ARMY
16.3 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 Website:  https://www.armysbir.army.mil/.

Broad Agency Announcement (BAA), topic, and general questions regarding the SBIR Program should be addressed according to the DoD Program BAA.  For technical questions about the topic during the pre-release period, contact the Topic Authors listed for each topic in the BAA.  To obtain answers to technical questions during the formal BAA period, visit https://sbir.defensebusiness.org/.  Specific questions pertaining to the Army SBIR Program should be submitted to:

John Smith
Program Manager, Army SBIR 
usarmy.apg.rdecom.mbx.sbir-program-managers-helpdesk@mail.mil 
US Army Research, Development and Engineering Command (RDECOM)
6200 Guardian Gateway
Suite 145
Aberdeen Proving Ground, MD 21005-1322
TEL:  (866) 570-7247
FAX: (443) 360-4082

The Army participates in three DoD SBIR BAAs each year.  Proposals not conforming to the terms of this BAA will not be considered. Only Government personnel will evaluate proposals with the exception of technical personnel from Booz Allen Hamilton Inc., Commnet, ECOS, MITRE Corporation and Bowhead who will provide Advisory and Assistance Services to the Army, providing technical analysis in the evaluation of proposals submitted against Army topic numbers:

· A16-118 Spectrum Allocation using Artificial Intelligence for Software Defined Radios in a Tactical Environment, Booz Allen Hamilton, Inc., Commnet, ECOS, MITRE Corporation
· A16-119 Land Navigation Aid, Bowhead and MITRE Corporation

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

PHASE I PROPOSAL SUBMISSION 

SBIR Phase I proposals have four Volumes: Proposal Cover Sheet, Technical Volume, Cost Volume and Company Commercialization Report. The Technical Volume has a 20-page limit including: table of contents, pages intentionally left blank, references, letters of support, appendices, technical portions of subcontract documents (e.g., statements of work and resumes) and any other attachments.  Small businesses submitting a Phase I Proposal must use the DoD SBIR electronic proposal submission system (https://sbir.defensebusiness.org/).  This site contains step-by-step instructions for the preparation and submission of the Proposal Cover Sheet, the Company Commercialization Report, the Cost Volume, and how to upload the Technical Volume.  For general inquiries or problems with proposal electronic submission, contact the DoD SBIR Help Desk at 1-800-348-0787 (9:00 a.m. to 6:00 p.m. ET). 

The small business will also need to register at the Army SBIR website: https://portal.armysbir.army.mil/Portal/SmallBusinessPortal/Default.aspx in order to receive information regarding proposal status/debriefings, summary reports, impact/transition stories, and Phase III plans.

Do not include blank pages, duplicate the electronically generated cover pages or put information normally associated with the Technical Volume such as descriptions of capability or intent in other sections of the proposal as these will count toward the 20-page limit.

Only the electronically generated Cover Sheets, Cost Volume and Company Commercialization Report (CCR) are excluded from the 20-page limit.  The CCR is generated by the proposal submission website, based on information provided by you through the Company Commercialization Report tool.  Army Phase I proposals submitted containing a Technical Volume over 20 pages will be deemed NON-COMPLIANT and will not be evaluated. It is the responsibility of the Small Business to ensure that once the proposal is submitted and uploaded into the system it complies to 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 6.0 of the DoD Program BAA.
16.3 Phase I Key Dates
BAA closes, proposals due		26 Oct 2016, 6:00 am ET 	
Phase I Evaluations		28 Oct – 28 Nov 2016
Phase I Selections	           	16 Jan 2017
Phase I Award Goal	           	23 Feb 2017
*Subject to the Congressional Budget process

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.  Do not include blank pages, duplicate the electronically generated cover pages or put information normally associated with the Technical Volume such as descriptions of capability or intent, in other sections of the proposal as these will count toward the 20-page limit.


PHASE I COST VOLUME

A firm fixed price or cost plus fixed fee Phase I Cost Volume ($150,000 maximum) must be submitted in detail online.  Proposers that participate in this BAA must complete a Phase I Cost Volume not to exceed a maximum dollar amount of $100,000 and six months and a Phase I Option Cost Volume 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 Volume.  The Cost Volume DOES NOT count toward the 20-page Phase I proposal limitation.  When submitting the Cost Volume, complete the Cost Volume form on the DoD Submission site, versus submitting it within the body of the uploaded proposal.  


