaluation of Individual Protective Equipment (IPE), and Collective Protection (ColPro) barrier materials lack a comprehensive quality control reference standard.  Standard material candidates are needed to enhance the quality of testing conducted under TOP 8-2-501.  Currently commercial off the shelf (COTS) fabrics and polymeric materials are utilized as standards.  These materials are less than ideal mainly because of the lack of conformity in their production processes.  Past attempts at identifying other COTS materials have been less that successful.  An innovative manufacturing process might be the most direct route to acquiring a more effective, practical standard material.  Membrane development research is a very active field of endeavor in science and technology.  It would be very advantageous to the military testing community to enlist the talents of such experts in the development of novel materials.  Incorporating superior reference materials that deliver highly precise and accurate results in barrier materials testing will strengthen the quality of the testing by generating control data at a level that is not currently available.  

PHASE I: Phase I will demonstrate scientific, technical, and commercial merit and feasibility of the production concept.  The chemical structure and composition of each proposed reference material will be identified.  A comprehensive, nondestructive testing protocol for establishing uniformity throughout the lot of material or among the individual swatches is required. 

PHASE II: The production concept and design and testing procedure from Phase I shall be finalized.  Develop and construct innovative prototype production process and demonstrate and validate it.  Provide sufficient samples of each proposed swatch material with uniform test results to establish successful development of process.  Perform and submit time, labor, and cost feasibility study.  Pursue patents on all novel test materials and processes that are developed and refined under the Phase II work effort.

PHASE III: During Phase III, develop extended commercial applications for the novel test materials and applicable test systems.  Areas of applicability for novel semipermeable and permselective membranes may include food packaging, textile manufacturing, and medical applications.  In Phase III, obtain funding from non-SBIR government sources and/or the private sector to develop or transition the prototype into a viable product or service for sale in the military or private sector markets.
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A10-081

TITLE: Novel Passive Low Light Level Solid State Imager Development
TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: PEO Intelligence, Electronic Warfare and Sensors

OBJECTIVE: To develop and demonstrate a solid state photodetector technology that exhibits passive low light level performance equal to or exceeding that of current Gen III image intensifiers. The goal is to develop a low cost, small in size and weight, low power, man-portable, solid state imager as a video based sensor technology alternative to the current image intensifier tube based imagers. The imager is to operate at 30Hz frame rate minimum (60Hz frame rate desired), with no or minimum cooling required and demonstrates low light level (overcast starlight) performance. 

DESCRIPTION: Current image intensifier (I2) goggle technology for man-portable applications is bulky in size and weight and does not lend itself to be fused with other solid state sensors such as shortwave infrared (SWIR), midwave infrared (MWIR) and/or longwave infrared (LWIR). Conventional silicon Charge Coupled Devices (CCDs) and Complementary Metal Oxide Semiconductor (CMOS) imagers are incapable of passive low light level performance due to high dark current and high readout noise limitations. For passive low light level imaging, the signal must be maximized and noise minimized. CCDs for astronomy applications have been shown to have low light level performance capability by cooling to reduce dark current and by operating at a much slower frame rate which effectively maximize the integration time and reduce the readout noise. Recent impact ionization CCD developments potentially could provide low light level performance at normal video frame rates however it is unclear if this technology is suitable for man-portable applications due to the cooling requirement to reduce dark current and sustain sufficient gain. This topic seeks to develop a low cost, low power, uncooled or minimally cooled, man-portable solid state sensor operating at normal video rates to replace the current I2 goggle technology. To achieve performance comparable to Gen III I2 goggle technology, the solid state technology must exhibit high gain with low excess noise, high quantum efficiency and low dark current at ambient temperature.  The technology must show a clear path to a compact, low power, small pixel pitch, high resolution imager.  The target imaging sensor should be of 1280 x 1024 SVGA format (minimum) or HDTV 1920 x 1080 (desired), 12 um pitch or less, 30 Hz (minimum) or 60Hz (desired) operation, with 40 degree field of view optics. 

PHASE I: Demonstrate the technical feasibility of the proposed approaches through design and analysis. The proposed design shall be optimized for low dark current, low read noise, large dynamic range and linearity, low power, and high sensitivity. Test circuits or small format arrays to demonstrate the design concepts are highly desirable in the Phase I effort. 

PHASE II: Using the results of Phase I effort, build, demonstrate and deliver a man-portable solid state imager/camera system with passive low light level performance that is comparable or exceeds the current Gen III I2 goggle technology. Demonstrate a clear path to low cost production.

PHASE III: The commercialization of this technology is expected to provide low cost, high performance low light level imagers for potential uses in a variety of commercial applications including transportation, security/law enforcement, medical imaging, border patrol, homeland security as well as military applications such as night vision devices. 
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A10-082

TITLE: Active Closed Loop Infrared Countermeasures (CLIRCM) Sensor for Rotary Wing
Aircraft
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

OBJECTIVE: Develop next-generation sensor technology for active Closed Loop Infrared Countermeasure (CLIRCM) of Missile Seeker threats to US Army rotary wing platforms.

DESCRIPTION: Current IR Missile Warning Sensors for helicopters are based on passive plume detection using either UV or IR. These sensors are subject to false alarms from non-threat optical sources. Additionally, when these sensors are used in conjunction with a laser-based seeker jamming system, there is a significant level of hand-off error and time delay associated with the sensor cuing the tracker and the tracker locking onto the incoming missile. The utilization of a laser-based optical augmentation (OA) sensing technique (hence the term 'closed loop'), coupled with the same laser countermeasure system jamming the incoming threat missile, to identify the specific threat for jam code selection precision and to provide real-time feedback on jammer effectiveness, could significantly reduce the level of false alarms as well as the time to detect and jam the missile. In addition to improved performance, coupling multiple functions into the pointer tracker head will reduce the size, weight and cost associated with this capability.

The use of OA to locate/track/interrogate an incoming missile is possible due to the significant technical progress made in high-power, high Pulse Rate Frequency (PRF) Mid Wave Infrared (MWIR) laser sources and next generation pointer-trackers. This effort will investigate the use of OA as a closed loop seeker interrogation technique to improve jammer effectiveness by providing the capability to identify specific threat types and jam code effectiveness in real-time. The goal of this topic is to develop OA closed loop detection/track/interrogation techniques for eventual use to improve the performance of jammers on rotary platforms.

Top-level requirements for this sensor system are: 1) demonstration of OA closed loop technique for missile detection at tactically useful ranges 2) Detection Range of threats at > 4 km 3) Compact, light weight design in the volume of 6"X6"X8" and weight not to exceed 10 pounds 4) Maximum laser output power in the mid IR wavelengths (non-eyesafe).

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

PHASE II: Build and test the OA Missile Warning Detection System in a laboratory against the relevant threat environment.  Threat optics will be provided GFE.  Evaluate key elements of the system in a laboratory environment.  A SECRET security clearance is required.

PHASE III: Military: Develop and build a prototype system designed to detect, locate and identify multiple IR Missile threat types at a test range. Successful development may result in technology transition into the ATIRCM/CMWS Program of Record. Commercial: Personnel optics sensing devices which have the capability to provide an instant estimate of position of personnel using direct view optics such as rifle scopes, binoculars and cameras, as well as a classification of the optic type, over wide areas will have abundant commercial applications, such as the development of security systems, personnel monitoring systems, automobile automatic pedestrian alerting systems, and a new class of advanced Homeland Security Systems.  A SECRET security clearance is required.
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A10-083

TITLE: Multi-Threat Passive Detection for Aircraft Survivability Equipment (MTD-ASE)
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

OBJECTIVE: Develop Next-Generation Aircraft Multi-Threat Passive Detection Technology

DESCRIPTION: Currently the US Army fields separate equipment to address different individual threats to its helicopters.  Excessive size, weight, power consumption, and cost are some of the issues that prevent the fielding of all the systems on all aircraft to cover the entire spectrum of expected threats. The development of one system, based on a single integrated sensor technology, could significantly lower size, weight, power and cost to the point of permitting widespread fielding of full spectrum threat protection on a greater percentage of Army rotary wing platforms. Additionally the availability of a high bandwidth sensor would likely lead to increases in systems performance, including increased probability of detection and reduced false alarm rate. This effort challenges the industry to develop a single integrated sensor concept for the protection of Army rotary wing platforms from their three primary threat classes, consisting of MANPAD missiles, ballistic hostile fire and laser targeting devices. 

The sensor must be able, for each threat type, to detect, locate, provide position (range and line of bearing relative to the threat platform), provide threat type and provide this information in the form of a threat warning indication. The goal of this topic is to develop a single missile/laser/hostile-fire multi-threat warning sensor for eventual use in a multi-threat warning system with jammers on rotary platforms.  The concept of stacking individual sensors that each are effective in detecting their respective class of threat, in either the ultraviolet (UV), visible, near infrared (NIR) or mid infrared (MIR) as appropriate, is both novel and innovative.  When integrated into future systems, a multispectral sensor would provide several performance advantages over current sensor technologies, including an increased probability of detection and a reduced false alarm rate for threat types emitting radiation in multiple detectable bandwidths. The use of an integrated multispectral sensor would allow more comprehensive noise rejection for these threat types than current sensors allow, while also likely reducing the size and weight of future systems.  Additionally, due to the wide bandwidth nature of this single sensor it would have the potential to be integrated simultaneously into a multispectral hostile fire detection system, a multispectral missile warning system, and a laser warning system.

The integrated sensor would most likely implement a stacked design capable of detecting short wavelength radiation at its top level(s) and longer wavelength radiation at its lower levels(s). This implementation is suggested by developments in the camera industry. Commercially available sensors implement this stacked design concept to separately detect visible light sources of different colors. These sensors take advantage of the differing penetration depth of visible light of different wavelengths to tune sensor response at different depths to light of different colors. This proposal suggests extending this technology to develop a sensor capable of detecting visible light, NIR, MIR, and UV radiation sources simultaneously, providing essential information on the full range of threats to Army rotary wing platforms.  

Specifically this wide bandwidth sensor should be capable of detecting the emission bands of the three disparate classes of threats listed earlier, and would be intended to replace current sensor technologies in future warning and hostile fire detection systems. Other wideband sensor designs that demonstrate likelihood of reduced size, weight, and power while also providing the key capability of detecting emissions in as many of the desired bandwidths as possible would also be considered. Therefore the use of a stacked integrated sensor design is not a requirement, but is highly preferred.  Some components of the sensor could be stacked while others could be mounted adjacent to one another, packaged together, and integrated electronically. Finally, a sensor design including some but not all of the above detection bands would also be evaluated if it is considered not technologically or economically feasible to create a fully integrated system. If this is the case, a sensor providing as much capability as is feasible would be considered. To reiterate, the use of integrated detectors to create a sensor with maximal bandwidth in the target regions is the ultimate goal of this proposal, however Phase I will require developing as much capability as is currently economically and technologically feasible leading into future development.

Top-level requirements for this sensor are: 1) determination of feasibility and initial design concept, 2) development of an integrated multi-threat sensor design for missile/laser/hostile-fire detection/location at tactically useful ranges, 3) detection range of > 4 km for missiles and lasers and > 1 km for hostile fire, 4) compact, light weight, low power, low cost sensor design (the design should be capable of being matured to within the size, weight, power and cost of a Common Missile Warning System (CMWS) sensor in the final developed configuration.  The CMWS is the missile warning system currently in use on army rotary wing aircraft.)

PHASE I: Identify design methodologies, critical design parameters, and the essential component evolution of a passive detection multispectral single integrated sensor technology necessary to achieve an architecture that is consistent with the technical goals described earlier. Develop an initial sensor design and provide a performance assessment of the design against the above-stated requirements.  Describe how this is novel technology, how it will detect/locate all of the threats, and how it is different and excels over past threat sensor designs. If necessary provide information on how the design could be expanded to include additional target bandwidths, or to stack more of the sensor components.

PHASE II: Build and test the Aircraft Multi-Threat Passive Detection Sensor in a laboratory breadboard configuration against a simulated or real threat environment. Real threats or threat simulators will be provided GFE by the USG.  The performance capability of this lab-based sensor design shall be thoroughly evaluated against the three threat classes of interest.  The feasibility of the sensor concept shall be demonstrated.

PHASE III: Military: Develop and build a prototype sensor designed to be effective against multiple threat types in a test range. Successful development may result in technology transition into the Common Infrared Countermeasures (CIRCM) Program of Record. Commercial: Personnel optics sensing devices which have the capability to provide an instant classification estimate of position of personnel using direct view optics such as rifle scopes, binoculars and cameras, over wide areas will have abundant commercial applications, such as the development of security systems, personnel monitoring systems, automobile automatic pedestrian alerting systems, and a new class of advanced Homeland Security Systems. A SECRET security clearance is required.
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6. Real-time color imaging with a CMOS sensor having stacked photodiodes. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.117.3713&rep=rep1&type=pdf

7. Suite of Infrared Countermeasures [SIIRCM]. http://www.fas.org/man/dod-101/sys/ac/equip/siircm.htm

8. Army Programs. http://pogoarchives.org/m/ns/dote-fy09annualreport-army.pdf
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A10-084

TITLE: Wall Characteristic Extraction for Through Wall Radar Systems
TECHNOLOGY AREAS: Information Systems, Sensors, Electronics

ACQUISITION PROGRAM: PM Soldier Handheld Sense Through the Wall

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 is to develop techniques and algorithms to extract wall dielectric and thickness information from a standoff distance.

DESCRIPTION: The Army requires the capability to extract a wall characteristics of a building from a standoff distance. The developed techniques shall determine, at a minimum, dielectric properties, thickness and whether there is a significant metallic infrastructure (i.e. foil backed insulation) of the target wall.  Also desired is the ability to determine higher fidelity information, such as material composition and/or use of reinforcement.  The final results shall be the system architecture and algorithms necessary to extract wall characteristic information.  This will, in turn, be utilized to improve the detection of personnel in Sense Through the Wall (STTW) systems and/or increase the fidelity of SAR based images, such as those exploited by the DARPA Visibuilding program.

PHASE I: Conduct a feasibility study to develop methods for extracting wall characteristic information while operating from DC to C-band or at leveraged through the wall radar frequencies and utilizing either stepped, frequency modulated, or impulse waveforms.  Determine bandwidth, frequency, waveform, polarization, antenna and power requirements best suited to extract wall characteristics (dielectric, thickness, penetrability).  Determine standoff limitations for extracting the desired information.  Experiment against various wall types, to include brick, adobe, reinforced concrete, and stucco walls with or without foil-backed insulation while operating in a lab or otherwise controlled environment. Any and all laboratory equipment may be used with no time limit for processing.  Determine requirements for real-world implementation with the expectation to provide information in real-time.

PHASE II: Expand the capability to extracting secondary (interior/2nd chamber) wall Information. Utilize only frequencies used by through the wall radar systems, if not already implemented in Phase I.  Develop real-time techniques to extract wall information in less than 5 seconds.  Develop algorithms that could be implemented in STTW, Visibuilding, or Complex and Urban Terrain Sensing (CUTS) Army Technology Objective (ATO) systems.  Collect wall information in a real-world environment/Military Operations in Urban Terrain(MOUT) site, while utilizing the energy emitted by a STTW/Visibuilding/CUTS systems.  The Government may provide Government Furnished Equipment (GFE) or Government Furnished Information (GFI) (handheld STTW or CUTS related devices) if needed.

PHASE III: The completion of this phase would result in a refined, robust algorithmic framework to extract wall information, methods for implementing in real-world systems, and a receiver deliverable for collecting the desired information, if necessary.  Military programs that would benefit from a Phase III system are Complex and Urban Terrain Sensing (CUTS), PM Soldier Handheld Sense Through the Wall system, and Visibuilding.

REFERENCES: 

1. http://www.darpa.mil/sto/smallunitops/visibuilding.html

2. https://www.fbo.gov/spg/ODA/DARPA/CMO/BAA06-04/listing.html
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A10-085

TITLE: Scenario Based Modeling of Electronic Systems
TECHNOLOGY AREAS: Information Systems, Electronics

ACQUISITION PROGRAM: PEO Intelligence, Electronic Warfare and Sensors

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

OBJECTIVE: Develop a complex, sophisticated software agent that will significantly improve the Army's ability to develop effective defeat solutions and allow for adaptation of the tactics and doctrine employed in a timelier manner. The software agent(s) shall automatically decompose electronic system emplacement scenarios into a form suitable for input into mature user friendly COTS Electromagnetic solver algorithms and select the optimal Electromagnetic (EM) solvers for the scenarios of interest. 

DESCRIPTION: The emplacement characteristics of asymmetric scenarios are complex, and use individual, non-associated existing modeling and simulation techniques are not capable of addressing system level and operational level issues.  There is a great need for a capability that can automatically and smartly associate underlying existing modeling and simulation programs by overlaying them with a sophisticated and unique program that will address system and operational level scenarios.  Such an 'overlay' capability would include the ability to perform a two-way optimization of the underlying programs so that system designers and users could achieve maximum synthesis and utilization of underlying point solution algorithms and comprise a system/operational capability without the need to rewrite existing detail oriented modeling and simulation programs.  For instance, there are existing accurate modeling for RF propagation and conductance of RF energy into electronic devices and sensors, however, the models address only one dimension of that required to assess overall system performance and operational impact. This overlay capability would create the capability to perform system level and operational impact trade-offs without requiring rewriting existing sub-programs. The technical challenge is to create a unique system-of-systems modeling solution which can overlay any and all existing sub-models that address one phenomenon in detail.  Presently, a 'superuser' is required to decompose (based on individual level of expertise) these higher level phenomena into individual phenomena that point solution modeling and simulation programs can then address.  The information resulting from the point solution models must then be 're-formed' by the 'super-user' to give  a system and operational assessment of the resulting answers of the individual point solution programs.  This 'overlay' modeling and simulation solution will obviate the need for the interpretation from the "super-user" and allow ordinary and field oriented users to utlize these modeling and simulation capabilities.  Additionally, this overlay modeling and simulation capability will be directed at potential incorporation into live fielded systems to create scenario simulations within the fielded systems that are not presently available at the user level.

PHASE I: Investigate feasibility and trade offs involved with developing software agents that can decompose graphic representations of electronic systems and their surrounding environment and select optimal EM solvers to best satisfy the scenario of interest.

PHASE II: Develop, build, test, validate and demonstrate the software for intended scenarios on a common computer system. The software will be provided with all user documentation

PHASE III: Transition software to I2WD and Other Government Agencies. Apply tools to commercial market place EM designers; the cell phone industry and to Military end users PM CREW, DCGS-A. Transition work to IRON Symphony ATO.

REFERENCES: 
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A10-086

TITLE: Spectroscopic Home Made Explosive Detector
TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

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 design, develop and build a prototype spectroscopic system for the detection of home made explosives. 

DESCRIPTION: Not all explosives used in IEDs and VBIEDs are of a conventional nature such as plastic explosives, TNT or even modified artillery shells. Explosives can be made out of common items such as fertilizer and petroleum products. This type of explosive will have strong spectral lines caused by the ammonia molecules vibrational modes and intramolecular vibrations.  There are spectroscopic lines in the infrared that a spectroscopic technique could take advantage of in trying to detect homemade explosives.   When the combination of chemicals is mixed to make the explosive there is the possibility for the mixture to emit gaseous products which can be detected by active spectroscopic probing. There are methods presently used for the detection of explosives such as X-ray, neutron activation analysis, dogs and electronic sniffer devices. Identification usually relies on properties that are modified by the adsorption of the out-gassed by-products from the explosive.  The first two techniques mentioned require sophisticated equipment, which is generally large and immovable.  Dogs electronic sniffers have to be practically on top of the targets to be effective.  It is of paramount importance to develop a system with stand-off detection capability that could detect trace amount of the out-gassed by-products of explosive materials, while not triggering the explosive components themselves.  There have been sensors made that are able to measure down into single digits per million and this should be the goal of the unit.  The system is intended for use at checkpoints but should be portable to be carried by one man and set up easily.  The unit should weigh 40 pounds or less and be able to be carried by one man in a suitcase or pelican case of 2 cubic feet or less.  The contractor shall develop and characterize a spectroscopic sensor that would be used to detect homemade explosives through their unique chemical characteristics. A spectroscopic technique is required that should be able to detect the explosives by scanning the interior of a vehicle or structure at a distance of up to 30 m. There are small spectroscopic systems but they do not have the ability do it at any appreciable distance.  The contractor shall design a system and provide a technical discussion of why it will be successful in detecting homemade explosives. Plans for a prototype system will be discussed in the event of a phase II selection of the system. A simple interface will also be designed on a laptop which will control the system, in order to display the data in a manner in which it will be obvious that a detection has occurred.

PHASE I: The contractor shall conduct a feasibility study to develop a small lightweight, possibly portable spectroscopic sensor that would be necessary to detect home made explosives. The contractor shall submit a report which will be a feasibility study of the system used to perform this mission. The report should contain a description of the system, the method for taking the data from the system and turning this into useful information to determine if home made explosives are present.

PHASE II: The contractor shall develop a robust prototype system based on the results of the Phase I effort. The prototype system will be able to detect surrogate gaseous emissions in vehicles or structures at suitable safe distances, displaying the detection as a spectroscopic display in the prototype system ensuring that it is performing correctly. A demonstration of the system will be done at a location determined by the government. 

PHASE III: Based on Phase II results the system will be improved upon and optimized for commercialization. Several specific military/ programs that can benefit from this system include forward Operation Bases, Urban Sabre ATO, Sense Through the Wall ATO, military encampments, Law Enforcement agencies, Department of Homeland Security and Customs and Border Security.

REFERENCES: 
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A10-087

TITLE: Identification Based on Individual Scent (IBIS)
TECHNOLOGY AREAS: Biomedical, 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: Uniquely identify an individual based on scent without the use of a taggant for the purpose of tracking.  This research will result in an improved method for detecting and non-cooperatively indentifying individuals based on scent from a distance (time and/or space) and its potential implementation.

DESCRIPTION:  In Operation Iraqi Freedom (OIF), biometrics can be obtained cooperatively from people as they pass through checkpoints at points of entry, when they apply for employment with the new government, when detained at detention facilities, etc.  Biometrics such as fingerprints, iris scans, and facial images, are collected along with relevant biographical and contextual information to be stored, fused, and exploited by the Intelligence Community.  As the Overseas Contingency Operations (OCO’s) transition from a permissive biometric environment, such as Iraq, to a more restricted biometric environment, such as Afghanistan, a need arises for non-cooperative biometric collection tools.  This means that Counter Intelligence / Human Intelligence (CI/HUMINT), Military police (MP) and Stability, Security, Transition, and Reconstruction (SSTR) operations will need to exploit biometrics collected at crime scenes (or non-cooperatively).  One such biometric that can be collected non-cooperatively and from a distance is an individual’s scent.

Research has proven that an individual’s scent is made up of Volatile Organic Compounds (VOCs) that can be present up to a month in normal atmospheric conditions [1].   It has also been shown that the genes of the Major Histocompatibility Complex (MHC) control and regulate several volatile organic compounds found in the urine of mice [4].  Variations in gene expression are reflected in that urine [5].  The MHC odor profile has been shown to remain despite changes to one’s diet [6] ; meaning that individuals can be identified based on scent regardless of diet and time since exposure (except for identical twins) [1].  This is the premise that bloodhounds identify and track fugitives on [2].  However, the Hepper Test of 1988 proved that bloodhounds were accurate 89% of the time, and therefore K9 scent identifications should be admissible in court [3].  

This SBIR looks to leverage the numerous studies and research efforts that have been conducted in order to refine the ability of uniquely identifying an individual based on the MHC controlled odor profile.  An example of the current state-of-the-art technology includes an Electronic Nose (E-Nose) capable of detecting human odor from the armpit region and being able to distinguish between the odors of two different people [7].   This project will determine which VOCs shall be collected in order to increase the confidence of accurately identifying an individual on scent, as well as potential collection techniques.

PHASE I: Conduct a feasibility study to determine the necessary VOCs and respective concentrations that need to be collected for exploitation.  Conduct a study on what matching algorithms will be required to uniquely identify an individual.  Show how the confidence in uniquely identifying an individual degrades over time. 

PHASE II: Develop the Phase I algorithms necessary to uniquely identify an individual based on their genetically controlled VOCs.  Design a test method, sample size, and evaluation criteria to verify and validate (V&V) the algorithms.  Construct a prototype and establish proof of concept for the device that will collect the required VOCs.   Deliver software products, documentation and demonstration improving state-of-the-art technology.

PHASE III: The technologies developed in Phase II that have commercial potential will be further refined for transition in Phase III.  Military applications will include transition to PM Biometrics for further refinement and potential integration into the Biometric Enterprise, as well as integration into DOD Automated Biometric Identification System (ABIS) as another biometric modality.  Commercial uses will include transitions to federal law enforcement, such as the FBI, DEA, USMS, and ATF, state and local law enforcement for the purposes of identifying and tracking persons from the scenes of various crimes.
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A10-088

TITLE: Forensic Facial Image Analysis providing 3D Mapping, Metatagging, Comparative
Operation and Search System
TECHNOLOGY AREAS: Information Systems, 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 an automated system for identifying distinguishing features on faces and other significant body parts such as moles, scars, tattoos, piercings and other abnormalities, to assist in the linking of otherwise unidentified individuals across a geographically enabled database.  Establish a framework capable of searching the database through biometric and contextual feature information across repositories to track and/or identify a Person of Interest (POI). 

DESCRIPTION: With the current Global War on Terrorism (GWOT) and future efforts to extend beyond that, biometric-enabling capabilities will continue to emerge at the forefront for identifying and tracking adversaries of interest. The high volume of facial imagery produced from a multitude of sources makes it difficult for analysts to identify multiple instances of an otherwise unidentified individual across a data repository with geographic metadata. As biometrics continues to emerge as an enabling capability, there will be a necessity to continually refine the process in which biometrics are stored, analyzed and managed. With the ever increasing amount of stored biometrics within many repositories, the analyst’s task to uniquely identify individuals on hard biometrics (fingerprints, iris scan, DNA, etc.) becomes ever more difficult. The caveat to this is those stored biometrics have associated information that is used to further identify an individual. There are already standardized methods of transporting biometric and the information associated with it. The issue arises in the uniqueness of these traits. If the uniqueness of a fingerprint is 10-6, then in a database of several million individuals the time it will take to uniquely identify someone with substantial confidence is increased (Chen et. al). One such solution is to increase the number of modalities captured to uniquely identify an individual. Though this has shown to increase accuracy (Chen et. al), there exists yet other ways within the field of biometrics to efficiently make use of the information already available. In addition to this, the need for developing more refined methods of non-contact biometric identification is increasing. For improved identification, the potential affordances offered by automated techniques compared to human descriptions are distinct and complementary (Samangooei et. al). 

To accomplish this, there are methods already used by law enforcement to identify individuals in such a way. These are considered the soft biometrics including height, weight, eye and hair color and information of that nature. However, these are less unique than those used by law enforcement such as scars, marks and tattoos (SMT) (Lee et. al). SMT generally present more unique information on an individual and can be used to also link individuals to each other and groups (Lee et. al). By combining this information with already present biometric and biometrically associated information through an automated process, the analyst will be able to optimize effort and time in processing information on identifying POIs. This is essentially a set of algorithms that could be incorporated into a biometric database or used separately to identify potential POIs through SMT. However, it is not limited to just algorithms but necessities such as a data dictionary and ontologies would need to be incorporated for a successful way to search and match distinguishing features much like the semantic description used currently (Samangooei et. al). A more robust feature is necessary to identify off of facial images containing SMT where the images must be precisely mapped to a three dimensional coordinate system. This will be useful for enhancing robustness to variations of the presentation of the face in disparate images accommodating all face rotational angles. Lack of an accurate and automated system for linking previously unidentified persons across geographic and temporal space makes it extremely difficult to track potential Persons of Interest. This research is to result in proposed improvements and methods to find and track POIs based on biometric and contextual facial feature information.

PHASE I: Determine the most significant and relevant distinguishing facial features necessary to be mapped for identifying POIs. Provide a feasibility study on identifying POIs based off of distinguishing facial features and associated contextual information in a net centric environment. 

PHASE II: Develop a framework and methods for automating the association of multiple instances of otherwise unidentified individuals through the automatic mapping of distinguishing facial features. Propose scenarios, evaluation methods, and use of test samples. Determine the measure of effectiveness and performance parameters to be tested. Construct a prototype and establish proof of concept. Complete spiral development refinement of framework and algorithms. Deliver software products for government evaluation, documentation and demonstration improving state-of-the-art technology. 

PHASE III: The technologies developed in Phase II that have commercial potential will be transitioned in Phase III. Military applications will include a transition to PM Biometrics and/or PM DCGS-A to ensure interoperability with other military ground systems and will also be interoperable with other DoD agencies whose information may be fused into biometrics intelligence reporting. Developed products will have wide use in commercial markets. Market segments include fraud, identity theft, criminal deceit, personnel security, biometrics management, and safekeeping, information integrity, and protection. Commercial uses will include transitions to federal law enforcement, such as the FBI, DEA, USMS, and ATF, state and local law enforcement.
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A10-089

TITLE: Tactical Counter Concealment Aerial Sensors Electronic Protection (TC-CAS EP)
TECHNOLOGY AREAS: Sensors, Electronics

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

DESCRIPTION: Tactical Counter Concealment Aerial Sensors (TC-CAS) that are currently being developed by the Army operate at VHF, UHF and or L-band frequencies. These radars must operate in environments in which there can be a significant amount of unintentional RFI (i.e. communications, terrestrial broadcast, ), operating in close proximity to systems operating in similar radar bands,  and /or possibly intentional Electronic Attack (EA). The Radio Frequency Interfrence (RFI) and/or EA, which are received through the systems receive antenna's mainlobe, sidelobes, and/or backlobes, could significantly degrade the image quality and or adversely affect system capability. 

