ARMY

11.3 Small Business Innovation Research (SBIR)

Proposal Submission Instructions
INTRODUCTION 

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.army.mil.

Solicitation, topic, and general questions regarding the SBIR Program should be addressed according to the DoD Program 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.  Specific questions pertaining to the Army SBIR Program should be submitted to:
John Smith

Program Manager, Army SBIR 

army.sbir@us.army.mil
US Army Research, Development, and Engineering Command (RDECOM)

ATTN: AMSRD-PEB

1010 N. Glebe Road, Ste 420

Arlington, VA 22203
TEL:  (703) 399-2049

FAX: (703) 997-6589

The Army participates in three DoD SBIR Solicitations each year.  Proposals not conforming to the terms of this Solicitation will not be considered.  Only Government personnel will evaluate proposals.

Please note, due to recent changes in SBIR policy, Phase II efforts following a Phase I award resulting from the 11.1 and subsequent Solicitations will have a maximum dollar amount of $1,000,000.  Phase II efforts following a Phase I award prior to the 11.1 Solicitation will continue to have a maximum dollar amount of $730,000. 
PHASE I PROPOSAL SUBMISSION 
Army Phase I Proposals have a 20-page limit including the Proposal Cover Sheets (pages 1 and 2 are added electronically by the DoD submission site---Offerors are instructed to NOT leave blank pages or duplicate the electronically generated cover pages THIS WILL COUNT AGAINST THE 20 PAGE LIMIT), as well as the Technical Proposal (beginning on page 3, and including, but not limited to: table of contents, pages intentionally left blank, 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 Company Commercialization Report (CCR) are excluded from the 20-page limit.  As instructed in Section 3.5. d of the DoD Program Solicitation, the CCR is generated by the submission website, based on information provided by you through the “Company Commercialization Report” tool.   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 DoD Program Solicitation. 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.
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.

Phase I proposals will be reviewed for overall merit based upon the criteria in Section 4.2 of the DoD Program Solicitation.

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

The Army implements 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 have the Phase I Option exercised.  The Phase I Option, which must be included as part of the Phase I proposal, should cover activities over a period of up to four months and 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.

COST PROPOSALS 

A firm fixed price or cost plus fixed fee Phase I Cost Proposal ($150,000 maximum) must be submitted in detail online.  Proposers that participate in this solicitation must complete Phase I Cost Proposal not to exceed a maximum dollar amount of $100,000 and six months.  A  Phase I Option Cost Proposal not to exceed a maximum dollar amount of $50,000 and four months.  The Phase I and Phase I Option costs must be shown separately but may be presented side-by-side in a single Cost Proposal.  The Cost Proposal DOES NOT count toward the 20-page Phase I proposal limitation.  When submitting the Cost Proposal, the Army prefers the small businesses complete the Cost Proposal form on the DoD Submission site, versus submitting within the body of the uploaded proposal.  

Phase I Key Dates

Phase I Evaluations
October - November 2011

Phase I Selections
December 2011

Phase I Awards
January 2012*
*Subject to the Congressional Budget process

PHASE II PROPOSAL SUBMISSION

Army Phase II Proposals have a 40-page limit including the Proposal Cover Sheets (pages 1 and 2 are added electronically by the DoD submission site---Offerors are instructed to NOT leave blank pages or duplicate the electronically generated cover pages THIS WILL COUNT AGAINST THE 40 PAGE LIMIT), as well as the Technical Proposal (beginning on page 3, and including, but not limited to: table of contents, pages intentionally left blank, 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 Company Commercialization Report (CCR) are excluded from the 40-page limit.  As instructed in Section 3.5. d of the DoD Program Solicitation, the CCR is generated by the submission website based on information provided by you through the “Company Commercialization Report” tool.  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. 

Generally, invitations to submit Phase II proposals will not be requested before the fifth 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 of the DoD Program Solicitation.  DoD is not obligated to make any awards under Phase I, II, or III.  For specifics regarding the evaluation and award of Phase I or II contracts, please read the DoD Program Solicitation very carefully.  Phase II proposals will be reviewed for overall merit based upon the criteria in Section 4.3 of the 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 $1,000,000.  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.

BIO HAZARD MATERIAL AND RESEARCH INVOLVING ANIMAL OR HUMAN SUBJECTS
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.

FOREIGN NATIONALS

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 2.3 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. 

OZONE CHEMICALS

Class 1 Ozone Depleting Chemicals/Ozone Depleting Substances are prohibited and will not be allowed for use in this procurement without prior Government approval.

SBIR FAST TRACK 

Small businesses participating 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.  See Section 4.5 in the DoD Program Solicitation for additional information.  

CONTRACTOR MANPOWER REPORTING APPLICATION (CMRA)

The 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.

Offerors are instructed to include an estimate for the cost of complying with CMRA as part of the cost proposal for Phase I ($100,000 maximum), Phase I Option ($50,000 maximum), and Phase II ($1,000,000 maximum), 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 six Technical Assistance Advocates (TAAs) 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:  https://www.armysbir.army.mil/sbir/TechnicalAssistance.aspx.
COMMERCIALIZATION PILOT PROGRAM (CPP)

The objective of the CPP effort is to increase Army SBIR technology transition and commercialization success and accelerate the fielding of capabilities to Soldiers.  The CPP: 1) assesses and identifies SBIR projects and companies with high transition potential that meet high priority requirements; 2) matches SBIR companies to customers and facilitates collaboration; 3) facilitates detailed technology transition plans and agreements; 4) makes recommendations for additional funding for select SBIR projects that meet the criteria identified above; and 5) tracks metrics and measures 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 utilizes 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 is 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 https://portal.armysbir.army.mil/SmallBusinessPortal/Default.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 11.3 Topic Index

Participating Organizations
PC
Phone

Armaments RD&E Center
 Carol L’Hommedieu
(973) 724-4029
A11-119

High Rate High Energy Storage Devices

Army Test & Evaluation Command
 Nancy Weinbrenner
(410) 278-5688


 Michael Orlowicz
(410) 278-1494
A11-120

Clean Electromagnetic Environment (EME) Generation

Communications Electronics Command
 Suzanne Weeks
(732) 427-3275
A11-121

Body Wearable Radio Direction Finding (DF) Antenna

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


 Nancy Smith
(301) 619-7414
A11-122

Therapy for Secondary Lymphedema

A11-123

Maintenance of Tissue Metabolism for at Least 3 Hours between 20-28oC with an Asanguinous

Fluid

A11-124

Provide Human Reticulocytes for in vitro Culturing of Malaria Parasites 

A11-125

Multiplex Immunoassays in the Development of Vaccines Against Enteric Pathogens

Natick Soldier RD&E Center
  Arnie Boucher
(508) 233-5431


  Cathy Polito 
(508) 233-5372
A11-126

Energy Reducing, Ruggedized, Solar Lighting System

A11-127

First Generation of Controlled-Release Bacteriocins/Anti-Microbials 

A11-128

Lightweight Material for Full-Scale Parachutes

A11-129

Methodologies and Algorithms for Ground Soldier Load and Route Selection Decision

Applications

A11-130

High-Efficiency Energy-Harvesting Battery Charger/Storage Unit

PEO Aviation
 David Weller
(256) 313-4975
A11-131

Aviator Mission Tasker of Distributed Unmanned Assets

PEO Intelligence, Electronic Warfare & Sensors 
Bharat Patel
(410) 273-5484

Todd Simkins
(443) 861-7823
A11-132

Low-Profile Wideband SATCOM Antennas (LPWSA) for Airborne Platforms

PEO Missiles and Space
 George Buruss
(256) 313-3523

A11-133

Statically Operated Ramjet

PEO Soldier
 Greg Glover 
(703) 704-2856
A11-134

Nanostructured High Performance, High Angle of Incidence Anti-Reflection Coatings

A11-135

Thermally Responsive Fibers for Environmentally Adaptive Textiles

Space and Missile Defense Command
 Denise Jones
(256)955-0580

A11-136

Nanosatellite Ground Station Communications Phased Array Antenna

A11-137

Femto Second Laser Adaptive Optics

A11-138

Cyber Supply Chain Risk Management 

Tank Automotive RD&E Center
 Martin Novak
(586) 282-8730
A11-139

Silicon Carbide based 28 VDC Distribution

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 $100,000 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 including the Proposal Cover Sheets (pages 1 and 2 are added electronically by the DoD submission---Offerors are instructed to NOT leave blank pages or duplicate the electronically generated cover pages THIS WILL COUNT AGAINST THE 20-PAGE LIMIT), as well as the Technical Proposal (beginning on page 3 and including, but not limited to: table of contents, pages intentionally left blank, 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 Company Commercialization Report (CCR) are excluded from the 20-pages. As instructed in Section 3.5, d of the DoD Program Solicitation, the CCR is generated by the submission website based on information provided by you through the “Company Commercialization Report” tool.  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 DoD Program Solicitation.  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 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 (offerors are instructed to include an estimate for the cost of complying with CMRA).
____
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.
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Army SBIR 11.3 Topic Descriptions
A11-119

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

ACQUISITION PROGRAM: PEO Ground Combat Systems

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.

REFERENCES: 

1. Encyclopedia of Electrochemical Power Sources, Elsevier, 2009, Ed C. K. Dyer, et al

KEYWORDS: rechargeable battery, high power delivery, capacitor characteristics, shelf life, survivability, safety 

A11-120

TITLE: Clean Electromagnetic Environment (EME) Generation
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: The contractor shall develop a methodology to greatly reduce the occurrence or magnitude of intermodulation products in an RF environment generation system.

DESCRIPTION: The US Army Electronic Proving Ground (EPG) is the Army’s Developmental Tester for tactical electronic warfare (EW) systems. The Army needs these EW systems to be able to operate effectively in very dense and complex Radio Frequency (RF) Environments. In our testing we often are tasked to generate a tailored Electromagnetic Environment (EME) specific to the area of interest for the System Under Test (SUT) or to play out a specific operational scenario. Some scenarios are so specific that a set of signals and protocols, must be transmitted in the correct sequence with the exact content in order to test an SUT. These special signal sets may be transmitted with additional environment signals or they may be in a more benign environment. Often EPG’s goal is to develop a valid signal script for the SUT or area of operation and faithfully transmit this script over the air to immerse the SUT in this desired environment. A natural consequence of generating many signals within a simulator system and then transmitting them through a common amplifier and antenna system is that intermodulation products are produced. These intermodulation products are extraneous, unwanted signals with no universal method to remove them. They take up a percentage of the amplifier’s power. present extraneous signals to the SUT that were not called for in the test, or occur in unauthorized frequencies. One method to partially reduce these unwanted signals is to use higher power output amplifiers but that comes with a much higher price along with increased power draw and cooling requirement.  Both of which limits our ability to field EME generation systems. 

The goal of this project is to develop a methodology to analyze the signal scripts as a time ordered event list and by knowing which signals are present simultaneously, estimate the intermodulation products that would be produced. Then provide a methodology to greatly reduce or eliminate each of the intermodulation products before it can exit the amplifier. Does knowing the intermodulation products ahead of time give us an opportunity to be able to cancel them out within the amplifier before they are amplified and transmitted? If we did not have a time ordered event list and the mix of signals transmitted were a freeplay scenario of random signals is there a way of stopping these intermodulation products from complicating our transmissions, amplifiers, and environment? 

Typical amplifier band breaks for our EME systems would be: 

1 – 30 MHz 

20 – 500 MHz 

500 – 1000 MHz 

1000 – 3000 MHz 

The successful methodology would allow for quicker EME scenario generation without requiring extensive test equipment to confirm the quality of the environment to be presented. On site operators could use this tool to modify test sequences with less risk involved in producing a poor quality script.  In addition it is anticipated that existing test equipment will be use in a larger set of scenarios minimizing the equipment that needs to be supported and fielded for testing.

Although the testing example described here is a rather specialized case EME generation is becoming common in many testing and training applications.  EPG also tests tactical radio frequency (RF) networks and their performance in dense urban environments is also an issue.  Many urban training sites have been built in the last decade and primary component of the environment is the electromagnetic environment.  The training takes in to account the inability to communicate as hostilities escalate so does the use of the RF spectrum and good communications deteriorate just as they are needed most.  One of the biggest investments in an urban setting is the Army’s Brigade Combat Team Modernization (BCTM) program is setting up EME generation systems for that training site.  Thus numerous opportunities exist in creating EME systems for government testing and training organizations.  In the commercial sector the manufacturers of automobiles, aircrafts, ships etc also expose their vehicles to high powered signals and also to dense environments to ensure their control systems are shielded well enough to survive these environments.  Again numerous opportunities exist for this technology to greatly reduce costs in the makeup of the EME generation systems.  A technology that could reduce or eliminate intermodulation produces would reduce the RF amplifier costs, operation, maintenance, and cooling costs of the entire system.

PHASE I: Determine the technical feasibility for a methodology to eliminate or greatly reduce the magnitude of intermodulation products from signals mixing in an active RF device. Provide a clear path to accomplish this methodology in an automated manner. Show analysis or modeling that proves the viability of the methodology.