PHASE II PROPOSAL SUBMISSION

Commencing with Phase II’s resulting from a 13.1 Phase I, invitations are no longer required. Small businesses submitting a Phase II Proposal must use the DoD SBIR electronic proposal submission system (https://sbir.defensebusiness.org/).  This site contains step-by-step instructions for the preparation and submission of the Proposal Cover Sheet, the Company Commercialization Report, the Cost Volume, and how to upload the Technical Volume.  For general inquiries or problems with proposal electronic submission, contact the DoD Help Desk at 1-800-348-0787 (9:00 a.m. to 6:00 p.m. ET).

Army SBIR has four cycles in each FY for phase II submission.  A single Phase II proposal can be submitted by a Phase I awardee within one, and only one, of four submission cycles and must be submitted between 4 to 17 months after the Phase I contract award date. Any proposals that are not submitted within these four submission cycles and before 4 months or after 17 months from the contract award will not be evaluated.  The submission window opens at 0001hrs (12:01 AM) eastern time on the first day and closes at 2359hrs (11:59 PM) eastern time on the last day.  Any subsequent Phase II proposal (i.e., a second Phase II subsequent to the initial Phase II effort) shall be initiated by the Government Technical Point of Contact for the initial Phase II effort and must be approved by Army SBIR PM in advance.

The four Phase II submission cycles following the announcement of selections for the 16.3 BAA are:

2017(b) 1 March to 31 March 2017
2017(c) 15 June to 14 July 2017
2017(d) 1 August to 30 August 2017
2018(a) 16 October to 14 November 2017

For other submission cycle see the schedule below, and always check with the Army SBIR Program Managers office helpdesk for the exact dates.



	SUBMISSION CYCLES 
	TIMEFRAME

	Cycle One 
	30 calendar days starting on or about 15 October*

	Cycle Two
	30 calendar days starting on or about 1 March*

	Cycle Three
	30 calendar days starting on or about 15 June*

	Cycle Four
	30 calendar days starting on or about 1 August*



*Submission cycles will open on the date listed unless it falls on a weekend or a Federal Holiday. In those cases, it will open on the next available business day.

Army SBIR Phase II Proposals have four Volumes: Proposal Cover Sheet, Technical Volume, Cost Volume and Company Commercialization Report. The Technical Volume has a 38-page limit including: table of contents, pages intentionally left blank, references, letters of support, appendices, technical portions of subcontract documents (e.g., statements of work and resumes), data assertions and any attachments. Do not include blank pages, duplicate the electronically generated cover pages or put information normally associated with the Technical Volume in other sections of the proposal as these will count toward the 38-page limit. As with Phase I proposals, it is the proposing firm’s responsibility to verify that the Technical Volume does not exceed the page limit after upload to the DoD SBIR/STTR Submission site by clicking on the “Verify Technical Volume” icon.

Only the electronically generated Cover Sheet, Cost Volume and Company Commercialization Report (CCR) are excluded from the 38-page limit. The CCR is generated by the proposal submission website, based on information provided by you through the Company Commercialization Report tool. 

Army Phase II Proposals submitted containing a Technical Volume over 38 pages will be deemed NON-COMPLIANT and will not be evaluated.

Army Phase II Cost Volumes 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 Volume for a base year and an option year.  These costs must be submitted using the Cost Volume format (accessible electronically on the DoD submission site), and may be presented side-by-side on a single Cost Volume 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.

Small businesses submitting a proposal 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.

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 BAA very carefully.  Phase II proposals will be reviewed for overall merit based upon the criteria in Section 8.0 of the BAA.

BIO HAZARD MATERIAL AND RESEARCH INVOLVING ANIMAL OR HUMAN SUBJECTS

Any proposal involving the use of Bio Hazard Materials must identify in the Technical Volume 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 3.5 of this BAA for definitions of “lawful permanent resident” and “protected individual”] as key personnel, they must be clearly identified.  For foreign nationals, you must provide country of origin, the type of visa or work permit under which they are performing and an explanation of their anticipated level of involvement on this project.   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.

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 Volume 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 nine 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, then click the “SBIR” tab, and then
click on Transition Assistance/Technical Assistance.