This effort will develop one or more software techniques to adapt to the ambient Radio Frequency (RF) environment and then mitigate the effects of RFI and/or EA through interaction with existing system hardware / parameters when a predetermined threshold is reached. The Raw data necessary for this already exists in the radar's signal processor. The variable threshold would be dependent on the chosen sensor system and the band in which the RFI is detected.  The algorithm can utilize the system's raw radar data to determine the interference.  Mitigation for example can be realized via adaptive waveform notching or other dynamic RFI rejection.  The algorithm should be robust to dynamic changes in ambient RF environment and should allow for autonomous reconfiguration of system parameters as soon as feasible in order to cancel the effects of new interference. The system should continuously monitor the environment and remove or add additional notches/adaptation as required.

PHASE I: The Contractor will select a representative sensor to focus analysis efforts and investigate one or more innovative software Electronic Protect (EP) concepts. The study should show through analysis and/or a basic simulation how the proposed technique(s) could utilize existing sensor parameters and or sensor hardware to improve target detection ability in a TC-CAS Synthetic Aperture RADAR (SAR) system. The proposed technique(s) should also demonstrate additional system capability in the presence of strong RFI and/or EA emissions.  The study should address optimal hardware specifications (i.e. sensitivity, number of channels, antenna characteristics, etc.) necessary to support the algorithm(s) proposed. The study should also address the adaptive system's update rates in terms of how much data must be collected for detection and thresholding, as well as the possible timelines for injecting the adaptation parameters into the Radar system's collection waveforms (i.e. during a coherent interval, between intervals, X number of intervals/pulses, etc.).  The algorithm should also be robust against changes to input data if possible.  Typical TC-CAS systems may not be operating with constant parameters as imaging tasks will change often during a mission.  Changes to image requirements will bring about commensurate changes in system waveform bandwidth and length, etc. 

PHASE II: The contractor should develop a prototype consisting of detailed software simulation to demonstrate how well the proposed EP techniques(s) would perform in a complex EA and RFI environment. Also, the contractor will apply the techniques developed under Phase I to available test data provided by the Army system or conduct a data collection to obtain such data. 

PHASE III: The contractor will work with I2WD and/or the radar manufacturer to integrate the solution into a Counter Concealment Aerial Sensors (C-CAS) radar system for military applications or similar Department of Homeland Security application to decrease vulnerability to RFI and/or Electronic Attack of radar systems.
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A10-090

TITLE: Visualization Tools for Causal Data Mining
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop an interrelated extensible tool suite that is highly graphical and permits users to better understand causal relationships between large data sets. This toolkit should function by allowing a user to discover relationships between seemingly unrelated events in order to solve problems.

DESCRIPTION: A number of Army problems center around the need to discover patterns in large quantities of data that act as causal markers for subsequent events. Attempting to find relationships in intelligence data is typical of this type of data searching. For example, an Intelligence Officer may not really know specifically what he is looking for, but he is looking for causal patterns in what appears to him to be unrelated information. This is also the same problem maintenance engineers have when searching vehicle health information when performing Condition Based Maintenance. 

Data mining, a tactic frequently used in retail and other commercial areas, involves analyzing data from different perspectives and discovering information on a topic through the relationships found between the data. In the commercial sector, this type of system could be used in order to discover customer patterns. With this information, the company would then be able to advertise or sell their product in the most effective way targeted toward their customers’ habits. These same concepts of data mining are applicable for Army use in cases such as those previously mentioned. 

For this SBIR, the contractor will develop a graphical tool suite that allows users to more effectively find and understand causal relationships between large data sets. The solution should be interoperable with existing Army C4ISR (Command, Control, Communications, Computers, Intelligence, Surveillance and Reconnaissance) systems, such as TIGR (Tactical Ground Reporting), CPOF (Command Post of the Future), and DCGS (Distributed Common Ground System). The contractor should be able to demonstrate system effectiveness in the two main areas of Intel and Condition Based Maintenance. In Intel applications, the system should allow the user to graphically “see” causal patterns in intelligence data leading to specific outcomes or events, enabling them to prepare for the events when they notice those patterns occurring at later points. The system’s application to Condition Based Maintenance would involve allowing the user to find relationships and patterns in data leading up to a breakdown or malfunction in some equipment, thereby enabling the system user to recognize the precursors to such an event occurring on the actual equipment. This then allows maintenance engineers to provide needed maintenance to such equipment before it breaks down in the future, which can be disastrous in the field. The contractor will need to ensure that algorithms are used which provide predictive maintenance capabilities for smaller populations of equipment (under a few thousand) that contain the same functionality as those used commercially in the auto industry which normally require larger populations to function effectively. In addition to tools with Intelligence and Condition Based Maintenance applications, the Army will also accept proposals that include other applicable areas for this type of causal data mining tool.

PHASE I: Phase I of this project would involve extensive research of work already conducted in this area, followed by an analysis of alternatives and documentation of the strengths and weaknesses of the possible approaches. An approach will be selected, and the system will be designed accordingly. This design must include tools to conduct the data mining and pattern finding, as well as a graphical interface to allow users to easily see the relationships between the data. The deliverables from this phase will include the analysis of alternatives and the system design.

PHASE II: Phase II activities would include building and demonstrating the system which is able to detect patterns and relationships between seemingly unrelated sets of data. The demonstration must show how the system will function in actual Army-based situations using relevant and representative data. To accomplish this, the contractor must propose and demonstrate use of the system using a realistic Army use case. The contractor must work with TRADOC (U.S. Army Training and Doctrine Command) and relevant Project Managers and Subject Matter Experts to design the use case. The scenario must demonstrate the system’s capability to find relationships and patterns between large sets of data, consistently leading up to the occurrence of a particular event. The solution will also be tested in a live experiment, for example at PM C4ISR OTM ("On The Move"). The deliverables for this phase will include the functional tool suite, the use case, and the demonstration, as well as the runtime and design documentation.

PHASE III: Phase III involves the commercialization and deployment of the system. The ability to find patterns and relationships between large sets of data, and exhibit these relationships in a way that is easy for a user to see is applicable to and helpful for gleaning information from intelligence data and performing Condition Based Maintenance on other Army equipment. The concepts used in commercial data mining can be applied toward this effort. Data mining is frequently used in the area of retail sales to predict consumer responsiveness to a product or advertising scheme. The same principles used for pattern finding in these areas can be applied to the Army’s Intel and maintenance needs. The proposed system, however, must be able to take smaller populations of equipment into account (as similar commercial systems often require a larger sample) in order to meet Army-specific predictive maintenance needs. 
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A10-091

TITLE: Adversarial Reasoning for Combined Unmanned Aerial Systems (UASs) and Unmanned
Ground Vehicles (UGVs)
TECHNOLOGY AREAS: Air Platform, Information Systems, Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: Design, develop, and demonstrate a mission execution framework and software application to enable tracking and surveillance of uncooperative targets by combined teams of UASs and UGVs.

DESCRIPTION: This research effort will focus on the development of a Battle Command framework to support collaborative teaming of Unmanned Aerial Systems (UASs) and Unmanned Ground Vehicles (UGVs) to enable autonomous target tracking in the inherent challenge of clutter and occlusions in urban and complex environments. To add to this challenge, adversarial targets will attempt to evade detection though complex maneuvers and utilization of natural and manmade terrain features.  This topic is not intended to address automatic target recognition nor target identification.  Rather, the focus shall be the development of the algorithms to characterize and predict elusive target behavior and the mission execution framework to direct the collaborative actions between multiple, heterogeneous unmanned air and ground vehicles.  Additionally, this execution framework shall be extensible to other collaborative missions beyond target tracking.  Dismounted operators at the tactical edge will input high-level tasks into the application via a handheld mobile device while the mission execution framework would decompose missions into their underlying tasks and represent these actions by a common descriptive language.  Coupled with adversarial reasoning algorithms to characterize and predict target behavior, the software would optimally sequence and allocate tasks across the team of UASs and UGVs to maintain target tracking.  This application is to be run on a handheld device running an operating system such as the Apple iPhone OS, Android, Windows Mobile, or similar environment.  Furthermore, this requires the development a novel user interface to manage the mission throughout execution.  Such an interface would leverage recent advances in multimodal inputs including multitouch, gesture and voice recognition to mitigate the cognitive load placed on the Warfighter.  The execution of the mission by the unmanned vehicle team is to primarily autonomous, however the operator shall have the ability to monitor mission status, input new tasks, and update mission goals.  Examples of interaction may include free-hand path planning/drawing, image and video management, or map manipulation.

PHASE I: Analyze how the Army currently uses UASs and UGVs to perform visual target tracking missions and develop a conceptual mission execution framework for collaborative missions.  Research shall include development of algorithms to characterize and predict elusive behavior by the target.  Additionally, the offeror will provide a plan for practical deployment of the proposed solution the Warfighter in an operation environment.   

PHASE II: Build and demonstrate a prototype software application on the basis of Phase I study which implements mission execution framework to deploy a team of UASs and UGVs to autonomously track an evasive target.  Phase II research shall include design and development of a multi-modal user interface.  Application shall be demonstrated on an applicable handheld device running an operating system such as the Apple iPhone OS, Android, or Window Mobile.  Level of autonomy shall be demonstrated along with an assessment of operator workload during mission execution.

PHASE III: Finalize development of UAS and UGV visual target tracking application.  Identify opportunities for insertion into existing current and future force C2 systems such as FCS Battle Command and the Joint Battle Command Platform (JBC-P).  Additional commercial applications of the mission execution framework and target tracking application may include Homeland Security, Boarder Patrol, and local law enforcement organizations.
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A10-092

TITLE: Contextual Framework for Command and Control Decision Making
TECHNOLOGY AREAS: Information Systems, Human Systems

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Perform research into the definition, representation, measurement, and manipulation of a Commander's contextual framework as he interacts with a Command and Control system, in order to help him gain increased situation awareness and, as a result, help him to make better decisions more quickly. 

DESCRIPTION: A Commander's contextual framework helps him to analyze data and information at his disposal in order to make command decisions. It may include, but is not limited to, his background, education, experiences, intelligence, memory, creativity, relationships, and trust in tools and individuals. The contextual framework helps a Commander to use data and/or information from disparate sources (both software tools and people) to gain increased awareness and understanding of the situation he is involved in, and can help him to project possible future impacts of specific actions that he may make as a result of this data and information.

Command and Control systems are designed with context as an inherent consideration - workflow, rules and logic in the software, the user interface, and so on are all based on the context of the problem being solved and the decision being made. However, there are aspects of context that are truly dynamic and personal, and can only be discovered as the Commander interacts with a unique and constantly evolving problem set and with systems and fellow warfighters similarly engaged in a specific scenario. The underlying goal of this research is to study issues pertaining to the enhancement of a Commander's understanding of a situation by the consideration of a contextual framework that can be associated with a set of data and information.

Research areas to be considered include, but are not limited to, the following:

(1)  the elements that define a contextual framework for this class of problems

(2)  the representation of a contextual framework

(3)  the measurement of a contextual framework (from monitoring certain aspects of the Commander's interactions with systems and other warfighters)

(4)  the association of portions of a contextual framework with data and/or information

(5)  the sharing of portions of a contextual framework between warfighters for enhanced situation awareness

(6) the operations to manipulate a contextual framework in order to improve the Commander's cognitive understanding of the situation at hand

PHASE I: 
(1) Investigate the concept of a contextual framework and identify all elements that should be considered for inclusion in the study. Perform a feasibility study to ascertain which elements should be included in a prototype conceptual framework. Feasibility analysis should consider not only potential payoffs but the level of difficulty in capturing, manipulating, and using the data.

(2) Develop an initial design that describes how a contextual framework would be implemented in a dynamic command and control system. Sample workflows that demonstrate the use of specific elements from the contextual framework should be included for illustrative purposes.

(3) Investigate software architecture, network, and database issues associated with the inclusion of a framework in a command and control system. 

PHASE II: 
(1) Describe a detailed design for the inclusion of a contextual framework in a command and control system.

(2) Develop a prototype contextual framework and implement it as part of a command and control system. 

(3) Demonstrate the application of the contextual framework to a commander's workflow in a representative operational scenario.

(4) Demonstrate the sharing of portions of a commander's contextual framework with another commander with a different contextual framework.

Deliverables will include:

a written document describing the contextual framework

a functional prototype

a written report that details the results from (3) and (4) above

PHASE III: A contextual framework that could be used to improve an operator's performance would have applicability not only to command and control systems, but to many other military applications (fire support systems, in-flight pilot assistance software, supply and logistics management, etc.). A framework could have many different commercial uses as well - air traffic control, financial analysis, medical diagnostics, etc. In general, any system that relies on the experience and expertise of the user to analyze data and information and make a decision could be a target for application of a contextual framework.

Software source code and related user documentation will be delivered at the end of Phase III. 
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A10-093

TITLE: Intelligent Human Motion Detection Sensor
TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Design and build a small and inexpensive human motion detection sensor that can quickly and with reliable accuracy detect various types of human motion such as: stationary, slow/fast walking, slow/fast running, walking sideways, walking backward, crawling, walking upstairs /downstairs, jumping, and etc.  Information from this sensor could be used to enhance the position estimation of Soldier platforms in Global Positioning System (GPS) degraded and denied environments.

DESCRIPTION: Future Force dismounted Soldiers will be required to operate in areas with poor GPS signal availability, such as in buildings and caves. Future Combat Systems (FCS) Future Operating Capability (FOC-05-01) requires position/navigation to a 1-meter Circular Error Probable without continuous electronic emission. A self-contained navigation sub-system is desired to provide this capability. The currently implemented Land Warrior Navigation Sub-System (LWNSS) is an integration of GPS, digital compass, barometer, and pedometer. However, the pedometer operates on the assumption that every detected step will be forward only.  This can introduce a large error into the overall position estimation should the Soldier perform movements other than walking forward. This topic calls for an advanced human motion detection sensor to be used as an aid for an integrated navigation system. These intelligent sensors are expected to perform better than the current pedometers used in the LWNSS. The topic puts major emphasis on Size, Weight, Power, and Cost needs for the dismounted Soldier and other small sensor platform applications.  Potential technologies can include MEMS IMUs and MEMS accelerometers among others. 

PHASE I: Develop sensor approaches for characterizing various types of human motion such as: stationary, slow/fast walking, slow/fast running, walking sideways, walking backwards, crawling, walking upstairs /downstairs, jumping, and etc. The result of the process must provide a specific signature for each type of motion. Perform a feasibility study that determines the technical merit and of the selected method for use in real time position estimation techniques.  Develop and demonstrate an algorithm that can reliably and quickly identify types of human motion based on the selected sensor inputs.

PHASE II: Design and build a prototype of the human motion detection sensor based on the work from Phase I. Develop an algorithm that takes the sensor inputs to enhance the platform position estimation. Incorporate the algorithm into the sensor prototype and demonstrate the sensor performance on a real person. The sensor must quickly and reliably detect various human motion with 95% accuracy in GPS denied environment.

PHASE III: Enhance and refine the sensor design taken into the account of small size, weight, power, and cost. The end product must have an embedded system form factor that can be integrated into the future ground soldier navigation system. 

Going beyond the military application, the commercial applications for this type of product are not significantly less important. In Homeland Security, for example, rescue persons entering a burning building or a tunnel where GPS is not available, or robots entering a damaged nuclear reactor to perform similar search and rescue efforts. In physical training or exercises, for example, an intelligent pedometer will provide more accurately not only what types of motions the working-out person is performing, but also the number of calories burned from his/her motions based on strides, height, and the weight of that person. The device will in turn promote people's weight-loss effort. Studies show that pedometer use is an effective intervention for promoting physical activity. Another commercial application of this technology is tracking people in GPS degraded environments. One example is tracking hikers in deep wooden areas where they have great potential for getting lost.
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A10-094

TITLE: Advanced Thermoelectric Milli-Power Source
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: To develop a high performance milliwatt power generating source by integrating an very low weight thermoelectric (TE) energy generator with the power management architecture to recharge battery on the body while the users are on the move. The milli-power source will be based on an energy harvesting system using state-of-the-art thermoelectric technology that allows one to generate more than 2mW per cm2 of surface area, with only a 2-degree temperature difference between the body surface temperature and the outside body temperature (outside clothing or uniform). It will include an efficient boost circuit to convert the low voltages of the thermoelectric power generator to levels that are useful for recharging the battery on the body. In addition, it will provide a cooling or heating effect on the body. The system will require power management control at the transistor and circuit level to minimize overall power consumption, while providing maximax power to recharge the battery when needed. 

DESCRIPTION: Energy can be harvested from many sources such as wind, solar, vibrations, temperature differentials, etc. The challenge is that the amount of energy available at any one time from some of these sources is quite small, and thus a method for capturing and storing the power for later use is required. The devices must also have low signature for covert surveillance missions. Furthermore, to maximize power generation, an approach is needed that can harvest energy over the broad operating conditions. This limits the use of solar approaches that don’t work at night and vibration approaches that have very limited operating environments. Thermal gradients, however, are available between the skin body temperature and ambient air year round both during the day and at night. Estimates of absolute average daily temperature gradients between the body skin temperature and air temperature range from 4.5 to 5.8°C in the field environment throughout the year. This makes thermoelectric energy harvesting an ideal approach over broad operating conditions.

PHASE I: This phase of the program is to demonstrate the validity of the technical approach by analysis, modeling and simulation, and verification with some use of off-the shelf hardware. In particular Phase I needs to define body temperature and power available, research methods for boosting low VDC, design voltage booster unit, design power storage and control unit, develop power source architecture and establish form factor for product.

PHASE II: Based on the results of phase I, the designs of all of the parts of the system will be optimized and developed. Study the feasibility of processes allowing to make these materials on a large scale - to make the low cost production possible. At least three wearable prototype systems will be built and their performance verified in the lab. prototype system will be delivered for testing and demonstration on the soldiers.

PHASE III: A development of autonomous unattended power generating sources where they can be recharged by the Land warrior battery and/or BB-2590 lithium ion battery. A pilot line and small scale production will be set-up, with large manufacturing and low cost in focus. A sufficient number of small production prototypes will be delivered for testing and demonstration purposes. This will be a great application for the policemen, construction worker, or someone working or playing outdoor and they want to cool down or heat up during the cold and hot environmental condition. It will sell itself to consumer market.

KEYWORDS: generating power, natural air conditioner, recharger, thermoelectric, micro-power, energy harvesting, low voltage electronics

A10-095

TITLE: Consistent Visualization Across Battle Command Systems
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Software to Achieve Consistent Visualization Across Command, Control, Communications, Computers, Intelligent, Surveillance, and Reconnaissance (C4ISR) Systems. This effort will provide developers with a way of creating consistent C4ISR software user interfaces, independent of programming language and environment. The goal would be to use the project’s deliverables as a future development standard. 

DESCRIPTION: The Army has expressed a need to unify its Battle Command systems. One of the key concepts behind the Unification of Battle Command is a consistent user visualization experience across C4ISR software. As used here “consistent” means that the overall form and function of the user interface is the same without forcing an identical interface. For example, a consistent interface would permit different shaped buttons, but the location and function of a button would be the same. A consistent visualization will reduce training costs and improve Warfighter effectiveness. For various technical reasons, Battle Command systems are implemented using differing technologies. As a result, it is difficult or impossible to dictate the adoption of a specific visualization technology, such as X-Windows or Windows Presentation Foundation (WPF). Forcing the adoption of a specific technology could stifle the introduction of important visualization innovations and reduce important developer autonomy.

The focus of this SBIR will be to develop the technology that permits creation of a consistent user interface across C4ISR software platforms and computer types. The contractor must keep in mind that “‘consistent user interface” does not mean adopting the same implementation (e.g. everyone uses WxWidgets or Qt, for example), but rather providing developers a way to create user interfaces that are independent of programming language and environment; furthermore, permitting individual development organizations to have the freedom to select specific visualization technologies. In addition, the approach must also support tools to design user interfaces as well as automated mechanisms to check user interface designs for consistency and adherence to whatever standards the Army may have at the time. In addition, the solution should also address the way in which interface components interact with each other on the screen and the methods by which interface components are able to interact with data sources and sinks.

PHASE I: In the context of the existing state of the art, research and specify an approach to and a design for the system. The design must specifically address the creation of consistent C4ISR System user interfaces while not requiring the adoption of a specific visualization technology. The Phase I deliverables will include the system design and an analysis of how the approach meets the specified needs and is applicable to popular visualization technologies such as X-Window, MS-WPF, and smart phone user interfaces. 

PHASE II: Build and demonstrate the system. Software deliverables should demonstrate how existing C4ISR systems could incorporate a new and consistent user interface based on the research and design work performed in Phase I. This might include systems such as those found in the Battle Command Framework, Force XXI Battle Command Brigade and Below (FBCB2), smart phone applications on different hardware platforms, and browser-based web applications. While the approach for this Phase of the SBIR should utilize examples drawn from specific Army systems, the proposed solution must be flexible enough to be extended to support additional C4ISR systems as well as commercial information systems. 

PHASE III: A consistent user interface for displaying C4ISR data visualization would have application across all domains and echelons of the Armed Forces as well as any suite of commercial applications that require users to be proficient with multiple tools. This is in support of Tactical Battle Command Systems, PEO Integration, and the COBRA ATO (D.C4.2009.03).

REFERENCES: 

1. User Interface Markup Language, http://en.wikipedia.org/wiki/User_interface_markup_language

2. Windows Presentation Foundation: XAML Overview, http://msdn.microsoft.com/en-us/library/ms752059.aspx

KEYWORDS: C4ISR, Battle Command, GUI, Visualization, Consistent Visualization, User Interface, Data Description Language, X-Windows, Windows Presentation Foundation, WPF

A10-096

TITLE: Use of Nanotechnology to Enhance Power and Energy System Performance
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: To migrate breakthroughs from basic research efforts in nanoscience and nanotechnology as they apply to improved performance of power electronics applications.  Solutions that can be integrated initially into the 3 kW Tactical Quiet Generator (TQG) and scaled for emerging less than 3 kW power systems that support the Warfighter and can enhance battle system capabilities are sought.

DESCRIPTION: Recent breakthroughs in nanoscience and nanotechnology have the potential to form the basis for the development of various enabling power generation technologies for the 21st century.  These sophisticated new materials are regarded as critical building blocks for future tactical power devices and systems and are poised to radically transform and enable numerous current and future tactical battlefield applications.

The Army seeks to transition the results of research efforts in nanoscience and nanotechnology from the lab to practical, proof of concept solutions in power electronics for military generator sets.  Nano-technological application to switching devices, transistors, and thermal management that improve power electronics efficiency power density and environmental performance are sought.

This application of new materials shall address processing, structure, properties, performance, and application (down to the micro and nano scales) for Power Electronic Controls.  The resulting power electronics design should enable the Army to improve the operational capability and reliability of existing power systems in the 3 kW and less range.  Initial solutions that can be integrated into the 3kW TQG and later scaled for emerging less than 3 kW power systems are sought.  Material adaptation and advancement efforts have to potential to lead to significant evolutionary improvements in the operational and performance capabilities of traditional power electronic components and subsystems.  The power electronics design shall focus on: 

- increasing power density by 20% (reduced log footprint)

- enabling continuous delivery of rated power in extreme tactical environments,

- improving fuel utilization (reduced fuel costs/logistic resupply and

- enabling the use of new manufacturing processes and potentially reduce O&S costs.

PHASE I: PHASE I:  The contractor shall explore/identify/specify existing and future nanotechnologies, which include but not limited to nanofluids, nanocoatings and nanopowders, that can be applied to improve the efficiency, power density and environmental performance of a power electronics system for integration with the 3 kW TQG.  (It should be noted that the 3 kW TQG is equipped with a Permanent Magnet Alternator and an inverter.)  Based on the results of this study, the contractor shall provide a detailed design which applies selected nanotechnology solutions to the power electronics system.  Modifications to components / subsystems shall leave the power electronics electrically and environmentally compatible with tactical applications.  The design effort shall include a feasibility study for scaling the design for applications from 250 W to 2 kW.  Technology drivers are size, weight, and cost.

PHASE II: PHASE II:  Using the Phase I design, the contractor shall develop and fabricate one (1) proof of concept Power electronics system.  The contractor shall test the system under conditions that will verify component/subsystem readiness for integration on the 3 kW TQG.

PHASE III: PHASE III:  The results from the Phase II effort will afford the contractor the capability to provide US Army and the DOD a new advanced state-of-the-art power electronics system for 250 to 3000 Watt power sources.  The resulting key power electronics components can be transitioned into the commercial diesel power generating market, with potential applications in the automotive and marine markets as well.  These components can also be transitioned to other diesel powered equipment within the Army’s inventory including other TQGs and the AMMPS family of generators as well as diesel powered vehicles.
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A10-097

TITLE: Enhanced Field Expedient Body Wearable Antenna
TECHNOLOGY AREAS: Sensors, Human Systems

OBJECTIVE: To develop a practicle Body Wearable Antenna or “Mantenna”, that will build on the design concept devised by Soldiers in theater for peer-to-peer communications, and make the antenna's performance equal or better than the exisitng large whip antennas worn by the soldier. 

DESCRIPTION: The Mantenna overcomes problems encountered with the currently fielded 1 meter whip antenna, namely, its large visual signature and likelihood of entanglement with obstructions during Soldier maneuvers. Soldiers often fold this whip several times upon itself to avoid entanglement, but in doing so, eliminate its ability to support communications. These problems inspired Soldiers to develop and implement an in-field solution consisting of a ten foot section of coaxial cable, weaved in a serpentine fashion within the webbing on the back of the Improved Outer Tactical Vest (IOTV). This design unfortunately can only support single channel communications, due to its narrow bandwidth, and fifty to a hundred meters communications range, due to its low gain and unpredictable radiation pattern. Soldiers reported it was also cumbersome in connecting to the radio, due to its position on the back. 

PHASE I: This SBIR Phase 1 proposal will focus on taking the Mantenna design concept and developing a body-wearable antenna system to increase its bandwidth, radiation performance and gain, ease of use, and improve its integration approach. 

PHASE II: During Phase II the Mantenna will be developed further to increase its performance capabilities and integrate the design into an actual IOTV (improved outer tactical vest). The mantenna will be designed to operate as effectively as a baseline 1-meter whip antenna in the entire SINCGARS Radio Band (30-88MHz). The mantenna must have the capability to provide an easy to use, user adjustable functionality, to allow the mantenna to cover the entire SINCGARS band. The projected cost of the mantenna should fall within the current costs for the 1-meter whip. The installation of the mantenna into the vest shall not impede the protective capability of the vest. Three prototypes will be provided for government test and evaluation at government selected facilities. The government will perform SAR (specific absorption rate) testing to assure the safety of the soldier wearing the mantenna. Design considerations must be given to future manufacturability and installation into the vest.

Additional engineering development will further improve the design to allow the Mantenna to be completely integrated into the soldier combat uniform and function properly in the actual combat environment. 

PHASE III: Further engineering design efforts will continue to develop the antenna system design further to include manufacturability and additional frequency bands of operation (i.e. EPLRS). Emphasis will be on improvements to SWap (size weight and power). Consideration will be given to integrate the mantenna into other soldier vests and/or soldier ensembles. The integration of the mantenna concept into clothing will have potential application in the non-military, commercial electronics market, as well as with firest responders (police and fire fighters) as well as in the construction industry. 

KEYWORDS: mantenna, conformal, body-wearable, light weight, manpack radio

A10-098

TITLE: Adapterless Information Consolidation
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Soldiers currently end up with a multitude of information management interfaces after each successive technological advancement in the field of network management. These interfaces cause interoperability problems and require the use of adapters that can translate from one interface to another. A high number of adapters causes a network to be complex and also increases the total amount of time information takes to be get from one end to another due to the time it takes to process information at each intermediate node along a transmission path. There is a need to develop a solution that takes information from a variety of different sources and processes this information without the aid of adapters. The objective of this program is to develop a software engine that uses specified information about the domain space to automatically process any information from any data source without the need for developing any adapters.

DESCRIPTION: The standard solution to the Army's problem of incorporating and integrating different information from a variety of interfaces and data sources into a unified context and view consists of the development of specific adapters (for each source and interface) that format the data into a common API. This solution has a major problem where an adapter (software) needs to be developed for every new data source or interface; any subsequent changes to the API requires modifications (software changes) to all existing adapters.

Soldiers have a variety of data/information sources to deal with.  Each of these sources have their own implementations in regard to precision, format, etc. and if they have a database, they'll have their own schema and data dictionary.  Every application developer that wants to consume data/information from this eclectic set of sources has to understand and interpret each source application as a part of interfacing to the source to send and receive.  Many developers perform the same complex tasks repeatedly, and make mistakes in the process.  The developers then have to deal with updating the system when new sources are added, or some other situation develops that changes the behavior of the source application/database. Behavior of legacy and proprietary source applications/databases can, unfortunately, not be controlled.  The disadvantages of this behavior can be mitigated, however, through a datastream transmission from the sources that have consistency, optimization, and stability such that the applications/databases need only one interface.  Such an interface would reduce the need to do maintenance on every application/database when there is some sort of a change at the source end.