PHASE II: Develop the methodology in its automated form to a prototype or proof of concept level for demonstration purposes. By the end of Phase II provide a demonstration of the desired performance enhancement of the methodology to the Government and deliver a final report on all plans and results.

PHASE III: The intention for Phase III is to procure a production ready capability based upon the successful demonstration of Phase II. The form of this capability is unknown at this time but expected to be readily adaptable to existing RF amplifiers and current EPG test operations. There will be many other Government customers for this technology to increase the fidelity and reduce the cost of their own EME generation which has become a backdrop to all manner of test items. This would also benefit military electronic countermeasure systems, Electronic Attack, (EA) to be more efficient and more precise in the target frequency bands. The technology would be adaptable to the next generation EA systems that attempt to surgically target specific signals rather than utilize a wide band barrage of noise. The surgical method would transmit several narrow band signals, each to counter a specific target and this technology would avoid the creation of numerous unintended intermods that parasitically drain power from the intended targets and may unintentionally jam the friendly signals. Commercial applications for this technology would include broadband amplifier manufacturers and manufacturers of multichannel communications systems.
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A11-121

TITLE: Body Wearable Radio Direction Finding (DF) Antenna
TECHNOLOGY AREAS: 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: To develop a practical Body Wearable Radio Direction Finding (DF) Antenna, or “DF Mantenna”, that will provide the soldier with a low profile antenna for tactical environments that performs in the 50 MHz to 500 MHz range with 0dB Gain. 

DESCRIPTION: The DF Mantenna is required to provide the desired capabilities without a large visual signature.  An antenna mounted on a mast would provide a noticeable, unique appearance in combat environment, along with a likelihood of entanglement with obstructions during Soldier maneuvers. This appearance may bring attention to the soldiers and reveal their mission to observers.  Antenna size constraints can result in DF accuracy performance tradeoffs over the frequency bands of interest.  In order to overcome some of the possible problems with a mast-mounted antenna, the DF Mantenna could be the solution to resolving these issues.   

PHASE I: This SBIR Phase 1 proposal will focus on designing and developing a body-wearable antenna system, such as a one-size-fits-all vest with adjustable straps, with a desired weight of less than 2 pounds.  The DF Mantenna will operate in the 50 MHz to 500 MHz range with 0 dB Gain. 

PHASE II: During Phase II The DF Mantenna will be developed further to increase its performance capabilities and integrate the design into an actual IOTV (improved outer tactical vest). The DF Mantenna must have the capability to provide an easy to use, user adjustable functionality, to allow the DF Mantenna to cover the 50 MHz to 500 MHz range. The projected cost of the DF Mantenna should not exceed $50,000.  The installation of the DF 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. Design considerations must be given to future manufacturability and installation into the vest. Additional engineering development will further improve the design to allow the DF 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. Emphasis will be on improvements to SWAP (size weight and power). Consideration will be given to integrate the DF Mantenna into other soldier vests and/or soldier ensembles. The integration of the DF Mantenna concept into clothing will have potential application in the non-military, commercial electronics market, as well as with first responders (police and fire fighters) as well as in the construction industry. 
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A11-122

TITLE: Therapy for Secondary Lymphedema
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition

OBJECTIVE: Develop an innovative, curative treatment for secondary lymphedema that will restore the function of the lymphatic vessel system. 

DESCRIPTION: Secondary lymphedema is a condition in which blockage or damage to the lymphatic drainage system leads to the retention and build-up of lymphatic fluid in the surrounding tissue.  The most common cause of lymphedema in the United States is the surgical removal of part of the lymphatic system in cancer patients, most significantly in breast cancer patients. Chemotherapy and radiation therapy in breast cancer patients can also damage the function of lymph nodes, leading to lymphedema. There are approximately 2.4 million breast cancer survivors in the United States, and each year, about 240,000 women are diagnosed with breast cancer. A recent prospective study found that 42% of breast cancer survivors developed secondary lymphedema within 5 years of their treatment. 

Other causes of secondary lymphedema include trauma from burns, surgery, and physical injuries, as well as parasitic infection.  Filariasis, a parasitic insect-transmitted infection that is prevalent in tropical regions, is the most common cause of secondary lymphedema internationally. Lymphedema in filariasis infection can progress to a debilitating condition known as elephantiasis.   

There is no cure for lymphedema. Quality of life for individuals with lymphedema is diminished. Although lymphedema may be temporary in some cases, chronic lymphedema is an irreversible, debilitating, and lifelong condition that can cause pain and discomfort, disfigurement, skin damage, limb impairments, fibrosis, and recurring risk of infection in the affected tissue. Current treatment options are limited to palliative treatments, including compression sleeves, massage, skin care, bandage wrapping, and exercise.

Recent studies have shown that lymphangiogenesis, or the generation of new lymphatic vessels, can be stimulated by growth factors, such as vascular endothelial growth factor-C (VEGF-C) and angiopoietin-2. Studies combining VEGF-C with other biologics, such as adipose-derived stem cells and autologous lymph nodes, have also demonstrated enhanced lymphangiogenesis compared to VEGF-C alone. The delivery systems tested in these preliminary studies, which were done in animal models, have included novel gel-based systems. Indeed, injectable hydrogel-based systems for drug delivery are a state-of-the-art biomaterials technology, underscoring the potential for developing novel therapies to treat secondary lymphedema.        

This topic is seeking to develop and test an innovative curative strategy that will stimulate lymphangiogenesis, resulting in functional lymphatic vessels and restoring lymphatic fluid drainage. An example of a therapeutic strategy would include a combination of molecules or components delivered via an injectable gel, matrix, or other vector that has already demonstrated safety and tolerability in vivo. Administration of the therapeutic will be localized to the affected tissue and will be minimally invasive.

PHASE I: Phase I work will conceptualize the strategy, design the therapeutic system, and test its feasibility. Data obtained in Phase I will provide proof-of-concept that the therapeutic strategy can stimulate lymphangiogenesis using appropriate in vitro cell and tissue culture systems. Assays to test the lymphangiogenic properties of the therapeutic may include lymphatic endothelial cell proliferation, migration, and tube formation and branching. Parameters including optimal concentrations, biological activity, and toxicity will be defined. Appropriate controls will be used. During Phase I, the delivery system will be developed for localized administration in vivo. 

PHASE II: Based on Phase I results, Phase II work will demonstrate, optimize and validate the therapeutic strategy in animal models of secondary lymphedema. The FDA approval pathway should be outlined and considered at each developmental stage. Parameters including optimal concentrations, biological activity, and toxicity will be defined. Effectiveness will be determined through histological and/or physiological evidence of lymphangiogenesis and lymphatic flow. Validation of curative success will include the regression or resolution of lymphedema symptoms. During Phase II, clinical experts with insight into relevant patient populations should be consulted during system optimization. 

PHASE III: A successful Phase II project will result in a minimally invasive therapeutic modality that restores lymphatic function in secondary lymphedema. During Phase III, additional experiments will be performed as necessary to prepare for FDA review of an IND application. A plan for protection of intellectual property should be created and executed.  A detailed market analysis will be conducted, an initial clinical application for the therapeutic will be selected, and a Phase I clinical trial will be initiated. Military application: The therapeutic will be available to service women and men who suffer from lymphedema caused by: treatments for breast or other cancers; burn or other combat- or service-related traumas; and/or infection with filariasis as a result of their deployment in tropical regions. Commercial application: Health professionals worldwide could utilize this therapeutic to treat cancer, trauma, and filariasis patients who suffer from secondary lymphedema. 
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A11-123

TITLE: Maintenance of Tissue Metabolism for at Least 3 Hours between 20-28oC with an
Asanguinous Fluid
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition

OBJECTIVE: To determine if fluids such as transplantation solutions or tissue culture medium have potential as resuscitation fluids with the goal of better preservation of physiological function in the traumatically injured patient in an austere environment as compared to the currently used saline or Hextend®.

DESCRIPTION: Hemorrhage, or rapid loss of blood, is the single greatest cause of morbidity and mortality during combat (9) as well in civilian trauma (13). When more than half of the circulating blood is removed, death quickly ensues if bleeding is not stopped and blood or blood substitutes are not provided. Even after return of oxygen-carrying capacity to near normal, the poor oxygenation and/or nutrient delivery to tissues result in organ damage to the injured.  Several reports have indicated some benefit by the addition of single components such as glutamine (21) arginine (4) glycine (22) or estrogen (3). The benefits of hypothermia as protective against hemorrhagic shock are well-known (11, 14, 20), and it has been demonstrated that blood can be replaced in animal models with fluids designed for low temperature preservation of organs (1, 2, 10, 16).  However, carrying out hypothermic resuscitation in an austere environment without means to rapidly reduce body temperature is not possible at the present time.

Recently, organ transplant medicine has sought to improve the methods and techniques of organ preservation.  Some of these improvements may be applicable to resuscitation medicine.  The current approved transplantation fluids have minimal nutrients and rely on low temperature for their hypo-metabolic effect. However, demand for organs for use in transplantation has stimulated new technologies for preserving organs. Examination of recent literature in the area of transplantion surgery indicates that experimental transplantation fluids have been developed. These fluids have shown increases in time-to-transplant, as well as increases in the storage temperature, therefore, reducing the need for cold storage (5-8, 12, 15, 18, 19). The described fluids provide both nutrients and oxygen, which may be the reason for their success. These results indicate that a fluid more complex than saline solutions, yet simpler than blood or plasma, and relatively free of protein and therefore less labile, could legitimately maintain metabolism and tissue perfusion These solutions are asanguinous, i.e. are not derived from blood; therefore any oxygen carrying capacity must be related to its delivery by constituents not based on hemoglobin.  In prior research, solutions based on oxygen delivery by hemoglobin were shown not to be efficacious (17); therefore, the solutions of interest should not use hemoglobin as the oxygen transport mechanism.

Desired Capability:  The goal of this SBIR initiative is to determine if the advancement in the capabilities of transplantation fluids or other physiologic solutions may lead to their additional use as a resuscitation fluid to extend survivability of the traumatically injured until definitive care can be provided.  This is not a solicitation for the development of a fluid, rather it is meant to be an evaluation of fluids designed for organ preservation at ambient temperature as a possible resuscitation fluid. The commercial potential for a resuscitation fluid would increase the usefulness ten-fold both for the military and the general public.  The fluid should be shelf-ready without the need for mixing.  The end product should not require refrigeration during storage, nor should there be the requirement for cold infusion, reducing the logistical footprint necessary to send the product far-forward into extreme environments.  The unit size for the fluid should be of comparable size with current resuscitation fluids so that no revisions will be needed to incorporate this into the current supply chain.  

PHASE I: The selected contractor will report on the feasibility of their proprietary asanguinous solution being used to maintain the kidney or heart of a mammal prior to transplantation. Due to the requirement of a second level Animal Use review there will not be time in Phase I (6 months) to get approvals in place to demonstrate the feasibility.  Therefore, the PI will also need to include data from in vitro tissue culture studies demonstrating the viability of mammalian cells in their fluid.  

PHASE II: If selected for Phase II, the deliverable will be the validation of the fluid in a large animal model (swine) by completely replacing the blood with the fluid and determining for how long at a temperature between 20-28oC the animal can be maintained before death is certain. If the animal remains alive for three hours, it should be resuscitated with its blood and remain alive for 48 hours with no evidence of physiological decrements.  If the fluid performs as expected, the US Army Institute of Surgical Research would like to evaluate the fluid in their validated hemorrhage model through a Materials Transfer Agreement.  

PHASE III: Since this fluid would be used in patients, FDA approval would be sought in this phase.  It is anticipated during the approval process that the fluid would be tested in surgical patients for safety and efficacy as a blood supplement or replacement.  Fluid production would follow close behind the approval due to the need for a more effective resuscitation fluid.  The resultant fluid would be of great value to the military, however, civilian populations would also benefit significantly from the development of this fluid.  The technology would provide a means to resuscitate and save lives and reduce morbidity by preventing the progression to more serious complications including multiple organ failure. The so-called “golden hour” might be extended allowing the treatment of the traumatically injured en route prior definitive care in a combat support hospital or civilian trauma center.  Additionally, there would also be practical applications to blood loss during both emergency and routine surgeries.  The potential usefulness of the fluid is an indication of the likely market for the product.  
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TITLE: Provide Human Reticulocytes for in vitro Culturing of Malaria Parasites 
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC 

OBJECTIVE: To provide human reticulocytes capable of being invaded by the malaria parasite Plasmodium vivax in numbers sufficient to support long term in vitro culturing of the parasite.

DESCRIPTION: Malaria is an infectious disease caused by protozoan parasites of the genus Plasmodium transmitted by Anopheles mosquitoes. While five species have been shown to infect humans, two malaria species cause the majority of disease burden. Plasmodium falciparum (P. falciparum), the most virulent of these, is associated with the majority of severe malaria and mortality. P. vivax, the second major cause of malaria worldwide and the major cause of malaria outside Africa, is associated with chronic malaria characterized by relapse after months to years of asymptomatic dormancy. P. vivax differs considerably from P. falciparum in that it invades only reticulocytes (immature red blood cells) expressing Duffy blood group surface antigens; produces mature, infective gametocytes prior to clinical symptoms; and can produce dormant liver-stage hypnozoites responsible for relapse many months after the initial infection. Robust in vitro culture methods are critically needed for basic and applied research to develop new vaccines and drugs for malaria. As an example, many of the advances in P. falciparum research were enabled by the continuous propagation methods developed in the 1970’s. 