As noted in Section 4.22 of this BAA, firms may request technical assistance from sources other than those provided by the Army.  All such requests must be made in accordance with the instructions in Section 4.22.  It should also be noted that if approved for discretionary technical assistance from an outside source, the firm will not be eligible for the Army’s Technical Assistance Advocate support.  All details of the DTA agency and what services they will provide must be listed in the technical proposal under “consultants”.  The request for DTA must include details on what qualifies the DTA firm to provide the services that you are requesting, the firm name, a point of contact for the firm, and a web site for the firm.  List all services that the firm will provide and why they are uniquely qualified to provide these services.  The award of DTA funds is not automatic and must be approved by the Army SBIR Program Manager.

COMMERCIALIZATION READINESS PROGRAM (CRP)

The objective of the CRP effort is to increase Army SBIR technology transition and commercialization success and accelerate the fielding of capabilities to Soldiers.  The CRP: 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 CRP.

Based on its assessment of the SBIR project’s potential for transition as described above, the Army utilizes a CRP 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 CRP investment fund must be expended according to all applicable SBIR policy on existing Phase II 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/Portal/SmallBusinessPortal/Default.aspx and is due within 30 days of the contract end date.

ARMY SBIR PROGRAM COORDINATORS (PC) and Army SBIR 16.3 Topic Index

	Participating Organizations
	PC
	Phone

	Aviation and Missile RD&E Center (AMRDEC-A) (AMRDEC-M)
	Dawn Gratz
	256-842-8769

	Armaments RDE&E Center (ARDEC)
	Ben Call
	973-724-6275

	Communication-Electronics Research, Development and Engineering Center (CERDEC)
	Joanne McBride
	443-861-7654

	Natick Soldier Center (NSRDEC)
	Cathryn Polito
	508-233-5372

	PEO Ammunition
	Vince Matrisciano
	973-724-2765

	PEO Aviation
	Randy Robinson
	256-313-4975

	PEO Command, Control and Communication Tactical (C3T)
	Meisi Amaral
	443-395-6725

	PEO Combat Support & Combat Service Support (CS&CSS)
	Stephanie LaForrest
	586-282-5683

	PEO Ground Support Systems(GCS)
	Leah Suchta
	586-282-7894

	PEO Missiles & Space
	David Tritt
	256-313-3431

	PEO Soldier
	Mary Harwood
	703-704-0211

	PEO STRI
	Robert Forbis
	407-384-3884

	Space and Missile Defense Command (SMDC)
	Gary Mayes
	256-955-4904

	TARDEC
	Martin Novak
	586-282-8730




	
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.
				
DEPARTMENT OF THE ARMY PROPOSAL CHECKLIST

This is a Checklist of Army Requirements for your proposal.  Please review the checklist to ensure that your proposal meets the Army SBIR requirements.  You must also meet the general DoD requirements specified in the BAA. 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 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 BAA topic.

	3. The technical content of the proposal, including the Option, includes the items identified in Section 5.4 of the BAA.

	4. SBIR Phase I Proposals have four (4) sections:  Proposal Cover Sheet, Technical Volume, Cost Volume and Company Commercialization Report.  The Technical Volume has a 20-page limit including, but not limited to: table of contents, pages intentionally left blank, references, letters of support, appendices, technical portions of subcontract documents [e.g., statements of work and resumes] and all attachments).  However, offerors are instructed to NOT leave blank pages, duplicate the electronically generated cover pages or put information normally associated with the Technical Volume in other sections of the proposal submission as THESE WILL COUNT AGAINST THE 20-PAGE LIMIT.  Any information that details work involved that should be in the technical volume but is inserted into other sections of the proposal will count against the page count.  ONLY the electronically generated Cover Sheet, Cost Volume and Company Commercialization Report (CCR) are excluded from the 20-page limit.  As instructed in Section 5.4.e of the DoD Program BAA, 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.

	5. The Cost Volume 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 Volume 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 Volume (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 Volume.

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

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

	10. If applicable, Foreign Nationals are identified in the proposal. An employee must have an H‑1B Visa to work on a DoD contract.