There is a need to develop a product that sits at some modest number of places in the network and takes in data/information from a reasonable variety of sources and puts them out in a form suitable for the creation of a "unified context and view."  Such a product would eliminate the need for legacy data/information sources to be changed because the product will process the legacy data/information into a standardized form that is optimized for all of the applications/databases. If the results of this SBIR product prove successful, future data/information source applications can be then be required to put out their data/information in a format standardized by this SBIR program.  

An optimized feed concept must be developed and all applications will have an API for that (so applications won't be hindered by many different data formats, etc. and there is no need to perform maintenance when a source is changed or a new one added).  Processor middleware would sit on the network and receive the information that is not standardized, then convert the information into a standardized, optimally format. The information would then be outputed in its optimized format. 

The advantage of this product is that the information/databases now get fed by an optimized, standardized, stream.  Their schemas are simplified, the applications can share common databases, the possibility for "translation" error would be eliminated, and the need for applications to be updated to receive data/information from new sources is minimized or eliminated in some cases.  The consistency across the data streams will result in the accomplishment of the goal of a "shared, common situational awareness" for Command and Control (C2).

PHASE I: Describe algorithms/techniques that can be used to consolidate information from a variety of interfaces and data sources into a unified context and view. The algorithms/techniques should eliminate the need for legacy data/information sources to be changed because the algorithms/techniques will process the legacy data/information into a standardized form that is optimized for all of the applications/databases. Bi-monthly status reports and final report should document progress made throughout program.

PHASE II: Deliver a software prototype based on algorithms/techniques developed during Phase 1. Final report should compare software prototype to products that existed prior to SBIR program, and document test results of software prototype. Target customers of software prototype should be identified in military and/or commercial industry. Acquisition program(s) should be targeted as military customers if software prototype is applicable for use within program(s).

PHASE III: The "end-state" result of this research would be integration of product into an acquisition program of record such as Program Manager-Warfighter Information Network-Tactical (PM WIN-T). This product is also applicable to application programs of record such as DCGS-A, CPOF as well as commercial network management systems. Integration in the military environment should result in an improvement in the consolidation of tactical network information into a unified context and view. Integration in the commercial environment should result in lower costs for organizations as they upgrade from one network management system to another and greater ease of management for commercial network administrators. Research should have a commercial application, or help enable one or more commercial technology products to be inserted into defense systems.
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A10-099

TITLE: Solid Hydrogen Fuel Cartridges
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: To provide a viable hydrogen source from solid fuels for use in portable fuel cells in order to decrease the weight burden of the soldier for extended missions.

DESCRIPTION: Power for the Dismounted Soldier is a persistent problem in current operations due to the growing amount of electronic equipment which must be carried by the individual soldier. Batteries, the traditional power solution, can serve to fulfill these power needs however for longer missions the weight in batteries which must be carried can become cumbersome. Using the state of the art battery technology, the BA5390 would require a soldier to carry 21 lbs of batteries for a 72hr mission at 25W of continuous power. Fuel Cells can offer an alternative solution providing longer runtime and at a reduced weight as compared to carrying traditional batteries. An ideal fuel source for these fuel cell systems is hydrogen; however compressed hydrogen tanks do not meet Army Requirements in terms of weight and safety goals. Alternatively, a solid hydrogen cartridge solution which could deliver a pure hydrogen stream on demand at a controlled flow rate, to the fuel cell system would be a viable solution to the growing energy problem. While some headway has been made in ability to produce hydrogen from solid fuels, a key issue in this development has been removing harmful contaminants from the hydrogen stream to prevent fuel cell stack damage. Specific design goals are for man transportable hydrogen sources with gravimetric and volumetric storage densities significantly greater than 4% by weight and 20 g/H2/L respectively. Transportation, operational safety and disposal, are critical factors in the technology selection process. Design goal priorities are safety, gravimetric and volumetric densities. The hydrogen source should be designed to be integrated with a 20-300 W fuel cell and operate in military environments including: Temperature (-20°C to 50°C), Altitude (up to 6,000 ft), Relative Humidity (0-95% not-submersed) and in sand/dust environments

PHASE I: Identify and describe fuel source.  Conduct feasibility studies, handling/transportation safety analysis and technical analysis. Analysis should include information on safety, theoretical yield H2, achievable yield H2, cartridge design and ability to provide on-demand H2 at high purity level. Demonstrate feasibility of proposed technology. A first generation prototype demonstration is desired (not required) at the completion of the Phase I effort.

PHASE II: Phase II effort will focus on implementing and demonstrating the proposed design and integrating the hydrogen cartridge with a 20-300W fuel cell to demonstrate the technology at a minimum of a TRL 4 level. Integrated system should meet key Army Parameters for weight, temperature, safety. Multiple prototypes will be built and evaluated. A study of weight savings over traditional sources should be completed. Cost analysis should be performed.

PHASE III: This phase should focus one further advancing the technology so it suitable for operating in a military environment and passes all relevant MILSTD810. Potential military applications are soldier portable power and battery charging systems, etc. The most likely path for transition of this technology would be through direct sales of “alpha” units (low quantity) to organizations such as USSOCOM, and the Rapid Equipping Force. After successful demonstration, the most likely path for sales of higher quantities would be through direct marketing to organizations such as PM-Soldier Warrior and the program office for Future Combat Systems. Another path would be participation in an Army Technology Objective program with CERDEC to militarize the technology and transition to the organizations above. 
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A10-100

TITLE: Standoff-Biometric for Non-Cooperative Moving Subjects
TECHNOLOGY AREAS: Information Systems, Sensors, Electronics

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

OBJECTIVE: A compact biometric data capture system suitable for acquiring high quality facial recognition data over a long-range (100m-200m) of moving subjects, 24-7 and supporting both automated embedded recognition against a watch list and 3D facial model construction for data suitable for comparisons against large databases.

DESCRIPTION: Existing biometric systems work well on cooperative subjects in environmentally controlled settings in close proximity to the data capture systems.  These systems require the subjects to have close proximity with the imaging systems and do not work well on non-cooperative subjects.  

In order to capture data suitable for biometric identification at a standoff distance of non-cooperative and moving subjects under variable environmental conditions, a high level of system integration is necessary.  This system will integrate optics, imaging sensors, and data processing to provide resulting images of the resolution necessary for biometric identification. The system must address issues of atmospheric blur, low ambient light effects, and motion blur.  For tactical use, intelligence gathering, and force-protection operations, research and development are needed that will result in a robust standoff biometrics capability.   The resulting systems need to operate at ranges long enough to provide response time for force protection and to enable covert surveillance. The resulting system must work across significant variations in pose and illumination, be portable, and work on battery power.

For force protection operations, working at checkpoints or base access points, the system should interface with existing fielded biometric systems.  The system must support real time data collection of subjects moving through a choke-point at a natural walking pace.  Data captured will be 3-d facial models generated from a series of 2-d images, where the resulting models can be used for both automated recognition and human intelligence analysis.   For maximum checkpoint utility, real time analysis against databases is required.  For intelligence and tactical usages, the system should have the ability to detect and record all faces that enter its field of view with an embedded recognition algorithm to generate potential alerts for a small watchlist of subjects. 

PHASE I: Develop a system designed for standoff face-based biometrics for non-cooperative moving subjects.  Prove basic feasibility of the key design elements, including sufficient image resolution under ambient-light conditions. It should demonstrate the ability to automatically recover 3D models from such sequences.  Deliver a system design specification that documents the approach to be used in Phase II for development of the prototype system, including technology and commercialization issues. 

PHASE II: Develop and produce a prototype to demonstrate full system functionality.  Should be ruggedized and have a small, lightweight form factor. It should utilize Commercial Off-The-Shelf equipment to minimize follow-on production costs. It should be low power with the ability to use AC or DC power. It should be designed with a network environment in mind to allow for unattended operation. Development of such a capability would satisfy aspects of Sensors, Electronics and Electronic Warfare a DoD Critical Technology Area. The system should include software for direct interfacing to existing databases.  The hardware and software prototype must be demonstrated and all documentation showing improvement of state-of-the-art technology must be delivered.

PHASE III: The Phase III effort involves developing the prototype system design from Phase II into a commercial system, integrating the system into existing biometric capture applications, and developing new applications based on the improved user interface allowed with supporting standoff non-cooperative subjects. Military applications include border patrol, access control, and airport security, as well as integration into the proposed ATO-R Bio-NODE.  Commercial applications include physical security, where long range can be important and intelligent user interfaces, where the non-cooperative moving subjects limit current biometric system applications.
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A10-101

TITLE: Repeatable Virtualization of Intelligence, Surveillance & Reconnaissance (ISR) System
Servers 
TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: Objective is to research and propose innovative technologies and methods for implementing virtualization of numerous existing physical servers on to fewer servers and storage arrays, in order to perform the same force elements/commanders’ tasks while occupying significantly less space, consuming less power, and, reducing cooling needs.  The virtualization configuration is then to be applied to various modern/emerging/future, net-centric ISR (Intelligence, Surveillance & Reconnaissance) Programs of Record (POR) systems/environments such as Distributed Common Ground System (DCGS), Guardrail Common Sensor (GRCS), Aerial Common Sensor (ACS), and, Joint Unified Maritime Protection System (JUMPS). 

DESCRIPTION: Optimization of virtualized infrastructures includes network configurations, server settings, virtual machine settings, storage area network (SAN) software interfaces and hardware connections, virtual machine placement, and other settings that can be adjusted in order to achieve the best performance.  Existing servers need to be virtualized using various tools that allow these existing physical servers to be converted to virtual machines.  This conversion process should not alter the software load of the original physical server.  The specific tool(s) to be used will depend on data/information/images provided by the U.S. Army.  Existing physical servers need to be consolidated on to a minimum number of servers using automated installation methodologies.  This consolidated environment should be viewed using remote access protocols.  

PHASE I: Research and develop innovative solutions to provide effective means of virtualizing numerous existing physical servers on to fewer servers and storage arrays.  Solutions may leverage both innovative and mature technologies, techniques, algorithms and/or mathematical models.  The result of Phase I must include the proposed technical approach, including requirements, usage scenarios and a prototype architecture.  Establish the feasibility, including technical risks, of the proposed approach. Define the approach for relevant experimentation suitable for feasibility assessment of practical implementation of the technology. 

PHASE II: Capture the specific operational scenarios within a government specified domain. Develop a prototype to demonstrate the capability of the system for use by the Army.  The architecture for the technology and how it fits into the target environment architecture will be defined. The Phase II technology will be integrated in a lab or simulated environment with the characteristics of the target environment. Define and collect initial performance benchmarks to validate the technology. 

PHASE III: The end state of this research should provide implemented solutions for the use in operational military environments.  Army applications include use of the technology within components of military intelligence exploitation and analysis systems.  Candidate Army transition programs include DCGS-A, GRCS, ACS, and, JUMPS.  Similar needs exist in the other services, homeland defense, and intelligence agencies.  Commercial opportunities for this technology exist in numerous business scenarios, such as banking and credit card management. 
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A10-102

TITLE: Low Cost High Assurance Separation Kernel
TECHNOLOGY AREAS: Information Systems

OBJECTIVE:  To develop a low cost high assurance separation kernel for use in cross domain solutions (CDS) and virtualization environments.

DESCRIPTION:  Two of the major problems that the Army faces are 1) how to securely share data across security domain boundaries and 2) how to keep networks and data secure in harsh environments. In both cases virtualization can be leveraged as a security solution, but the issue of cost, even if moderate, can greatly come into play. This research effort will be focused on developing a COTS high assurance separation kernel in order to remove the cost hurdle of such solutions.  

Cross domain solutions (CDS) come in a number of forms but when broken down to their basic functions they are the information assurance devices that allow data to be transmitted between networks of different classification levels (e.g., Secret to Unclassified) or allow data at multiple levels of security to be simultaneous displayed and accessed on a host. The CDS community has relied upon operating systems such as Solaris with Trusted Extensions (previous Trusted Solaris) and SELinux as a basis for their platforms, meanwhile the security community has developed a number of virtualized environments/separation kernels that can take CDS to the next level of assurance.  Numerous papers tout virtualization as a security technology that should be embraced in order to create data processing partitions where one can separate trusted applications from untrusted applications. In doing so, if an untrusted application is exploited there is no damage or risk to the trusted applications and data. The virtual machine and hypervisor technologies can provide the separation and reference monitors needed to reduce the impact of software vulnerabilities.  

Up until today the CDS community has relied upon medium assurance level operating systems such as SELinux, VM Ware, and Solaris (basis of systems such as High Assurance Platform (HAP) and DoDIIS Trusted Workstation (DTW)) to provide the base platform upon which to develop their security protections required of a cross domain solution, but as our enemies become more sophisticated and CDS become more prevalent through the Battlefield the medium assurance solutions may not be enough.  

Therefore, the focus of this research would be to develop a COTS Separation Kernel that can meet the U.S. Government Protection Profile for Separation Kernels in Environments Requiring High Robustness and Evaluation Assurance Level (EAL) 5, 6, or 7 requirements for high assurance operations.  The high assurance separation kernel will provide increased security, assurance, and robustness over the medium assurance operating systems used which would allow for an easier and faster certification and accreditation of CDS products, and an increased trust associated to the CDS product which would help in attaining type accreditations instead of site accreditations and support functions such as remote management.  This would lower both research and development costs and supportability costs to the end Warfighter.    

Additional research to be conducted under this topic includes how to host multi-level security (MLS) systems on top of a multiple independent levels of security (MILS) system using a high assurance separation kernel as a foundation.  Also, with a lower cost alternative the high assurance separation kernels may find additional markets in tactical radios, network encryptors, UAVs, safety critical systems, embedded systems, software based encryption, etc.  

Research areas of interest include but are not limited to:  (1) virtualized environment security, (2) controlled information flow, (3) monitored inter-partition communications, (4) mandatory access controls, (5) reference monitors, (6) semi-formal and formal analysis and modeling, (7) memory management, (8) hardware partitioning, (9) least privileges, (10) assured data labeling, (11) multiple levels of security (MLS) and multiple independent levels of security (MILS), (12) trusted paths, subsystems, and I/O, (13) secure audit, (14) remote management and access, and (15) high assurance encryption through software.

PHASE I:  Phase I will require an analysis of current high assurance operating systems, the separation kernel protection profile, and the EAL 5, 6, and 7 requirements. This analysis should lead into a certifiable separation kernel architecture.

PHASE II:  Phase II will include the software development of the low cost high assurance separation kernel as well as an analysis of how to minimize the cost for a single license as well as bulk licenses for the separation kernel. Additionally, the Phase II effort should support running the high assurance separation kernel as the main operating system on a workstation as well as support embedded system use. The high assurance separation kernel should support running on x86 and Power PC architectures. The high assurance separation kernel should support running Windows XP, Windows Vista, Windows 7, Unix, and various flavors of Linux on top of it. The Phase II effort should also begin the analysis of how to complete and support a semi-formal or formal analysis of the separation kernel in support of an EAL 5, 6, or 7 certification. Additionally, an analysis should be done under Phase II to determine how to incorporate DO-178B “Software Considerations in Airborne Systems and Equipment Certification” requirements. The final effort under Phase II would be to demonstrate the system.

PHASE III:  Developing a COTS separation kernel would be marketable to both DoD and commercial sectors. It would allow the DoD to lower costs of developing high assurance cross domain solutions and implement virtualized environments as security measures.  Meanwhile the commercial domain would be able to leverage the technology to more securely separate networks based upon user’s need-to-know (e.g., lower the risk of malicious software in the billing department to affect systems in the personnel department).
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A10-103

TITLE: Integrated Counter-Mine/Improvised Explosive Device (IED) and Command and Control
(C2) Capabilities
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE:  The objective of this topic is to develop and improve current state of RF technology, specifically in the area of wideband active noise cancellation to achieve electromagnetic compatibility (EMC) between multiple friendly RF systems including Blue Force Communications and Counter IED RF Jammers.   The final goal is to develop such technologies which will realize the single RF system with dual functionalities of Electronic Warfare and Communication system.

DESCRIPTION:  Fielding of Counter IED jammer system on individual tactical vehicle has caused electronic fratricides. This electromagnetic interference between friendly EW and Communication systems, and its inadvertent impact on their operations has been well documented and reported through USCENTCOM and other field commands in forms of JUONS and ONS. 

As a short term mitigation of this problems, often times, there are temporary hardware quick-fixes that are designed which are suitable for the specific operating conditions of the system.  However, the target for these temporary hardware fixes change often, necessitating a redesign as soon as the operating conditions change or new threats emerge.  The goal of this proposed effort is to develop an funder mental enabling technology called active interference cancellation which enables simultaneous Jamming and Communicating capability where the functionality and Jamming-Communicating capability is not impaired by changes in the threat conditions and operating environment. The technical solution relies on using digital techniques for the implementation of the cancellation system. Central to wideband active cancellation techniques is the implementation of a correlator section, so as to determine the correct cancellation vector of the required band. This work proposes to develop and demonstrate such a system in phased approach.   

PHASE I: The goal of Phase I is to develop and demonstrate the concept model. This work is targeted to implement the digital architecture necessary to realize the prototype of the interference cancellation unit. This phase will result in the delivery of a document detailing the results obtained and recommendations to proceed with the implementation of the demonstrator model. 

PHASE II: The goal of Phase II would be to mature the concept model so as to produce the demonstration model. This stage would include extensive modeling and simulation work to better capture the specs used to define the design boundaries of the demo unit. The goal of this phase is to package the demo-model into a ruggedized suitable enclosure for demonstrations in lab/field tests. 

PHASE III:  The goal of phase III is to mature the demonstration model, incorporate extensive modeling, simulation and measured data obtained from phases I and II and incorporate modifications necessary to meet the requirements for volume production.
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A10-104

TITLE: Human Signature Collection and Exploitation via Stand-Off Non-Cooperative Sensing 
TECHNOLOGY AREAS: Sensors, Electronics, Human Systems

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: The objective of this topic is to develop thermal imaging technologies which will support the sensing, processing, analysis and exploitation of signature data based upon one or more intrinsic physical and/or behavioral traits of human beings for determination of hostile intent or stress in, and positive identification of, human beings, at reasonable stand-off distances and with day or night operation capability.

DESCRIPTION: The Human Signature Collection and Exploitation (HSC&E) mission area has application across all branches of DoD and the Army. It includes but goes well beyond traditional cooperative Biometrics, which has as its appropriately all-consuming mission the verification of identity of individuals for such applications as access control or forensics. HSC&E responds to the challenge of warfare among the people, where combatants are mixed in with civilians. Current tactical missions must deal with non-cooperative subjects at stand-off, detecting humans in clutter, recognizing them as having been seen before or belong to recognized social groups and what activities they are performing and whether these are benign or threat behaviors, characterizing them as to their health and well-being, emotional state or intent, identifying them by association with existent data bases, and tracking them individually but also as elements of more complex group activities and motion. Below, several examples are discussed to help guide the offeror. These instances should not be taken as limiting the offeror to these specific feature vectors, but rather as examples that demonstrate that these capabilities are achievable.

It is essential to be able to discriminate between enemy combatants and neutrals/friendlies. It has been demonstrated that active sensors are capable of differentiating between hostiles and neutrals. The canonical example is the Army Ghost laser system that is used in the defense of convoys, for which the inventors received the Department of the Army (DA) Research and Development Achievement (RDA) Award. Civilian vehicles are warned off by illuminating the vehicle windshield with green laser light, making driving extremely difficult. Only aggressive or hostile drivers continue to approach the convoy. Thus, hostiles are differentiated from neutrals, and appropriate action can be taken. Recent research has also demonstrated that passive thermal imagers are capable of detecting stress in individuals. Krzywicki et al has recently published work on the relationship between facial thermal signatures and underlying physiological stress.

It is also well known that exploitation of the thermal minutia present in the human face provides a robust feature vector and associated identification template. The National Institute of Science and Technology has explored several of these tools, and the results are discussed under the NIST Advanced Technology Program.

Thus, the primary purpose of this effort is to develop passive thermal imaging systems that can sense humans and collect both time dependent data that is indicative of heightened stress, anxiety, or other salient physiological cues to aggression or hostile intent, and time independent data that can be exploited as the basis for non-cooperative biometric identification, at reasonable stand-off distances and capable of day or night operation. An essential part of this effort will be the development of novel algorithms that are capable of extracting both the time-variant and time-invariant feature vectors from the matched thermal imager data stream.

Technology Challenges - 

Development of passive sensors for the overt and/or covert collection of human signature phenomenology in any part of the electromagnetic or field strength spectrum. These sensors are to be designed and configured to collect these signatures at ranges and in environments appropriate to human activity such as urban and rural environments or in the areas surrounding forward operating bases. They must be designed and configured with the need for affordability foremost. 

Development of data reduction and information discovery tools, such as but certainly not limited non-linear dimensional reduction algorithms and optical flow analysis.

PHASE I: The goals of Phase I are to:

- Develop the plan for the complete multiphase effort;

- Select candidate thermal sensor technology.

- Select candidate human signature feature vector for hostile intent/stress, including associated metrics.

- Select candidate feature vector for identification, including associated metrics.

- Model and demonstrate initial extraction of the above feature vectors from a multi-person data set. Data set not required to be collected under Phase I if publicly available or already a company asset.

- Model the performance of the candidate sensor as a function of range up to 100 meters, and ambient illumination (must be capable of day/night operation).

- Generate candidate matching template on the basis of the selected feature vectors.

- Provide detailed report on Phase I effort.

PHASE II: The goals of Phase II are to:

- Design, build, and demonstrate the performance of the thermal sensor system.

- Design, build, and demonstrate the software required to extract the feature vectors.

- Design, build, and demonstrate the software necessary to generate the matching template.

- Design, build, and demonstrate sensor fusion structures, data reduction and information discovery algorithms, collection, processing, or fusion enabling technologies to enable near real time operation.

- Integrate sensor system and software.

- Collect a multi-person data set with sensor system.

- Demonstrate determination of hostile intent/stress. Generate associated receiver operation characteristic (ROC) curves.

- Demonstrate determination of identification. Generate associated receiver operation characteristic (ROC) curves.

- Deliver operational sensor and software.

- Provide detailed report on Phase II.

PHASE III: The goals of Phase III are to:

- Mature the technical design for field demonstration.

- Design and implement interface with Army Intel Enterprise-compliant Biometrics Enabled Intelligence (BEI) framework being developed under CERDEC ATO(R) Biometrics – Non-Cooperatively Obtained Data and Exploitation (Bio-NODE).

- Collect a multi-person data set with mature system, at ranges that exceed 30 meters and under both day and night operation.

- Demonstrate determination of hostile intent/stress. Generate associated receiver operation characteristic (ROC) curves.

- Demonstrate determination of identification. Generate associated receiver operation characteristic (ROC) curves.

- Deliver operational sensor and software.

- Provide detailed report on Phase III.

Compliance and interface with ATO(R) Bio-NODE will enable transition to PM DCGS-A, JPI ICDT and PM Biometrics. Dual use includes application to challenges as are being addressed under the DHS FAST and the IARPA BEST programs and stress mitigation studies under Army Medical Research and Materiel Command, G3/5/7.
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A10-105

TITLE: Heuristic-based Prognostic and Diagnostic Methods to Enhance Intelligent Power
Management for Tactical Electric Power Generator Sets
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE:  Establish an innovative approach for and demonstrate methodology and modeling tools to provide prognostics and diagnostics for use on tactical electric power systems (5 kW - 200 kW) and that complement the Army’s Hybrid Intelligent Power Management Program goals to increase system reliability and reduce fuel consumption on the tactical battlefield.

DESCRIPTION:  Current Joint Operations in the Middle East have highlighted the need for increased system reliability and reduced petroleum consumption as both a cost reduction and force protection mechanism in the tactical battlefield. Real time estimates suggest that fielded Army generator sets consume up to 50% of the total fuel supplies at tactical units and forward operating bases in Iraq. To reduce system down time, fuel consumption, and the quantity of Class III (petroleum) convoys through volatile, high risk areas, the Army seeks diagnostics and prognostics techniques and solutions that can be applied to tactical generator sets in the 5 - 200 kW range. Resulting diagnostic/prognostic methodologies and techniques must be complementary with the Army’s Hybrid Intelligent Power (HIPOWER) goals.

The traditional approach of performing prognostics and diagnostics for mechanical plants has been to create a physics-based model based on first principles and known equipment characteristics. Such models are often created at the component level so that details of component performance can be captured. Component models like this can incorporate reliability from the material level up through components, sub-assemblies, and throughout the entire system. The second method, which is in many ways a derivative of the first, is to create a model from observed values and performance. Once a model is developed, regardless of basis, actual performance can be compared to the predicted performance with some level of diagnostics being reported if there are differences between the two. Both of these methods are capable of capturing failures that are caused by fatigue, thermal stress, corrosion, erosion and other forms of degradation. They can also address issues of uncertainty or variability in manufacturing, materials, maintenance history and usage history. This type of approach has been very successful in the airline industry.

The development of first principles or heuristic models to capture generator performance is another approach which can help to reduce fuel consumption rates of power systems and increase system reliability. While the approach can be cost prohibitive and requires multiple models to be developed for each size and vintage of generator set in the DOD Inventory, a Heuristic Model would allow the user to address a variety of diverse battlefield applications. Similar cost and diverse application issues are found in applying diagnostic/prognostics in buildings. For example, very few buildings have a common footprint and those that do almost never have similar mechanical plants or occupancy profiles. Even with such diversification, the building industry incorporates use of quantitative, reliable and accurate methods of diagnosing the performance of buildings. These techniques often provide a high rate of return on investments - quantified in terms of increased energy efficiency, reliability, and human comfort.

The goal of this SBIR is to define and develop innovative diagnostic/prognostic methodologies, techniques, software, and modeling tools for predicting tactical generator set performance and to provide a first order diagnostics and prognostics methodology for demonstration on a DoD Generator Set. The diagnostics methodology can be developed using first principles or heuristics models. Other methods built on Bayesian models, such as reinforced learning and non-classical approaches, such as genetic algorithms which treat the system like a biological organism subject to evolution due to multiple paths forward, the optimal being selected , will also be considered. The latter example has been used to optimize power inverters.  Creative diagnostics methodologies that consider a “top-down” approach are encouraged. The method should be able to identify long-term generator performance degradation.

PHASE I:  Design a concept for the required computational tools to accurately determine the reliability of generator sets. In addition, the phase one effort shall define and determine the feasibility of developing a methodology used to implement the identified tools to work in harmony, and shall consider the scalability (application to 5 kW – 200 kW Tactical Electric power sources) of this methodology. Focus shall be to reduce system down time and fuel consumption rates.  

PHASE II:  Develop, demonstrate and validate the methodology, connections and apparatus required to integrate the tools identified in Phase I to predict the reliability of a 10 kW Tactical Electric Quiet (TQG) generator set or a number of its sub-systems. Demonstrate the completed methodology and tools for predicting reliability on examples ranging from components through entire generator systems. In addition, validate that the methodology and tools can predict different failure modes for generator fleet.  Validate the predictions using measured system data, preferably remotely sensed.

PHASE III:  The main effort of phase III will be to transition the newly developed technology to a manufacturer, militarization, and qualification of the new application for the soldier. This technology could be used by various platforms and systems to improve their power management and thereby reduce their power use. The tools and methodologies developed could allow for the prognostics and diagnostics of other military systems.

POTENTIAL for COMMERCIALIZATION: There is a potential to transition this technology not only in the military sector but also in the commercial sector.  In the commercial arena, hospitals, construction companies, power plants (hydro, nuclear, etc) and building management companies could use this technology to properly diagnose and maintain their power systems, correlating predicted performance with actual performance and modifying the heuristic algorithms as needed to extend component and system life.  The advantages of using this technology in the military and commercial arena are lower repair costs, less downtime and improved longevity of power systems.
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A10-106

TITLE: Modeling of concrete failure under blast and fragment loading
TECHNOLOGY AREAS: Materials/Processes, Weapons

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 analytical algorithms and numerical methods for the prediction of the structural response of concrete structures subjected to blast and fragment loading.

DESCRIPTION: There is a great interest in the defense community and in particular the U.S. Army Engineer Research and Development Center, Ref 1, in formulating theories and computational algorithms, which enable the accurate assessment of blast effects and fragment impacts on various types of concrete structures. These events are extremely complex and are relevant to a wide range of time and length scales. Novel multi-scale, multi-physics approaches in concrete modeling have shown great potential for simulating cracking and post-failure behavior of cementitious materials and, in general, quasi-brittle materials under a variety of loading conditions. The Lattice Discrete Particle Model (Ref. 2) has been demonstrated to be very suitable for simulating the fracturing process of conventional concrete and its post-failure behavior in a variety of loading conditions.  However, many recent applications require the use of special concretes, such as Very High Strength Concrete (VHSC), Fiber Reinforced Concrete (FRC), etc.  The modeling of these materials presents many challenges, because the scale of the aggregate can be very small and fiber-concrete interaction is very complex.  Preliminary efforts in this area at ERDC have indicated that substantial effort needs to be placed in developing adequate analytical models for simulating the structural response of components made with these advanced materials.

PHASE I: Assess computational models for simulating VHSC, FRC, and other types of special concrete materials and cementitious composites in the context of a multi-scale, multi-physics, LDPM (Lattice Discrete Particle Model) framework. Identify shortcoming of current methodology and formulate a development strategy for future development. Characterize risk and potential payback of proposed modeling techniques. Perform some preliminary studies to compare the feasibility of new methodologies. Identify methods that should be implemented in a computational framework.