The greatest impediment in developing in vitro blood culture methods for P. vivax is that normal peripheral blood contains only 0.5-1.5% reticulocytes, an insufficient number for maintaining long term P. vivax cultures in vitro. The key deliverable for this SBIR will be a method of producing large numbers (log 12 to log 13) of reticulocytes on a regular basis (Monthly) suitable for use in long term cultures of P. vivax. Two characteristics of reticulocytes are critical to P. vivax invasion and propagation (competent). The Duffy blood group surface antigens must be expressed and adult hemoglobin levels must be high. Preliminary, proof of concept studies will require log9 to log10 competent reticulocytes on a by-weekly basis. In the assay development phase log10 to log11 reticulocytes monthly will be required. Finally, the active screening will require methods of providing log12 to log13 and greater competent reticulocytes on a monthly basis. In addition to the reticulocytes, all appropriate specialized media will need to be developed. 

One promising approach to the production of high numbers of blood cells is to use the expansion and differentiation of Human Stem Cells (HSC). With the advent of innovative stem cell technologies, an abundant new source of reticulocytes is possible. Defense Advanced Research Projects Agency (DARPA) is currently funding projects which support the generation of large numbers of mature erythrocytes from placenta- and umbilical cord- derived stem cells. Dr. Douay, University of Paris, has developed HSC expansion and differentiation media conditions for producing large numbers of erythrocytes. (Giarratna M, Kobari L, Lapilloni H, Chalmers D, Kirer L, Cynober T, Marden M, Wajcman H and Douay L. Ex vivo Generation of Fully Mature Human Red Cells From Hematopoetic Stem Cells. Nature Biotechnology. 23: 69 2005.). The key to leveraging these technologies is to arrest erythrocyte development at the reticulocyte stage. 

Although there are no continuous in vitro P. vivax cultivation systems, several laboratories have reported limited in vitro blood- and liver- stage cultivation [see reviews, Udomsangpetch et al Parasitology international 56(1):65-9, 2007 and Trends in Parasitology. 24: 85. 2008]. These studies demonstrate that in vitro culture of P. vivax is possible. A continual supply of reticulocytes at low cost in great numbers is the key to the development of useful culture technologies.

Finally, the ability to aggregate large numbers of reticulocytes might be an enhancement to the efforts to establish a donor-free blood supply. The differentiation of reticulocytes to mature erythrocytes is an incompletely understood process. Performing this differentiation in vitro in high efficiencies is likely to be difficult. One way to bypass this would be to transplant reticulocytes and allow them to differentiate in vivo.

PHASE I: This Phase will demonstrate the feasibility of producing log9 to log10 Duffy positive reticulocytes with adult hemoglobin greater than 50% and will identify demonstration success criteria.

PHASE II: Awardee will provide WRAIR with log9 to log10 viable, Duffy positive human reticulocytes along with any specialized procedures or media needed to maintain the cells. The % reticulocytes and % Duffy positive of each shipment will be monitored and reported. The reticulocyte fraction should be greater than 60% of the whole cell count. Greater than 50% of the reticulocytes should be Duffy positive. These cells will be tested by WRAIR to determine their ability to sustain parasite invasion.

PHASE III: The awardee will have the capacity to provide log12 to log13 Duffy positive reticulocytes with adult hemoglobin greater than 50% and with the reticulocyte count being 60% of the whole cell count or greater on a monthly basis. The cells should be capable of supporting P. vivax growth in culture. This technology will provide military and civilian laboratories the capability of screening chemical compounds in vitro for efficacy against P. vivax malaria parasites. Culture capability is the first step used for drug discovery efforts against P. falciparum and has been a major contributor to the fielding of all current anti-falciparum treatment and prophylactic drugs. Efforts to develop anti malarial vaccines are also highly dependent on culturing capability. This technology would open P. vivax vaccine development to government and civilian laboratories. Finally the technology developed here can also be applied to blood farming/blood banking activities. The availability of producing large numbers of reticulocytes with specific characteristics would be useful for transfusion purposes in a clinical setting.
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TITLE: Multiplex Immunoassays in the Development of Vaccines Against Enteric Pathogens
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition

OBJECTIVE: Develop an efficient, cost-effective serum-based multiplex assay platform that will identify vaccine candidates, determine immune responses and serve as a potent diagnostic tool for epidemiological and clinical studies.

DESCRIPTION: Based on their impact on the military and global health, the United States Department of Defense (DoD) has placed a high priority on the development of vaccines against enteric pathogens causing diarrhea. Enterotoxigenic Escherichia coli (ETEC), Shigella, Campylobacter and norovirus are significant causes of diarrhea and represent significant targets of military, industry, academic and non-governmental (PATH Global Health) vaccine programs.  These pathogens cause a high level of morbidity and significantly impact the military in lost manpower days, reduced effectiveness and increased treatment costs.  The emerging awareness of post-infection complications further adds to the impact of these infections.  In addition, these same pathogens are associated with hundreds of thousands of deaths among children under 5 in the developing world.  Specific knowledge regarding the potential risks for infectious diseases in certain areas is critical to preventing disease as well as directing vaccine research efforts. Key areas in the development of successful vaccines are the identification of novel antigen targets, determination of the immunogenicity of a candidate vaccine, development of efficient means to determine prior pathogen exposure, and identification of correlates of protective immunity.

At present, the gold standard immunoassay for detecting prior exposures (non-stool-based) to infectious disease agents is the enzyme linked immunosorbent assay (ELISA).  In this relatively laborious assay, antibodies in serum samples are tested for binding to antigens specific for a given enteric pathogen.  Such assays have significant limitations with respect to the amount of sample required, technical man-hours (6-24 hours) to complete the assay, and an inability to multiplex in a single well, the latter resulting in increased costs and reagents. Thus, a more efficient assay is desired.  

An ideal immunoassay would allow for the assaying of sera from exposed individuals against a panel of pathogen components that would provide valuable information regarding the response to a pathogen-specific vaccine, and the risk for a given infectious disease exposure and associated chronic health outcomes within a population subset.  In addition, the flexibility of the platform would allow for customizing the assay for a specific disease agent, which would aid in vaccine discovery, as well as, for testing of immune responses against candidate vaccines undergoing clinical trials.  Lastly, the ideal assay system would not be cost-prohibitive and allow for dissemination to and standardization in multiple research sites.

PHASE I: This phase will demonstrate the feasibility of the immunoassay platform to detect exposure(s) of individuals to ETEC, Shigella, Campylobacter and norovirus utilizing defined historical serum samples archived by NMRC and/or samples from the DoD serum repository. The use of human samples with a known medical history of the targeted infection will allow for determination of the sensitivity and accuracy of the assay in detecting responses induced by natural infection.  In addition, this Phase will also evaluate the flexibility of the platform to allow for customizable assays specific to a single pathogen or vaccine that will be tested using existing animal models.  Results will be compared using current methodologies (e.g. ELISA) to determine the reproducibility and repeatability of the multiplex assay.

PHASE II: In this Phase, the immunoassay developed in Phase I will be validated using human serum samples obtained through an ongoing multisite clinical research study (TravMil) based at DoD travel medicine clinics investigating the epidemiology of travel and deployment related infectious disease threats to U.S Department of Defense (DoD) active duty members and beneficiaries. The organism-specific relative risk of traveler’s diarrhea among DoD travelers as determined by pre- and post-travel serological testing and PCR amplification of organism-specific genetic material collected by participants during illness on a stool filter paper card. This phase will further demonstrate the ability of the assay platform to identify and differentiate between exposures to enteric pathogens.  Furthermore, this Phase will provide a practical implementation of the assay for use in the clinic and/or field.

PHASE III: The developed immunoassay would be a significant aid to global health initiatives focused on preventing enteric diseases due to these pathogens.  Military, industry, academic and public health institutions would benefit greatly from the described assay in aspects of vaccine research and epidemiological measures.  The end-state of this technology would allow for the rapid identification of immune responses to various components of an infectious agent, which would be invaluable in discovering new vaccine candidates and defining exposures to enteric infections of interest.  In addition, this assay will allow for using reduced amounts of valuable samples (e.g. clinical specimens) while also significantly increasing throughput while simultaneously reducing work time.  Spin-off technologies would include customizing the assay to detect additional infectious agents that have relevance not only to human health, but also veterinary health and/or the food industry.   
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TITLE: Energy Reducing, Ruggedized, Solar Lighting System
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Electronics

OBJECTIVE:  To develop a solar lighting system that allows the use of daylight as an interior lighting solution for expeditionary shelters while continuing to satisfy military requirements and mitigating negative solar effects (solar heat gain, UV damage).

DESCRIPTION:  Lighting in deployable shelters is required 24 hours a day and, typically, more power is used on lighting during the daytime hours.  Utilizing sunlight as interior lighting for the daytime hours will enable energy savings and significantly reduce reliance on power management systems.  Unfortunately, the downsides to simple solutions like windows and skylights include solar heat gain, loss of insulation properties, and material fogging/discoloration.   

Current powered lighting systems generate an amount of heat in addition to their power requirements.  The heat generated by current lighting systems, or windows, adds an additional thermal burden to the Environmental Control Unit (ECU).  Lighting loads increase the amount of fuel needed by the shelter for both powering the lighting system and compensating for the heat generated by the lighting system.  A daylighting solution could provide working, living, or emergency lighting during the daylight hours without the need for electricity or generation of excess heat to burden the ECU.

Hybrid Solar Lighting (HSL), which utilizes the fiber optic transmission of concentrated solar light, could eliminate the need for powered lights in shelters through a majority of the daylight hours.  Research performed at Oak Ridge National Laboratory shows great promise for hybrid solar lighting applications [3, 4, 5].  The technology is currently used in some large commercial and industrial buildings [6, 7].  HSL systems are able to monitor the light in the shelter and attenuate the powered lighting according to the amount of fiber optic solar light available, if needed.  The basic concept behind fiber optic transmission is to concentrate sunlight to a bundle of polymer or glass fiber optics.  Fiber optic transmission filters out UV and IR from the sunlight.  Blocking UV makes fiber optics safe to the warfighter and any UV sensitive fabrics or devices.  Filtering IR allows the luminaires to be cool to the touch and produce no excess heat. 

Acceptable daylighting solutions are not limited to HSL techniques; this is only used as an example that would be of interest because of its no-heat-gain, blackout compliant nature.   Producing a compact, lightweight, and sufficiently ruggedized solar lighting system is the key to an effective solution for this solicitation.

The currently implemented MIL-PRF-44259D compliant florescent lights are rated at 300 W per system.  If all the light needed during daylight hours is provided by solar lighting than the energy saved is 2.1 kWh/day, or 767 kWh/yr (2,617,234 BTU/yr).  That is about 83 gallons/yr of JP-8 per shelter, or more than 4600 gallons/yr for a 600 man base camp.  These estimates do not include fuel savings via the ECU due to no additional heat load.

PHASE I:  Develop a robust concept for a solar lighting or a hybrid solar lighting system for use in expeditionary shelters.  This concept must demonstrate the feasibility of a solar/hybrid lighting system in a military soft-walled shelter (although the technology could be applied to rigid-walled shelters as well).   The concept must contain a solar concentrating mechanism, a transmission method (fiber optics, reflective material, etc.), and diffuser element to redistribute the light.   Lux measurements must comply with MIL-STD-1472F for the “Office work, general” requirement of 755 lux (recommended)/540 lux (minimum).  The solution will be compared to existing military light system performance found in MIL-PRF-44259D.  A life cycle cost analysis report will be an expected deliverable along with the detailed concept system.   Total packed volume, weight, and cost are all important factors as with any soft walled shelter component and should be weighted heavily during conceptual design.

PHASE II:  Deliverables expected for Phase II will include a full-scale solar/hybrid lighting prototype system and a lighting level/effectiveness demonstration implemented in a 32 foot TEMPER Air-supported shelter [11].  The full-scale prototype should leverage off of the previous detailed concept developed through Phase I.  Investigation of large scale production costs will be reported, this should include additional system improvement recommendations before production would begin.

By the conclusion of Phase II, an acceptable solar lighting system prototype must have the ability to be set up and provide light to a 32 x 20 foot shelter in less than 20 minutes by 4 warfighters with limited/no special tools.  As required by current lighting solutions, the system must be able to function in a variety of applicable environmental conditions discussed in MIL-PRF-44259D.  All blackout requirements must be met by the solution (if applicable).   To be viable as a transition worthy system, the prototype performance must not degrade after 25 strike/erect cycles. 

By the end of a Phase II contract, the target cost per system to effectively illuminate a 32 x 20 foot shelter should be $8,000.