ARMY SBIR 16.3 Topic Index


	A16-101
	Self-Healing/Self Routing Wiring

	A16-102
	Acoustic Background Noise Analysis for Military and Community Noise Metrics
[Note:  Topic resubmitted and added back in to 16.3 BAA on Sept. 27, 2016]

	A16-103
	Imaging Through Aerodynamic Domes

	A16-104
	Efficient Prediction of Thermal Stresses and Distortion in Complex Optimized Missile Structures

	A16-105
	Innovative Rendering for Simulation

	A16-106
	Modeling mmW Multipath Effects in Urban Environments

	A16-107
	Novel Materials for Kinetic Energy Penetrators

	A16-108
	Advanced Technology for Detecting and Geolocating Human Targets

	A16-109
	Single Element Achromatic Lens [SEAL]

	A16-110
	Miniaturized small-pixel Uncooled Infrared Imager for Nano Unmanned Air Vehicles

	A16-111
	Radar Waveform Diversity

	A16-112
	Next Generation Intelligent Power Distribution Unit (IPDU) for Tactical Microgrids

	A16-113
	Software Based All Digital Wireless Modem

	A16-114
	Waterproofing Cargo Airdrop Equipment

	A16-115
	Development of an Improved General Purpose Tent Fabric

	A16-116
	Real Time On Board Video for Gun Launched Munitions

	A16-117
	Innovative Approaches to Agile Software Development for Secure Modular Avionics Architectures

	A16-118
	Spectrum Allocation using Artificial Intelligence for Software Defined Radios in a Tactical Environment

	A16-119
	Land Navigation Aid

	A16-120
	Robotic Following using Deep Learning

	A16-121
	Active fan/blower noise reduction

	A16-122
	Metallic Coatings for Structural Enhancement of Polymers and Composites for Reduced Weight Missile Structure

	A16-123
	Miniaturization of high average power, high peak power, wide bandwidth antennas

	A16-124
	Boron Suboxide Powder Synthesis for Ultra-high Hardness Ceramics

	A16-125
	Sniper Missed-Distance Corrective Offset

	A16-126
	Flame Retardant, Launderable Electro-textile Connectors

	A16-127
	Soldier Borne Cross Domain Solution

	A16-128
	Comprehensive Sky Compass (CSC)

	A16-129
	Augmented/Mixed Reality for Live Fire Ranges

	A16-130
	Compact Infrared Polarimeter for Target Tracking in Clutter

	A16-131
	Parallel Intermixing of Lithium-Ion 6T Batteries with Dissimilar Chemistries

	A16-132
	Advanced Material for Electrical Power Cables

	A16-133
	Fuel Efficiency for Tactical Wheel Vehicles and Convoys

	A16-134
	Automated Tuning and Calibration of By-Wire Vehicles for Automated Driving Functions

	A16-135
	Solid Hydrogen Storage
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ARMY SBIR 16.3 Topic Descriptions


	A16-101
	TITLE: Self-Healing/Self Routing Wiring



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: The objective of this effort is to develop and demonstrate a self-healing/self-routing wiring system for Army aviation applications.

DESCRIPTION: Aircraft wiring with the ability to autonomously wire repair itself by healing and rerouting itself would increase aircraft safety and significantly save the Army in inspection/repair costs. The goal is to develop an advanced low cost wiring system that can be implemented into legacy and future Army rotorcraft. The wiring system should seamlessly be incorporated into Army aircraft without requiring any special installation equipment. The wiring system should weigh less or not exceed the current Army wiring systems. The new wiring system is required to meet all current military specifications for application for Army aircraft.

As Army aircraft age the internal wiring connecting electronic systems become a significant maintenance concern. Aging wiring can become brittle causing damaging mechanisms to harm key wiring components and thus the electronic equipment they are connect to in the aircraft. For example, the wiring in aircraft electronic systems can wear causing portions of the protective rubber coating to chafe off exposing the wire’s internal metal material fibers to the aircraft’s internal environmental conditions.  Moisture on exposed wires can induce shorts and open circuits in the aircraft components to which they are connected. As a result, the electronic components can malfunction or, in a worst case scenario, initiate a fire as internal electrical components such as capacitors become overheated. Over time, aging wiring can also fail when the metal material fibers fatigue and break under excessive operational vibration cycles. Regardless, any wiring system new or old can become compromised due to improper handling by maintenance personnel or enemy fire ballistic damages. To address these inherent wiring maintenance concerns, this topic’s intention is to develop a wiring system that can autonomously detect and alleviate wiring connectivity issues by healing itself or redirecting electrical current through healthy wires.