PHASE II: Implement methods identified in phase I in a computational framework.  Improve efficiency of computational tools for the solution of very large problem on massively parallel computer systems implementing parallelization schemes. Improve robustness so that computational tools can be used reliably in a production environment.

PHASE III: Validate methods developed against experimental data.  Application of the technology developed under phase II may benefit other areas in DOD as well as civilian agencies. Concrete materials are used in the construction of a variety of civilian structures, including bridges, dams, etc. Their response to extreme loading conditions is of extreme interest to the civil engineering community at large.
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TITLE: Development of a user model and information system for multi-tiered approaches for
modeling and predicting attributes of engineered nanomaterials
TECHNOLOGY AREAS: Information Systems, Materials/Processes

OBJECTIVE: Development and design of an information system for mining data on the reported attributes for experimental engineered nanomaterials that have a potential for application in military technologies.  This information system will be the foundation for a coupled approach to assess environmental attributes of engineered nanomaterials using both historical/reported data and existing models

DESCRIPTION: Many promising warfighter technologies are being developed through the Army’s push in innovative research as emphasized in the Army S&T Plan, 2007.  These new technologies are enabled through novel application of engineered nanomaterials.  Engineered nanomaterials have unique properties due to their small size, 1 to 100 nm and a relatively high surface area.  However, there is significant concern these unique attributes may be responsible for significant potential human health and environmental risks of nanomaterials.  There are currently no tools available to predict or assess the risks of nanomaterials during development or during the life capability of the technology.  These uncertainties and the lack of tools to address risk issues may delay or prevent the advances in warfighter technologies.  Technical challenges for the prediction of environmental risks of engineered nanomaterials include (1) a lack of accepted measurement techniques and endpoints, (2) limited integration or use of data from published literature for predicting attributes of new materials, and (3) a lack of models to predict attributes.  While some research and development will be required to develop models to predict behavior of nanoparticles in natural systems a user friendly information system of materials for academic, government, and industry research and development is highly desirable. 

PHASE I: Development of a beta-version information system (wiki style) for mining new relevant data and information from published (peer reviewed, internet) studies into a usable source for materials scientists, biologists, and engineers.  This information system should have capabilities for controlling access while maintaining the ability for users to readily access both the mined data and related references.  The information system should have options for comparing measurement and attribute parameters including variability, analysis methods, endpoints, and qualitative information such as morphology.  While it is not expected the beta-version have ready to use predictive models for attributes of nanomaterials, a conceptual approach and proposed models should be included.

PHASE II: Development of an integrated model and information system using all current data and information available to predict environmental attributes of engineered nanomaterials.  Measurement parameters such as size, dispersivity, distribution, and charge should be included in measurement data options.  Attributes such as degradation potential, fate in soils, toxicity, and bioaccumulation potential should be predicted from models and material attributes.

PHASE III: The product of this phase could find utility in the military and civilian communities.  The model system should support military and civilian materials scientists and industry technology developers in understanding the environmental fate of relevant nano-compounds.  This would augment acquisition analysis for the military relevant compounds and assist civilian developers in meeting TOSCA requirements.  In addition, the system should have users in homeland security for assessing the potential attributes of agent threats enabled with engineered nanoparticles.
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A10-108

TITLE: Developing Capabilities for the Visualization and Analysis of Qualitative Data within
Geographic Information Systems
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: To develop the capabilities for visualizing and analyzing qualitative data within geographic information systems in support of counterinsurgency operations.

DESCRIPTION: With the evolution of counterinsurgency warfare, the modern battlespace has expanded into political, military, economic, social, informational, and infrastructural (PMESII) domains that were not the traditional focus of military analysis. Instead of considering entirely kinetic courses of action (COA), military leaders at every level must now consider how to best interpret intelligence coming from a wide range of sources in order to effectively account for PMESII factors in their COAs. It is widely regarded that many of the notable successes that have taken place in Iraq and Afghanistan were made possible by the proactive efforts made by coalition forces to understand and respect the local culture. 

Naturally, this understanding requires the collection and analysis of nontraditional types of intelligence, which often take a qualitative, or non-numeric, form. However, as a whole the Army continues to rely heavily upon intelligence systems primarily structured to support quantitative data modeling, visualization, and analysis. For example, one of the primary software tools for geospatial analysis, the geographic information system (GIS), was originally developed exclusively for quantitative planning uses. A majority of the tools currently available in GIS applications operate exclusively on numerical data. Although many geographers in the academic world have begun to call for a ‘rewiring’ of GIS, none have offered a solution to date. This SBIR’s objective is to design and build geospatial software to aid warfighters in the visualization and analysis of qualitative data. It aims to overcome several problems inherent in current geospatial solutions:

The first major problem in current GIS options is that they have difficulty with the direct storage and geovisualization of qualitative data. This problem stems from two primary causes. First, unlike quantitative data, which primarily takes a numerical or categorical value, qualitative data can take a wide variety of formats, including audio, interview transcripts, drawings, photographs, and videos. While users can currently hyperlink out from GIS to other programs which are capable of storing these data forms, users do not have direct access to this data from within the GIS itself. Hyperlinks detach data from their spatiality, defeating the purpose of geovisualization in the first place. For example, including user videos directly into a GIS might help warfighters identify behavioral spatial patterns that they may not have otherwise spotted.

Additionally, qualitative data is often abstract, relative, or not explicitly spatial, and the Cartesian framework in which GIS was developed has difficulty with this. GIS displays all features as concrete points, lines, or polygons, but real spaces are much fuzzier. They may be contested, uncertain, or emotionally charged, or they may even look different depending on the perspective with which they are viewed. For example, a GIS would have difficulty symbolizing the full complexity of a fight over claims to an area that is spiritually important for one community but usurped by an more powerful community that is using it for agriculture. This is further complicated by claims that may be temporal in nature (such as migratory claims to a space). GIS may also have difficulty with relationships that are not explicitly spatial, such as 1) ethnic and religious relationships between people or 2) relationships between a person and a space. 

The second major problem stems directly from the first—because GIS has difficulty storing and visualizing qualitative data, it cannot effectively analyze this data. This flaw manifests itself in three ways. First, to overcome its deficiencies, GIS software forces users to simplify their qualitative data to a quantitative form. For example, a recent article shows how an Army S-3 (operations) officer had attempted to prioritize aid to Afghan villages based on their conditions. To accomplish this he collected qualitative data, such as current levels of public safety, support for coalition forces, and food security. Unfortunately, in order to analyze these qualitative measures the S-3 officer was forced to convert his data into very basic, ranked categories, and in the process rich details of the original data were lost. For example, does the category ‘moderate support for coalition forces’ mean that villagers ‘will completely ignore warfighters’ or that villagers ‘will oppose warfighters unless the warfighters gain the support of village elders, at which point they will actively help the warfighters’? These two versions of ‘moderate support’ are impossible to rank against one another, as neither is clearly superior to the other, and they are only two gradations of the many forms of ‘moderate support’ possible. The only way to effectively utilize all the possible qualitative factors in play is through an analysis that doesn’t force the factors into quantitative rankings or categories. 

Secondly, the abstract, contested, and temporal factors which shape spaces are often excluded from analysis within GIS. These factors go into explaining why a certain space is what it is and why one group is claiming it, but GIS only shows what the space is and who currently controls it. ‘Why’ is incredibly important if warfighters expect to solve the root problems of an insurgency. By including all of these qualitative attributes in a GIS, users can begin to understand how social systems and networks interact spatially.

Finally, GIS has difficulty analyzing any type of relationship that is not explicitly spatial. Villages may be related to one another, not just by geographic distance, but through kinship, religion, or ethnicity. Similarly, abstract notions of religion or custom may affect migratory patterns more than terrain and distance alone. By acknowledging that not all relationships are exclusively spatial, GIS software could begin to leverage other types of analysis against its data, such as social network analysis or systems theory. Only then will warfighters begin to understand the complex interrelationships between PMESII domains and the spaces they inhabit.

An effective solution to these problems must be capable of both visualizing qualitative data and then analyzing it. The above description gives examples of some forms of qualitative data and analysis, which might be useful for warfighters. Additionally, it should accomplish these tasks while retaining the geospatial capabilities that make GIS such a powerful tool.

PHASE I: The contractor has two tasks in Phase I. First, the contractor needs to develop a preliminary software design capable of several tasks. The proposed software must be capable of geospatially visualizing multiple formats of qualitative data. It should also be capable of visualizing ‘fuzzy’ data sets, as described above. Additionally, the proposed software must be capable of analyzing complex qualitative data. The contractor must develop an approach of qualitative methods of analysis that would be useful for the warfighter; examples include social network analysis or the ranking task described above. This analytical approach should be included with the preliminary design with appropriate references to the literature. The GIS should be capable of analyzing contested spaces, temporal changes, how relationships that aren’t explicitly spatial affect spaces, and the reasons why a space is as it is. It may attempt to bridge GIS and computer-aided qualitative analysis software (CAQDAS) capabilities in an integrated fashion. 

Second, the contractor needs to develop a small prototype as proof of concept implementing one of the visualization tasks described above. This prototype should be a geographic information system capable of storing and visualizing basic qualitative data formats. This prototype will serve as proof of the contractor’s technical suitability for designing the complete prototype.

PHASE II: The contractor will complete the system design and develop the processing capabilities that are defined in Phase I as a prototype system. The prototype system will further develop and enhance the capabilities developed in Phase I. Testing will occur with as much data as time and budgetary constraints allow. Tests should explore each of the three criteria explored in Phase I. Testing will progress with data provided by the Government. 

PHASE III: The SBIR will result in a technology with broad applications in both military and civil communities. The software will allow warfighters to visualize and analyze PMESII data that takes a qualitative form. This will give them a more intricate understanding of the insurgency they are fighting and the root causes of that insurgency. The intelligence community would also find a high amount of utility in the tool. Since there are few, if any, software platforms designed to perform geospatial analysis with qualitative data, intelligence officers could use the technology to analyze socio-cultural patterns within target populations or countries. The technology would also have direct applicability for many other civilian pursuits. Although there has been much interest in qualitative forms of geographic information systems in academic realms, there is still no commercially available software. Many sources confirm that this type of software would have great utility for grassroots political organizations attempting to enforce rights to various spaces of the city.
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A10-109

TITLE: Sustainable Materials to Reduce Heat Signatures of Base Camps
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop materials and processes for use in sustainable military base camps to reduce heat signatures emanating from base camp through the use of advanced insulating materials in conjunction with thin-film thermoelectric generators and embedded batteries.

DESCRIPTION: Base camps require reduction in heat signature to maintain low-observable (or stealth) capabilities. Personnel and equipment within the base camps generate characteristic heat signatures that can reveal the location, presence of personnel and electronic equipment, and may provide some indication of activities and OPTEMPO.

However, future base camps must reduce their heat signature for both the warfighter and the sustainment force.  Emerging materials will be used in military base camps construction in many different climates to reduce heat signatures through the use of high efficiency insulating materials and thermoelectric coolers, which synergistically reduce radiated heat. Solid state devices can be embedded in layered composite fabric that offer high stiffness/high strength to weight ratios and are durable in harsh environments, such as desert heat. Such devices can be used to reduce the infrared radiation emanating from personnel or critical electronic equipment, e.g., for Command, Control, Communications, Computers, Information, Surveillance, and Reconnaissance (C4ISR).

Thermoelectric Peltier devices can transfer heat from one side of the device to the other side against the temperature gradient (from cold to hot), with consumption of electrical energy. The power to drive the Peltier devices would be derived from the integrated photovoltaics on the top layer, or thin film batteries embedded into the composite structural material. The use of insulating composite fabric layers would help to insure thermal efficiency of the system. These relatively light-weight materials could reduce logistics burden of transporting heavy air conditioning (A/C) systems and the weight burden of deploying heavy electricity generators.

PHASE I: Conduct research on the materials and processes to integrate innovative solid state power supply and thermal signature management capability into materials for military base camps. For example, emerging thin film inexpensive polycrystalline silicon based photovoltaic devices and thin film batteries, or supercapacitors, along with thermoelectric devices and insulators could be embedded into composite layers of tent fabric to provide 2,500 watts of electric power for an enclosure of typically 200 cubic meters for solid state cooling devices and other equipment. Investigate the use of lightweight (~1.5 g/cc) layered composite fabric with high stiffness (e.g., 80 GPa) and strength (~ 3.5 GPa), for use in in multiple environments, which contain insulating layers to provide additional thermal management.  The target heat dissipation goal is ~10,000 BTU/h. Predict the efficiency of the composite multifunctional materials for thermal signature reduction. Demonstrate the capabilities at the laboratory scale, and down-select the most promising technologies for further development.  Although the light weight feature is desirable, it can be sacrificed if necessary to achieve the other multifunctionalities.

PHASE II: Design and test high strength lightweight multi-layered materials that for base camps shelters that protect personnel and equipment from inclement weather, high heat and humidity, and wind blown debris, which harness advanced embedded power systems to provide heat signature reduction on the surface of the base camp in military critical facilities, such as Command Control Communication, Computer, Intelligence, Surveillance and Reconnaissance (C4ISR) equipment and facilities. Develop manufacturing methods to produce these layered materials, with the approach of scaling up to full sized smart sustainable base camp construction materials

PHASE III: Commercialize multi-layered construction materials that incorporate power generating and thermal management components for use in both military and non-military buildings and structures, including industrial environments. It is anticipated that commercialization will be achieved through co-operative agreements between the SBIR Company and their partners as well as well-established maanufacturers of innovative fabric structures, thermo-electric coolers, and photovoltaic design and manufacturing companies.  The resulting structural components would not only provide structural protection, but would also provide low observable capabilities.  In addition, the materials would be readily portable and could be used for tents used by campers in multiple and diverse climates. 
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A10-110

TITLE: Development of a desktop application to integrate tools and databases for
environmentally-important chemical aspects of military compounds
TECHNOLOGY AREAS: Information Systems, Materials/Processes

OBJECTIVE: Integration of applications for predictive environmental chemistry with databases of environmentally-important physical/chemical properties to create a user-friendly desktop visualization and manipulation application for environmental computational chemistry  

DESCRIPTION: The environmental fate and transport of compounds of military interest is a specialized area of research that combines predictive computational chemical tools with experimental verification to assess the impact of these compounds on lands overseen by the Army.  Current research efforts have resulted in a body of data that includes physical/chemical properties of military munitions and their degradation products, such as solubility in water, octanol-water partition coefficient and Henry’s Law constants.  Quantitative Structure Property Relations (QSPRs) and Quantitative Structure Activity Relations (QSARs) have been developed to relate structures of military compounds to physical properties and to toxicity, respectively.  Degradation pathways have been predicted for many military munitions and verified with benchtop experiments.  Programs have been developed to predict water solubility of nitro-compounds with greater accuracy, and to integrate kinetic equations.  A need exists for the integration of all of these components into a user-friendly desktop application that would allow one to access the environmental data, visualize it and manipulate it as needed.  Key components to this desktop application would include 1) the ability to access the physical property database, 2) the ability to add new data easily to the application, 3) the ability to work with subsets of data to create new QSPR/QSAR  relationships, 4) the ability to visualize data.  As some of the datasets will be large, the ability to operate under a client/server model that could be launched from the desktop application would be desirable.

PHASE I: Development of a beta version wrapper to incorporate the available and relevant databases and stand-alone programs for physical property prediction that comprise this visualization and manipulation application.  This wrapper should include both predicted and measured databases of physical properties as well as the ability to track and compile pertinent references.  Significant emphasis will be placed on data pertaining to and visualization of nitroamine compounds, high nitrogen energetic compounds and some metallic species.  ERDC researchers will supply a number of small applications that need to be incorporated into the desktop application such as a Windows-based program that solves the kinetic equations.  We also have a basic molecular viewer that is Windows-based (this application allows us to view input directly from most common computational chemistry software). Starting from this capability, innovative ways to visualize data would be desired.  ERDC will supply an application to generate new QSAR equations when such data is added to the database.  Another aspect of this proposal should include the ability to provide a port to access outside computers to submit calculations, monitor results and pull results back to the database.  Also, post-processing software to extract relevant information from software output would be needed.  This application should be able to run from a desktop computer preferably with a Linux-like platform but with a minimum of Windows.

PHASE II: A fully integrated software application would be developed based on the beta wrapper developed in Phase I.  This would include development of an expanded capability that allows for easy insertion and retrieval of data.  Ability to visualize results and produce 2-D and 3-D plots of results.  Ability to connect to a larger server to manipulate data and generate new data.

PHASE III: This project will result in a technology with broad applications in both the military and civil communities.  The software will allow a unique capability to manipulate and visualize a significant amount physical property data concerning a chemical compound.  This will provide a foundation for being about to visualize how chemical compounds react in various environments including the natural environment but extending also to anthropogenic (chemical R&D) and physiological environments (pharmaceutical industry).
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A10-111

TITLE: Non-rotating Wind Energy Generation
TECHNOLOGY AREAS: Ground/Sea Vehicles, 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: Demonstrate an inconspicuous, non-rotating compact wind energy system with the capacity to produce up to 1.5kW of electricity with a suitable wind resource.  

DESCRIPTION: Energy is an important priority for the Army.  Electricity generation from wind turbines is growing worldwide, and mountainous, desert, and littoral theaters of operation often have excellent wind resources; however, wind turbines are highly visible, not tolerant to damage, and relatively difficult to transport and assemble.  The U.S. Military has expressed concerns over installing wind turbines at military sites stating that, while DoD strongly supports wind energy, wind turbines located in a radar installation's line of sight might adversely impact the unit's ability to detect threats[1].  The military also has a need to utilize installations and forward operating base camps as power projection platforms[2].  The need to recharge batteries can be a limiting factor in mission capability.  A modular wind energy system that is silent and inconspicuous would be of great value, but to date, such a system does not exist.  An electro-kinetic approach to wind energy harvesting may be able to meet these requirements.  Electro-kinetic systems are those in which electrostatic fields affect the motion of a charged medium.  Commercialized examples in military applications include colloidal thrusters for ion space propulsion, and certain types of micro-fluidic systems for thermal management.  This technology can also be applied to wind energy applications[3-5].  Although the scientific validity was shown in earlier work, viable commercial products were not pursued.   

PHASE I: Evaluate electro-kinetic approaches to wind energy conversion, and identify candidate design and manufacturing methods capable of delivering 1.5-3kW of power with a wind resource of 10 meters per second.  Evaluate the use of in-theater, recyclable or waste liquid working fluids for such systems, or possible use of condensates.  Provide laboratory demonstration of technical feasibility and provide evidence that scale up to required power capacity is possible.  Develop a conceptual design of a deployable system, with estimates of size, weight, cost, and manufacturability.  The system must be designed to be contained within a volume of 9 cubic meters or less and have ground contact footprint of less than 9 square meters.  The combined weight of the unit must not exceed 300 kg.  

PHASE II: Design, construct, and evaluate a 1-2kW prototype wind energy system.  Develop manufacturing plan and cost model.   Demonstrate that the design size, weight and transportation requirements can be met.    The design of the final prototype system must be capable of continuous power production at a sustained net power level of 10 watts or greater, DC or AC power, and into a 50 Ohm resistive (non-reactive) load.  The power level must be in excess of any start up or maintenance power that may be required for the production of ion sources and any auxiliary pumps required for continuous operations.  Such auxiliary start up or maintenance power requirements must not exceed a total of 20 Watts and it must be serviced by an on-board, self contained power source capable of being recharged to full operational levels once the system is in operation.  The system must be capable of continuous, self-contained and sustained operation for a period 10 hours for sustained wind speeds in excess of 10 meters per second during that period.  For speeds less than the stated minimum, the system must be able to enter and execute a safe auto shut down or stand-by mode if the required output power falls below 8 Watts.  The system should contain a wind sensor capable of sampling and distinguishing if ambient wind speeds will be continuous and in excess of the required minimum for a period of at least 30 minutes.  Failing this, the system should remain in a stand-by mode.  The choice of fluids may be varied but must be capable of full performance with the unit for ambient temperatures ranging from 10 to 50 degrees Celsius, and at relative humidity ranging from between 5% to 85%, at the stated temperatures.  Any fluid used in the production of the required power levels must be at a flow rate of less than 4 milliliters per minute. The system must run in a continuous operational mode and generate an integrated noise level of 85 dB or less.    

PHASE III: Dual Use Applications: Modular, low cost wind energy systems will have applications in a variety of civilian settings including recreational, residential and distributed systems for commercial applications.  High levels of interest in wind energy dictate a rapid commercialization potential. 
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A10-112

TITLE: Multiple Mode Structural Health Monitoring System for Equipment and Facilities 
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop an integrated environmental sensing system to monitor environmental effects on critical military infrastructure and weapons component health.

DESCRIPTION: Mechanical and electrical systems in military infrastructure and equipment are susceptible to a wide variety of failure modes influenced by environment and use.  There is a need for an extensible and universal monitoring system that is minimally intrusive and can be rapidly configured and deployed.  These systems would be useful in monitoring corrosion, fatigue and other damage modes to reduce inspection and maintenance burdens.  To maximize system versatility these smart systems should be based on IEEE interface standards and must be small, light weight and low cost.  Significant on board processing capabilities will be needed for embedded diagnostics and prognostics.  The systems should also be compatible with a wide variety of power storage or energy harvesting devices.

Specifically, integrating the data from sensors for atmospheric, pitting, and stress corrosion cracking can yield more relevant component health information than the individual sensor data could provide.  Software integration can be tailored to utilize a more universal sensor to provide individual part health.  

PHASE I: The phase I effort will provide a prototype demonstration of the multi-mode health sensor.  The Sensor must be subject to short term accelerated corrosion as well as longer term exposure validation.  The initial software design for sensor control, integration and analysis shall be done at this stage.

PHASE II: Once the brassboard prototype is developed, it must be further reduced in size and power consumption.  In addition it must be appropriately hardened for field use while maintaining sensitivity and accuracy.  Hardened sensor performance should be tracked against existing sensor technology across a wide variety of simulated corrosive environments at this stage.

PHASE III: The end state of this research will likely be fielding at critical DoD infrastructure nodes such as bridges and vertical structures.  Petroleum Oils and Lubricants (POL) uses include sensing in harsh environments like tank sludge in storage tank bottoms.  Other heavy users of corrosion sensors include the petrochemical and refining industries and the emerging bio-fuels sector.  Matching funds should be sought from these sectors and others.
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A10-113

TITLE: Electronic Sensing Fiber Scaffold Sensor
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE: Develop a sensing element that exhibits an electronic signal upon detection of a chemical or biological stimulus for incorporation into a textile-based conductive core fiber worn on the uniform in a patch-type application.

DESCRIPTION: The modern Warfighter lacks the ability to sense the existence of threats beyond the traditional sights and smells on the battlefield without the help of additional bulky equipment. The proposed research will provide the Warfighter with electrochemical signals from a chemical/biological sensing patch on the Warfighter’s uniform to greatly improve the Warfighter response time, survivability and lethality. Conventional high-sensitivity sensors are often too heavy and too expensive to be carried by all dismounted Warfighters. Incorporation of sensitive, low-power sensor elements into a fiber/textile material uniform patch capable of transmitting electronic signals through to a conductive core/channel to a lightweight readout device would allow each dismounted Warfighter the ability to identify and avoid potential battlefield threats. 

Recent research has focused upon chemresistors and chemFETs as sensors for various chemical threats with varying degrees of success. Inorganic semiconductors, flexible and light conductive polymers, and specially treated carbon nanotubes are examples of designs that will be considered in the proposed research. It is envisioned that a single chemical chemresistor sensing element would be placed into a suitable high-throughput polymeric fiber spinning process to create a strand of one-time use indicator fiber. Additionally developed single chemical chemresistor sensing element fibers could then be bundled into a wearable patch to provide multi-chemical threat detection/specificity and result in substantial reductions in both cost and weight. To produce a sensor system, the sensing elements must be developed that can rapidly change their electronic properties upon exposure to a battlefield threat such as a toxic industrial chemical at sensitivity levels below the exposure threshold to the Warfighter, and transmit a signal to a conductive core fiber to provide an alert to the Warfighter. 

The conductive core fiber research will attempt to maximize the available surface area for the chemresistor sensor while keeping the overall fiber diameter to a maximum of 100 microns. Appropriate fiber and chemresistor combinations will also be evaluated to ensure that signal conductivity in conditions are capable of spanning temperature ranges of  –60 degrees F to +160 degrees F and humidity ranges of 0% to 100% Relative Humidity in order to simulate operating conditions encountered by the Warfighter. Additionally, the sensing molecule will be designed to exhibit sufficient mechanical robustness when incorporated into the conductive fiber of a uniform patch to survive the demands of textile operations and abrasion resistance. Specifically, as a uniform patch application, the conductive core fiber and chemresistor combination would not be required to pass laundering tests, but should be able to operate in situations such as rainstorms and other climatological battlefield conditions. 

The fiber plus sensor element will be designed to detect Army relevant threat(s) and elicit a response to a challenge chemical in a reasonable timeframe to warn the Warfighter of the impending threat. The chemresistor design should also be capable of good selectivity to avoid triggering false positives. The chemresistor will respond to threats in the vapor phase (i.e. gas/vapor in the surrounding air). Limits of detectability are expected to vary with different chemical species; however, the chemresistor must elicit a positive response to a challenge at limits below levels considered a threat to the Warfighter.

PHASE I: Identify candidate chemresistor(s) or similar type sensor for detecting a CB relevant threat. Demonstrate incorporation of sensing element to a conductive fiber platform and electronic connection to fiber conduction method and show sensitivity to a laboratory threat environment. Mitigate risk by identifying and addressing the most challenging technical barriers in order to establish viability of the technology or process.

PHASE II: Refine the chemresistor sensor to reduce possibilities of false positives and fabricate advanced prototypes that meet the stated requirements. Reduce size/power requirements for sensor output detection and address manufacturability issues related to full-scale production. Provide prototype system for government testing and initial Warfighter acceptance testing. The prototype fiber and sensor combination should show a good robustness to mechanical stress and abrasion resistance.

PHASE III: Further research and development during Phase III efforts will be directed towards refining a final deployable design, incorporating design modifications based on results from tests conducted during Phase II, and improving engineering/form-factors and manufacturability designs to meet U.S. Army CONOPS and end-user requirements.  The initial military application for this technology will be a sensing fiber incorporated into the Warfighter uniform, either as an integral part of the textile or as a patch. The transition from research to operational capability will most likely result from a partnership or licensing agreement with a manufacturer of textile fibers and subsequent incorporation of the sensing fiber into a fabric. The ability to sense dangerous threats to the human body would not only benefit the Warfighter, but also have a significant relevance to first-responder type civilians (police, firefighter, and EMS). Potential for use in civilian markets would depend upon the specific chemical/biological threats the sensor is sensitive to, although it can be envisioned that enclosed-space workers such as underground mining, plant operators and others would likely find use for more portable hazardous gas (hydrogen sulfide, methane, carbon monoxide) sensors.
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TITLE: Monolithic tunable diode laser absorption spectrometer
TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

ACQUISITION PROGRAM: JPEO Chemical and Biological Defense

OBJECTIVE:  Develop a monolithic chemical sensor based on laser absorption spectroscopy.

DESCRIPTION: The Chemical and Biological defense community has the need for a miniature, highly sensitive, and specific sensor for detection of chemical agents and toxic industrial chemicals.  Infrared absorption spectroscopy has proven to be a very useful tool in the detection and precise identification of airborne chemicals.  Pattern recognition is used to compare the infrared spectrum of library molecules against the infrared spectra of airborne contaminants.  Infrared spectrometers have rapid response and clear-down times, which provide utility in cloud tracking and dynamic monitoring experiments. 

A miniature monolithic spectrometer that is rugged and consumes very little energy would have utility within the chemical/biological defense community. Several military gas-sensing applications require widespread, networked deployment of many individual low-cost rugged sensors.  Some envisioned applications involve dispersing sensor networks from aircraft without using parachutes. Thus a sensor that is rugged enough to survive a freefall from altitude and still function effectively would be of great value.

Tunable diode laser absorption spectroscopy (TDLAS) is a configurable optical technology for highly sensitive and specific chemical vapor detection. TDLAS technology leverages a very large effort by the telecommunications industry in the development of very small, rugged, reliable laser sources.  Sensors incorporating mature well-packaged wavelength-stabilized near-infrared lasers, developed for the telecommunications industry, have been successfully used to detect toxic gases.  Recently developed mid-IR lasers, particularly quantum cascade devices spanning wavelengths of 3-12 µm, have been used to sense sub-ppm concentrations of hydrocarbons in real-time.  Compact TDLAS systems can operate continuously at room temperature, without maintenance, cryogenics, or user attendance.  

It has recently become possible to construct a complete chemical sensor using monolithic fabrication techniques.   Using monolithic fabrication, the chemical sensor, including laser, sampling element, and detector, can be fabricated as a monolithic unit using established production techniques.  A monolithic integrated optic TDLAS platform would significantly reduce costs compared to current commercially available systems while providing the sensitivity and selectivity needed for military missions.  The integrated optic TDLAS platform would enable inexpensive mass fabrication and miniaturization. The improved ruggedness of the proposed sensor would significantly improve the utility of the system.