PHASE III:  Solar lighting has the possibility to be greatly utilized in both the consumer, commercial, and industrial applications.  As mentioned, most lighting is used during the day at home, at work, in production facilities, and in retail.  Utilizing the daylight as the main source of light will provide significant annual savings in any application, all while limiting solar heat gain and retaining insulation.
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TITLE: First Generation of Controlled-Release Bacteriocins/Anti-Microbials 
TECHNOLOGY AREAS: Biomedical, Human Systems

ACQUISITION PROGRAM: Combat Feeding Research and Engineering Program

OBJECTIVE: To minimize the threat of bioterrorism and the proliferation of foodborne illness that will adversely affect the performance of the Warfighter by the development of a controlled release mechanism of bacteriocins/anti-microbials to effectively inhibit a broad range of spoilage bacteria, pathogens and spores over the extended shelf life of ration components. 

DESCRIPTION: Along with the Warfighter need for a wider variety of higher quality IM ration components there is the ever threatening possibility of bioterrorism and the proliferation of foodborne pathogens (E.coli 0157H: 7, Salmonella spp, and Listeria monocytogenes). This was evident in the US Military “Do Not Consume Recall” (July 2009) of the dairy shake due to the unintended presence of Salmonella. This recall had a far-reaching impact on military subsistence, since the dairy shake is a regular component of Meals Ready-to-Eat, Unitized Group Rations, and Tailored Operational Training Meals that dated back to menus of 2002 and could have resulted in a deadly lesson learned. Bacteriocins/Anti-Microbials added to IM rations in the form of mixed time-release preparations will serve as a biopreservative with the ability to inhibit a wide range of microbes. 

Ready to eat products are the mainstay of the military ration platform because Warfighters need high quality components that require little preparation, no refrigeration, and are easily consumable while on the move. Intermediate Moisture (IM) ration components (i.e. Shelf-Stable Sandwiches) are the centerpiece of the First Strike Ration®, however, a wider variety of components are required to keep up with Warfighter demand for variety and prevent menu monotony. Current IM components become noticeably dry or acidic during extended storage. Existing microbial hurdle guidelines restrict a product’s pH and water activity (aw) to ensure the safety of IM foods. However, these restrictions do not take into account the impact on a product’s organoleptic attributes (i.e., flavor, texture, color, etc) over time. To improve organoleptic attributes, pH and aw will have to be elevated, which in turn makes the IM product susceptible to spoilage and foodborne illness. Current IM components have a pH less than 5.2 with aw below 0.88. The goal of this SBIR is to achieve optimum organoleptics (pH > 5.0, aw > 0.90) by developing a time-released complex of bacteriocins/anti-microbials to give the ration developer greater flexibility with IM product formulations. This will lead to greater ration acceptance, consumption and increased component variety. Further, the innovative development of Controlled-Release Bacteriocins/Anti-microbials will provide a major technological advancement that will assure the safety of IM ration components. All Bacteriocins/Anti-microbials investigated in this study must have a status of Generally Recognized as Safe (GRAS) by the FDA.

The innovative challenge in this SBIR lies in the intricacy of multicomponent food systems, the physical/chemical properties of food materials, and the intermolecular interactions of these bacteriocins/anti-microbials components (i.e., nisin) in intermediate moisture foods. Nano-encapsulation may be an ideal mode of delivery for a complex of bacteriocins; a key ingredient in the first generation of novel biopreserved foods. Nano-technology is one means of providing a controlled release of bacteriocins/anti-microbials, which is vital in keeping levels of the bioactive compounds at an effective concentration over the ration’s three year shelf life. This would eliminate the less effective and costly method of over loading the ration with the bioactive up front to account for its likely decrease in effectiveness over the course of the three year shelf life. Conversely, a bacteriocin or complex of bacteriocins or other anti-microbial compounds released in a controlled manner throughout the ration’s shelf life will maintain hurdles needed to sustain pathogen inhibition as well as enhance overall acceptability. The utilization of bacteriocins/anti-microbials in hurdle technology may reduce the need of chemical preservatives while also providing a safe high-quality IM ration component resistant to spoilage, pathogens and endospores for its required shelf life under extreme environmental conditions.

Nanoparticle concern has been addressed in many studies where they have been shown to have very limited GI absorption, thus demonstrating low systemic exposure following oral conception (Kreyling et al., 2002).  However, the fact remains that by changing nanoparticle properties, such as surface characteristics, the biocompatibility of the particle can be dramatically altered (Stern and McNeil, 2008).  According to Gilor et al., 2008, the human GI tract is a balance complex system between the individual and the intestinal microflora that is dominated by two main genera of lactic acid bacteria of which most have means of producing bacteriocins.  These same species of lactic acid bacteria are used in the production of most bacteriocins and antimicrobials that are being looked at as future antibiotics and probiotics.  Nisin (GRAS) the most commercially used bacteriocin is produced in this manner and studies have shown that it does not possess any sub-chronic or chronic toxicity, reproductive/devolomental toxicity, genotoxicity, or carcinogenicity (Reddy et al., 2004; Hagiwara et al., 2010).  This supports earlier findings of Bernbom et al., 2006 where it was reported that the intestinal microbiota in human flora-associated rats was not affected after dosages of nisin in that ingested nisin is easily inactivated by trypsin and pancreatin of which should remain true on the nano scale.

PHASE I: Combat Feeding Directorate is currently exploring new biopreservatives alone and in combination to support this goal, but identifies the need of a controlled release mechanism to maintain the needed activity level throughout shelf-life requirement. Thus, in support of this project, innovative research is needed to explore, develop and design a controlled release mechanism for a complex of bacteriocins. This complex should work in synergy over time to effectively control and kill both gram negative and positive foodborne pathogens, with a release mechanism such as but not limited to nano or micro encapsulation. Thus, phase I should identify potential bacteriocins/anti-microbials, their potential complex mixture, and encapsulation technique for controlled release of the bacteriocins. The control mechanism must release the bacteriocins in a manner that ensures a minimum two year shelf life for military IM ration components. This effort should provide technical specifications for a broad range of nano-encapsulated bacteriocins that are time released but effective against all foodborne pathogens and can be later identified as a commercial-off-the-shelf (COTS) product to be used to develop the first generation of novel biopreserved foods for military feeding.

Identify optimal bacteriocin form to incorporare in an intermediate or low moisture food system. Current forms available include liquid, powder, solid (pellet) or volatile. Potential carriers should be identified to determine bacteriocin delivery in system e.g. sachet, packaging, ingredient. At this time favorable release mechanism (pH, moisture temperature or light) should also be identified. Deliverables will be a final report addressing feasibility and practicality of the proposed concept; technical hurdles that must be achieved as they relate to form, carrier, or release mechanism; associated risks and factors limiting development of a functional prototype of the First Generation of Controlled Released Bacteriocins. Minor exploratory testing may be used to confirm efficacy.

PHASE II: Develop, test and demonstrate a functional prototype of the First Generation of Controlled Released Bacteriocins/Anti-microbials (FGCRB/A) as identified in Phase I. Initially this can be verified by cocktail inoculation studies in broth and media systems. Conduct preliminary test, including accelerated storage studies using model systems or computer simulation, to assess the design and performance of the time release matrix of bacteriocins. Identify potential intermediate moisture ration components that will benefit from this bioactive system and determine optimal way of integrating this additive (micro pellet, powder, liquid) into select matrix or food system. Demonstrate and validate concept by using in an existing ration component, such as a beef/pork wrap, with elevated pH and aw. Demonstrate the efficiency of the FGCRB/A over a range of aw (ie. 0.88, 0.90, 0.95) and pH (ie. 5.0, 5.5, 6.0). Demonstrate the FGCRB/A ability to inhibit pathogen growth (inoculated pack study) under storage conditions of 80F, 100F and 120F. Efficacy should be shown at microbial populations of 102, 104 and 106 colony forming units/ml or gram. Maturity of this food additive technology will ensure the ability to biopreserve a safe, high quality ration component through life cycle and environmental testing to confirm the conceptual design from Phase I. The potential for adverse events will also be documented. This effort will support the development of future ration components. Deliver a report documenting the research effort along with a detailed description of the proposed technique/system and protocol to include specifications and performance of key components.

PHASE III: Produce and deliver prototypes to support technical and user testing in the field with military personnel. Make modifications to most successful prototype based on organoleptic testing and feedback. A small-scale production capability will be established to demonstrate the manufacturing feasibility of the proposed FGCRB/A. Deliver a report documenting the theory, design component specifications, performance characterization and scale-up projection for establishing a large-scale production capability, to include all relevant microbiological data ensuring wholesomeness, safety and adverse event issue if any. The concept meeting the requirement outlined in this effort would be applicable to military feeding, the commercial food industry, space feeding and emergency relief (camping, trucking, disaster relief). A commercialization strategy shall be outlined and a commercialization partner, if required, shall be defined to demonstrate a well-defined path toward commercialization of the FGCRB/A.
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TITLE: Lightweight Material for Full-Scale Parachutes
TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: PEO Combat Support & Combat Service Support

OBJECTIVE: Develop novel materials and innovative design techniques to fabricate a low cost, lightweight, high strength, low porosity, and flexible fabric or membrane for use in parachute canopies.

DESCRIPTION: The intent of this solicitation is to develop a lightweight, high strength fabric or membrane which could be used as a replacement for current parachute fabrics at cost metrics which reduce (desired) or match the cost of current parachute fabrics. Reducing parachute equipment weight is a known concern and was expressed at the most recent General Officer Integrated Product Review Meeting. Joint Precision Airdrop Delivery System (JPADS) 2k and 10K, Maneuverable Canopy 6 (MC6) Personnel Parachute System and Advanced Tactical Parachute System (T11) are Programs on Record that have established Pre-Planned Product Improvements in place to decrease system weight and increase accuracy. For MC6 and T11 parachute canopies, reducing the weight of the fabric by a factor of two would reduce the weight of the canopy by 13% and 17% respectively. In addition to full-scale parachutes, lightweight and flexible fabrics also have applications for fabrication of small-scale parachute models for wind tunnel testing. 

There are number of fabrics currently in use with parachute systems depending on the purpose of the parachute. For unguided parachutes, high permeability (90-200 cfm) nylon fabrics are used such as PIA-C-7020, Type II and PIA-C-7350, Types I & II, these fabrics range in weights from 1.6 to 3.5 oz/yd2.  For guided parachute systems, low permeability fabrics (0.5-3.0 cfm) such as PIA-C-44378, Types IV & VI and PIA-C-7020 Type I are used. These fabrics are woven with ripstop, twill, or hybrid ripstop/twill weaves. A goal of 50% weight reduction is preferred, although lesser reduction levels will be considered. It is desired to reduce the cost of the new lightweight material to levels lower than the cost of current nylon fabrics. Besides the significant reduction in weight, the newly developed material should have mechanical properties which are similar or better than the existing parachute fabrics such as break strength, elongation, durability, flexibility, chemical resistance, stability to water immersion, air permeability, etc. While the individual requirements for the material properties are listed in the fabric specification, if some parameters are not explicitly listed, the newly developed lightweight material must meet or exceed the performance of the current nylon fabrics used in parachutes. For example, although there is no abrasion resistance requirement in the PIA-C-7020 specification, it is expected the new lightweight material should achieve comparable or better performance as the current nylon material. The lightweight material could be a replacement for current parachute fabrics so the performance of the parachute system must be maintained or improved with the new material. It is essential that the developed material also meet the requirements of the Berry Amendment.  

Recent advances in textile fiber production and material fabrication make a 50% weight reduction in canopy cloth plausible. Examples of these advances include nonwoven fabrics and nanofibers. Nonwoven fabric design processes are now flexible and can systematically vary fabric areal density and permeability. Candidate processes include but are not limited to spunbonded, spunlaced, and the combination of nanofiber meltblowing and electrospinning. Since fiber stiffness depends on the fiber diameter, fabrics made from nanofibers with diameter less than 1 micrometer should offer various degrees of flexibility to match that of a full-scale parachute canopy. Therefore, fabrication of fabrics made of nanofibers using nonwoven fabric manufacturing technology appears to be a feasible approach to achieve a flexible material with a low density and low permeability. It should be noted that other solutions to this topic which are not fabrics (such as films or membranes) will be considered.

PHASE I: Develop novel fibers and innovative manufacturing technologies to fabricate a lightweight, high strength flexible material for use as a parachute fabric. Primary focus of this phase is developing a material with properties similar to Type IV, PIA-C-44378 fabric with the exception of achieving lighter weights. The objective is to reduce the weight by 50% while retaining the strength, flexibility, permeability, and other properties of the original fabric. Cost analysis should also be included to show the final cost for the new lightweight material is either reduced or match the cost of the current parachute fabric. Evidence must also be provided that the resulting fibers, fabrics, and/or materials will meet Berry Amendment requirements. Samples of the novel fibers and materials, if available, should be delivered along with a detailed report of the development and testing of the new lightweight material.