This topic’s goal is to develop and demonstrate a self-interrogation device -healing/self-rerouting wiring system. The wiring system must be able to function/survive in the harsh aircraft internal environments. The wiring system must also survive exposure aircraft chemical spills. The wiring system should be as small and lightweight as possible and have the capability to transverse in small areas. The wiring system should be affordable and be easily manufacturable. The wiring system will be graded for performance with metrics to include ability to detect when wiring is damaged without false positives, the ability to accurately detect damaged the portion within the minimal distance, wiring systems ability repeatability without fault to reroute current to healthy wiring.

PHASE I: Develop and conduct a feasibility demonstration of the advanced wiring system self sustaining maintenance technology components.  This may include modeling of the wiring performance, and coupon level experimental testing.  Modeling should include the ability of the wiring system to detect damage and redirect electrical current through healthy wiring.  This demonstration shall validate identified critical technical challenges.

PHASE II: The contractor shall further develop the self-healing/self rerouting wiring system based on the Phase I effort for implementation on an Army rotorcraft.  The capabilities of the self-healing/self rerouting wiring will be validated by conducting testing using electronic systems representative of aircraft controlling electronics.  This testing shall validate the ability of the wiring system at the smallest distances possible.  Testing should include seeded faults of the simulated electrical system to demonstrate the wiring system capabilities.   The contractor shall address manufacturing issues of the wiring system, as well as identify Phase III path ahead for military qualification.

PHASE III DUAL USE APPLICATIONS: This technology could be integrated in a broad range of military/civilian aircraft.  The potential exists to integrate and transition this wiring system into existing and future Army aircraft components, such as those for the Apache, Chinook, Black Hawk.

REFERENCES:
1. MIL-STD-704F, Aircraft Electric Power Characteristics, 25 Oct 2013

2. MIL-W-5088L, Military Specification Wiring Aerospace Vehicle, 10 May 1991

3. Steven Harrigan, “A Condition-Based Maintenance Solution for Army Helicopters”, The AMMTIAC Quarterly, Volume 4, Number 2(http://ammtiac.alionscience.com/quarterly)

KEYWORDS: Self-healing/Self-rerouting wiring, Electrical Components, Maintenance, Autonomous Control



	A16-102
	TITLE: Acoustic Background Noise Analysis for Military and Community Noise Metrics



NOTE:  This SBIR 16.3 topic was resubmitted on Sept. 27, 2016 with revised text.

TECHNOLOGY AREA(S): Air Platform

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Development of a biological, geophysical, and anthropogenic based model to determine background noise level in various environments.

DESCRIPTION: DoD, NASA, FAA, and the National Park Service (NPS) have all increasingly become cognizant of the acoustic impacts that air traffic has on the local soundscape. Acoustic mitigation procedures like limiting air tour travel [1] and managing flight trajectories [2] have been proposed and implemented to limit noise impacts on the environment and community.

Integral to the determination of specific acoustic effects on community noise and the natural soundscape is knowledge of the current background noise levels for that location. This is critical when noticeability of the vehicle is considered to be the noise metric of interest, as would be the case for the NPS, entrusted to maintain the ‘natural quiet’ of their parks [3]. An example of this would be comparing the North edge of the Grand Canyon, where it is very quiet and so hearing a commercial jet at cruise altitude is quite easy, with Niagara Falls, where a low-flying helicopter might go unnoticed. Past research has identified that background noise levels within the United States can be predicted using geospatial models accounting for biological, geophysical, and anthropogenic factors [4]. Further, it has been shown that citizen acquired data can be used for noise mapping tools [5].

The intent of this topic is to develop a tool which shall estimate and output the anticipated background acoustic noise levels across CONUS and OCONUS. The tool will be able to predict the local background noise spectra based off of local biological, geophysical, and anthropogenic factors. Primary focus is for a tool which employs the plethora of available satellite imagery along with already documented information regarding population, local wildlife, etc. instead of focusing entirely on measured acoustics. The tool shall take into consideration changes in background noise that occurs over time (e.g. due to changes in human activity, animal migrations, weather, etc). The tool shall be well validated with local measurements and coupled with a mapping display, such as Google Earth, for easy interrogation. The user of this model shall not be required to manually enter data contributions, nor to manually make a presence determination for any of the acoustic factors. Multiple outputs should be available to the user, including standard sound measurements such as Overall Sound Pressure Level, Day-Night Average Sound Level, as well as spectra (at least as narrow as 1/3rd Octave Band from 16 Hz to 10 kHz) for daytime and nighttime conditions.