PHASE I: Design an integrated optic TDLAS chemical sensor platform concept, combining the laser, sampling element, and detector onto a monolithic platform that can be fabricated or assembled using established production techniques.  Identify and design means for minimizing and controlling power consumption while maintaining laser wavelength stability.  The design will also include an electronic control and processing module, as well as a power supply and packaging with a goal of a final sensor package that is comparable in size to a rugged cellphone.  Demonstrate by calculation the ability to detect chemical warfare agent and simulant vapors at relevant concentrations.  For this demonstration, the ability to detect the chemical simulant triethylphosphate at a concentration of less than 1 milligram per cubic meter at ambient temperature and pressure should be demonstrated. Validate experimentally the feasibility of meeting the targeted sensitivity.

PHASE II: Build and test a TDLAS based chemical sensor with an integrated monolithic laser, sampling element and detector.  The sensor package should include an electronic control module, power supply, and packaging.  The control module should contain all necessary algorithms for detecting chemical agents and simulants.  Rigorously test the sensor performance.  Use ROC curve analyses to quantify detection sensitivity. Demonstrate sensor ruggedness. Evaluate production costs.

PHASE III: Further research and development during Phase III efforts will be directed towards refining a final deployable design, incorporating design modifications based on results from tests conducted during Phase II, and improving engineering/form-factors, equipment hardening, and manufacturability designs to meet U.S. Army CONOPS and end-user requirements.  There are many environmental applications for a small chemical sensor.  A rugged, monolithic chemical sensor will benefit the manufacturing community by providing finely tuned monitoring of chemical processes.  Also first responders such as Civilian Support Teams and Fire Departments, have a critical need for a rugged, inexpensive, and versatile sensor that can be transported to the field to test for possible contamination by CW agents and other toxic chemicals. 
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A10-115

TITLE: Manufacturing Development of Biomimetic Tissue Engineering Scaffolds
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE: Design, prototype and demonstrate a cGMP compliant technology for manufacturing a novel biomimetic tissue scaffold for regenerating bone, nerve, vascular, and/or other connective tissue, acceptable for small scale cGMP production of clinical trial materials. A priority of need exists for electrospinning and advanced porogen leaching manufacturing technologies.

DESCRIPTION: The controlled fabrication of scaffold devices for tissue engineering is becoming increasingly promising as a viable technology for regenerative medicine. While few, tissue scaffolds have been developed and marketed to enable tissue engineering-based repair and replacement of lost tissue, including bone scaffolds, none of these marketed scaffolds are suitable for regenerating large tissue losses of the head and extremities commonly observed in casualties returning from Operation Iraqi Freedom and Operation Enduring Freedom. These patients require US Food and Drug Administration (FDA) approved scaffolds effective in the regeneration of large bone, nerve, vascular, and connective tissue defects. They must mimic the natural attributes of extracellular matrix, particularly regarding pore sizes of 1 micrometer, yet sufficiently durable in their manufactured state to withstand surgical manipulation and placement. The manufacturing technology must overcome known barriers related to sterilization, design precision, stability at ambient temperature, and bioburden. The solution provided by this SBIR project will be a demonstration of a novel compliant current Good Manufacturing Practices (cGMP) technology capable of sustaining a supply of a specific tissue scaffold for clinical development studies (i.e, Phase II and III studies). The intent of this project is to accelerate development of manufacturing technology for an innovative scaffold device that translational research has shown to be suitable for the military indication described above, yet due to novel manufacturing innovation required threatens the timely availability of those devices to treat patients. Technology barriers to overcome are significant, and include meeting scaffold design specifications (e.g., but not limited to porosity, degradability, durability, sterility, bioburden free, purity, rigidity, and stability), cost efficiency, and capacity.

PHASE I: Design and prototype the proposed manufacturing technology, and acquire proof of principle data sufficient to warrant proceeding to Phase II. Identify signficant risks in attaining scaffold design specifications and describe how those risks will be mitigated.   

PHASE II: Using results from Phase I, demonstrate the capacity, capability, and costs associated with small lot manufacture of the scaffold while meeting critical design specifications. The demonstration must comply with the requirements and format for filing a Device Master File (DMF) or equivalent to the US FDA. Update estimates for equipment (and capital costs), cost of goods sold (COGS), and risks associated with the clinical production of the chosen innovative scaffold device. It is important that the Phase II demonstration provide data needed to support completion of an Engineering Analysis in Phase III.

PHASE III: The end-state of this research is a fully complete manufacturing system sufficient to support Phase III clinical trials of tissue engineering approaches to treat the military patient population. This system will support the mid-term objectives of the Armed Forces Institute of Regenerative Medicine (AFIRM) program. While additional capacity may be required to meet total market needs, the basic manufacturing technology developed under this project should meet initial investigational needs, essentially meet FDA requirements for investigational studies, and be clearly associated with business and medical partnerships that favor successful commercialization long term.
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A10-116

TITLE: Miniaturized Fluidic Chip for Impedance Monitoring of Vertebrate Cells
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE: Develop a microfluidic chip and integrated support system capable of long-term maintenance and impedance monitoring of vertebrate cells for use in water testing that incorporates multiple label-free cytotoxicity endpoints.

DESCRIPTION: Toxicity sensors provide a tool for rapid monitoring of a wide range of toxic industrial chemicals (TICs) in drinking water. Vertebrate cell monolayers are capable of responding to TICs with rapid changes in electrical impedance (Keese et al. 1998; van der Schalie et al., 2006).  A fluidic chip for impedance sensing of vertebrate cells has been developed (Curtis et al. 2009), but it has significant limitations.  The size of the chip (9cm x 3.5cm x 1cm) and its media demands (4 mL per chip per day) necessitates support elements with size, weight, and power requirements that greatly limit its application for assessment of field drinking water supplies.  Also, it uses only a single sensing endpoint (impedance), and the maintenance of viable cells on the chips for long periods of time prior to testing – necessary for a practical field test system - is problematic.   Recent technological advances using multiparameter cellular sensing (e.g., Thedinga et al., 2007) provide promise for improved toxicity detection over using the single parameter of cellular impedance.  Furthermore, advances in lab-on-a-chip technologies have demonstrated that cells can be maintained at the micro-scale for several days, but only with large external fluid delivery and maintenance systems (as in Curtis et al. 2009).  Cell maintenance systems that are integrated into the chip are plausible (Glawdel et. al. 2009), but to date this technology does not have the capability to provide label-free multiparametric cellular sensing with size, weight, and supporting elements that are compact and robust enough for sustained field portable drinking water applications.  The goal of this topic is to merge advances in label-free multiparametric cellular sensing with microfluidic technology to develop a truly field portable fluidic chip with integrated supporting elements that can improve long-term cell maintenance and cytotoxicity sensing capabilities for field use.

PHASE I: Provide a proof of concept demonstration of a microfluidic chip for vertebrate cells with integrated maintenance system. The concept will be original or will represent significant extensions, applications, or improvements over published approaches. Design and performance considerations for a proof of concept demonstration are listed below.

1. Develop a microfluidic chip with dimensions significantly smaller than the current chip (9cm x 3.5cm x 1cm) and constructed using biocompatible materials that are sufficiently inexpensive for the chip to be disposable.  Media sensing, storage, and replacement volumes should be on the order of µL or nL.  Sensing electrodes should be present and allow for continuous monitoring of an overlying cell monolayer.  The chip design should allow for introduction of distinct test and control water samples.  The chip design should allow monitoring of multiple label-free cytotoxicity endpoints including electrical impedance, and provide a connection for data transmission and analysis.  To ensure cell viability, the chip must remain sterile until needed for water sample analysis, but sterility need not be maintained during the short time (1-2 hours) required for water testing.

2. Provide for extended viability of a selected vertebrate cell line for at least 45 days on the chip.  Demonstrate cell health by showing that impedance values or other measures of cell viability are maintained over time and by successfully completing a cell viability assay at the end of the monitoring period.  Data generated from seeded microfluidic chips must show consistent data output at any time from day one to day 45 after storage.

3. Design a microfluidic chip transportation unit to support 10 or more microfluidic chips for at least 45 days and maintain the cells in a ready state for water sample testing.  The transportation unit design should maintain cell health by providing fresh media (if necessary) and temperature control.  Use carbon dioxide-impervious materials and appropriate culture media so a CO2 atmosphere is not required.  Preference will be given to design concepts that minimize size, weight, and power requirements, that maximize the number of fluidic chips that can be maintained, that eliminate the need for media replenishment, and that provide for ease of use in water sample testing.

PHASE II: Expand upon Phase I proof of concept demonstration to develop a prototype transportation unit and chip analysis system that includes the microfluidic chips.  The transportation unit should contain all supporting elements needed to maintain healthy vertebrate cell monolayers on the fluidic chips, and the length of time that cells are usable should be increased to at least 90 days.  Demonstrate transportation unit capabilities for cell viability and impedance data acquisition under field-relevant conditions of transportation and use.  Develop a chip analysis system for field testing of the microfluidic chips.  The chip analysis system may be integrated with the microfluidic chip transportation unit or may be an independent hand-held reader.   Design concepts should minimize size, weight, power requirements, and provide for simplified operation with automated analysis of results. Demonstrate using the chip analysis system to inject water samples under field-relevant conditions for testing and show that consistent impedance readings are maintained across multiple chips.  Demonstrate sensitivity to toxicants using a range of chemicals (van der Schalie et al., 2006).  Provide transportation and chip analysis system with microfluidic chips for independent evaluation and testing.

PHASE III: Integrate the transportation and chip analysis system with the Environmental Sentinel Biomonitor (ESB) system under development at the U.S. Army Center for Environmental Health Research (USACEHR).  The improved transportation and chip analysis system will increase the ability of the ESB system to be used for evaluating the suitability of drinking water for deployed troops under field conditions.  Field tests will involve shipping the transportation and analysis system to Army field sites and testing toxicity sensing capabilities. Given current on-going concerns regarding accidental or intentional contamination of water supplies, this technology will have broad application for water utilities as well as state and local governments. In addition, modular systems for maintaining vertebrate cell systems should be broadly usable for high-throughput screening of pharmaceutical products for efficacy and toxicity.
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TITLE: Manufacturing Development of Allogeneic Stem Cells in Clinical Settings
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE: Design, prototype, and demonstrate a cost-effective technology to process and deliver allogeneic stem cells to medical care providers needing such cells for advanced clinical trials in regenerative medicine and cellular therapy. Manufacturing processes must comply with current Good Manufacturing Practices (cGMP), 21 CFR 1271, and good tissue practices, and advance future commercialization of a stem cell processing technology as described below.

DESCRIPTION: Stem cells have the potential to have a dramatic impact in treating many diseases and injuries, including those for which regenerative medicine holds promise, such as massive tissue loss due to combat-related injury. According to U.S. regulations, “manufacturer” means, but is not limited to, “any or all steps in the recovery, processing, storage, labeling, packaging, or distribution of any human cell or tissue, and the screening or testing of the cell or tissue donor" (21 C.F.R. § 1271.10(e)). This project focusses on technology innovation to improve recovery and processing of adult stem cells from donor tissue intended for transplantation into a recipient patient.

Translating the promise of stem cell therapy into clinical application is limited by current cell manufacturing technology, regulatory, and logistics hurdles. The intent of this work is to accelerate the innovation required to overcome these barriers. This technology should ultimately provide high-capacity enrichment of stem cells from donor tissue, a cost effective and leap-ahead cell isolation process for stem cells having relevance to regenerative medicine (i.e., bone, cartilage, nerve, muscle, blood vessels, and fat), and offer a distributed capability for point-of-care isolation and enrichment, if indicated.

PHASE I:  Design and prototype a closed system to isolate and enrich with high specificity donor stem cells from unspecified tissue. This technology may use existing immunological based approaches or may use novel approaches for isolating cells, but must result in leap-ahead improvements in the efficiency of enrichment (i.e., % yield / unit of donor tissue) and specificity (i.e., purity) indicated for allogeneic cell therapies. Processing capabilities must satisfy requirements for at least one donor tissue type/stem cell type but evidence should indicate the flexibility to employ multiple tissue and stem cell types. Provide evaluative data indicating the limits of capability of the technology.

PHASE II: Using the results of Phase I, fabricate and demonstrate the capability of the technology under a cGMP environment with sufficient data and design specifications to file a Device Master File with the US FDA or into an Investigational Device Exemption (IDE) filing with the FDA. Filing of the DMF is not a requirement.

PHASE III: The end-state of this research effort will be an "off-the-shelf", cost effective and FDA-approved manufacturing solution for delivering critical allogeneic stem cells to patients, particularly for use in regenerative medicine applications. This outcome will support the US Army's Armed Forces Institute of Regenerative Medicine (AFIRM) objectives to clinically evaluate and translate into medicine innovative regenerative medicine technologies. 
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A10-118

TITLE: Differentiation of Leishmania in the Sand fly Vector
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE: To develop, evaluate and commercialize a multiplexed field deployable assay capable of identifying Leishmania and differentiating between human vs. non-human infecting species from sand flies collected from deployed military service areas. The assay should be able to further differentiate the human infecting Leishmania species. 

DESCRIPTION: Effective surveillance relies on quick and accurate detection of a pathogen in its corresponding vector.  Effective surveillance provides the ability to assess the true risk of infections as well as help to determine where to focus prevention and treatment programs. To accomplish this surveillance areas are monitored by catching large numbers of the vector from a variety of locations using a variety of traps. The insects then need to be tested for the disease of interest, in this case, Leishmania species.  Complicating matters in the surveillance of Leishmania is the fact that human and non human infecting species exist. Not being able to differentiate human infecting species inflates the infection rate of the sand flies possibly causing the improper implementation of prevention and treatment programs.  In addition, knowing which human infecting species is currently circulating in an area is extremely important since some species of Leishmania are more virulent and would require more aggressive surveillance and treatment programs.  Because this work often takes place in a field setting, a test that is quick, field deployable and accurate for the species determination of Leishmania is needed.   

Desired Capability: The goal of this SBIR is to successfully develop and commercialize a multiplexed, field deployable assay to detect and differentiate human vs. non-human infecting species in the sand fly vector. Additionally the assay should be able to determine the species of human infecting Leishmania. The assay should be rapid (less than 4 hours), heat stable (no cold chain required) and have a small logistical footprint. If nucleic acid aid amplification is used, sample preparation should be included in the assay. The assay should be at least as specific as the gold standard assays (culture and iso-enzyme analysis). 

Access to govt. facilities and supplies: Reagents, controls, infected sand flies etc, to support this project may be available from the Walter Reed Army Institute of Research (WRAIR). The candidate contractor should coordinate with the Contracting Officer Representative (COR) for any support needed from WRAIR.

PHASE I: The selected contractor will determine the feasibility of the concept by a developing prototype assays (to include any nucleic acid purification and amplification equipment required) that will detect and differentiate human vs. non-human infecting species in the sand fly vector. Additionally the assay should be able to determine the species of human infecting Leishmania. This development will be accomplished using cultured material. Proof of concept will be shown by the contractor by conducting an initial laboratory evaluation of the prototype assay with cultured Leishmania parasites and providing a written report to the COR. By the conclusion of Phase I, the selected contractor must provide the Contracting Officer Representative (COR) with sufficient prototype assays to establish the assay in a government laboratory. This will include any associated instruments and enough assays to carry out 100 tests.  The selected contractor must coordinate with the COR to access any required reagents from the WRAIR. The degree to which the prototype assay meets the desired capability outlined above will be evaluated at the government laboratory. Data from this independent evaluation will be used in the determination of the Phase II awardee. 

PHASE II: The goal in Phase II is the development of a prototype assay that is a least as sensitive and specific as the current gold standard assays for Leishmania detection and species identification.  (culture and iso-enzyme analysis).  Once sensitivity and specificity requirements have been met, the selected contractor shall conduct comprehensive laboratory evaluations of the assay performance characteristics (Limit of detection (LOD) sensitivity, specificity, positive / negative predictive value, accuracy and reliability) and initial field testing.

The selected contractor will also conduct stability testing of the device in Phase II. Stability testing should be conducted under both real-time and accelerated conditions. This will be done to attempt to force the product to fail under a broad range of temperature and humidity conditions and extremes. 

The Walter Reed Army Institute of Research (WRAIR) may provide additional support in testing and evaluation of the developed device to include field trials. The selected contractor will coordinate well in advance with the COR to any support required by the WRAIR.

PHASE III: During this phase the performance of the assay should be evaluated in a variety of field studies that will conclusively demonstrate that the assay meets the requirements of this topic. By the conclusion of this phase the selected contractor will have completed the development of the assay and successfully commercialized the product. The contractor shall provide a report that summarizes the performance of the assay to the Armed Forces Pest Management Board and will request that a national stock number (NSN) be assigned. Contractor shall coordinate in advance with the COR for any support required from the WRAIR.

Military Application: Once an NSN has been assigned to the assay, the Armed Forces Pest Management Board will work with appropriate organizations to have the assay incorporated into appropriated “sets, kits, and outfits” that are used by deployed Preventive Medicine Units.

Commercial Application: This assay will also be available for non-military purposes, such as use by commercial pest controllers or non-governmental organizations (NGOs) in areas of the world where Leishmania is endemic.  We envision that the contractor that develops the Leishmania assay will be able to market this assay to a variety of commercial, governmental and non-governmental vector control organizations, and that this market will be adequate to sustain the continued production of this device. By the end of this phase, the selected contractor shall make this product available to potential users throughout the world.
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A10-119

TITLE: Ultrafast Fiber Lasers Smart Surgical Tool Development
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: MRMC Deputy for Acqusition

OBJECTIVE: To develop a fiber based ultrafast laser surgical tool for novel combat casualty care surgical applications, including wound debridement, burn debridement, and selective shrapnel removal.  

DESCRIPTION: Ultrafast, or femtosecond, lasers produce a variety of phenomena that are of interest to the Army.  Specifically, ultrafast lasers have the capability to cut with a minimal heat affected zone, reducing collateral tissue damage and enabling extreme precision [1].  This phenomenon has been shown to extend to a variety of materials, including soft and hard tissues [2] as well as metals [3], confirming that ultrafast light offers unique characteristics for treatment of trauma and general surgical applications.  Ultrafast lasers can also be paired with various spectroscopic techniques, such as Laser Induced Breakdown Spectroscopy (LIBS) to create a feedback loop to assist a surgeon or field technician in surgery [4,5].  

Recent advances in fiber ultrafast lasers technology have demonstrated that ultrafast lasers can meet the deployment and cost needs of the Army [6].  This topic seeks to develop a prototype fiber-based ultrafast laser “smart scalpel” capable of being used as a platform for multiple surgical procedures.  The Army is particularly interested in technologies and approaches which have size, weight and power advantages, eye-safer wavelengths, and delivery technologies such as optical fiber.

PHASE I: Develop ablation protocols and spectroscopic algorithms as a basis for an ultrafast laser surgical tool and use experimental data to support a proof of concept demonstration of the “smart scalpel” concept.  Phase I will focus on critical benchtop research to develop datasets and algorithms for a successful “smart scalpel” developed under Phase II.  Specifically, Phase I seeks to achieve:

1) The development of ultrafast laser ablation protocols for a variety of materials of interest for the Army.  These include soft tissues (such as dermis, fat celled tissues, e.g. liver), hard tissues (bone, teeth), and metals (heavy metals and other examples of foreign non biologic materials).  Data of interest includes laser settings of optimal pulse energy, ablation fluence and pulse repetition rates for maximum material removal, along with accompanying spectroscopic data (e.g. LIBS or other technique capable of material differentiation at a high level of accuracy) and histologic or SEM analysis of ablated samples to demonstrate quality of athermal ablation.  Ablation demonstrations are to be in an in vitro environment.

2) Demonstrate a software algorithm capable of differentiating between ablated materials utilizing data collected from a spectroscopic detection system, such as LIBS.  The system should show the capability to discriminate tissue types (i.e. hard tissue and soft tissue) or tissue vs. metals (i.e. soft tissue and heavy metals) at 90% accuracy or greater, with a described path for 99% accuracy in future development.  The data used in the algorithms may be from experiments derived under the Phase I or drawn from an existing library of spectroscopic data sets.

PHASE II: Develop a prototype integrated ultrafast laser surgical tool based on the benchtop version and system specifications developed during Phase I.  The system should include integrated software controls that enable a user to rapidly alternate between optimal ablation settings for multiple tissue types or other materials, as determined by the protocols established in Phase I, and feature real-time spectroscopic feedback leveraging the software algorithms developed in Phase I.  Phase II should demonstrate significant advances in packaging and weight considerations, targeting less than 75 pounds total system weight, and include a beam delivery mechanism and a capability for practical material removal.  The packaged surgical tool will be delivered, tested and qualified at a site of the Army’s choosing.

PHASE III: Final system specifications will be designed and implemented based on the deployment theater (i.e. field vs. hospital deployment).  Specific surgical applications will be selected by the Army for study.  Testing will occur in preclinical and clinical studies, culminating in FDA approval in surgical procedures and theater deployment.

PRIVATE SECTOR COMMERCIAL POTENTIAL: Ultrafast laser technology has significant benefits in a variety of surgical applications which apply to both the warfighter and civilians.  For example, burn debridement applications will have significant use for civilian burn management.  There is also expectation for significant opportunity in orthopedic and traumatic surgical applications.
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A10-120

TITLE: Laser Vibrometry Detection of SBIEDs
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a quick and reliable system to identify Suicide Bomber IEDs (SBIEDSs) at extended ranges of 100 meters or more employing the most recent advances in scanning laser vibrometry analysis (SLV).

DESCRIPTION: The potential to identify explosives on suicide bombers at extended ranges of 100 meters or more is a critical need.  A number of possible standoff sensor technologies have been explored which include the use of laser explosive detection systems, high frequency radar systems, Terahertz sensor systems, and near IR or IR camera systems.  Reliable and quick explosive detection is difficult when layers of clothing, shielding or other methods are employed to conceal or contain the explosive materials.  Sufficient target resolution, detection, and classification performance at ranges of 100 meters or more has been a formidable challenge.

The potential exists to explore the latest advances in scanning laser vibrometry analysis (SLV) to make SBIED detection fast and reliable.  Laser standoff vibrometry analysis has been successfully employed for structural analysis of buildings and structures at extended ranges.  Most recently SLV has been utilized for extremely fine detail analysis of structural defects in microstructures or microcircuits.  The basic idea behind the employment of SLV is to measure and analyze the delicate structural velocity changes of a medium as it is excited within the environment or through purposeful excitation.  Area 2-D and 3-D velocity maps created through SLV scans of a structure reveal imperfections of a structure and also identify structural resonance frequencies which provide potential insight into the underlying structural makeup.  SLV analysis is extremely sensitive and can operate at large standoff distances, e.g. SLDV analysis of sensitive artwork can reveal what areas need reconditioning; SLV body scan analysis is capable of detecting a person's heartbeat over various parts of a person's body, at extended distances and even through clothing.  SLV has the advantage of allowing flexible PC control and quick digital data analysis within existing applications such as MATLAB.  

The technical challenges can be summarized as 1) In accordance with the Explosive Ordinance Disposal plan, the distance to which it is necessary to evacuate in the presence of explosives is dependent upon the weight and type of the explosives being used. On average, the distance required for safe evacuation is approximately 100 meters. 2) In addition to sufficient stand-off distance it is also necessary for the imaging system to have a pinpoint accuracy of scans across critical body target areas to improve target detection reliability while maintaining eye safe operation 3) the system should be ultimately capable of scanning personnel while they are on the move 4) the system should ultimately be capable of automatic identification of critical target scan areas which exist within a crowd of personnel with Line of Sight aspect to the system.  5) In order to enhance system effectiveness and allow realistic operation within more complex multiple personnel environments, the use of multiple sensor systems operating at different vantage points may be required. 

PHASE I: Preliminary design, concepts and algorithms to implement a stand-off system to identify explosives concealed under clothing by segregating human generated vibrational signatures from those produced by the explosives and their associated components. The system should have the ability to detect explosives from a stand-off distance of 100+ meters with the ability to isolate individuals of interest with a narrow and adjustable field-of-view.  Success at PHASE I should demonstrate the ability to identify explosives beneath clothing on a person. A detailed design of hardware components and software platform should be provided.

PHASE II: The Phase II effort will involve the production of a prototype to demonstrate functionality.   A deliverable prototype of the system should comprise usable hardware and software. The system should function without compromising system accuracy, efficiency and field of view. Software will consist of algorithms that provide real-time interactive recognition for all target individuals including those who are uncooperative in unconstrained indoor and outdoor situations at a distance of at least 125 meters from the target. Real-time testing and evaluation of performance of the integrated hardware and software system should verify functionality.

PHASE III: PHASE III: The ability to identify concealed explosives on suicide bombers at safe evacuation distances provides the potential to save countless lives. Determining a person of interest prior to them committing a catastrophic act will allow for sufficient time to implement an appropriate response. Phase III effort involves integrating the results into existing military and commercial applications as well as exploring additional applications. Military applications include protection at critical entry control points, border patrol, stand-off interrogation, wide area situational awareness, surveillance, crowd monitoring and airport security.
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A10-121

TITLE: DIm and Imperceptible Tracer Ammunition Product Development
TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: Design, develop and demonstrate components, technologies and products required for small caliber tracer ammunition that can only be visible by the shooter, given appropriate operator approval of target engagement. Tracer ammunition that is imperceptible to the enemy, and perceptible to friendly forces is also desired

DESCRIPTION: Tracer ammunition in the 5.56, 7.62 and .50 caliber families of ammunition continue to be a reliable and valuable means of target engagement for the mounted and dismounted warfighters throughout conventional joint and coalition warfare.  The asymmetric threat and the evolution of tactics and techniques have revealed emerging requirements to develop the means to allow friendly forces to shoot dim or imperceptible tracer ammunition that cannot be perceived by enemy forces.  The current configuration of conventional tracer ammunition does not currently satisfy this.  Technologies, components and complementary devices that can be demonstrated, tested and produced are to be sought and developed.  The main users of this ammunition include the dismounted rifleman, machine gunner, sniper, as well as gun crews onboard ground vehivles and army aviation aircraft.  It is envisioned that near and far term solutions would include the  collaboration of target engagement to take place.  A combined use of preexisting, in-the-field vision products that include but is not limited to: close combat optics, night vision, and eye safe laser eyewear, can augment or enhance the capability sought for dim and imperceptible ammunition.  This combined engagement capability should be developed in a manner that maintains current tracer performance in lethality, range, and reliability.  User validation, producibility, reliability and manufacturing maturity will be key criteria for the success of technology and/or products proposed

PHASE I: Investigate innovative designs, concepts and techniques.  Develop and validate a key performance scenario with the user for demonstration.  Demonstrate a proof of principle of the design by showing a mission thread which demonstrates concept or capability.  Conduct a producibility analysis of the concept compared with like tracer products.  Focus on one proposed product concept from the family of tracer ammunition from 5.56, 7.62 and .50 caliber with one weapon system

PHASE II: Develop and demonstrate a prototype capability (i.e., produce ammunition) for insertion into a realistic, ARDEC-supplied fires and effects scenario. The ammunition must be capable of integration and operation within the Army operational architecture.  Conduct a controlled field test to demonstrate feasibility of the component for operation within a simulation environment, and with actual conventional ammunition and and weapons systems currently in use by the Army.  Evaluate technology and product maturity

PHASE III: The capability will be studied for transition into a pilot production program to reliably produce, test and validate the performance, reliability and acceptance of the product by the user.  Data collection will be conducted to determine the criteria for product acceptance, reliability and test and evaluation of performance in the field.  If feasible, additional weapons systems applications will be evaluated.  Dual use applications in all other family of ammunition tracer products will be investigated and a feasibility study will be conducted. This capability will also be leveraged for use by Joint and special operations applications, from which a user evaluation will be conducted.  Product maturity will assessed to determine the final transition into further development, maturity and feasibility of use
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A10-122

TITLE: Lightweight EMI Resistant Wiring Solutions
TECHNOLOGY AREAS: Air Platform, 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 topic is to demonstrate and develop technologies to reduce the EMI susceptibility and impact of both existing and future power wiring harnesses on Army aviation platforms. 

DESCRIPTION: Network centric operations are a major driver for future Army Aviation requirements. As additional technology and advanced systems are integrated onto aviation platforms, there are more and more sources for potential EMI/EMC issues. The requirements (both system and subsystem) for conducting electromagnetic/electronic environmental effects (E3) testing are both costly and time consuming. Two major areas of electromagnetic vulnerability are wiring and connectors.  Many issues arise from the increased need for power wiring and mixed (both power and various signal types) harnesses.  Having power wiring in such close proximity to signal wiring and connectors can cause problems with inducing electromagnetic interference. This also causes increased cost due to the amount of testing needed to support airworthiness qualification of the aircraft after new technology insertion.  

This topic will look at new technologies that can help reduce the potential for EMI/EMC susceptibility and emissions of wiring harnesses and connectors, particularly the power wiring and power connectors. This will help to reduce the impact of new technology insertions on aircraft as well as help reduce the costs of qualification of new systems.  These issues are not unique to aviation platforms.  Ground based platforms face of many of the same barriers that aviation platforms encounter when it comes to EMI/EMC with respect to new technology insertions.  

Offerors may consider (but are not limited to) material solutions like new connector enclosures, new packaging techniques, coatings, blankets, shielding, derived neutrals or local grounding, or other exotic techniques (e.g., active cancellation) for suppressing EMI emissions.  Offerors should investigate EMI/EMC impacts on these types of harnesses as well.  Approaches may also include metallic materials, non-metallic wires, and other non-traditional technologies. Methodology may involve implementation of new types of wiring or transmission medium and connectors or just novel approaches to the shielding of traditional signal carriers and interconnects.  Due to weight and size constraints, many harnesses contain both power and signal wires in the same bundle.  The material solution must be optimized for both weight and cost. It should not add any significant weight to the aircraft and should maintain the same basic form factor as current aircraft wiring harnesses.  Both active and passive solutions will be considered.  Solutions should be flight worthy and be able to operate in a rotorcraft environment.  Potential solutions should be optimized for durability and maintainability in an Army rotorcraft environment.     