PHASE II: Phase II should include finalizing the material development from Phase I and refine its properties to achieve the desired requirements. Examine the material properties in detail and compare them with those of the current nylon fabric. Methods for increasing the production rates for the material are to be developed during Phase II. The development of additional materials which could match the performance of other traditional fabrics (such as PIA-C-7020, Type I or PIA-C-7350, Type I) while reducing their weight by a factor of 2 or more should also be conducted during Phase II. It could be possible that a single new lightweight material could replace multiple traditional parachute fabrics thereby reducing the number of fabrics used in different parachute designs. While fabrication of a parachute prototype is not required during Phase II, evidence must be provided that traditional canopy fabrication methods (i.e. sewing, stitching, etc) would be compatible with the new lightweight materials or alternative fabrication methods must be demonstrated to build confidence that parachutes could be fabricated from the new materials without a loss of the current performance capabilities from the parachute system. For example, it should be demonstrated that the strength of a seam in the new materials would be comparable to a traditionally stitched seam in the current nylon fabric. Detailed cost analysis must be provided for all developed lightweight materials showing that the cost has either been reduced or match current cost for the traditional parachute fabric which would be replaced. Evidence must also be provided that the resulting fibers, fabrics, and/or materials will meet the Berry Amendment. Required Phase II deliverables include 100 yards (42-inch width) of the new material and all pertinent material properties data along with a detailed report of the results.

PHASE III: Lightweight fabrics or materials are used extensively commercially in the area of industrial filters, medical hygiene, clothing, etc. In addition to making full scale and parachute models, lightweight materials can also be used to make model tents for wind load study, kites, model airships, etc. There are a variety of dual-use applications that a Phase III can pursue.
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A11-129

TITLE: Methodologies and Algorithms for Ground Soldier Load and Route Selection Decision
Applications
TECHNOLOGY AREAS: Information Systems, Ground/Sea Vehicles, Human Systems

OBJECTIVE:  To research, develop, and demonstrate tools that could support tactical small unit load planning and route selection.  

DESCRIPTION:  The Army’s small units (Infantry Company and below) will benefit from decision applications that support mission planning and execution of their operational tasks.  The selection of equipment to take on a mission and the selection of routes can be based upon numerous factors that are quite complex, to include the METT-TC elements (mission, enemy, terrain and weather, troops and support available, time available and civil considerations), work-rest cycles, Soldier performance, resupply, contingency planning and terrain analysis.  Terrain analysis is often further broken out by the OACOK rubric, with the major elements including: Observation and Fields of Fire, Avenues of Approach, Cover and Concealment, Obstacles, and Key or Decisive Terrain.  Tools can be developed to support execution of these interdependent tasks.  

There are currently several tools that have some applicability to load planning and route selection, but they all have significant shortcomings for the Small Unit (SU).  Most planning is currently done using a paper map or digital imagery from Falcon View, Google Earth or some other source.  The unit leader must interpret this terrain data and integrate it with other sources of information.  Force XXI Battle Command Brigade and Below (FBCB2) provides battle command and situational awareness information, but focuses on enemy locations and higher echelon decision makers.  There are commercial mobile applications that could be used for route planning for civilian applications, but almost all focus on vehicle transportation.  Commercial mobile application have little to no utility for the kind of route planning that SU Soldiers/Leaders in the battle space are required to do (i.e. Soldiers rarely get to travel on improved roads, they must be concerned with elevation and navigation in under/undeveloped areas, and they must conduct topographical analysis to understand areas along the route that could provide ambush and or attack opportunities for the enemy).  As a result, we know there are shortcomings that need to be addressed in the following areas: 

•  Ability to conduct terrain analysis to accurately determine where Soldiers can move and the difficulty (energy cost) associated with the movement

•  Linking the energy cost of movement with resulting impacts on Soldier and SU performance of critical cognitive and physical combat tasks

•  Estimating time to arrival based upon load, terrain, Soldier state and other parameters

•  Estimating impacts of terrain, load and other parameters on thermal burden and heat strain 

•  Linking key Personal Status (PERSTAT) parameters with ability to execute missions that involve significant movement

•  Ability to use intervisibility tools to aid the SU leader in identifying areas of cover and concealment and in identifying potential avenues of approach and egress

This effort would research, develop, and demonstrate methodologies and algorithms that enhance tools for load planning, route selection and in making changes during mission execution.  It would also be desirable that the route and load planning tools be compatible with and support the military planning process, e.g. generation of Operation Order.  Potential approaches should address the data, methodologies, algorithms, and validation audit trail.  Proposals should identify how the proposed research will advance the current state of the art.  The products should support development or improving battlefield and training decision support applications focused on Soldier load issues.  The SU leader is responsible for making the final decision and we are trying to provide actionable information (e.g. timely, accurate or more complete) in which to do so.  Elements that could be important to execution of this work include:  identifying the SU leader decisions that are to be supported, understanding user needs; identifying the factors that are important; identifying, researching, and developing methods of obtaining the data needed; developing user interfaces that meet user needs; developing methodologies and computer algorithms; providing the desired output in a useful form; and addressing software and platform integration issues.  Since validation is a critical issue, the algorithms and decision aid application must accurately represent the intended real world phenomena from the perspective of its intended use.  At this point, we are assuming that the SU will have: intermittent network connectivity, some resident computational capabilities, terrain databases, and some form of display available to them.  At this time, it is not clear if the products of this effort would be integrated with other existing battle command systems, become a module in an integrated application or be utilized as a stand-alone application.  

PHASE I:  Phase I will provide a proposed concept for the generation of methodologies and algorithms that would be needed and could be incorporated into an application to support load planning and route selection at the SU level.  The focus should be on the METT-TC and/or OACOK elements.  This will include identifying a number of specific operationally relevant decisions and actions that could be at least partially supported by a decision support application.  The proposal should also show how the proposed methodologies and algorithms would provide the SU leaders with useful information to support his decision making.  As a result, it is important that verification and validation planning be initiated at this stage.  It is desirable that algorithms be computationally efficient within a potential battlefield and training decision support aid.  Any data needs and assumptions required by the concept to be compatible with a SU decision aid should be clearly outlined and explained.  Phase I should also include identification and discussion of additional operationally relevant algorithms that could support equipment and route selection at the SU level.  

Phase I will perform a proof of concept that describes how one proposed concept may be utilized within a ground Soldier battlefield decision support aid.  Metrics in phase I will include: 

•  The usefulness of the methodology or algorithm to support load planning or route selection across a range of situations,

•  The applicability and utility of an initial methodology and algorithm to be implemented within a decision application,

•  The degree that it represents the important elements of the real world (valid),

•  Documentation and ability to demonstrate the methodology or algorithm,

•  Modularity and ability to be incorporated into a route selection cost function that incorporates other factors, 

and applicability of the selected approach to the development of additional algorithms.

PHASE II:  Phase II will include research, design and implementation of multiple methodologies and algorithms necessary in accordance with the topic objective.  Knowledge elicitation may need to be conducted with tactical small unit SME’s to ensure that critical real world factors (i.e. METT-TC or OACOK) are identified and included in such a way as to support the development of each methodology, to include the necessary data elements and data structures.  In Phase II, validation and verification will have to be addressed.  The plan may also include how specific applications could be developed.  A set of use cases that describe relevant military operations or missions will be provided to guide research, methodology development and support testing and experimentation.  The work effort will lead to demonstration of the products developed in phase II within an appropriate environment.  

Other tasks include documenting and delivering a report including all user needs assessments, methodologies, algorithms, and any data structures or software products necessary to support transition of the work to DoD materiel developers.  The phase II report should also demonstrate and document how algorithms may be transitioned to support implementation into battlefield and training decision support applications.  Metrics for this effort will include the number of methodologies and algorithms developed, the degree to which they represent the important elements of the real world, their potential utility within the decision application, documentation and their ability to be demonstrated.  Other considerations include the degree to which the algorithms are computationally efficient, can be modified if additional factors need to be included, and can be implemented within appropriate decision applications of the governments’ choosing.  Because we do not yet know if the products of this effort will lead to a stand-alone system or be integrated within another system, compatibility is an important issue.  As a result, the architecture, modularity and interfaces are all important.

PHASE III DUAL-USE APPLICATIONS: The developed methodologies and associated implementation have commercial applications of these simulation products to proposed DoD materiel solutions whose goal is to provide Soldier’s applications that will support enhanced Soldier situational awareness and improved decision-making.  Also, there is potential application to future automated or semi-automated ground Soldier battlefield systems, such as an Unmanned Ground Vehicles.  Non military applications could relate to route selection where there are common elements with tactical small unit operations.
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A11-130

TITLE: High-Efficiency Energy-Harvesting Battery Charger/Storage Unit
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: Develop an innovative lightweight, rugged, durable, high-efficiency battery charger/storage unit (BCSU), capable of continuous conversion of radiative environmental energy into usable direct current (d.c.), to charge Soldier batteries at a rate of 20 W in five hours (at night and in poor weather), while weighing much less than the  batteries it replaces.  The BCSU must involve novel materials approaches, not traditional photovoltaics (PVs), to harness radiative environmental energy (e.g., infrared, solar, THz) and provide on-demand recharging of the Soldier’s batteries in the field under battle conditions, while fitting into the dismounted Soldier’s equipment.

DESCRIPTION: The battery is as integral to the Soldier’s mission and equipment as his/her firearm, and must reliably power electronic functions.  To ensure that equipment is always energized, extra batteries are carried into remote locations, restricting Soldier mobility under dangerous conditions.  Because current portable solar-powered PV battery chargers [1] operate only under bright, sunny conditions (rare in Afghanistan), dismounted Soldiers use them only as a lightweight, emergency back-up.  We propose a lightweight, reliable, portable BCSU to go beyond PV cells (while building on their success) by using novel technologies to efficiently convert environmental energy (e.g., infrared/visible/THz energy from the Earth and other warm sources) into continuous (e.g., 24-hour, under all weather conditions, nighttime, etc.) d.c. for charging batteries.  The Army’s Land Warrior concept requires that Soldiers carry at least 12 2 lb. 100 W-h batteries over a 72-hour unsupplied mission, so the proposed BCSU must output at least 20 W in order to recharge a battery in a reasonable amount of time (~5 hours).  The BCSU (which must be flexible and easily rolled/folded) would, after development, replace ~ 9 of these batteries, requiring the Soldier to carry only 2-3 batteries (one always operating), considerably lessening the Soldier’s load.  The BCSU should weigh less than 4 lb. (the weight of one commercially-available PV cell and one battery that it replaces).

Innovative, perhaps nanomaterials-based approaches (not traditional PVs and infrared/THz technology) will be considered for this SBIR topic.  Higher efficiency conversion of radiative environmental energy, potentially a very disruptive technology (since it permits rapid battery recharging), could be enabled by nanomaterials such as plasmonic or dielectric nanoparticles for confining/scattering light within [2,3], or metallic nanopatterning for better contacting, a semiconductor, improved quantum dots (QDs), polymer-based PVs with variable bandgaps, thermophotovoltaics or thermoelectrics, nanorectennas, etc.

Commercial PV cells have efficiencies limited to 40% at AM1.5 [4], due to their intrinsic bandgap (tuned to only one photon wavelength).  QDs and “nanorectennas” are thought capable of much higher efficiencies in the vis/ir regime [5,6].  QDs have demonstrated multiple exciton generation, one route to very high efficiency, in the laboratory [5], and could convert incident vis/nir energy into an engineered infrared spectrum, which is then harvested by a tuned absorber. A “nanorectenna” consists of an antenna, coupled to a rectifying diode, working at the nanoscale to convert incident vis/ir light into direct current.  Rectenna arrays are very efficient in the radio frequency regime and can be designed to resonate over any desired wavelength range (no bandgap) [6].

Because rectenna efficiency scales with incident power [7], it is conceivable that power could be beamed to a small squad of Soldiers from nearby, if a new airborne platform and lightweight, portable receiver could be developed.  Efficiency, and therefore charge time, would be greater for this “power beaming”.

PHASE I: Research and propose an innovative technology for a high-efficiency, radiative energy-harvesting BCSU to generate 20 W of continuous power for 10 hours total under all relevant weather conditions and during both day and night, from radiative environmental energy and stored power.  For example, the BCSU may be similar to a commercially available PV cell [1], with an additional coating/electronics (negligible weight) to harvest infrared environmental energy.  The BCSU must weigh less than 4 lb., and must be conveniently carried in a rucksack (if a “roll-away”, like PV cells, that roll out into a flat area < 2 m2 in area like in Ref.[1]) or on a Soldier’s helmet (in which case the BCSU must be less than 100 cm2 in area, sufficiently flexible to mount on a helmet, and not produce a visible signal when illuminated), be reliable, and be realistically manufacturable.  Consider nanomaterials-based technologies, such as nanoparticles to enhance scattering, quantum dots, nanorectennas, thin film supercapacitors, etc.  Traditional PVs will not be considered. Mitigate risk by identifying and addressing the most challenging technical hurdles in order to establish viability of the technology (including proper thermal coupling of the BCSU to the environment to ensure continuous, efficient energy conversion from the environment).  Perform proof-of-principle experiments in a laboratory environment, and predict the BCSU’s efficiency at AM1.5.  Provide credible projections of performance, size, weight, energy requirements, and cost of a system suitable for fielding.  Power beaming is acceptable only if the target is large, lightweight (carried by one person), and can receive sufficient power from approximately ¼ mile away.