PHASE I: The objective of phase I is to create a proof-of-concept model for determination of acoustic background noise levels across CONUS. Proof-of-concept model must be compared with acoustic data from 3 sites across CONUS that were not used in the generation of the model. Develop strategies to generate predictions and acquire validation data of acoustic background noise that are applicable to OCONUS. Develop technology transition plan and initial business case analysis.

PHASE II: The objective of phase II is to further develop the background acoustic noise model. The acoustics model must be well validated for CONUS locations and should begin to be coupled with a GIS tool, such as Google Earth, for user interrogation. Strategies for generating acoustic background noise predictions for OCONUS locations must begin to be implemented, along with a process for acquiring calibrated acoustics data of OCONUS locations. Refine transition plan and business case analysis.

TRL LEVEL: TRL 3 - Analytical and experimental critical function and/or characteristic proof of concept.

PHASE III DUAL USE APPLICATIONS: Further development of the above acoustics background noise prediction tool to become finalized. Final tool must be well validated against acquired and calibrated acoustics data, fully integrated with a GIS tool, and will provide a predictive capability to assess acoustic background noise across the world.  Applicable to all Services, police, and commercial aviation platforms. The associated/validated tool will be useful for accurate land use models for both military and civilian community operations. The tool would also be useful in providing realtors and home buyers with information regarding the expected acoustics of their prospective neighborhood.

REFERENCES:
1. Cart, J. “FAA to Limit Air Tours Over Grand Canyon,” Los Angeles Times, 29 March 2000. http://articles.latimes.com/2000/mar/29/news/mn-13772

2. FAA, “Report to Congress: Nonmilitary Helicopter Urban Noise Study”, December 2004.  http://www.faa.gov/regulations_policies/policy_guidance/envir_policy/media/ 04nov-30-rtc.pdf

3. Lynch, E., Joyce, D., and Fristrup, K., “An assessment of noise audibility and sound levels in U.S. National Parks,” Landscape Ecology, No. 26, 2011, pp. 1297-1309. DOI 10.1007/s10980-011-9643-x

4. Mennitt, D., Fristrup, K., and Sherrill, K., “A Geospatial Model of Ambient Sound Pressure Levels in the continental United States,” Journal of the Acoustical Society of America, Vol. 132, No. 3, 2012. DOI: 10.1121/1.4755074

5. D’Hondt, E., Stevens, M., and Jacobs, A., “Participatory noise mapping works! An evaluation of participatory sensing as an alternative to standard techniques for environmental monitoring,” Pervasive and Mobile Computing, Vol. 9, No. 5, October 2013, pp 681-694. DOI: 10.1016/j.pmcj.2012.09.002

KEYWORDS: Acoustics, Background Noise, Aural, Noticeability, Community Noise



	A16-103
	TITLE: Imaging Through Aerodynamic Domes



TECHNOLOGY AREA(S): Weapons

OBJECTIVE: Develop technology and methodology to optimize optical imaging quality for stationary and gimbaled, infrared, imaging missile seekers imaging through non-spherical domes.

DESCRIPTION: The U.S. Army requires the ability to cost-effectively image through non-spherical, infrared missile domes. The Army seeks novel applications of optical design and digital image processing to acquire this ability.

The Army seeks to extend the range of its missiles without significant airframe and motor development. Non-spherical domes may be employed to reduce aerodynamic drag and efficiently extend the range of the missiles. The technology developed in this effort shall apply to multiple platforms. Therefore, solutions must be adaptable to various low-drag dome shapes.

Imaging solutions are the primary focus of this effort.	Low-cost dome fabrication research is currently underway through a separate SBIR effort. Corrector optics solutions have been pursued [1] [2] in many past efforts; but those embodiments have proven to be too costly for expendable platforms like missiles.

Advances in optical materials and fabrication techniques [3] [4] and digital image processing [5] [6] show that timing may be right to reinvestigate opportunities to achieve our imaging goals with new technology.