PHASE I: The contractor will conduct a study of Army combat helicopter wiring harnesses (to include wires, cables, connectors) to establish an E3 baseline condition for power wiring. The contractor will also look at future technology insertions. The contractor will use this information to verify his proposed EMI suppression solution and compare and contrast it to other candidate solutions. The contractor will conduct detailed design, define associated test and implementation processes, and analyze effectiveness versus baseline and modified E3 conditions. The contractor will optimize the design for overall EMI suppression effectiveness and durability as well as maintainability, cost effectiveness, minimization of logistical and maintenance impacts, and mitigation of weight added to the platform. The top factors for this will be for EMI suppression, weight, and cost in that order. The contractor will conduct a proof of concept technology demonstration of key technologies to validate the proposed approach. 

PHASE II: The contractor will finalize system design, define associated processes, develop and document the system, draft test plans and procedures, fabricate a prototype, and test the prototype system and procedures in a relevant operating environment. The contractor will define necessary test equipment and instrumentation, and conduct required testing (or be present to monitor compliance with test plans). The contractor will prepare test reports and present results to the Government and other interested, relevant parties. Testing will include at a minimum all relevant sections of MIL-STD-461E as well as MIL-STD-810F.
PHASE III: The contractor will research and market potential applications to other DoD aviation weapon systems and to commercial aviation. The contractor should also focus on potential applications to ground based platforms.  PEO Aviation has a need across all platforms to reduce the electromagnetic impact of new equipment and existing systems. Other potential applications will be across commercial aviation assets and other government agencies. 
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A10-123

TITLE: Ultrastrong Dual Use Nanocomposite Materials for Blast and Transparent Armor
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop ultra strong composite materials, to be manufactured into lightweight transparent armor to balance the “iron triangle” of payload, protection and performance for both new platforms (like JLTV) and current platforms like MRAP and HMMWV military vehicles. The goal of ultra strong composite material is the need beyond the existing material technologies for lighter weight, low cost materials with higher toughness and hardness, for application in ballistic and blast mitigation requirements. The baseline for ultra strong composite materials performance is RHA material.

DESCRIPTION: Current transparent armor formulations are the Achilles heel in tactical vehicles due to their high weight and thickness, which pose integration challenges and performance and payload penalties. These burdens often result in the minimization of windows, which decreases situational awareness and increases the platform’s vulnerability. This solicitation focus and objectives are to address those challenges by creating a lighter, and thinner transparent armor compare to the current technology used on vehicles. These technologies are needed to withstand the lethal effects of roadside explosions to a minimum injury levels. This solicitations focus is in the design and development of next-generation light weight blast resistance and transparent armor materials. Recently, high strength nano-to-micro-scale composite materials have been developed by a new layer-by-layer (LBL) assembly approach [4]. The LBL composites from nano particles have demonstrated substantially better mechanical properties than the traditional composite or polymers. [1] Significant progress has been made in demonstrating the high tensile strength, stiffness, and electrical conductivity of LBL composites reinforced with clay nano sheets and carbon nano tubes [5, 6]. This solicitation seeks to develop novel advanced materials that are based on hierarchical assembly of composite structures to be used to manufacture lightweight blast mitigating shields for military purposes. Current transparent armors have generated major set-backs. They are generally heavy and thick, thereby, exerting additional burden on the vehicle structure, increase in fuel consumption and decreased maneuverability [1]. The high performance Aluminum oxynitride (AlON) and sapphire (Al2O3 single crystal) have demonstrated improved ballistic performance in comparison to other known transparent armor materials [2, 3]. However, laminated transparent sapphire and AlON armors are quite expensive to manufacture. They also have difficulties producing curved parts. Ultra strong nanocomposite structure materials have been developed by the layer-by-layer (LBL) assembly [4]. This involves sequential dipping of a substrate in solution of positively and negatively charged polyelectrolyte’s or nanocolloids, depositing nanometer scale layers of the different components, one at a time [5]. The LBL composites, which are based on hierarchical organization of clay-polymer nanoplatelets, have demonstrated high stiffness, tensile strength, and optical transparency compared with existing technology. Based on the high level of ordering of the nanoscale building blocks and sufficient chemical bonding, it is now possible to realize effective stress transfer from a matrix to the individual high-strength components. LBL and similar composite materials can potentially be used in the design and development of next-generation lightweight blast resistance and transparent armor materials. However, due to the step-by-step fabrication approach, the LBL process is slow, hence, difficult to apply for large scale production of transparent armor shields. Innovative high-risk, high-gain approaches to manufacturing of ultra strong transparent composites and acceleration of LBL manufacturing and without significant weight add-on are needed. The ability to manufacture curved shapes is highly desirable.

PHASE I: 
1) Demonstrate feasibility of manufacturing LBL-assembled materials with an approach to accelerate manufacture of ultra strong LBL nanocomposite materials that incorporate high amounts of nanoscale building blocks. Investigate processes.
2) Perform feasibility studies and develop an analytical methodology for the design and development and manufacturing of Ballistic and Blast Mitigation armor panels dimensions based on a given material properties, threat levels and the occupants protection levels. 
3) Demonstrate manufacturing of two prototypes, transparent armor of lightweight LBL nanocomposites measuring 60cm x 60cm x4 mm to be tested for ballistic and mine blast mitigation per light weight tactical vehicle requirements.
4) The Transparent Ballistic panel hardness and toughness shall defeat 30 caliber 7.62 mm bullet threat at 2800 feet per second.

Transparency requirements are: with 80% transmission of the maximum solar emission of 550 nm.

Refraction coefficient should be that similar to glass, that is 1.45.Dispersion characteristics in the Wavelength range 400-800 nm. Stability of the Index of Refraction should be in the range of -20 C to +40 C.

The Blast mitigation panels shall be designed with toughness and hardness to meet the STANAG 4569 specifications for occupant protections.
1) Perform proof of concept tests one each for armor and mine blast using two 60cm x 600cm panels with thicknesses calculated based on the developed analytical methodology. The ballistic and mine blast tests shall be based on the threat levels for light and medium weight tactical vehicles per NATO Ballistic STANAG 4569 specifications for occupant protections. 
2) Develop detailed technical cost and cost savings analyzes for large scale manufacturing of ultra strong LBL nanocomposite materials. 

PHASE II: Pending the positive outcome in Phase I. 
1) Develop and demonstrate capabilities for large-scale manufacturing of both large area pieces and large 1000 quantities per hour for ballistic and blast panels of ultra strong transparent LBL nano composites materials. 
2) Demonstrate six (6) coupons 122cmx122cm, two for mine blast and two for ballistic tests conducted by the contractor. The remaining two panels to be Ballistic tested at TARDEC to verify contractor test performance. 
The Coupons thicknesses shall be calculated using the developed methodology meeting NATO Army STANEG 4569 requirements for occupant protection in light and medium weight tactical vehicles. The Ballistic panel hardness and toughness shall defeat 50 caliber 15 mm bullet threats at 3000 feet per second.
3) Develop and validate the computational algorithm per analytical methodologies developed in phase one for manufacturing of ballistics and Blast mitigation panels.
4) Validate the developed computational algorithm based on the four coupons tests 
5) The additional Two (2) coupons shall be tested at TARDEC ballistic facilities confirming the contractor results. 

PHASE III: Provide cost analysis and affordability for fabrication of lightweight transparent armor, and blast deflector for military vehicles. Other areas of applications include military aircrafts, transparent shields for soldiers and law enforcement vehicles, Armor, windshields & Blast deflector, Protection Shields for fire fighter & Force protection applications GDLS, BAE Systems, Lockheed Martin, Boeing Armor and Blast Mitigating Deflectors.

COMMERCIAL APPLICATION: LBL-based ultra strong materials will have tremendous use for the airline industry and in civilian settings. The creation of this alternative technology will have a broad range of commercial applications. Not only will it directly impact military vehicle ballistic and structural blast resistance capabilities, it will also be applicable to civilian defense issues and automotive safety issues. Commercial applications can range from the aircraft industry to the auto and shipping industry. Military applications will benefit light weight Tactical vehicles enhancing the agility, survivability and mobility of the vehicles. It will also reduce fuel consumptions and to increase the mobility and speed of deployment of our armed forces.
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A10-124

TITLE: Lithium Ion Batteries with Wide Operating Temperature Range
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Increase the operational temperature range of prismatic laminate lithium ion battery cells through electolyte and materials improvements which allows transition of these batteries to Army ground vehicles without the overhead of specialized heating and cooling systems.

DESCRIPTION: Lithium ion battery cells can be designed to operate in a variety of temperature ranges.  However, the width of the operational temperature range can be a limiting factor for military applications, which require operation in environments from -50 deg C to 70 deg C.  At low temperatures the electrolyte becomes more viscous and resistance is increased, resulting in poor battery performance.  At high temperatures electrolyte can become unstable and participate in side reactions with other battery components, such as the electrode active materials.  Additionally, at high temperatures cell components such as the separator may melt, causing cell failure.  Finally, the prismatic laminate type cell is of particular interest to the Army because of its potential for dual-use application in both military and commercial automotive vehicles.  This cell design is advantageous in commercial vehicle applications because it can accommodate large capacities and is scalable for a variety of battery pack configurations.  As a result, many automotive companies are moving to prismatic laminate cells for their hybrid and electric vehicle applications.  The Army wishes to leverage the market for these cells for military vehicle applications.  However, at high temperatures this cell type suffers from an additional failure mode because the cell packaging can melt. 

To this end, the Army is soliciting proposals to research and develop new lithium ion prismatic laminate cells capable of operating in a temperature range of -50 deg C to 70 deg C.  Proposals should address the capability of both the external packaging materials and internal components (electrolyte, separator) to operate at this temperature range.  The newly developed cells should exhibit a minimum cycle life of 300 cycles at both the high and low temperature extremes and have performance characteristics similar to typical lithium ion cells at room temperature.  Further, at low temperatures, the cells should exhibit capacities of at least 50 percent of their rated capacity.

PHASE I: Develop and demonstrate electrolytes, materials, and/or packaging techniques to allow wide operational temperature range in lithium ion prismatic laminate cells.  Perform feasibility testing on commercial format cells to show cell operation in the extended temperature range.  Results of the research and testing shall be provided in report form as deliverables for Phase I.

PHASE II: Produce several prototype prismatic laminate cells of at least 10 Ah capacity each.  Integrate the cells into a 6T size battery pack with a battery management system to demonstrate their applicability to military platforms. Results of the development effort and testing shall be provided in report form as deliverables.  Additionally, cells and packs produced under the effort shall be delivered to the Army for independent evaluation.

PHASE III: The resulting technology will feed into the non-primary power system ATO to develop advanced batteries suitable to be integrated into current Army ground vehicle platforms.  It will also enable increased performance of commercial hybrid electric vehicles.  Markets for the technology include Military Vehicle OEMs, battery manufacturers, and commercial hybrid electric vehicle OEMs.
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A10-125

TITLE: Plug & Play Integrated Hybrid Power System for Humanoid Robot
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat 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: This SBIR is to develop a small, light weight, integrated hybrid electric power system with a standard control interface, to power a 400 to 500 pound class robot, fueled by either JP-8 or propane.

DESCRIPTION: Currently, no single power source system (e.g., battery pack, fuel cell, engine) meets the stringent robotic vehicle mission performance requirements for mission duration and for power source weight, space claim, and environmental packaging, plus robot system, subsystem and payload power demands. The Army needs a small, light weight, integrated hybrid electric power system (e.g. fuel cell or combustion engine, coupled to a high power output electrical energy storage system) to supply both a specified average current, and short burst power requirements. 

The integrated power system should have a standard control & supply interface for ease of installation and cross-platform operational compatibility.  The power system should communicate with the robot control system over an industry standard protocol (IIC/SMB, CANbus, USB, RS232, RS485, Firewire, or Ethernet).  It should provide up to 12 hours endurance before refueling, for a 400 to 500 pound humanoid robot.  The humanoid robot is capable of lifting and carrying a 400 pound payload (i.e., 800 pound gross vehicle weight) using two hydraulically driven manipulators and driving at human-like speeds over both flat and rugged terrains (i.e., the robot operates with and where soldiers go).  The hydraulic pump will be electrically powered by the hybrid power system.

The integrated power system volume should be 1000 cubic inches or less, with at one dimension not to exceed 7 inches.  The power system must provide a nominal 180V DC, with a maximum current of 120A, minimum average current of 20A, and desired average current of 30A.  Maximum weight for the integrated power system should not exceed 60 pounds, with a desired target of 30 pounds, including fuel, should be included in the integrated power system weight and volume budgets.  The preferred fuels are JP-8 or propane. The integrated power system must be packaged to survive and operate in environments where soldiers perform (i.e., self temperature regulated and Ingress Protected IP67 per IEC 60529).  Noise level of the integrated power system should be lower than 50 db at 20 feet. The integrated power system should be capable of operating in any orientation and be able to withstand the robot movement, shock, and vibration.

PHASE I: A benchtop / breadboard demonstrator of the proposed integrated hybrid power system shall be designed, developed and demonstrated to verify feasibility of meeting the stringent robotic vehicle mission performance requirements.  Based on the benchtop system design concept, market research will be conducted and documented to identify subsystem, off-the-shelf components (e.g., fuel cell or engine, battery packs, capacitors), that could be integrated as a hybrid power system to meet the design requirements. A preliminary design of the integrated hybrid power system’s control electronics, and control interface to the robot central processor unit will be included with the market research documentation.

PHASE II: Based on Phase I preliminary design documentation, the integrated hybrid power system will be fully designed, developed, tested and delivered to the government, along with final design and interface control documentation. The contractor will provide manpower, materials and travel to support government operational verification tests of the integrated hybrid power system.

PHASE III: The power source will apply to robots weighing several hundred pounds which require more operating endurance than batteries alone can provide. The BEAR robot is one example. It will also be a likely candidate to power manned exoskeleton machines used for material handling, mining, law enforcement, rescue and possibly combat assault. Exoskeleton machines and similarly-sized robots will have a range of parallel applications in military, civil and some commercial uses.
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A10-126

TITLE: Reduction of vehicle display-induced motion sickness
TECHNOLOGY AREAS: Information Systems, Biomedical, Human Systems

ACQUISITION PROGRAM: PEO Integration

OBJECTIVE: The objective of this program is to develop innovative approaches that will reduce vehicle display-induced motion sickness in order to improve indirect vision driving performance at the closed hatched mode and warfighter's C2 operation, robot tele-operation, or on-board training in a moving combat vehicle.   

DESCRIPTION: The US Army combat vehicles maneuver in indirect-vision driving (IVD) mode for warfighter survivability when external threats are active.  While moving in the combat vehicles, soldiers are required to perform such cognitive performance as: Battle Command, Command and Control (C2), robotic system control, and/or on-board training.  

Past research reports that 55% of soldiers had moderate to severe motion sickness in the moving C2 vehicle and 37% were functionally incapacitated.  Indirect vision driving a HMMWV caused a 20-33% decrease in speed, 120-229% increase in driving errors, and 20% of drivers were unable to complete the task because of motion sickness [1, 2].  Research has also identified motion sickness-type symptoms as being caused by computer displays [3, 4].  In a user test in a moving amphibious assault vehicle in which Marines were working at computer workstations, many of the participants reported moderate to severe motion sickness symptoms during or after their computer usage.  In a test of Soldier performance in a modified M113, cognitive task performance was less accurate (7 to 47% less) and slower (7 to 40% slower) than during moving operations [5]. 

The literature revealed possible causal factors and types for the computer display-induced motion sickness, and suggested remedies to reduce its symptoms and related performance decrements.  Demographic factors that may influence motion sickness susceptibility are gender, exposure history, receptivity, adaptability, and personality characteristics.  The primary theory of display-induced motion sickness is that of sensory conflicts between the visual information on the computer screen and vestibular perception of vehicle motion.  

Previous works revealed several potential motion sickness prevention methods.  The operator's seat should be designed to offer head restraint to limit independent head movement.  During design, consideration should also be given to wave frequency in vertical periodic motion.  It was determined that sickness incidence diminishes with increasing frequency above 0.6 Hz.  Another potential area of consideration is perceptual adaptation through prior exposure or training session. Many researchers used motion sickness history questionnaires (MSHQ) as a means to predict susceptibility.   However, these methods are not considered in this SBIR topic.

Another possible method is to mitigate visual sensory conflicts by bringing visual and vestibular cues into alignment through display resolution, Field of View (FOV), image stabilization, and system lag reduction.  The impact that improved resolution or wide versus narrow FOV has on motion sickness is unclear.  However, it is suggested that motion sickness symptoms increase with system lag.  The system lag and image stabilization weigh heavily with combat vehicles' use of multiple displays.  We can consider to apply ortho-stereoscopic display technology in order to provide the driver with the  naturalistic view of the outside scenery as if he/she is looking through real vehicle window.  To reflect the driver's head motion on the display imagery, we may use a virtual window concept for the vehicle display.  In this method, the display system tracks the head movement and adjusts the display view dynamically in response to the head motion.

This SBIR research solicits industry involvement in finding the methods to mitigate the vehicle display-induced motion sickness, and in determining vehicle display system design specifications to mitigate its symptoms.   For the vehicle driver, we speculate that reduction of display-induced motion sickness can be made through but not limited to alignment of visual and vestibular signals, by providing stabilized video, reducing visual signal latency, and/or providing naturalistic view via ortho-stereoscopic display that dynamically adjusts head motion.  For the crew members who conduct C2 operation, robot tele-operation, or on-board training in the moving vehicle, motion sickness may be reduced if a reference frame is provided on the display to help them comprehend vehicle motion. 

The proposed program should address the IVD motion sickness to the vehicle driver through the following specifications: 1) Camera provides stabilized visual images with the aid of a gyroscope, 2) Video latency from camera to display is less than 80 ms, 3) Suggested methods are demonstrated to be effective in reducing the display-induced motion sickness, and 4) Other causes of visually induced motion sickness are identified and resolved, contributing to reduction of overall motion sickness.  It also should address the display-induced motion sickness to the crew members who conduct C2 operation, robot tele-operation, or on-board training, through the following specifications:  1) Causes of crew cognitive performance degradation from display-induced motion sickness are identified and resolved, and 2) Suggested methods  are demonstrated to be effective in reducing the display-induced motion sickness.

PHASE I: Phase I effort focuses on the feasibility study and system design to reduce the display-induced motion sickness.  It includes fata collection from other evaluations, display system design, evaluation methodology development, and evaluation measures that can be implemented in field environments and operational environments.  Display system should be designed to provide stabilized visual images with the aid of a gyroscope, and video latency from camera to display less than 80 ms.  Evaluation methodology development should include: indirect vision driving, C2 operation, and UGV control in a moving HMMWV.  Evaluation measures should include severity of operation sickness, level of cognition/decision making/situational awareness and understanding, and time and accuracy of task completion.

PHASE II: In Phase II, the program is anticipated to fabricate the display system in accordance with Phase I system design.  Using the display system, the program evaluates the display system design concept by utilizing a ride motion simulator per Phase I evaluation methodology.  Upon positive simulation result, the program continues to evaluate the warfighter's cognitive performance on the moving surrogate vehicle (eg., HMMWV). A detailed technical reports shall include Design Guidelines for ground combat vehicle material developers and methods for testing motion effects in research and operation.  Design Guidelines for combat vehicle material developers should include: Vehicle and Workstation Guidance, C4ISR equipment guidance, Visual display mitigation techniques, and Input:Output device.  In addition, the Phase II program shall deliver the fabricated display system.

PHASE III: During Phase III, the program shall develop the display system integration with a military vehicle (eg., prototype Ground Combat Vehicle) to experiment indirect vision driving and C2 operation performance on the moving vehicle.  The program shall also develop commercial transition partners for applications such as advance vehicles, training, and simulation.

REFERENCES:

1.  Tauson, R., Doss, N., Rice, D., Tyrol, D., Davidson, D. (1995). The Effect of Vehicle Noise and Vibration (Caused by Moving Operations) on Cognitive Performance in the Command and Control Vehicle (ARL-MR-279). Aberdeen Proving Ground, MD: U.S. Army Research Laboratory.

2.  Cowings, P., Toscano, W., DeRoshia, C., & Tauson, R. (1999). Effects of command and control vehicle (C2V) operational environment on Soldier health and performance. NASA-TM-1999-208786. National Aeronautics and Space Administration, Ames Research Center, Moffet Field, CA.

3.  Cobb, S., Nichols, S., Ramsey, A. Wilson, J. (1999). Virtual reality-induced symptoms and effects (VRISE), Presence, 8(2), 169-186.

4.  Kennedy, R., Stanney, K., and Dunlap, W. (2000). Duration and exposure to virtual environments: Sickness curves during and across sessions. Presence, 9(5), 463-472.

5.  Schipani, S., Bruno, R., Lattin, M., King, B., and Patton, D. (1998). Quantification of Cognitive Process Degradation While Mobile, Attributable to the Environmental Stressors Endurance, Vibration, and Noise (ARL-TR-1603). Army Research Laboratory, Aberdeen Proving Ground, MD.

6.  Susan G. Hill and Richard A. Tauson, Soldier Performance Issues in C2 “On the Move.” (ARL-MR-074, 2005). Aberdeen Proving Ground, MD: US Army Research Laboratory.

7.  Patricia M. Burcham, Motion Sickness Literature Search.  (ARL-MR-504, May 2002).  Aberdeen Proving Ground, MD: US Army Research Laboratory.

8.  Herschel W. Leibowittz, et al. Motion Sickness, Visual Displays, and Armored Vehicle Design.  National Research Council Committee on Vision and Working Group on Wraparound Visual Displays.  Conference on Wraparound Visual Displays, January 14 – 15, 1988, Brandeis University, Waltham, Massachusetts.

9.  Additional Q&A from TPOC in response to FAQs for SBIR Topic A10-126. Uploaded in SITIS 5/14/10.
10.  Additional Q&A from TPOC in response to FAQs for SBIR Topic A10-126.

Uploaded in SITIS 5/21/10.
KEYWORDS: Motion sickness, Command and Control (C2) on the move, indirect vision driving, video latency, video stabilization.

A10-127

TITLE: Advanced Materials and Manufacturing for Lightweight, Low Cost Seeker Gimbals
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 innovative materials and associated manufacturing processes for high volume production of lightweight, low cost, precision seeker gimbal assemblies that can operate in military aviation environments inducing high stress levels, i.e., temperature, vibration and shock as documented in MIL-STD-810 and including an environmental temperature range of -55 C to +85 C. Gimbals should have a capability of maintaining less than 4 miliradians pointing accuracy, greater than 60 degrees per second slew rate, and less than 25 microradians rms stabilization. 

DESCRIPTION: The Program Executive Office, Missiles and Space (PEO MS) has application for materials and manufacturing processes for lightweight, low cost gimbals. Gimbal mechanisms are used in several diverse missile assemblies, to include gyros, thrust vector control systems and missile seekers. The PEO MS is proposing a SBIR project to investigate the application of innovative materials and manufacturing processes for lightweight, low cost seeker gimbals. Innovative materials and manufacturing processes can be from any of the major material types as long as they provide lightweight and low cost in addition to being able to withstand the relevant environments. Innovative manufacturing processes can be from any of the process types to include powder technology, forging, casting, etc. Net-shape or near-net-shape processes are of particular interest. Assembly processes should consider semi-automated and fully automated assembly. The emphasis will be on alternative materials and manufacturing processes to demonstrate innovative means to produce lightweight, low cost gimbals. Baseline performance information can be obtained by the SBIR contractor via written request to the Technical Points of Contacts. 

This effort is to focus upon, as a minimum, investigating potential materials and manufacturing processes to design and build 3-6 prototype gimbals with the associated optimized manufacturing and assembly techniques. 

A realistic production unit cost would not exceed $600-$1200 per gimbal assembly for a seeker gimbal assembly based on expectations for 20,000 to 30,000 gimbals. The cost metric is expected to be achieved while maintaining performance and quality of the gimbal. 

A further goal is to reduce parts count by integrating separate components into integral subassemblies. For example, brackets, clamps, wire ties, and other small parts could be formed by a number of processes. Reduction of fasteners by using existing components is another possible means to reduce cost. An increase in ruggedness and sparing costs are valuable results of simplification. 

Developing Flexible Manufacturing Cells (FMCs) is a means to reduce manufacturing costs by lowering direct labor cost and minimizing scrap, re-work, and material waste. The benefits include: less skilled labor, reduction in work-in-process (WIP) inventory by eliminating the need for batch processing, reduction in production lead time, permitting manufacturers to respond more quickly to the variability of demand, and improved process control, resulting in consistent quality. A FMC could consist of CNC machines, a cell computer, a robot, etc. 

Deviation in the basic design of the gimbals from existing practice, and from existing materials (generally aluminum and steel) is acceptable. There are no limitations on materials if they can meet the environmental requirements. 

PHASE I: Investigate alternative gimbal materials and manufacturing processes to produce a low cost, lightweight gimbal capable of withstanding high stress environments. Provide down selection criteria based on reduced cost and weight. Provide as a deliverable an analysis to support recommendation of the most appropriate materials and manufacturing processes for further evaluation in Phase II. 

PHASE II: Since it isn’t possible to build large quantities of assemblies on SBIR funding, nor appropriate for a research and development contract, the contractor should provide feasibility assessments of the proposed solution by building a work cell, developing processes, and producing 3-6 gimbals with the work cell equipment with the goal of demonstrating that the proposed material/manufacturing processes represents a feasible approach. Inspect gimbals for any defects and adherence to manufacturing tolerances. This effort will produce information on the producibility, repeatability, estimated production time, estimated yield, and labor hours of the proposed process. The contractor should provide a lessons learned summary about the results and a manufacturing tolerance study. Provide the gimbals to PEO MS personnel as needed for performance and environmental evaluation and testing. 

PHASE III: The military application for this technology is in the guidance/seeker assemblies for Tactical Missile Systems for rotary and fixed wing platforms. There are numerous commercial applications for precision gimbals. Some commercial applications that may benefit from this SBIR include commercial space satellite industry and the commercial aircraft cockpit avionics industries. Manufacturing Readiness Levels should mature to MRL 7-8 in this phase. 
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TITLE: Missile Based Deployment System
TECHNOLOGY AREAS: Air Platform, 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 effort is to develop an innovative low cost missile-deployed device/platform capable of carrying Army Enterprise equipment, herein called the payload, for a specific time period at approximate altitude(s) and position.  The deployment must be achieved with and without GPS assistance.  

DESCRIPTION: Battlefield commanders are increasingly dependent on real time information for communications and situational awareness. With all these data streams being exchanged within the battle space, the need to increase the level of exchange while reducing the complexity of the exchanges is desirable, so a proposed solution is a low altitude disposable satellite-type device.

The device envisioned, would be used as a retro-fit payload for deployed munitions systems.  The initial concept rockets for design and testing include the ATACMS or XM31/M30 GMLRS missiles. The concept of operation is that the payload, such as a communications package, would be attached to the proposed device/platform and slipped into the warhead bay of a rocket and be launched at a point above the battle field where a short term stationary platform is required. Some type of hover or floating technology would be released at the desired point after separation from the missile and should be capable of supporting a variety of desired Army Enterprise equipment payloads.

The technical challenges for this effort include:

1. Developing the release mechanism for the technology that would allow the Army Enterprise equipment to hover or float over the battlefield.

2. Developing the mechanism for deploying the hover or floating technology while it is in freefall.  

3. Overcoming the challenges of the earth’s atmosphere to deploy a tropospheric micro-satellite-type device.

The desired payload specifications are made if a GMLRS body is used:

1.  Total weight including payload <200lbs

2.  Payload weight 50-100lbs

3.  Undeployed diameter less than 7.5”

4.  Undeployed length less than 3’

5.  Platform on station 2 hours, assuming no damage

6.  Deployable altitude +10,000 feet AGL

Alternate designs using ATACMS flight capabilities or other deployed Army missile systems will be considered. The system should be able to sense when it is at the proper position with and without GPS guidance and be able to act independently of the missile’s on-board navigational package to disperse the balloon package.

PHASE I: Design and determine the feasibility of launching the proposed technology using a GMLRS or ATACM missile system and deploying the platform at a predetermine position. At deployment, this device will need the capabilities to support whatever payload is attached, so adherence to the above specifications is critical. A desired, but not required, feature would be designs that mitigate the effects of wind at altitude. This could include low wind profile designs or active stabilization. 

PHASE II: Build a prototype device fully capable for testing in a static test environment. This should be the results from the Phase I development with only improvement modifications.

PHASE III: The final product will be an air platform capable of carrying the desired payload, such as NET communication and/or situational awareness equipment, to not only the Army ground forces, but also transition/transfer to the Department of Homeland Defense, or other First Responders, where there is a need for a temporary satellite-like platforms, such as for assessing/supporting: forest fires, large scale search and recues, or other public events.  Alternately, this product could be used by universities to conduct low cost scientific experiments.
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TITLE: MTBI Protective Mandibular Appliance
TECHNOLOGY AREAS: Materials/Processes, Biomedical

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 Protective Mandibular Appliance that can be used by Warfighters to reduce shock and concussive injuries which will ultimately reduce facial and head injuries while minimizing Mild Traumatic Brain Injuries (MTBI).