Physical specification

Value

Weight



< 4 lb. (less than PV module + battery)

Cost



Less than nine batteries planned for displacement

Power output
20 W continuous (all-weather, day/night) in the field, capable of supplying 200 W-h total before resupply

Area



< 2 m2 (roll-away) or < 100 cm2

Fire retardant Toxicity

In accordance with MIL-PRF-44103D

Toxicity/mildew
Fire Retardant
In accordance with MIL-PRF-44103D

Temperature range

In accordance with MIL-PRF-44103D

Durability


6 months’ operation in the field

PHASE II: Carry through the Phase I proposal by fabricating/developing a high-efficiency energy-harvesting, lightweight, portable BCSU harvesting energy under all environmental conditions, and demonstrate 20 W continuous output over a 10-hour period (minimum total 200 W-h stored energy) in the field. The BCSU must be sufficiently mature for technical and operational testing, limited field-testing, demonstration, and display. Determine the appropriate technology for the BCSU, and characterize its efficiency at AM1.5.  

Characterize and refine the performance of the BCSU in accordance with the goals in the description above.  Deliver a report documenting the theory, design, component specifications, performance characterization, and recommendations for optimizing the BCSU’s efficiency and power output.  Address manufacturability issues related to full-scale production for military and commercial utilization within applicable systems.  Predict and optimize the usage cycle of the BCSU; i.e., how many times these battery chargers can be used in the field, without resupply.  Provide user manuals and training to support government testing of this equipment.  

PHASE III: The BCSU developed in Phases I and II will be the first high-efficiency energy-harvesting battery charger that meets military standards (i.e., recharges at the rate of 20 W in 5 hours ten times before resupply). Phase III will develop, through technology transition and/or commercialization, the full battery charging and storage system required for the dismounted Soldier to recharge batteries.   This reliable, portable, low-weight flexible battery-charging and storage system must be manufacturable at a reasonable cost.  In general, efficient conversion of solar and infrared energy into electrical energy is one of society’s most important technological challenges, and solving this problem for the Soldier would enable commercialization of efficient, inexpensive solar and infrared energy for the general public. TRL 8
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TITLE: Aviator Mission Tasker of Distributed Unmanned Assets
TECHNOLOGY AREAS: Information Systems

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 software toolkit that will enable Army system developers, tacticians, and aviators to define and tailor cockpit automation, aiding, and tasking associated with mission planning, coordination, and execution to facilitate optimal usage of unmanned systems within an evolving mission context.  

DESCRIPTION:  Current integration of manned aviation assets with unmanned assets is limited both by the workload imposed on the aviators by the mechanics of conventional Unmanned Aerial Systems (UAS) control techniques, and the cognitive difficulty of integrating “heads up” local information from the manned aviation platform with “heads down” information from the UAS. Manned-unmanned (MUM) teaming combines "the inherent strengths of manned platforms with the strengths of UAS, which produce synergy not seen in single platforms." (U.S. Army Roadmap for UAS 2010-2035, p.15) The Army is moving toward a concept of robotic UAS wingmen to support and team with manned aircraft, expanding sensor coverage and extending standoff ranges. MUM teaming between manned and unmanned platforms requires new methods for Army Aviators to task and maintain vigilance over distributed unmanned assets. On-going efforts to develop the first stages in this teaming between Manned Helicopters and Unmanned Air Vehicles include programs like VUIT 2 and the Block 3 Apache. 

One of the keys to transitioning to future concepts is the need to develop tools for adding the needed automation and intelligent behaviors to the UAV control systems necessary to keep workload low and create an intuitive and predictable interface to the unmanned systems. Past efforts to define and automate cockpits like in the Rotorcraft Pilot’s Associate Program have relied on significant knowledge acquisition processes and software engineering efforts on the development of basic structure and tasking architectures.  Although efforts to develop mission tasking software for unmanned systems have been worked for many years, they have tended to produce highly “engineering” centric controls and displays and don’t flow well into an aviator/warfighter centric planning and execution toolset. The problem is that automation and tasking software that must support and adapt to a changing tactical situations and tactics, techniques and procedures (TTP) requires a complete reengineering and architecting of the software.  To make automation and aiding in cockpits more adaptable and evolve to meet future needs, a better means of defining and adapting cockpit system automation is needed. 

What is needed to make unmanned systems more assessable and useful is to develop a cockpit-ready mission oversight mechanism for an Army Aviator to task distributed unmanned assets for key Army unmanned missions (such as ISR, logistics, counter-UAV, etc.). The effort should build upon the Army's experience with unmanned mission control and should take a form that is appropriate for cockpit environments (see reference 4 for examples). Critical to the success of manned/unmanned teaming is the ability for unmanned assets to be tasked from manned vehicles in such a way as to expand the capabilities of the manned asset beyond just extending range of sensors. Critical challenges include maintaining aviator awareness of distributed asset mission status in flight, supporting the coordination of multiple unmanned assets in a variety of simultaneous activities, and providing efficient control capabilities to the Army Aviator while minimizing the impact on workload. 

This effort is seeking to develop a software toolkit that will enable Army system developers, tacticians, and aviators to define and tailor cockpit automation, aiding, and tasking associated with mission planning, coordination, and execution to facilitate optimal usage of unmanned systems within an evolving mission context.  It is envisioned that such a toolkit to define aiding, tasking, and automation within a cockpit would ultimately have significant benefit beyond the management of unmanned assets and it is hoped would lead to broader use of automation within the Army. The interface for the toolkit needs to be designed to be intuitive to both aviators and tactician.  It should maintain sufficient oversight and constraints by the software such that it keeps them within system specification and incorporates good human factors. When used to define new tasking and automation or modify existing sets of tasking to incorporate changes in tactics, the system needs be able to validate the behaviors through some level of automation possibly through simulation and /or analysis.  The Aviator side of the software will need to work within current planning and cockpit systems while permitting the aviator the ability to easily tailor and modify the mission plan and automation in an intuitive Aviator centric manner. This software toolkit should be able to work with existing systems onboard and off board the aircraft as defined by a systems developer and then integrate the utilization of sensors and payloads of both air and ground unmanned systems as part of an overall mission planning system. This effort should focus on developing intuitive means for defining monitors, cues, and automating tasks to aid the management of unmanned systems throughout an aviator’s mission. Specific areas where it is envisioned such aiding software would be beneficial and where the contractor shall develop a tasking system for include the following: 1) to identify and assess available unmanned assets in an area; 2) conduct planning and set cues to put assets on station; 3) manage the asset and maintain awareness of the unmanned system while being utilized by the aviator; and, 4) coordinate basic system management and safety issues with the owner of the unmanned asset as they arise. This effort is not seeking to develop all the mission specific behaviors for unmanned system utilization by an army aviator but rather develop a set of tools usable at many echelons for defining them both on the general mission templates at command level and to define and tailor them to mission specific requirement by aviators. 

To simplify the UAS and payload control interface, the government will provide at contract award the UAS interface based on the UAS PO Interoperability Profiles (IOP) which are based on STANAG 4586. Other standard interfaces for accessing communications, determining available unmanned assets in the field, and setting up control shall be used as identified with commercial/open standards filling in where appropriate military standards do not yet exist.

PHASE I:  The contractor shall conduct a trade study analysis to look at technologies options associated with architecting the system.  The contractor will use simple mission scenarios and available training material to help scope and develop requirements for the system. The contractor shall conduct a task analysis of potential Aviator and UAS operations to define the scope of tasks and functions that their toolkit must be able to define. The contractor shall develop a proof of concept demo suitable for user review/assessment for key components both tacticians and aviators.

PHASE II:  Develop a graphic user interface (GUI) appropriate for aviators in both pre-mission and real-time environments to conduct planning, automating and monitoring for unmanned system. Develop software architecture and interfaces for the key unmanned air vehicles using the UAS PO Interoperability profiles. Coordination with helicopter and unmanned system developers is encouraged enabling compatibility with current Army aviation systems. If appropriate system definitions are not available then appropriate DoD and Industry standards can be substituted. The system shall ultimately be assessed at 2 levels: 1) an assessment of system to define useful mission behaviors in a command and control environment and 2) and assessment of the planning and execution system to meet mission needs in simulated aviator environment.  

PHASE III:  This technology should have a broad application to all Army and DOD aviation system. Like Kiowa Warrior, Apache, Special Ops 60s, and be able to support unmanned aviation systems, such as Shadow, Raven, Fire Scout, etc. A mission specific planning and execution system like this would have a wide variety of commercial applications such as HLS, Border Patrol, Police Departments, forestry service, and also could prove to be an enabler making unmanned systems operate more cooperatively and make them much more flexible to adapt to new applications.  
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TITLE: Low-Profile Wideband SATCOM Antennas (LPWSA) for Airborne Platforms
TECHNOLOGY AREAS: Air Platform, Electronics, Space Platforms

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 low-profile, wideband antennas for SATCOM systems located on airborne ISR Army platforms with an emphasis on reverse link data rate improvement and radome height reduction.

DESCRIPTION:  There is a critical need for miniaturized advanced concept SATCOM antenna designs to improve size, weight and power (SWAP) and provide greater mounting flexibility on airborne Army Intelligence, Surveillance and Reconnaissance (ISR) platforms.  Development is needed to advance the state-of-the-art to enable bi-directional high data rates (minimum of 4.0 Mb/s target of 10.0 Mb/s) capable of handling imagery and communications intelligence (IMINT, COMINT) in standard Military bands.  In order to reduce aircraft drag count, provide mounting flexibility, improve on-station loiter time and reduce operating and support (O&S) cost, and provide substantially improved mission bandwidth, it is necessary that the size of these antennas be dramatically smaller than similar SATCOM antennas in use today for these applications.  Novel approaches to all aspects of antenna design and performance are sought.  Antenna concepts should support both transmit and receive functionality with linear (vertical and horizontal) and circular (left and right-handed) polarization and sufficient realized gain to communicate with commercial satellites and military satellites from airborne Army ISR platforms.  The target beamwidth should be less than 2 degrees to satisfy Federal Communications Commission (FCC) and International Telecommunication Union (ITU) regulations operating at full power & dates rates. Future electromagnetic modeling of the antenna on a specific aerial platform could be necessary to account for pattern and impedance distortion caused by the interactions between the antenna and the conducting and dielectric structures on the platform.  By using electromagnetic analysis computer codes and approximate models of the platforms-of-interest (POI), the simulated radiation performance of the antenna can be calculated.  If successful, this effort will produce a novel SATCOM antenna system that will result in significant fuel cost savings for both military and commercial aerial platforms and enhanced battlefield communications and situational awareness for the Army due to its lower profile, high data rate and multiband functionality.

PHASE I:  Develop multiple design concepts, conduct a trade study, and identify the 3 most promising concepts for antennas that show promise in meeting the description above.    Analyze and report expected RF performance of these design concepts through electromagnetic simulation.  Identify risks and approaches for reducing risk toward effecting these designs.

PHASE II:  Conduct risk mitigation activities identified in Phase I then fabricate and demonstrate proof-of-concept for the most promising prototype antenna design(s) from Phase I.  Measure the RF performance (bandwidth, gain, radiation pattern etc.) both standalone and on a simulated, or surrogate, military platform to validate the proof of concept design. Update Phase I risks and approaches to risk reduction and complete a preliminary design for an aircraft mounted SATCOM antenna as described in the Description.  Conduct risk reduction activities to respond to the top two risks for the new preliminary design. 

PHASE III:   Complete risk reduction activities identified in Phase II then complete design, integration, and fabrication of the advanced concept SATCOM antenna for a specific Army Aviation Platform.   Plan for and conduct developmental and operational testing of the advanced concept SATCOM antenna.  Transition this antenna technology onto 1) Army Airborne ISR (AISR) RC-12 twin engine turbo prop platforms such as the Enhanced Medium Altitude Reconnaissance and Surveillance System (EMARSS), and Guardrail Common Sensor, 2) the larger four engine Airborne Reconnaissance Low (ARL), 3) general aviation single and multi-engine military and commercial aircraft,  and 4) Unmanned Aerial Systems (UASs) such as  the low-to-medium altitude Predator B UAS that may be found in Homeland Security and military AISR programs.  The resulting fuel cost savings from lowered aircraft drag and enhanced data rates will attract both the Military and the Commercial sectors to procure and productize the antenna technology.  
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A11-133

TITLE: Statically Operated Ramjet
TECHNOLOGY AREAS: Space Platforms, Weapons

ACQUISITION PROGRAM: PEO Missiles and Space

OBJECTIVE: There is no single propulsion cycle in existence that combines the high speed performance of a ramjet and low speed, or static performance of a solid rocket motor.  This topic seeks to develop unconventional technologies for such a revolutionary new type of high speed ram air propulsion system with both static and ram air capability.  This new technology must meet or exceed the current performance and operational envelope of existing, conventional, state of the art ram air and solid rocket propulsion technology, and must support both current and future weapons systems and space platforms.  This effort will require innovative research and advancements in combustion techniques, combustion modeling, materials, and combustion processes.  The contractor must analytically prove the effectiveness of the advanced combustion technology using new modeling and simulation techniques and subsequently deliver the analytical combustion models, codes, and simulations to the Army to support missile feasibility studies.