The path to the lowest cost and highest performance may incorporate novel digital image processing in addition to novel optical components. Past efforts in missile technology have used super-resolution techniques [5] and computational imaging [6] to achieve system performance in a very restrictive design environment. The Army would like to determine the applicability of image processing not only to provide the unique imaging capability, but also to potentially achieve the lowest possible seeker subsystem cost.

Missile platforms for this effort may employ imaging seekers which operate in the mid-wave-infrared (MWIR) or long-wave-infrared (LWIR). These correspond to wavelengths 3 to 5 microns and 7 to 13 microns respectively. The Army prefers to operate its future missile seekers in multiple modes. At a minimum, the Army prefers the ability to operate seekers on these missile platforms in a dual-mode configuration with a 1.06 micron laser designator sensor. Additionally, larger diameter missile platforms may also be required to operate while transmitting Ka-band radar through the dome. Therefore, the Army would also prefer dome materials and imaging system components which might allow for such transmission.

Platforms of interest to the Army are those with outside missile diameters of 2.75-inches, 5-inches, and 7-inches. The smallest platform of interest is likely to have a stationary, non-gimbaled sensor operating behind the non-spherical dome. The larger platforms (5 and 7 inch diameters) are more likely to be gimbaled and use multiple imaging modes. These gimbaled sensors will rotate behind the dome as much as 10-degrees in angle from the longitudinal axis of the missile and dome.

Typical aerodynamic domes of interest have base diameters slightly smaller than the missile outside diameters. The length to diameter ratios of the aerodynamic domes must be greater than 0.5 (spherical), but will likely be less than 1.5. Profiles may be elliptical, power series, or some other linear functions. Phase I conceptual dome shapes should approximate these specifications simply to show feasibility. One goal of this effort is to show adaptability of the novel imaging technology to varied dome shapes. Therefore, specific domes of interest may be provided by the Army in later phases of this effort.

Phase I proposals will be technically evaluated on the perceived ability of the technology to simultaneously achieve the goals of minimal production cost and high infrared imaging quality.

PHASE I: Deliverable Summary:
Prior to the conclusion of Phase I, the Army requires:
1.)	Detailed descriptions, designs, and representative image processing routines used to develop the novel imaging technology.
2.)	Documentation of findings, proof of feasible fabrication and operation, and potential limitations on dome characteristics and/or applicability of the novel technology.
3.)	Brief analysis of component production cost projections for the mature technology.
4.)	Demonstration of any key component technology to the imaging solution.

The goal of the Phase I effort is to demonstrate the feasibility of novel optical, optomechanical, and image processing technologies used in an imaging missile seeker exhibiting the desired properties as described in the previously stated description. A Phase I effort shall incrementally develop this technology to image infrared radiation through a notional - but relevant - non-spherical dome with less than a 0.3-milliradian instantaneous field of view system resolution and a system field of regard of at least 20 degrees. System latency should be sub-frame at 30Hz.

Phase I will establish a novel optical design, image processing technology, and a defined path to low cost. Fully justified research documentation and designs are required in Phase I to prove feasibility. Fabrication and demonstration of key innovative component technologies will be considered as advantageous risk reductions in Phase I.

Proposed solutions should employ either a cooled MWIR sensor or an uncooled (or cooled) LWIR sensor as the primary imaging sensor. The Army will perceive an advantage to proposals which address both; however, a detailed study in one band still has significant merit. MWIR and LWIR objectives do not have to be met with the same dome material or optical design. Incorporation of a 1.06-micron laser receiver in the optical design will also be considered an advantage.

A successful Phase I effort does not need to address all the missile platform diameters of interest. The Phase I proposal shall declare which platform sizes the technology will address. It will be considered an advantage if the Phase I can show a feasible path to scaling the novel technology to all platform sizes of interest.

A successful Phase I will also emphasize cost savings in the future mature technology, and show feasibility of creating a seeker with similar (or less) cost as compared to current gimbaled missile seekers.

PHASE II: The Phase II effort shall produce a functioning imaging prototype to prove feasibility and reduce risk of the novel technology developed in Phase I. The Phase II shall incrementally reduce the risk of this technology, and shall refine future production cost projections.