DESCRIPTION: The Army is investigating means to reduce concussive forces originating from impacts associated with high energy events. Currently, soldiers wear protective systems to protect against blast, blunt and ballistic threats for multiple operational missions. Body armor and headborne protective systems serve the individual soldier platform against a variety of battlefield threats. However, facial protection for soldier missions is limited to protective eye wear, goggles, and helmet shields for Explosive Ordnance Disposal operations. Due to increased IED attacks, soldiers are experiencing increased facial and jaw injuries from these blasts with concussions and potentially mTBI being observed. While the specific cause of concussions is part of ongoing medical research efforts; facial and skull injuries experienced by soldiers can be reduced with the use of an appliance device which helps reduce concussion risks and protects the face and jaw. 

Currently, professional sports athletes are fitted with a customized dental appliance to help decrease concussive forces being exposed to the head and jaw regions in violent impact circumstances. However, this athlete type appliance would not be applicable for an individual soldiers being is exposed to extreme levels of complex blast effects occurring in microseconds. Nevertheless, a soldier could make use of an innovative solution to prevent facial injuries and reduce event related mTBI where battlefield high energy IED events produce much greater magnitudes of concussive impact forces and blast wind over pressures impulses which may cause debris penetration and blunt trauma concussive injuries. Research on this appliance, indicates a relationship between the jaw and skull at the temporomandibular joint (TMJ) that better enables players to dissipate the force that originates from a violent blow to the chin. Without the shock absorber in place, a concussion and/or other neurological damage can occur when the jaw slams into the skull.1 In addition, a peer review hypothesis presented by Massachusetts General Hospital/ Harvard School of Dental Medicine Oral Maxillofacial Surgery Department indicated that “tight helmet chin strap worn by troops places increased pressure on the temporomandibular joint with the result of enhanced force transmission and/or decreased resistance within the cervical musculature to oblique forces to the head 2 ”. The thrust of this research effort is to develop an innovative appliance system for soldiers to wear as an orthotic type splint and mouth guard that will absorb and dissipate high energies due to blast over pressures or blunt impacts being exposed to the skull and TMJ region while protecting the soldier jaw and teeth. 

The objective will be develop an innovative appliance solution and identify materials that are light, comfortable, and compatible with all applicable Federal Drug Agency (FDA) requirements for soldiers to wear in their mouths in a wide variety of environmental and combat conditions. This material system shall be capable of absorbing and/or dissipating high energy impacts under the influence of forces and loads at blunt impact velocities ranging from 10- 17 ft/s and high energy positive peak pressures impulses ranging from 300 to 600 KPA ms for over pressure durations between 1-6 ms. The finished appliance will be designed as so to be integrated with the soldier platform and shall not interfere with any other equipment, components and accessories such as chin straps and communication devices. The appliance when utilized shall demonstrate a measured performance capability which limits direct translation and general motion impact accelerations less than 150 G’s.

PHASE I: Research and develop a solution which have a potential to reduce impact energies translated to a soldier TMJ and skull. Comparative modeling and simulation testing shall be performed on the existing appliance systems, mouth guards and new candidate materials designs to demonstrate the magnitude of improvements and repeatability of the materials behavior when subjected to multiple impacts conditions. This research effort will determine whether the customized mandibular orthotic appliance reduces the incidence of concussion and mild traumatic brain injuries for a wide range dynamical impact conditions. This Phase I effort would lead towards developing material processes and recommendations for manufacturing techniques towards the production of a finished item. Deliver a report documenting the research of the material system, modeling and simulation results and its dynamic energy absorption and dissipation criteria established based on the overall appliance performance.

PHASE II: Develop the material system and the processing technology identified in Phase I. Fabricate sufficient samples for extensive shock tube and impact testing with the new appliances being fitted to individual soldiers. Perform shock tube testing with appliance fitted into an appropriate sized bio-fidelic mandible joint as part of a Facial and Ocular Countermeasures Safety (FOCUS) headform. The FOCUS shall be instrumented with reference sensors capable of measuring impact loads to the face and TMJ region. Shock tube and blunt impact testing methodologies will be provided by the government to baseline the over-pressure and high energy loading parameters. Test results shall demonstrate that peak translational and rotational accelerations below 150 G’s experienced at the TMJ region for a wide range of blast and impact conditions.

The government will specify multiple size configurations for the appliance being installed into a FOCUS. Perform a human factors test to ensure that the materials are approved from oral usage, as well as being comfortable and feasible in simulated combat environments. Tests performed must include specially designed physical human head models which closely match the size of human’s skull and cranial bone for an average male and equivalent medical standard to obtain biomechanical data which correlates to impact behavior protection. Additional TMJ assessments techniques such as Stereomicroscope tool shall be used to demonstrate the proper fitting of the appliance and assist the bio-mechanical pre-assessment to support conclusive test results and findings.

The human factors assessments must validate and demonstrate that the appliance reduces concussions. The Automated Neuropsychological Assessment Metrics (ANAM) battery test will be used to correlate any significant test findings on whether human subjects with and with self reported previous concussions or mTBI showed any through put difference when wearing the appliance on any ANAM subtest. 3 Overall testing results shall demonstrate that dental trauma will be reduced when a human subject is wearing the appliance. Deliver a report with prototypes documenting the research the development efforts along with a detailed description of the proposed material systems and their overall performance as so to improve head and facial protection and reduce event related MBTI. Proposed exit criteria – Technology Readiness Level (TRL) 4.

PHASE III: Upon successful completion of the research and development in Phase I and Phase II, the Protective Mandibular Appliance will be manufactured and deployed for individual field use. A new protective mandible splint or appliances would be applicable for both military and civilian applications. Professional and amateur sport venues such as boxing, football, lacrosse and hockey, as well as other physical activities or recreational sports where high impacts could occur would also be able reap as substantial benefit to use this technology. Proposed exit criteria – TRL 7.
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TITLE: USB Firewall for Direct Connect USB Cyber Warfare Protection
TECHNOLOGY AREAS: Information Systems, 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: The objective of this effort is to develop a compact USB firewall that can be used to protect government computer systems from Cyber Warfare attacks using common USB devices.  The device should enforce the USB standards for devices attached to a computer system, and prevent the devices from performing malicious acts.

DESCRIPTION: USB is a widely-used interface mechanism in the modern computer industry for peripheral devices (USB can also be used to directly inter-connect computers). While widely used, it is often not understood both by the developer and the security expert. In its basic form, USB forms an extension of the computer’s internal hardware structure/memory to the outside world.

To begin to understand the complexity of USB, one must first define what USB is and how it interconnects computers and the external hardware devices. One of the simplest ways of abstracting the interconnect methodology is to view each separate device as an independent entity/computer that is interconnected in a client-server fashion to the central host. Each node on this quasi-network has its own firewall (the USB hardware layer), and under the USB specifications, each node is assumed to follow the documented procedures.

The network analogy goes very deep inside the core of how both USB and Firewire are designed. Under USB, each device has its own distinct address assigned by the host computer as per USB specification. This is highly analogous to the IP address used in modern networking. In addition, each USB device can have up to 9 endpoints, which are similar in function to the port on a networked computer. Two of these endpoints are designed in a specific way. Endpoint 0 is a bi-directional endpoint that is used exclusively for control of the USB device. It is used by the host to set basic features and other host client signaling. Endpoint 1 is also a bi-directional endpoint with a data buffer of a fixed size. Both of these endpoints are always defined. The other endpoints are mono-directional and of variable size and may not exist.

The specifications of the interface force this kind of structure, and what each controls varies between manufacturers. What is important to note is that unlike older peripheral interfaces (such as RS-232C), a significant amount of USB functionality is embedded in specialized hardware that is not easily accessible or directly controlled by typical equipment manufacturers.  

This creates an environment where the device, that is a trusted agent, comes from an untrusted source.  There are a number of potential vulnerabilities due to malicious USB devices. These include:

1. Malicious code on storage

2. Storage bait-and-switch

3. Monitoring devices

4. Data leaks across device boundaries

5. Keyboard/mouse emulation

6. Remote control

7. Electronic Attack devices

Required for this initiative is the development and construction of an inexpensive “USB Firewall” which would act as an intermediary between the on board USB bus and the device to be connected.  This device would act as a trusted filter to detect/mitigate malicious activity and hard electronic attack.

PHASE I: Conduct analytical and experimental efforts to demonstrate feasibility of designing a USB firewall which can detect and defend against malicious activity.  Proof-of-principle experiments with a brass board device would be encouraged to determine the feasibility of such a device.

PHASE II: Based on the results and findings of Phase I, demonstrate the technology by fabricating and testing a prototype in a laboratory environment.  Assemble a proof-of-principle device and demonstrate the proposed technology and its ability to signal an attack warning, identify its characteristics, and defend against the attack. Identify and address technological hurdles. The proposed development and demonstration should be limited to what is required to demonstrate TRL level 4 or level 5 and should identify the means necessary to transition the technology.

PHASE III: This technology could be used in a broad range of military and commercial applications.  The final embodiment of this device would be a standalone hardware module where un trusted USB devices could be inserted to minimize damage/virus injection possibilities.  The final device should result in a standalone self updatable unit that can be self installed by any user.  It should warn the user of possible threat via either on screen message or status lights and require minimal configuration and maintenance.
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TITLE: Compact Efficient Electrically Small Broadband Antennas
TECHNOLOGY AREAS: Sensors, Weapons

ACQUISITION PROGRAM: PEO Missiles and Space

OBJECTIVE: The objective of this effort is to develop ultra compact efficient electrically small broadband antennas capable of handling high voltages.

DESCRIPTION: The US Army has programs that require very compact electrically small antennas that are capable of handling high voltages; i.e., greater than 100 kV. The wavelengths that antennas radiate efficiently are determined by the dimensions of the antenna.  Electrically small antennas are antennas that radiate signals having wavelengths greater than the dimensions of the antenna. For example a lambda/10 antenna, where lambda is the wavelength, is one that radiates wavelengths that are 10 times longer than the characteristic dimensions of the antenna.  These antennas need to be robust in that they must be capable of handling very high voltages and high g-forces.  The cell phone companies have developed electrically small antennas, but they are not efficient and cannot handle high powers.  However, it may be possible to leverage some of their developments.  The most recent advances in electrically small antennas have been based on the development of new materials and geometric configurations; e.g., fractal structures.  The Army is seeking innovative approaches for developing efficient electrically small broadband antennas. The antennas currently of interest must fit into small geometrical spaces; i.e., less than 1.5 inches (40 mm) in diameter and 2 inches (50) mm in length. 

PHASE I: Develop electrically small broadband antennas and conduct proof-of-principle demonstrations to verify that these antennas can efficiently radiate frequencies of interest (20 MHz - 1 GHz), can withstand high voltages (> 100 kV), and can meet the volume constraints (40 mm diameter, 50 mm length.

PHASE II: Based on the results of Phase I, continue to develop efficient electrically small antennas by exploring new materials such as nano-materials and meta-materials and by assessing environmental effects these antennas may be prone to. Work with the munitions developers to ensure that the antennas can meet the form factor requirements of their respective munitions and that the antennas can withstand g-forces as high as 50,000 g's.  Verify that the antennas still radiate efficiently in the frequency band from 20 MHz to 1 GHz when incorporated into munitions. Identify issues associated with manufacturing the antennas.  

PHASE III: There are many military and commercial uses for antennas including communications, radars, and various sensors. In particular, the results of this effort will be of interest to cell phone companies, which are continuing to fund the development of electrically small antennas.  Likewise, there are many military platforms that require compact broadband antennas including UAVs, missiles, munitions of various types, and satellites.  If successful, the most immediate transition path is the delivery of a new class of munitions to PEO Ammo.
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TITLE: High Temperature Silicon Carbide (SiC) Gate Driver
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: This topic will develop and demonstrate compact, high frequency, high temperature silicon carbide (SiC) gate driver modules to control high temperature SiC transistor power modules.   The use of SiC gate drivers will enable the use of SiC power electronics at their full ratings and temperature.  Gate driver modules must operate reliably at temperatures up to 200°C.  

DESCRIPTION: Future Army vehicles require compact electrical power systems with reduced cooling requirements. To accomplish this, power converter components must be compact, efficient, and capable of high temperature and high frequency operation. The use of silicon carbide (SiC) power modules fully enables this performance, but there are no commercially-available gate drive modules with the required high temperature rating to operate them. In addition, high frequency, high current rating, and high dV/dt, are needed to match the high performance of silicon carbide power electronics and meet Army power requirements. This SBIR seeks an innovative solution to provide these high temperature gate drivers. Recent developments in SiC power electronics (1) show that SiC-based gate drivers can provide the needed performance. Applications for these gate drivers include high power motor drive inverters for fans, pumps. and traction motors; and dc-dc converters for on board power, off-vehicle power, and battery pack power conditioning. The power levels of these converters  range from 10kW to 500kW, depending on the vehicle and application. Gate drive modules must include industry-standard protection features, and integrated power supplies having the high-voltage isolation required for high-side drive use.

PHASE I: The contractor shall develop compact silicon carbide (SiC) gate driver designs capable of operating at temperatures ranging from -40°C to 200°C. The contractor shall develop three separate gate driver designs, optimized for a specific device type: 1) SiC MOSFETs (metal-oxide semiconductor field effect transistors), 2) depletion-mode JFETs (Junction field effect transistor), and 3) enhancement-mode JFETs. The gate drivers must sink/source current from 10A to 15A peak while operating at a frequency of 150 kHz (threshold)/ 200 kHz (objective). The gate driver shall provide >3000VRMS isolation between the logic-level control signal and the high-side gate driver output. The gate driver shall provide  >  35,000 volts/microsecond common mode noise immunity. Integrated protection features shall include over-current, over- voltage, and over-temperature protection. Efficiency, reliability and service life must be maintained. Gate drivers must be suitable for use in a combat vehicle and must be able to operate at low temperatures to -40 degrees C without loss of reliability. Gate drivers must meet the above mentioned specifications for current, frequency, isolation, and common mode noise immunity over the full operating temperature range from -40°C to 200°C.

PHASE II: The contractor shall fully develop the Phase I design to produce a dual-channel gate drive module prototype capable of driving a single phase leg consisting of a pair of SiC transistors and SiC diodes.    The SiC transistor type will be chosen from among the following types: MOSFETs, enhancement-mode JFETs, depletion-mode  JFETs.  The switch type will be chosen based on the results of Phase I effort.  The phase-leg  gate drive module prototype developed in Phase II will be based on  the Phase I design and will meet all the requirements of the Phase I design. The contractor shall develop a gate driver test procedure using commercially available test equipment, or fabricate high-power test equipment as required. Phase II deliverables will be seven (7) single-phase leg dual-channel SiC gate drive modules developed to TRL 4.

PHASE III: Potential Phase III military applications include integration of three two-channel gate drivers developed in Phase II into a single, compact module with the ability to drive three-phase SiC motor inverters or SiC DC-DC converters. This module will simplify component packaging while increasing efficiency and reducing the size of required cooling systems. Military vehicles utilizing hybrid electric drive or power electronics associated with integrated starter generators will benefit from this technology. Potential commercial applications of this technology include insertion into the power electronics of light-, medium-, and heavy-duty hybrid electric and electric vehicles.  
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TITLE: Power regenerative suspension systems
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Improvement of ride quality over passive suspensions, combined with regeneration and redistribution of sprung mass kinetic energy that would otherwise be converted to heat and wasted.

DESCRIPTION: Current suspension designs, whether passive or semiactive, control sprung mass kinetic energy by converting excessive motion energy into heat and dissipating it. This creates temperature problems, especially in hot climates and also wastes energy that could be recovered. Present semi-active suspension systems offer ride improvement over passive suspensions, but are otherwise simply a more sophisticated means of converting sprung mass motion into heat. Active suspension systems require net energy input, which tends to increase vehicle energy consumption. The goal of this effort is to achieve ride improvement over passive suspensions while at the same time, economizing on vehicle energy consumption through intelligent management and regeneration of sprung mass kinetic energy. A power regenerative suspension system would regenerate power that would otherwise be wasted, offer the same functionality as current semiactive suspension systems, and if necessary could offer active suspension functionality. 

PHASE I: The Phase I goal will be to study the feasibility and benefit versus cost of energy regenerating suspension systems, and determine what performance might reasonably be expected in comparison with currently available passive, semiactive, and fully active suspension systems. A fundamental question to be answered is, how much suspension energy can the system recover and recycle, under various operational conditions. A Phase I study would also include evaluation of various control system concepts.

PHASE II: If this effort proceeds to Phase II, the purpose of said phase would be to produce and test prototype hardware and software, based on Phase I theoretical studies, using laboratory test procedures and also on a suitable vehicle test bed. Goals include measurement of power regenerative suspension system performance, in comparison to the same platform with passive, semi-active (i.e., those using magnetorheological or electrorheological fluids) or fully active suspension systems. The prototype hardware shall be tested in both semi- and fully active modes. Performance parameters to be verified include extent of energy regeneration and ride quality under various conditions, i.e. vehicle speed and terrain roughness.

PHASE III: The anticipated end state of the proposed SBIR effort on this topic, includes not only effective power regenerating suspension actuators but also, control system hardware and methodology (algorithms) for systems capable of energy flow in either direction, i.e. from the vehicle's electrical (or perhaps hydraulic) system to actuators, or vice-versa. The latter, would enable energy-economical operation of the suspension system in the power-regenerating semi-active mode. But it will also operate in active mode if desired. 

Commercial applications for power regenerative suspension systems include buses (in particular those for urban transit), whose suspension systems must function over a wide load range. Another commercial application is in off-road vehicles, which are expected to operate on terrain characterized by a high degree of roughness. Energy-regenerating suspension systems would not only regenerate sprung mass kinetic energy into a vehicle's electrical system, but also reduce propulsion energy requirements by limiting the extent of sprung mass up-and-down movement to begin with. 

A significant military market exists for power regenerative suspension systems, both in newly-designed wheeled vehicles and also, for retrofit of said suspension systems into existing vehicles or vehicle designs. Examples of existing wheeled vehicle designs to which power regenerative suspension systems could be retrofitted, include the High Mobility Multipurpose Wheeled Vehicle and Family of Medium Tactical Trucks. 

Another military market is tracklaying vehicles, whereby power regenerative suspension actuators would be substituted for conventional dampers (shock absorbers) in new vehicle designs, or retrofitted to existing designs. With the large world-wide fleet of existing tracklaying vehicle designs of various sizes, a substantial market possibility exists for technology developed in this SBIR effort. 
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TITLE: JP-8 Hydraulic Power System for Legged Robot
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: 30-45kW power system consisting of high power density diesel and/or JP-8 engine, fuel consumption less than 0.66lb/kW*hr and weigh less than 110 lbs. for the purpose of powering a hydraulic pump at 6000 rpm for legged robot mobility.

DESCRIPTION: Military robots have great advantages and are needed for a vast array of tasks in environments around the world. The rough mountainous terrain found in Afghanistan and other areas in the world demand alternatives to tracked and wheeled robotic mobility. Legged robots are able to navigate rocky, off-road conditions including steps, boulders, etc. This kind of mobility has much better performance when utilizing a hydraulic-driven system. This is due to high torque transients and the irregularity of motion. TARDEC Intelligent Ground Systems has built a gasoline powered, hydraulic driven legged robot named the Big Dog and has had huge success in its demonstration. TARDEC is building a larger, more capable robot named the Gen. II Big Dog and is in need of a diesel and/or JP-8 fueled power system for it. The robotic system has limits on fuel consumption and weight. The power system would be designed to directly drive a hydraulic pump.  This would have an alternative use as a non-primary power source for larger military vehicles that require a hydraulic power unit for hydraulic loads such as turret drives.  Currently, most/all Auxiliary Power Units (APUs) and Gensets provide only electrical power.   Also, the Army fields thousands of smaller construction vehicles, which utilize hydraulic power to move, lift, pull, push, and turn attachments. These vehicles could also use this high power-density technology.  Hydraulic systems are on many commercial vehicles, both where this size of a power system could be considered non-primary or primary - forklifts, Bobcats, cement trucks, construction lifters, etc.

PHASE I: Design a power unit that meets the objectives of the above description, and using modeling and simulation, validate the design. 

PHASE II: Develop the power unit designed in Phase I. Validate the design and the modeling and simulation through testing. Measure system hydraulic pressure as a result of transient load changes such as piston movements. Demonstrate the drive on a military legged robot. 

PHASE III: Hydraulic systems are on many commercial vehicles, both where this size of a power system could be considered non-primary or primary - forklifts, Bobcats, cement trucks, construction lifters, etc. 

REFERENCES: 

1. http://www.bostondynamics.com/robot_bigdog.html

2. Springer Handbook of Robotics. Siciliano, Bruno & Khatib, Oussama. IEEE, 2008.

KEYWORDS: engine, hydraulic, power, jp-8, diesel, robot, light, non-primary

A10-135

TITLE: High Mobility Robotic Platform with Active Articulated Suspension
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: The Army has a critical need for a high mobility platform capable of safely transporting heavy, fragile or explosive, materials over rugged mountainous terrains.

DESCRIPTION: The mobility platform, having a gross vehicle weight under 4,000 pounds, must be configured to maintain payloads of up to 1000 pounds in a level position during transport over rough terrain. The platform must also be able to isolate the payloads from the shock and vibration effects resulting from mobility operations over rough terrain. The platform must be capable of off-road mobility as defined by the ability to ascend/descend and move laterally across 30 degree slopes and to navigate over obstacles of at least 18 inches in height. The mobility platform must be able to navigate over a one meter gap. The mobility platform must be capable of moving at speeds of dismounted soldiers over all types of terrains (mountainous areas, paved/unpaved roads, mud, sand, concrete debris). The mobility platform’s payload mounting area must be reconfigurable to accommodate safe transport of multiple payload types, such as wounded soldier transport or resupply items like ammunition, batteries, and tires. The mobility platform system configuration shall include on-board sensors, electronics and processors to provide teleoperation through an operator control unit (OCU). The platform system shall sense terrain mobility induced disturbances and isolate the payloads from shocks and vibrations, while maintaining the payload in a level position.

A key feature of such mobility platforms would be articulated suspension mechanisms that are dynamically controlled depending on the operational environment. This would allow for active control of payload position and to reduce the effects of rough terrain. The platform must be capable of navigating an 8 inch step at a speed of at least 8 mph while limiting the shock transmitted to the on-board electronics and payloads to a maximum of 3 g's. 

In order for such a vehicle to be operated quickly and efficiently over rugged mountainous terrain, the platform should automatically sense and respond to terrain induced shocks & vibrations to maintain dynamic stability. 

Proposals are sought which address the following technology needs:

• Platform designs featuring articulated, controlled suspensions allowing sufficient flexibility for traversal of challenging terrain. The desired mobility platforms would be large enough to support meaningful carrying capacities of 1000 pounds; but, have a gross vehicle weight under 4,000 pounds.

• Whole-body maneuver and balance control systems that are capable of maintaining platform and payload stability in the presence of significant disturbances, particularly, terrain induced disturbances.

PHASE I: Develop a proof-of-concept active articulated suspension prototype. As part of the development, a full teleoperated mobility platform design, models for key components, and simulation software shall be delivered to validate the overall design. The platform design should possess the following for relevancy: The mobility platform design shall feature an active articulated suspension that would allow traversal of challenging mountainous terrain. The mobility platform selected for integration of the active articulated suspension shall have a drive-by-wire design and have a Joint Architecture for Unmanned Systems (JAUS) compliant low-level controller. The platform shall have a gross vehicle weight under 4,000 pounds and be able to transport and maintain payloads of up to 1000 pounds in a level position during mobility operations over rough terrain and while scaling obstacles up to 18 inches in height. The active articulated suspension system should have sensors, electronics and controls to sense instantaneous terrain induced disturbances and adjust the suspension system operational characteristics to minimize payload disturbances. The mobility platform, to mitigate the effects of terrain induced disturbances, should possess whole-body maneuver & balance control systems capable of isolating the onboard electronics and payloads from shocks and vibrations, while maintaining the payload in a level position.

PHASE II: Using the Phase I design requirements and technical documentation, the contractor shall fully develop, fabricate and deliver a prototype of the teleoperated mobility platform with active articulated suspension. The phase II effort shall develop a highly maneuverable mobility platform with adaptable on-the-fly active articulated suspension system to support operations in mountainous terrains. The mobility platform shall have whole-body maneuver and balance control systems that are capable of maintaining platform and payload stability sufficient to mitigate on-board terrain induced disturbances. The mobility platform selected for integration of the active articulated suspension shall have a drive-by-wire design and have a Joint Architecture for Unmanned Systems (JAUS) compliant low-level controller. The platform OCU and low-level controller’s interface control and control signals shall be open source, accessible through government in-house developed software coding and JAUS compliant. The platform shall have a gross vehicle weight under 4,000 pounds and be able to transport and maintain payloads of up to 1000 pounds in a level position during mobility operations over rough terrain and while scaling obstacles up to 18 inches in height. The platform must be capable of off-road mobility as defined by the ability to ascend/descend and move laterally across 30 degree slopes. The mobility platform must be able to navigate over a one meter gap. The payload mounting area must be reconfigurable to accommodate safe transport of multiple payload types, such as wounded soldier transport or resupply items like ammunition, batteries, and tires. The active articulated suspension system should have sensors, electronics and controls to sense instantaneous terrain induced disturbances and adjust the suspension system operational characteristics to minimize disturbances to onboard electronics and payload. The mobility platform, to mitigate the effects of terrain induced disturbances, should possess whole-body maneuver & balance control systems capable of isolating the onboard electronics and payloads from shocks and vibrations, while maintaining the payload in a level position. Teleoperation is required to safely assess the platform performance characteristics. Additionally for safety reasons, the teleoperation capability shall be backed up with a second-communication-system-based emergency stop. Once constructed, the contractor shall provide manpower and materials support to a performance validation test that will be conducted to test the developed teleoperated mobility platform against the requirements in a relevant military operational environment.

PHASE III: The mobility platform sought here would find significant use in commercial markets where there is a need to assist humans with movement of heavy objects in unstructured environments. Such markets include construction, delivery, warehousing, agriculture, and mining. The first responder community could utilize this platform for urban search and rescue missions, which might require personnel extraction or operations in hazardous areas. Construction equipment manufacturers may also be interested, specifically in mining type applications where rugged terrains must be traversed to extract heavy material. The off-road ATV community is another candidate that may seek to benefit from the development of this technology.
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A10-136

TITLE: Scalable technology for military and humanitarian water purification applications
TECHNOLOGY AREAS: Chemical/Bio Defense, Human Systems

ACQUISITION PROGRAM: PEO Combat Support & Combat Service Support

OBJECTIVE:  Develop and demonstrate a low cost, energy efficient water treatment system that can be used by organizations involved in humanitarian assistance, disaster relief and expeditionary operations.

DESCRIPTION:  The current and future demands for fresh water and water reuse, sustainable desalination of seawater, groundwater and wastewater, and the need to remove toxins and other harmful agents in water will continue and rise. Current military systems are very effective in treating any source water to produce water meeting military drinking water standards.  However, the size, weight, energy requirements, maintenance (cleaning), and complexity of these systems limit their utility for distributed operations for small units and small operating bases.  In this context, new technology is needed with the capacity to remove salts as well as toxins and other harmful agents efficiently. 

Technology is required that utilizes low energy consumption, equal to or less than 20 watt-hr/gallon, and avoids the production of harmful chemical discharge while also reducing current maintenance associated with the cleaning and replacement of filters and membranes.

The water treatment system must be able to treat any source water including seawater (to 45,000 ppm TDS), brackish, turbid, and NBC-contaminated sources.  The unit should be lightweight weighing less than 500 pounds and should ship with less than or equal to 25 cubic ft of volume.  The production capacity should be 300 gallons per day on seawater.  The unit should have higher productivity or efficiency for fresh water compared to seawater.  The unit should require minimal technical expertise to operate.  The product water should meet the EPA National Primary Drinking Water Regulations drinking water standards.

PHASE I:  A proof of concept breadboard unit should be constructed that desalinates seawater (45,000 ppm TDS) to less than 500 ppm TDS and in fresh water mode treats source water to 15-minute silt density index values (ASTM D4189-07) of less than 3.0 and turbidity values less than 1.0 NTU while showing a pathway to meet the weight, volume, and energy metrics.  Complete a conceptual design for developing and prototyping a material system that is suitable for use by US Army, US Marine Corps and US Navy units across the range of operations.  

PHASE II:  Based on best design parameters discovered in Phase I build and demonstrate a prototype which can be used by various military and other defense and support organizations for military, humanitarian assistance, and disaster relief operations.  The prototype will desalinate seawater (45,000 ppm TDS) to less than 500 ppm TDS and in fresh water mode treat source water to 15-minute silt density index values (ASTM D4189-07) of less than 3.0 and turbidity values less than 1.0 NTU while meeting the weight, volume, and energy metrics.  A final prototype demonstration will be required 12 months from the initial demonstration that incorporates updated user requirements and design changes.

PHASE III: Commercialization ¨C Build scaled system to meet the needs for small unit use at an expeditionary Army water treatment site.  Create a manufacturing plan that will facilitate both product scaling and low rate initial production. 

REFERENCES: 
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A10-137

TITLE: Real Time Thermal Mapping Techniques for Elastomeric Track Components
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: The desired product would result in an instrument and recording package that can be mounted on an Abrams test vehicle with novel sensors charting real-time operating temperatures of track components. The novelty will be in developing sensor technology that will not affect the performance or durability of the track components and provide critical boundary operating conditions necessary for the design and development of the next generation, high durability track components. 