DESCRIPTION: The Army needs increased range and loiter time for certain munitions, such as the Guided Multiple Launch Rocket System (GMLRS) for the Program Executive Office, Missiles and Space Precision Fires Rockets and Missiles Systems Project Office. Conventional high speed ram air propulsion systems offer supersonic, long range and limited loiter capability but are typically limited to operation above Mach 2.5.  They do not produce thrust at static flight speeds.  Other propulsion cycles develop thrust at static or very low flight speeds, but do not have the required fuel efficiency of the high speed ram air propulsion technologies.  A single, revolutionary propulsion system that operates through a wide range of subsonic and supersonic velocities is needed.  Such a system does not presently exist and would be ideal to extend range or provide extended capability to long range, high speed munitions. This topic seeks to develop new propulsion technologies and simulations of a revolutionary propulsion system that will operate at zero flight speed, such as needed for launch, as well as at conventional ramjet equivalent flight speeds of at least Mach 2.5. For this topic, a new, novel propulsion technology must be conceived, mathematically modeled and delivered, and should address in detail the revolutionary engine concept  intended to maximize static and conventional high speed performance. 

PHASE I: The contractor shall create a new, innovative technology and concept plan for a new type of high speed ram air propulsion technology that provides thrust at static operating condition, as well as flight speeds above Mach 2.5. The contractor shall develop a preliminary mathematical analysis plan of the statically operated ram air propulsion technology and describe the specific methods used to predict performance.  The contractor must begin to create and author new modeling codes to describe the revolutionary process. The contractor shall develop a baseline reference configuration of a statically operated but yet high speed capable ram air propulsion technology for use in their initial modeling and analysis.  Deliverables for Phase I will be the concept plan for a statically operated ram air propulsion technology, as well as the preliminary software, architecture, mathematical analysis and proof of the system.   The statically operated ram air propulsion technology should be capable of a minimum Specific Impulse of 250 seconds, both statically and at conventional flight speed of at least Mach 2.5, and a minimum thrust to weight ratio of no less than 4. 

PHASE II: The contractor shall execute their plans developed in Phase I for modeling, simulating, analyzing, and predicting the performance of the statically operated, high speed ram air propulsion technology. The reference configuration developed in Phase I will be modeled and optimized into a final, high fidelity performance analysis by the contractor.  Deliverables of Phase II are a prototype concept design, performance prediction algorithms and mathematical analysis to confirm the modeling assumptions used in the analysis. The mathematical model of the revolutionary propulsion technology will be delivered including all software, reference data, example cases, source codes, compilation and make files, executable files, and a user’s guide. 

PHASE III: The end state of the research may yield a next generation, high speed ram air propulsion technology for use in GMLRS or other similar system. The modeling and simulation codes developed under the SBIR, and used to describe the statically operated ram air propulsion technology will be viable commercial products for the contractor. The contractor may ultimately sell a full scale, high speed, statically operated ram air propulsion system in the role of a propulsion contractor or subcontractor. 

REFERENCES: 

1. G.P. Sutton, Oscar Biblarz, "Rocket Propulsion Elements" 8th Ed. New Jersey: Wiley and Sons, 2010

2. Netzer, D. (Chairman), Advisory Group for Research & Development (AGARD) Advisory Report No. 323, “Experimental and Analytical Methods for the Determination of Connected-Pipe Ramjet and Ducted Rocket Internal Performance,” July 1994

3. Mattingly, J.D., et al, “Aircraft Propulsion Design,” AIAA Education Series, American Institute of Aeronautics and Astronautics, Washington D.C., 1987

4. Timnat, Y. M., “Advanced Airbreathing Propulsion,” Krieger Publishing Company, FL, 1996.

5. Dunsworth, L. C., Reed, G. J., "Ramjet Engine Testing and Simulation Techniques," Journal of Spacecraft and Rockets, Vol. 16, No.6, pp. 382-388, 1979.

6. Chittilapilly, L. T., Venkateswaran, S., "Flow Measurements in a Model Ramjet Secondary Combustion Chamber," Journal of Propulsion, Vol. 6, No.6, Nov.-Dec. 1990, pp. 727-731.

7. Doherty, J. F., "Ramjet Ground and Flight Test Performance Correlations," AIAA Paper 78-936, 14th Joint Propulsion Conference, July, 1978.

8. CPIA Publication 276 "Recommended Ramburner Test Reporting Standards," March, 1976.

9. “The Pocket Ramjet Reader,” Chemical Systems Division, United Technologies Corporation, 1978.

KEYWORDS: Ramjet, Propulsion, Modeling, Missile, Simulation, Cycle Deck, Static Operation, Sub Scale Test, Specific Impulse, Thrust to Weight 

A11-134

TITLE: Nanostructured High Performance, High Angle of Incidence Anti-Reflection Coatings
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: Design, develop and demonstrate robust nanostructured high performance anti-reflection coatings that allow over 98.5% transmission over a broad visible spectral range with cone angles up to 120 degrees.

DESCRIPTION: Soldier warfare requires the accurate detection, recognition and identification of possible targets for engagement without giving away one’s position to the enemy.  As such, soldiers rely on optical sighting systems to identify targets while maintaining stealth movement.  Anti-reflection coatings are applied to these optical systems to serve a dual purpose.  First, reflections from the front lens of the optical train can alert enemy troops to the soldier’s position.  An example of this phenomenon can be witnessed when the sun glints off the windows of a distant mountain home to reveal its presence in an otherwise unnoticeable location.  A famous example of a glint-induced casualty is exemplified by Gunnery Sergeant Carlos Hathcock, who shot a Viet-Cong sniper after locating the glint from his scope.  Secondly, anti-reflection coatings are applied to maximize the transmission throughput of the optical device.  By maximizing the transmission throughput, lens apertures can be minimized and overall system sizes can be kept small.  Small arms weapon systems are already heavy in nature, therefore it is important to resist adding additional weight to these weapons in the form of large optical sighting systems, so that there is no reduction in the soldier’s combat ability.

Current anti-reflection coatings suffer from transmission losses over broad fields-of-view.  As the light source moves from being directly in front of the system to off to the side of the system, the coating spectral properties tend to “blue shift.”  In other words, the light transmitted through the coating will shift towards lower wavelengths.  If this shift is large enough, critical spectral transmission may be lost, causing either unwanted reflections from the front lens or loss of spectral resolution through the device.  In either case, soldier lethality is compromised.  To minimize the off-angle glint potential, a honeycomb-type anti-reflection device (ARD) is installed in front of the optic, to eliminate off-angle reflections.  However, these ARDs reduce the amount of incident light by approximately 15% and reduce the overall viewing angle of the optic.  Both of the aforementioned drawbacks limit the utility of the optic, and in some operational environments may require a larger optic to accommodate the reduced light transmission due to the ARD.  Increasing the size of the optic directly correlates to an increase in weight, further burdening the warfighter.  In more extreme instances, the ARD is completely removed from the optic to maximize the light throughput and viewing angle, thus exposing the warfighter to a potential glint-induced positional compromise.

Nanostructured antireflective coatings can eliminate the aforementioned high angle of incidence issues and alleviate the need for an ARD.  Nanostructured coatings have been proposed for solar cell applications to eliminate the need for sun tracking while maintaining high quantum efficiencies.  In other words, these nanostructured coatings allow for high light transmission by eliminating the reflections at most angles of incidence, including the reflections at large angles.  It is envisioned that the nanostructured technology can be utilized in optical sighting systems to decrease both the off-angle reflections and overall optical system sizes, while reducing the soldier’s signature on the battlefield without the use of ARDs.

PHASE I: Using N-BK7 or equivalent glass substrate, identify materials and methods for preparing nanostructured anti-reflection coatings.  Spectral properties shall be modeled and simulated for angular response.  Small-scale proof-of-concept samples shall be produced with identified materials and methods.

PHASE II: Develop prototype anti-reflection coatings with broadband visible transmission that demonstrate minimal angular shift.  Coatings will be spectrally analyzed for reflection properties from 0 degrees to 80 degrees.  Cross-section imaging will be performed to show microstructure of coating.  Coatings shall be developed to meet the durability requirements of MIL-C-675 for immersion, adhesion and abrasion.  Coatings are expected to operate from -65 degrees F to +160 degrees F with no degradation.  Coatings should withstand high relative humidity at elevated temperatures.  Delivery of prototype parts on minimum 45 mm diameter substrates required.  Investigation of transmission properties into the short-wavelength infrared (1.4 to 3 µm) coatings shall be evaluated.

PHASE III: Develop large scale, sustainable processing capabilities for anti-reflection coatings for a wide variation of substrate materials and substrate sizes.  Dual use capabilities include digital camera lens coatings, solar panel coatings, glasses/spectacle coatings, and optical lens coatings for use with CCD and FPA sensors.
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A11-135

TITLE: Thermally Responsive Fibers for Environmentally Adaptive Textiles
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: The development of novel fibers or textiles weaves or other insulation material that is environmentally responsive such that at low temperatures the novel material will provide a higher Clo value and at increased temperatures the novel material will exhibits reduced Clo value.  The reactive material will physically react to temperature changes in its surrounding environment as well as body temperature.

DESCRIPTION: The current cold weather garment system is comprised of multiple layers providing different levels of cold and wet weather protection.  This cold weather system although versatile requires Soldiers to carry a significant amount of weight and cube.  By combining and integrating the capability of the multi layered system a Soldier is able to reduce cube and weight from their equipment load and increase mobility by providing fewer layers.

PHASE I: Research and develop a novel material to effectively provide increased Clo values at a decreasing temperature. The material must be able to provide a cyclic Clo value and is not a powered system.  The material solution must be cost effective and industrially producible.   The material must be operationally durable to provide abrasion resistance and strength to achieve a 120 day operational mission and provide a threshold 500 and an objective of 1000 cycles of change throughout the life of the material through MIL-STD 810G testing from basic cold to intermediate hot.  The material must be able to withstand minimum 20 launderings according to AATCC 135 Dimensional Changes of Fabrics after Home Laundering to evaluate dimensional durability. The material must be inert in nature and hypo-allergenic to not cause any skin irritations. Initially the material does not need to be flame resistant due to the placement of the material as an internal layer.  Phase I results deliverables are delivery of a 2 yard lab sample and a final report specifying how full-scale performance and requirements will be accomplished in Phase II. The report shall also include any technical test data, Materials Safety Data Sheets (MSDS), and risk migration measures. 

PHASE II: Further develop novel material that will demonstrate a minimum 50% swing in Clo insulation value or m2K/W, the novel material must be reactive between 23°C and -30°C.  Demonstrate and validate production process and refine manufacturing process to produce a material that can be easily mass produced.   Deliver 10-15 yards of material from each process, an minimum of 3 materials at 3 different loft levels, that demonstrates performance in accordance with the goals in Phase I and 50 Production Demonstration Model of a fleece jacket utilizing the novel material.  Define manufacturing issues related to full scale production of material for military and commercial application.  Identify durability and safety issues associated with material.

PHASE III: Upon successful completion of the research work in Phase I and Phase II, the new multi-functional materials will be evaluated for potential future US Army field testing. The proposed new environmentally multi-functional materials will also have application into civilian markets, including outdoor recreational, law enforcement, and other Emergency Responders. 
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TITLE: Nanosatellite Ground Station Communications Phased Array Antenna
TECHNOLOGY AREAS: Electronics, Space Platforms

ACQUISITION PROGRAM: PEO Missiles and Space

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

OBJECTIVE: Develop a single multi-band phased array antenna system for a nanosatellite communications ground station with the capability to simultaneously track and communicate with multiple nanosatellites in multi-plane low earth orbit.

DESCRIPTION: The Space & Missile Defense Command responsive space technology program has been developed to meet the space-related urgent needs of the warfighter in a timely manner. The operational concept calls for responsive space satellites to augment or reconstitute existing “big space” systems. Nanosatellites with masses on the order of 10 kg (22 lbs) or less are receiving an increasing level of attention within the national security community. A large constellation of nanosatellites in multiple Low Earth Orbit (LEO) orbital planes could provide persistent, UAV-like effects for warfighters in one or more theaters. Moreover, multiple satellites would need to be simultaneously tracked and multiple communication bands are envisioned to be employed by a single ground station with a single antenna. However, the ground stations for these satellites currently limit the capabilities of communicating with a constellation of nanosatellites. Although technology for ground stations for the larger Geosynchronous Earth Orbit (GEO) satellite classes is mature, much less development has been done towards ground stations for LEO satellites that have much more demanding requirements for pointing and tracking. A key area of need for tactically relevant military nanosatellite systems is a robust stationary electronically steered antenna that gives nanosatellite ground stations the ability to be transportable, reliable, and to transmit encrypted satellite commands as well as receive encrypted nanosatellite telemetry. Current LEO ground station antennas use large mechanically steered antennas which are single band, track one satellite at a time, have moving parts and lack the reliability, mobility, and the pointing accuracy needed for the higher bands being required for future military systems. Nanosatellite-sized phased array ground station antenna units could significantly enhance the functionality of nanosatellites for warfighters. A single electronically steered antenna is envisioned that can communicate with more than one nanosatellite at a time and would have no moving parts. It would replace the current mechanically steered antennas and mechanical actuators required to establish horizon to horizon links to nanosatellites. Furthermore, a single electronically steered antenna could enable the ground station to establish links in multiple bands to multiple nanosatellites at a given time. 