DESCRIPTION: Understanding the actual operating temperatures of track components over various test terrains such as Aberdeen or YPG is critical for specifying the durability requirements of future track components. Historically operating conditions for track components were specified for a robust operating range and accommodated “Cold War" environmental conditions. Recent operating conditions in Southwest Asia have significantly challenged the durability of track components and, given the very high ambient temperatures in this region, Heavy Brigade Combat Vehicles have experienced operating temperatures in the 120-140 F and these conditions on asphalt surfaces have driven the operating temperatures of the track components above 250 F. The traditional elastomeric materials for track components were developed around Natural Rubbers (NR) and Styrene Butadiene Rubbers (SBR). These materials have operating limits around 225-240F, consequently new higher temperature elastomeric materials are required. Accurate operating specifications are required and monitoring the temperatures of track components real-time and over various course terrains is Specifications and need to be specified. Track durability of Abrams and Bradley track systems decreased by 60-70% in support of operations in Southwest Asia in 2004, therefore, new requirements need to be developed and specified to meet these new challenging environments. Track consumables costs are the # 1 highest cost driver for HBCT and new targets for the Abrams M1E3 modernization activities target a 5000-mile track. The elastomeric track components, namely track bushing and road wheel backer pads are the durability limiters today, therefore accurate real-time measurements of track components is a necessary pre-requisite for establishing requirements for improved track components. 

Light weight sensors that can be molded into rubber track components have proven to create a location for the onset of fatigue failures (i.e. crack initiation, crack propagation).  Consequently, fundament R&D activities will necessary to develop a real-time measuring sensor that can survive without pre-maturely destroying the durability of the instrumented component. Track components that degrade over time will increase in modulus and stiffness, hence accelerating the thermal activity of the component as it continues to operate. Its imperative that the thermal sensors developed maintain their precision and accuracy throughout the life of the test to capture the thermal profile of the degraded rubber components and assist in linking thermal history, component degradation and impacts of this degradation on the key operational requirements such as hull vibration. Stopping the vehicle and taking real-time thermal measurements with surface probe thermocouples is satisfactory, however components rapidly decrease in temperature due to the convection of the track body and this technique limits the precision and accuracy required to capture real operational thermal data of the respective components. 

There are no commercially available sensors or temperature measuring devices that have been developed for this purpose. Developing a novel sensor or sensing technology suite for track components will accelerate the requirements, specifications and development of higher temperature track components that extend the life of our current track systems. These developments will significantly lower the life cycle cost of our track systems and reduce and logistics burdens for HBCT. This instrument package will be directly applicable to other tracked vehicles. Analysis of operating temperatures of solid rubber components in other military applications, aerospace, automotive, energy and industrial markets will assist in expanding the market potential of this technology set.

PHASE I: Phase I would consist of developing a solid science and engineering proposal based on unique sensors or sensing techniques that would provide accurate real-time data. These sensors or sensing technology would need to measure accurately the real-time temperature of track components. The highest priority and proof of principle threshold test would focus on the ability to measure track bushing temperatures during operation. Given these bushings are located in a constrained environment and limited exposure to the bushing surface, the ability to measure thermal temperatures during operation would be the technical and engineering challenge. The sensors or sensing technology cannot affect the performance or durability of the track bushings; therefore operate in a non-destructive manner with respect to the performance of the track bushing. The bushings, track system would be tested under TRADOC test conditions utilizing an n Abrams T-158LL track. These conditions would consist of a paved course, off road and off-road rocky courses. Consequently, these sensors or sensing technology would need to be robust enough to operate in these harsh environments and be capable of surviving the various road surfaces and speeds of these track systems. The top speed theses sensors suites would need to be designed for is 40 mph. The data logging equipment would need to be robustly designed and mounted on the interior or exterior of the vehicle to ensure data collection is accurate and precise. Mastering the real-time temperature measurement and logging profile of track bushings would be the first hurdle, and then this technology would be adapted to the road wheels, road wheel backer pads and the ground pads. 

PHASE II: This effort would take the Phase I proposal and proceed to design and demonstrate, in the laboratory the sensing, data logging and data capture technology. Once passed this milestone, the sensing technology for track bushings would be developed, tested and demonstrated on a T-158LL track system at YPG or Aberdeen at low speeds and on a paved track. The accuracy and precision of this system would be validated at the higher speeds on the remaining test surfaces and, based on successful validation; the equipment would be tested under the full TRADOC tests conditions. Once the real-time temperature monitoring test equipment was validated with track bushings, this technology would be adapted to “proof of concept" with road wheels, road wheel backer pads and ground pads. At each component test, sufficient data would be gathered to validate the accuracy, precision and reliability of the test equipment. This data would then be utilized to develop a thermal model for the track system providing valuable development and engineering data for modeling and simulation activities.

PHASE III: Phase III activities would include the Low Rate Initial Production (LRIP) of complete packaged senor/sensing technology data loggers and data analysis. Other markets that would find this test suite valuable would be energy exploration, aerospace, off-road equipment and manufacturing. Elastomeric components fail routinely in sectors and new unique R&D tools to facilitate improved understanding of requirements would accelerate the development of higher durability components and life.

KEYWORDS: Thermal sensors for solid rubber components, non-destructive thermal sensors for rubber components, robust thermal sensors for real-time dynamic measurements, robust thermal sensors, non-destructive for elastomeric components
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A10-138

TITLE: Development of Super-Capacitor with Improved Energy Density
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: Development of High Energy Density Supercapacitor With Non-flammable Electrolyte

DESCRIPTION: Supercapacitor are known for their capability to provide high power. The most common supercapacitors, also known as “ultra” capacitors, use forms of carbon or non carbon battery electrodes as active materials.  These capacitors exhibit many performance characteristics that make them attractive for use in military applications such as in tactical vehicles or EM armor and weapons.  Supercapacitors can deliver high power discharge pulses, have very good cycle life, and operate well at low temperatures.  However, they have the disadvantage of having relatively low specific energy density (Wh/kg) or energy density (Wh/l).   Therefore, the Army is requesting proposals to develop supercapacitor systems that will store more than 20Wh/kg at the cell level while retaining the advantages of high power capability, good cycle life, fast response time (100us or faster), and good high termperature (80C) and low temperature (-50C) performance.  Further, due to the extreme operational environments of the military, supercapacitors which utilize a non-flammable electrolyte are desired.  

The goal of this technology development is to design, develop, and test an advanced supercapacitor, which is capable of providing specific energy density meeting or exceeding 20Wh/kg.  While the primary objective of the topic is to increase the specific energy density of supercapacitors, in addition the supercapacitors developed must show, at a minium, a specific power density of 1 kW/kg and a cycle life of 500 thousand cycles.  Exceeding any of these threasholds is advantageous.

PHASE I: Conduct research to demonstrate the feasibility of the proposed concept through materials analysis and testing.  Phase I must include a demonstration of the materials’ specific energy density performance in laboratory cells.  A research study in the form of a report is expected as a phase I deliverable. 

PHASE II: Further modification and demonstration of the proof of the concept, with the fabrication and testing of multiple supercapacitor cells, is required in phase II.  Cells produced should demonstrate the desired performance while retaining the advantages of high power capability, good cycle life, and good low temperature performance.  Other desirable characteristics include limited self discharge, good charge/discharge efficiency, long calendar life, and low cost.  Delivery shall include five (5) demonstrator supercapacitors cells with capacites of no less than 1Wh each for lab verification and evaluation.

PHASE III: Technology developed in this topic could be scale up for the process of making high energy density supercapacitors for military and/or commercial applications.  The results of the development of the high energy density supercapacitors should enable their incorporation into new types of military systems and commercial hybrid vehicles.  The goal in this phase will be to initiate the manufacturing processes to produce high energy density supercapacitors and to evaluate the products for military and commercial applications. 

REFERENCES: 

1. Conway, B.E., Electrochemical Supercapacitors, Kluwer Academic / Plenum Publishers, New York (1999).

2. Portet, C., Yushin, G. & Gogotsi, Y. Carbide Derived Carbons for Electrical Double Layer Capacitors: Electrochemical Performances of Carbon Nanoparticles and Influence of Carbon Particle Size J. Electrochem. Soc 155 (7) (2008).

3. K. Naoi, “Limits to Cell Operating Voltages of Electrochemical Capacitors“, The 5th International Symposium on Large EC Capacitor Technology and Application, Long Beach, California, June 9-10, 2009.

4. C. Arbizzani, M. Biso, D. Cericola, M. Lazzari, F. Soavi, M. Mastragostino, “Safe, high-energy supercapacitors based on solvent-free ionic liquid electrolytes”, J. Power Sources, 185(2008)1575.

KEYWORDS: supercapacitor, energy density, non-flamble.

A10-139

TITLE: Lithium Air Rechargeable Battery
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a low cost Lithium Air rechargeable energy battery for Non primary Power Systems and silent watch applications that can provide a much higher energy density than either Lithium Ion or current Lead Acid batteries.

DESCRIPTION: Lithium Ion batteries have high energy densities as compared to many other battery systems. With the growing requirement for high energy and long duration energy storage system for Silent Watch, the Army has interest in supporting  higher energy density storage system research to meet this need and support tomorrow’s warfighters. The Li Ion positive electrode represents a major obstacle to progress. An alternative approach involves replacing the interaction electrode with a porous electrode and allowing lithium to react directly with oxygen from the air. This battery is called Lithium Air battery. Current rechargeable Lithium Air batteries have limited life.  The Army is soliciting proposals to develop Lithium Air batteries that will deliver more than 1000 Wh/kg (C/20 rate desired) at the cell level while having more than 200 full charge/discharge cycles in open air with oxygen from the air or other sources. Other desirable characteristics include limited self discharge, good charge/discharge efficiency, and good low temperature performance, high charge/discharge current densities, long calendar life, and low cost.  Proposals must provide a clear discussion, based upon available data and theory, to support an assertion that the design to be developed will offer acceptable performance and meet the energy storage goal.  Approaches of interest must include a demonstration of the cell performance in open air cells by the end of Phase 1.   

The goal of this technology development is to design, develop, and test an advanced rechargeable lithium-air battery.

PHASE I: Conduct research to demonstrate feasibility of the proposed concept through cell design and testing.  Phase I will address the 1000 Wh/kg specific energy performance characteristics and demonstrate progress towards the C/20 rate and 200 cyles goal by building and testing experimental cells. A technical report documenting findings is expected from phase I deliverables.  

PHASE II: Modify the design and further demonstrate proof of the concept with the fabrication and testing of multiple lithium-air cells (>3 Ah).  The cycle life of the test cells shall be more than 200 full cycles while the Lithium Air battery should demonstrate specific energy density of more than 1000Wh/kg (C/20 rate desireable). Delivery shall include prototype cells and small multicell demonstrator batteries for lab verification and evaluation.

PHASE III: The resulting technology will be used to produce batteries suitable to be intregrated into current Army ground vehicle platforms for Silent Watch.  It will also enable increased performance of commercial electric vehicles.  Markets for the technology include Military Vehicle Original Equipment Manufacturers (OEMs), battery manufacturers, and commercial electric vehicle OEMs, and computer OEMs. The goal in this phase will be to initiate the manufacturing processes to produce Lithium Air batteries and to evaluate the products for military and commercial applications.
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TITLE: Rapidly Deployable Thin Film Camouflage
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PEO Combat Support & Combat Service Support

OBJECTIVE: Exploit current commercial vinyl adhesive wrap industry to design and manufacture an adhesive camouflage appliqué product to be used over existing military vehicle paint schemes in lieu of repainting.

DESCRIPTION: Military vehicles are typically painted in one of a variety of paint schemes to match the terrain of the area of operation. Preceding Desert Storm hundreds of military vehicles had to be converted from the Woodland paint scheme to Desert Tan. This was a major effort, took time and posed risks to the environment and personnel carrying out this mission due to the toxic nature of the Chemical Agent Resistant Coating (CARC) paint used. At the end of this conflict another coat of CARC paint was required on many of these vehicles to return them to the Woodland or Olive Drab color schemes.

There currently exists a vinyl wrap market that provides wraps for commercial and private use. Images and/or patterns are printed directly on the substrate and are applied to the vehicle surface with a pressure sensitive adhesive. By leveraging existing technology, investigating shortfalls in durability and addressing these shortfalls it may be possible to create a camouflage product with an infinite variety of colors and patterns that could be quickly applied directly to the surface of existing military vehicles in lieu of repainting with CARC. The colors and patterns would be custom made for the area of vehicle operation. The advantages are a reduction in time, costs and risks to personnel and the environment when changing color and camouflage schemes on military vehicles as compared to repainting with CARC paint.

PHASE I: Demonstrate feasability by applying current state of the art vinyl wrap product to a CARC paint coated surfaces with and without non skid texture. Using CARC paint spec MIL-DTL-53039C (and associated documents) and MIL-STD-810G as a reference, identify requirement shortfalls for current state of the art vinyl wrap (appliqué) substrate, inks, topcoats, adhesives and manufacturing technology as compared to CARC paint. Documents all results, evaluate shortfalls and deliver recommendations in report to be delivered to the Army.

PHASE II: Address shortfalls discovered in Phase I. Develop printable vinyl appliqué that meets Army color, spectral reflectance, gloss and mature the physical (abrasion, impact, tear, adhesion, etc) and environmental (temperature, humidity, salt fog, submersion, fuels, etc ) durability of the appliqué system (substrate, inks, adhesives and top coats). Camouflage scheme to be defined by the Government. Deliver enough applique product to cover 3 vehicle systems, approximately 3000 square feet, for goverment sponsored performance testing and user evaluations.

PHASE III: A manufacturable and fieldable adhesive camouflage appliqué product, supplied as a kit, that is applied over current CARC paint schemes, is removable and is compatible with Army requirements, supply and logistics. Potential dual use applications include applying a camouflage applique to shipping containers, support equipment, shelters, etc.
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TITLE: Acoustic Signature Self Monitoring System
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

ACQUISITION PROGRAM: PEO Combat Support & Combat Service Support

OBJECTIVE: Develop sensors and software to measure noise emissions from military vehicles during specific conditions and provide crew with feedback regarding likelihood of being detected, identified, and located.  Demonstrate system on Army Vehicle.

DESCRIPTION: This technology will address the gaps identified in TRADOC PAM 525-66 7 MAR 08 FOC 03-02 for Air/Ground platform signature reduction.  This technology will monitor aspects of vehicle health such as engine prognostics and diagnostics.  Based on the environment, a range-based software will be able to calculate how far away a vehicle can be detected.  This project will be software focused on the following: sensor monitoring and onboard vehicle prediction acoustic signature. We will use limited sensors to collect critical data points for onbard vehicle measurement.  The system of sensors and software that will be developed can be used to measure the noise emissions from military vehicles during Tactical Idle/Silent Watch.  These sensors will be commercially available.  The acoustic effectiveness of Army vehicles during Tactical Idle/Silent Watch operations varies depending on the environment in which the vehicle operates.  This system would measure vehicle noise emissions using onboard sensors, and predict the sound pressure levels at a specific distance. These vehicle noise emissions would then be evaluated according to the environment in which the vehicle operates and provide the operators feedback as to the likelihood of being detected.  The technology will demonstrate the effectiveness of the system on an Army Vehicle.  In additon, it will support multiple armor configurations.

The current status of technology/product is TRL 2.

PHASE I: Phase I of this effort will be a study to determine the feasibility of predictiing the acoustic signature from onboard sensors. Once the acoustic signature is predicted, it will then be determined if it is feasible to use that data to determine detectibility range for other different environments.

PHASE II: For Phase II of this effort, the technology will be integrated onto a vehicle. The Army would be providing the contractor with the appropriate data. The contractor will design the brass board system and the Army will make the vehicle available for demonstration. The deliverable for this project will be the architecture and the two software pieces as well as a written report.

PHASE III: For Phase III, we will locate a PEO partner to support this idea and develop the system for their vehicle. A military application would be Ground Combat Vehicles (GCV).  This application best fits timeline wise for this project. Transitions include the following: GDLS, BAE, Boeing, Lockheed Martin, AM General, Oshkosh.  A commercial application would be to predict noise emission for loud manufactuing machinery.  The system would provide a warning signal if any change is required in hearing protection in that area whether it be indoors or outdoors. 

REFERENCES: 
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TITLE: Hands-Free and Heads-Up Control of Unmanned Ground Vehicles
TECHNOLOGY AREAS: Ground/Sea Vehicles

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: The objective is to develop a system for controlling an unmanned ground vehicle without requiring the use of the operator’s hands, while allowing the operator to maintain situational awareness of his surroundings and that of the robot.

DESCRIPTION: Tele-operation is currently the most reliable method for operating an unmanned ground vehicle (UGV).  However, there are a number of disadvantages to standard methods of tele-operation, such as losing situational awareness while immersed in the display and requiring the operator to give up his weapon in exchange for a control device.  This topic seeks alternative heads-up and hands-free methods for controlling robotic vehicles. The operator will likely be on foot and it is therefore necessary that the system be rugged, lightweight, and operate effectively in noisy environments and while the operator is engaging in various physical activities. Besides driving the UGV, the hands-free system can also be used for controlling cameras and lights, selecting vehicle or manipulator poses, or controlling a manipulator. The system must not substantially obstruct the vision of the operator, while still allowing sufficient situational awareness of the robot’s environment. The system needs to operate reliably at distances up to 100 meters, in non-line-of-sight conditions, and with latency less than 100 ms. 

We will consider a variety of hands-free methods including, but not limited to, brain-computer-interface (BCI), eye tracking, sub-vocalization, and speech. Based on past experience with speech control for unmanned systems, we recognize that a usable hands-free system needs to provide high correct classification rates (> 95%) and low false rejection rates (< 5%). Due to the likely low fidelity of the hands-free modality, compared to a joystick, it is expected that some measure of semi-autonomy will be needed. For example, the ability to command the vehicle to drive to a particular object or location will be useful. We will consider different display technologies, including, but not limited to, monocular, binocular, and wearable displays, although systems that entail occasional heads-down viewing will require a higher level of autonomy. It is expected that a significant amount of human factors research will be required for this project, since past experience with monocles suggest that operators do not like to have their vision obstructed. Approaches will be compared on the effectiveness of vehicle control, burden on the user, ruggedness and cost.

PHASE I: The first phase consists of initial system design, researching sensor options, investigating signal and video processing algorithms, and showing feasibility on sample data.  Documentation of design trade-offs and projected system performance, including operator effectiveness and situational awareness, shall be required in the final report.

PHASE II: The second phase consists of a final design and full implementation of the system, including sensors and software for the robot and the operator control unit, wireless communications, and display.  At the end of the contract, effective non-line-of-sight hands-free control of an unmanned ground vehicle shall be demonstrated in a realistic outdoor environment, where the operator’s situational awareness will be measured. Deliverables shall include the prototype system and a final report, which shall contain documentation of all activities in the project and a user's guide and technical specifications for the prototype system. 

PHASE III: Military applications include all those that entail control of an unmanned system where hands-free and heads-up capabilities are desired, such as combat engineer and infantryman.  Civilian applications include toy and video game interfaces and assistance for the physically disabled. Until operating systems become more open, the most likely path for commercialization for a hands-free and heads-up control system is to partner with a commercial supplier of military robots.
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TITLE: Perception for Persistent Surveillance with Unmanned Ground Vehicles
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

ACQUISITION PROGRAM: PM Future Combat Systems Brigade Combat Team

OBJECTIVE: Develop a system to allow an unmanned ground vehicle to extract useful information from surveillance video, to reposition itself to optimize data collection and communications, and to conceal itself.

DESCRIPTION: Persistent surveillance is a major role envisioned for Unmanned Ground Vehicles (UGV’s).  Persistent surveillance refers to the use of networked assets over a wide area and extended duration to collect and process sensor data to produce actionable intelligence, which includes the type, location, and movement of identifiable threats or targets, as well as generally suspicious activities.  Persistent surveillance dynamically reallocates assets and does not imply complete and constant coverage and can employ a mix of different platforms and sensors providing complementary coverage and resolution.  Common platforms used for persistent surveillance include unmanned aerial vehicles (UAV’s) and stationary unattended ground sensors (UGS’s). The focus of this topic is the use of UGV’s for persistent surveillance.  Unlike UAV’s, UGV’s can remain in place without significant energy expenditure and can maneuver inside buildings, tunnels and constrained spaces. Unlike UGS’s, UGV’s can reposition and reorient themselves and, with a manipulator arm, they can improve their positions for surveillance, cover and conceal their positions, and emplace and retrieve UGS’s.  A major disadvantage is that UGV’s have to deal with the many obstacles on the ground.

Although there are many potential sensors that can be used in persistent surveillance, in this topic we are focusing on visual (and perhaps infrared) imaging sensors and acoustic sensors.  Communications bandwidth is and will remain a limited resource.  Even with video compression technologies, there is insufficient bandwidth to upload all video and high-resolution still images from all persistent surveillance network nodes. Artifacts due to heavy video compression would degrade most analysis applications and viewing all the data would overwhelm analysts.  Local processing is therefore preferable to central processing to extract actionable intelligence from the sensor data and to plan sensor position adjustments. An individual node can determine whether or not there has been a significant change in the situation that would warrant transmitting a package of sensor-level data.

The scenario to be addressed in this topic is that a UGV has been placed at a particular location in order to perform surveillance of a particular area, whose location has been provided by maps, landmarks and/or GPS.  Capabilities desired for the UGV include positioning in the correct orientation to view the desired area, finding a location that offers concealment, periodically adjusting position/orientation to improve concealment, data collection and/or communications, and extracting actionable information from the sensor stream.  In the real world one or more of these functions may be performed via tele-operation, but the intent of the research is to determine how much can be performed autonomously by the UGV.  Information of interest includes detection and analysis of humans and vehicles, analysis of traffic patterns, and identification of suspicious activities or behaviors. The intended platform size is on the order of 20 Kg and the platform is expected to function for 72 hours, so energy efficient algorithms are of interest.  UGV platform and payload development, including sensors and communications, are outside the scope of this topic.  

PHASE I: The first phase consists of scenario/capability selection, initial system design, researching sensor options, investigating signal and video processing algorithms, and showing feasibility on sample data.  Documentation of design tradeoffs and projected system performance shall be required in the final report.

PHASE II: The second phase consists of a final design and full implementation of the system, including sensors and UGV software.  At the end of the contract, extraction of actionable information and autonomous local maneuvering shall be demonstrated in a realistic outdoor environment.  Deliverables shall include the prototype system and a final report, which shall contain documentation of all activities in the project and a user's guide and technical specifications for the prototype system.

PHASE III: The end-state of this research is to further develop the prototype system and potentially transition the system to the field, in support of OEF/OIF missions and objectives. Potential military applications include monitoring highways, overpasses, intersections, buildings and security checkpoints. Potential commercial applications include monitoring high profile events, border security and commercial and residential surveillance. The most likely path for transition of the SBIR from research to operational capability is through collaboration with robotic companies from industry or through collaboration with the Robotic Systems Joint Project Office (RS JPO).
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TITLE: Urban  Time-to-Detect Simulator for Vehicle-Developers
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE:   Establish and validate a new urban signature metric, test protocol, and simulator to allow vehicle designers to evaluate friendly force vehicle signatures in an urban environment.  The methodology should allow for the assessment of both measured (existing) and modeled (future) vehicle platforms.

DESCRIPTION:  The existing “probability of detection” metrics for both visual and acoustic signatures are based on cold war stand-off battle scenarios.  In an urban environment with short ranges and short lines-of-sight, the probability of detection nears 100% in most scenarios.  Delaying friendly-vehicle identification and targeting is more important to preventing the detonation of IEDs or the firing of an RPG.  This is why a new metric should be developed along with a simulation environment in which to test.

There is no existing simulator sufficient for testing vehicle signatures in an urban environment.  Existing simulators might be modified, but specific attention must be paid to the need for very high fidelities to reproduce a field environment detection rate.  The offerer will need to investigate which cues are important relative to their new metric and these may include: acoustics, stereoscopic vision, ground vibrations, and others.  Also an innovative methodology must be developed to evaluate measured vehicles, purely virtual simulated vehicles, and a hybrid of the two.   An example of a hybrid of measured and modeled vehicle data is taking a measured M1 signature and adding a simulated treatment package (camouflage and a silencer) to evaluate against the new metric.  Also, research needs to be done to determine a process to predict the acoustic signatures of a full vehicle from its constituent components.  The virtual vehicle simulation may leverage existing commercial software and is a critical piece of this topic.

PHASE I:  Propose a new metric, test methodology, and design an innovative simulator to allow vehicle designers to improve friendly force vehicle signatures in an urban environment.  The metric shall be testable with the developed simulator.  Identify and document which psychophysics need to be incorporated into the simulator. At a minimum, evaluate the importance of stereoscopic vision, ground vibration, and acoustics to detection.  It is very critical to identify the correct simulator fidelity for each relevant cue.  For example, the visual component should consider projector resolution versus eye resolution and the brightness contrast ratio.  Assess the hardware and software technologies available to design the described simulator. Define the scope of scenarios and ranges where the simulator would be useful.  Select a test scenario that would be a demonstration case in Phase II- the scenario could be any urban environment and the test target could be a commercial vehicle (to avoid classification concerns). A requirements document and implementation plan shall be developed. 

PHASE II: Offerer will construct and test full resolution simulator as developed in Phase I.  The simulator should allow the government to later input its own backgrounds and vehicles to perform real evaluations.  Again the methodology must allow purely virtual vehicles to be constructed.  A demonstration of the technology should be performed with at least two moving vehicles.   One vehicle will use measured data and the other will be a completely virtual vehicle.  Another required demonstration shall be to show one of the vehicles with some sort of acoustic reduction mechanism that subjectively demonstrates the use of the developed metric.

PHASE III: This SBIR topic was presented to OEM DOD contractors for their endorsement. This technology will also be useful commercially for safety studies. Auto industry companies might assess how detectable their vehicle is for the purpose of road safety. Also this would be of high interest to the gaming community since it calls for an immersive environment.
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TITLE: Reduce Thermal/Signature Analysis Cycle Times
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO Combat Support & Combat Service Support

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: New algorithms are sought to improve thermal multilayer shell software by accelerating computational speed on a general, high density mesh, where the matrix has many elements far off the diagonal (such as encountered in problems involving radiation exchange between surfaces).  These thermal algorithms will allow for more accurate infrared signature models which are directly derived from the thermal solutions.  Commercially this software will assist with underbody radiation analysis in the automotive industry.

DESCRIPTION: Full vehicle thermal models are very computationally challenging to solve.  The current state-of-the-art process is to perform a steady-state computational fluids simulation (CFD) to compute the convection from the fluid-side and then use a separate low-resolution thin-shell model to compute fully transient (in time) wall temperatures.  The wall temperature calculation solves conduction and radiation at the walls with imported CFD convection.  This process is necessary because it is computationally prohibitive to solve a transient vehicle heating/cooling problem using conventional CFD because time steps as small as 5 minutes over 48 hours of simulated time are typical.

Recent advances in mesh wrapping technologies have reduced model preparation time greatly for the CFD side of the problem, but the shell element solvers still require manual meshing because wrapping does not defeature the model. Since mesh preparation time accounts for up to 90% of the total modeling effort, it is highly desirible to use the high-resolution wrapped CFD mesh for the wall thermal solutions.  However, the high resolution mesh solves extremely slowly in a conventional shell element thermal solver.

In order to allow the use of a wrapped high-density mesh and overcome the computational cost, an innovative approach is sought to solve the thermal shell conduction and radiation (with imported convection).  This is not trivial because conventional radiation solvers create a matrix with many elements far off the diagonal.  Also, the radiation view factor calculation is quite numerically intensive if performed on every wall element.

Finally, if an infrared signature is needed, a high-speed raytracer capable of handling the extremely large surface mesh is desired.

PHASE I: This phase investigate new and innovative high-speed thermal solver algorithms designed to minimize solution times for conjugate heat transfer on polyhedral shell meshes which are very high-density. The offerer will quantitatively demonstrate the efficacy of these algorithms vis a vis existing methodologies on high-density meshes, using both GPU and conventional distributed HPC machines.  The algorithms shall solve for surface temperatures by computing conduction, surface radiation, and using imported CFD convection results.  At least one command-line transient solver shall be created to demonstrate the most promising algorithm.  The solver or solvers may have limited user interaction and is intended simply for proof of concept.  A requirements document and implementation plan shall be developed.

PHASE II: The offerer will implement one or more of the algorithms from the plan outlined in Phase I in an existing large-scale computational analysis tool for the design and analysis of vehicular thermal management systems.  A demonstration of the capability shall include a model of a typical full ground combat vehicle system that includes multi-physics, and complex three-dimensional geometry with extensive radiative coupling. This phase will demonstrate the feasibility using high density polyhedral CFD meshes for complex thermal surface models, and show the time savings obtained from the advanced solution algorithms and distributed parallel processing. 

PHASE III: This highly innovative validated large scale analysis tool developed in phase II would be invaluable to the commercial and military market and Phase III dollars from the MRAP program are assured.  Since the currently available tools that rely on lower density meshes have already been commercially successful, this next generation tool has a built-in market in the auto companies, DoD acquisition system designers (such as MRAP contractors), Air Force training programs, the 21st Century Truck plus any industry interested in thermal management.  This same process problem as seen in defense has been identified as a particular problem in the automotive industry for radiation dominated problems, such as radiation exchange on an exhaust.  The tool produced would help the automotive analysis community greatly.
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