Researchers into phased array antenna innovations for nanosatellite ground station communications should take several constraints under consideration, including: 

• Phased array antenna 

• Simultaneous multiple satellite tracking/communications-2 satellites (Threshold)

• Horizon to Horizon tracking 

• Nanosatellite LEO multi-plane constellations-2 orbital planes (Threshold), 500 kilometer nominal orbits 

• Multi-band capable- Frequencies = UHF (230-380 MHz) (Threshold), S-Band (2.025-2.29 GHz) (Threshold), C-Band (4.4-5.0 GHz) (Goal) 

• Show path to man transportable size and weight in Phase III. 

• Array gain and pointing accuracy sufficient to close satellite link. Minimum 10dB in all bands of interest (Threshold), 30dB (Goal) 

• Digital processing and beam-forming techniques 

• Acquisition and tracking modes 

• Bandwidth = 25 KHz (Threshold) – 5 MHz (Goal) 

• Data rate = 2 Kbps (Threshold) – 6 Mbps (Goal) 

• Compatibility with planned SMDC nanosatellite systems

PHASE I: Conduct feasibility studies, technical analysis and simulation, and conduct small scale proof of concept demonstrations of proposed Nanosatellite Ground Station Communications Phased Array Antenna innovations. Develop an initial conceptual approach to incorporating a Nanosatellite Ground Station Communications Phased Array Antenna into a nanosatellite ground station and include system estimates for mass, volume, power requirements, and duty cycles. Deliverables should include monthly status reports, feasibility demonstration reports and any hardware produced.

PHASE II: Implement technology assessed in Phase I effort. The Phase II effort should include initial Nanosatellite Ground Station Communications Phased Array Antenna designs, mock-ups, and breadboard validation in a laboratory environment. Initial technical feasibility shall be demonstrated, including a demonstration of key subsystem phenomena. Deliverables should include quarterly status reports, design documentation and any hardware produced.

PHASE III: The contractor shall finalize technology development of the proposed nanosatellite ground station phased array antenna system and begin commercialization of the product. In addition to military communications or intelligence, surveillance and reconnaissance (ISR) missions, commercial civilian applications for a nanosatellite ground station phased array antenna could include space-based satellite communications. Phase III should solidly validate the notion of a nanosatellite ground station phased array Antenna with a low level of technological risk. The goal for full commercialization should ideally be Technology Readiness Level 9, with the actual system proven through successful mission operations. Specifically, Phase III should ultimately produce a nanosatellite ground station phased array antenna suitable for nanosatellite ground station applications. The contractor must also consider manufacturing processes in accordance with the president’s Executive Order on “Encouraging Innovation in Manufacturing” to insure that the innovations developed under this SBIR can be readily manufactured and packaged for transportation and deployment.   

During Phase III, this antenna could conceivably transition or expand to the appropriate division of the Army Program Executive Office for Missiles and Space (PEO M&S) upon full rate production and deployment. PEO M&S could maintain a stockpile of nanosatellite ground stations to responsively meet urgent warfighter needs. Simultaneously, commercial versions of the nanosatellite ground station phased array antenna innovations could be produced for civilian and scientific applications. Commercial satellite manufacturers could incorporate them into a variety of commercial satellite systems for sale to various interested customers. Commercial companies could also provide competitively priced nanosatellite-based communications or remote sensing services to paying customers, including the national security community.

PRIVATE SECTOR COMMERCIAL POTENTIAL: There is a perceived potential for commercialization of this technology. The primary customer for the proposed technology will initially be the Department of Defense, but there could also be other applications in the areas of commercial satellite communications.
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TITLE: Femto Second Laser Adaptive Optics
TECHNOLOGY AREAS: Air Platform, Sensors

ACQUISITION PROGRAM: PEO Missiles and Space

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

OBJECTIVE: To develop a rugged Adaptive Optics (AO) system which will enable Ultra-short Pulse Lasers (USPL), femto second class, to deliver the maximum fluence on target, without ionizing the atmosphere along the beam path, at tactically significant distances under a wide variety of atmospheric turbulence conditions.

DESCRIPTION: USPL have achieved a level of reliability, energy, size, efficiency, and ease of use which have made them attractive for a wide variety of applications critical to DoD missions. In particular, several Laser Guided Energy (LGE) applications have been proposed, some of which include using laser-produced plasma channels for guiding high voltage discharges, remote sensing of chem/bio agents using supercontinuum or terahertz generation, plasma waveguides for electromagnetic energy, and generic countermeasures. In all of these applications, a common feature is the requirement to efficiently transfer the very high (typically >10^12 Watts/cm2) peak intensity levels available with the USPL over distances ranging from several tens of meters to many kilometers under a variety of atmospheric conditions. The reason for this, of course, is that the unique features of these lasers at such high intensities is their ability to induce nonlinear responses in materials, including air, which result in ionization, ultra-wideband frequency generation, and white light generation, and to do so remotely and predictably. It is precisely this aspect which demands the use of Adaptive Optics.  For this project we require the adaptive optics be able to produce the maximum fluence and ionization at a specific point in space while minimizing the ionization trail along the beam path.

The atmosphere is not the quiescent, benign medium it appears to be on a pleasant sunny day. Temperature gradients result in index of refraction cells which cause laser beams to break apart as if they were traveling through a series of lenses, and reduces the intensity on target since the beam now spreads out. Aerosols from numerous sources can also cause scattering, reducing the energy deposited on target, and thus, the intensity. Since all the processes alluded to above are nonlinear, some of which depend on the intensity raised to the eighth or ninth power, it is obvious that one cannot tolerate these kinds of losses.

AO uses low power light sources to determine the wavefront deviations near the path to be taken by the higher power laser. Through a closed loop series of algorithms, a deformable mirror (DM) compensates for these distortions such that the beam travels through the atmosphere and arrives at the target with the theoretical minimum spot size or highest achievable spatial resolution. This technique is identical to that used in astronomy to correct for the aberrations that occur in the observation of distant stars (twinkling).

Several aspects of USPL make the choice and production of AO a challenge. First, typical USPL have relatively broad bandwidths due to their short (less than 10^-12 seconds) pulse width. The deformable mirror must not introduce uncorrectable dispersion in the beam, since that would limit the available temporal width of the USPL. Second, typical peak powers in these lasers are on the order of several Terawatts. At these power levels, beams width diameters of mm size will damage any material currently used in coatings. Therefore, the size of the DM and number of actuators must be compatible with this limitation. Third, since the requirement is to produce the minimum spot size possible at a variety of distances during an engagement, the temporal response of the DM as well as the time to process the wavefront data from the guide star must be compatible with the change in the engagement range.  Of particular importance is the ability to maintain the focusing ability on rapidly moving objects.

PHASE I: Perform a trade study of existing technology and components and compare the capabilities to the requirements stated above for minimizing plasma channel and ionization except at the target point. The result of this study is to be a series of specifications and recommendations for an adaptive optics system which can be used in existing LGE and USPL systems. Demonstrations at this phase are encouraged if practical.

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 and to identify its characteristics. Identify and address technological hurdles. The proposed development and demonstration should be limited to what can be demonstrated in a Phase II program 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 such as rapid remote chemical analysis. The final embodiment of this device would be a standalone hardware package and set of specifications that could be integrated into a mobile military platform.
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TITLE: Cyber Supply Chain Risk Management 
TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Weapons

ACQUISITION PROGRAM: PEO Missiles and Space

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

OBJECTIVE:  Develop and demonstrate innovative tools, techniques or decision support frameworks for the identification, tracking, and mitigation of risks associated with malicious attacks on critical embedded information and communications technology (ICT) within a weapon system supply chain lifecycle.

DESCRIPTION: As DOD has become increasingly dependent on embedded information and communications technology (ICT) to conduct mission operations, the need for assurance of ICT processing assets has grown. The industrial base for these capabilities is composed of global—and, largely, non-U.S.—suppliers that build, maintain, and upgrade these assets. This reliance upon globally sourced ICT poses unique challenges for acquisition program managers and contracting officers because it exposes DOD systems and networks to an increasing risk of exploitation. These concerns have led Congress to support DOD efforts to develop systemic approaches to managing the risk by focusing on key acquisition programs. 

In January 2008, National Security Presidential Directive 54/Homeland Security Presidential Directive 23 and the National Cybersecurity Initiative (CNCI) were launched. They were mutually reinforcing initiatives with major goals designed to secure the United States in cyberspace. The CNCI includes the supply chain risk management (SCRM) initiative, which is the basis for DOD policy directing that supply chain risk will be addressed early and across the entire life cycle to manage ICT integrity within covered systems.  The policy will require the services and government agencies to put measures in place to respond to this concern. Addressing this threat to DoD systems and networks will require access to information and effective use of that information. The supplier network for a weapon system for example, can be quite large. The larger the supplier network, the larger the risk. Multiple threat vectors are possible. Being able to visualize and manage the threat based on system priority, component criticality levels, available counter-intelligence data, etc, is essential for mission assurance.

This focus of this topic is to develop tools, techniques and decision support frameworks that will assist key stakeholders in identifying, tracking, and mitigating risk throughout the supply chain lifecycle.  Weapon system critical data, hardware, software, firmware, services and system infrastructure are subject to malicious attacks and new techniques are needed to quickly, accurately and reliably identifies threats throughout the lifecycle and integrate this information in an easily understood manner so key stakeholders can make informed decisions.  Existing supply chain risk management techniques do not specifically address the unique threats associated with embedded information and communications technology.  

The goal is a global picture of the supply chain network that will provide a common interface to assimilate the relevant data and effectively manage and report on the threat within a specific system.  New tools, techniques and decision support frameworks that address the uniqueness of the information and communication technology aspects of the supply chain support this goal and will increase the likelihood of mission success.

Innovative solutions are being sought, but not limited to, the following specific areas that support the identification, tracking, and mitigation of risk associated with attacks on the information and communications technology aspect of the supply chain: 

1) geospatial visualization of the supply chain network specific to a system and the ability to integrate that information from current available sources where they exist

2) component criticality identification and analysis

3) counter-intelligence information integration 

4) component (i.e., bios, firmware) integrity analysis

5) secure portals and frameworks for data assimilation and integration

The technology developed or utilized for this topic should be innovative, collaborative and secure.  Collaboration is fast becoming a fundamental component in today’s solutions. The ability to share information securely and efficiently is expected. 

PHASE I: 1) Research and develop tools, techniques, or decision support frameworks that assist in supply chain risk management for information and communication technology of weapon systems.  2) Provide a proof-of-concept prototype demonstrating the feasibility of the concept.

PHASE II: Based on the results from Phase I, refine and extend the design into a fully functioning pre-production prototype. 

PHASE III: Develop the prototype into a comprehensive solution for the application of supply chain risk management. This capability would not only benefit DoD weapon and support systems, but also commercial organizations.

REFERENCES: 

1. The Comprehensive National Cybersecurity Initiative, 2008, http://www.whitehouse.gov/cybersecurity/comprehensive-national-cybersecurity-initiative

2. Marianne Swanson , Nadya Bartol , Rama Moorthy, “Piloting Supply Chain Risk Management Practices for Federal Information Systems”, 2009.

3. Supply Chain Risk Management (SCRM), http://scrm.nist.gov/
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TITLE: Silicon Carbide based 28 VDC Distribution
TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

ACQUISITION PROGRAM: PEO Ground Combat Systems

OBJECTIVE: Design a 28VDC 16 channel silicon carbide (SiC) based power distribution box capable of operating across on all military ground vehicles. Using SiC materials; size, weight, and cooling requirements should be reduced while max current throughput is increased from silicon based designs.

DESCRIPTION: Advanced SiC solid state technology is necessary for future military vehicle systems with increased power demand. Vehicle electrical power requirements are growing and without technological advances, trade-offs will have to be made on payload vs. capability. The electrical power distribution devices must account for safety, efficiency, scalability, configurability, CAN control, integration, and robust stable operation.  The solution will have the processing power necessary fault detection and handling capabilities, built-in diagnostics, and stand alone and remote control in a compact device suitable for use in military ground vehicle applications.  The use of wide temperature power electronics that can operate in a -50C-71C ambient environment is required.  Topic proposals should focus on scalable power units capable of distributing 250amps 28VDC from a single 16 channel device and be capable of paralleling devices together to provide 500, 750, and 1000amp distribution to a single load using multiple 16 channel boxes. 

PHASE I: Develop a proof of concept for an advanced intelligent 28VDC SiC power module that addresses the features and functionality described above.  A technically feasible solution must be analytically or objectively shown in Phase I and meet the same performance requirements as what would be required for a modernized combat vehicle.

PHASE II: Electrical, thermal, mechanical, and functional aspects of a 28VDC solid state SiC 16 channel power control solution will be designed, developed, and built.  Demonstration and technology evaluation will take place in a relevant laboratory environment or on a military ground vehicle system.  Phase II will reach at least TRL 5 and commercial viability will be quantified.

PHASE III: Mechanical packaging and integration of the solution into a vehicle with low voltage power buses will be achieved and a technology transition will occur so the device can be used in military ground vehicle applications.

REFERENCES: 

1.  MIL-STD-1275D, http://www.everyspec.com/MIL-STD/MIL-STD+(1100+-+1299)/download.php?spec=MIL-STD-1275D.00001072.pdf
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