It is the Army’s intention to provide one dome prototype for this demonstration; however, the developmental dome and its availability and quality is currently unknown. Phase II plans should recognize this risk and plan accordingly. The Phase II shall demonstrate adaptability of the technology to different dome exterior shapes.

The investigating firm shall deliver at least one fully functioning prototype seeker sensor to the Army in Phase II. The prototype shall be demonstrated and tested, and all test documentation shall be delivered to the Army in Phase II. Detailed design data shall be delivered to the Army in order to prove manufacturing feasibility. Phase II reporting shall address any manufacturing concerns of the novel optical technology. The Phase II shall detail any capabilities and limitations of the novel optical technology due to environmental effects such as temperature, shock, and vibration.

A Phase II effort should also include marketing of the technology to missile prime contractors, and establishing relationships for potential integration of the technology into real missile platforms.

PHASE III DUAL USE APPLICATIONS: Simultaneously develop technology for integration into a specific missile platform as well as develop spin-off commercial applications for any materials, fabrication methods and processes, image processing concepts and implementations, or novel design processes which were developed through the SBIR effort.

Potential commercial technology areas might be in commercial optics fabrication or software for design, assessment and/or fabrication of similar commercial optical components.
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	A16-104
	TITLE: Efficient Prediction of Thermal Stresses and Distortion in Complex Optimized Missile Structures



TECHNOLOGY AREA(S): Materials/Processes

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop fast computational methods for predicting thermal stresses and distortion in complex structures fabricated with metal-powder bed additive processes.

DESCRIPTION: Develop a new computational method to enable the generation of an efficient design tool for optimizing the support structure of additive manufactured (AM) parts to reduce distortion; while minimizing the amount of support material in order to reduce build costs and improve build quality. This tool is targeted for AM market to reduce product development times and costs. Current approaches to the analysis of processing effects on thermal stresses are extremely numerically inefficient requiring excessive computational resources and are impractical for broad application.

PHASE I: Develop and demonstrate the computational method and design tool on a complex metal missile structure designed with topology optimization.  The structure should be a minimum of 4 inches by 4 inches by 4 inches, non-symmetric and contain ligaments of varying thickness.  Demonstrate a process simulation that predicts deflections due to residual stress within 10% and runs in under 5 minutes on a standard workstation for the 4x4x4 structure.  Plans should be developed to integrate the tool into existing support-generation software.

PHASE II: Demonstrate the computational method and design tool on a relevant missile component or structure.  This demonstration should include component and system level structural analysis, fabrication, and metrology to verify dimensional accuracy.  Three different applications are required to demonstrate repeatability of the entire design and fabrication process. Integrate the design tool into commercial support-generation software.

PHASE III DUAL USE APPLICATIONS: Demonstrate the process on a relevant Army application, and provide complete engineering and test documentation for development of manufacturing prototypes. A relevant application could include weight reduction from missile components or structures in an existing and/or future system application.
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	A16-105
	TITLE: Innovative Rendering for Simulation



TECHNOLOGY AREA(S): Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop an enhanced rendering capability for use in simulation to evaluate PEO MS, PEO Aviation and sensor and weapon system projects and programs. Quantify the relationships between rendered scene fidelity, current rendering hardware, and computational requirements toward solutions that will support both high fidelity quasi-time limited to hard real-time weapon system simulation applications to include hardware-in-the-loop.

DESCRIPTION: Rendering and scene generation approaches for simulation applications have relied upon raster-based graphics rendering techniques/applications for the past 20 years or more.  These techniques have yielded incremental performance improvements due to considerable expensive hardware specialization, but they often use expedient shortcuts to approximate phenomenology effects. The resulting imagery often does not meet fidelity requirements for use in performance evaluation of increasingly more sophisticated sensors and seekers. Phenomenology modeling and rendering innovation are needed, where raster methods fall short, to provide accurate reflective signatures needed to test sensors and seekers operating at wavelengths less than 3 microns. This topic focuses on investigation of revolutionary rendering methods as an alternative to the current incremental improvements to raster-based scene generation. Ray tracing-based rendering is considered the purest and closest thing to physics-based rendering. It solves the rendering equation without simplifications (fully physics-based method that best mimics nature), has realistic/proper treatment of natural and manmade global illumination sources, it provides an opportunity to significantly improve spatial and temporal anti-aliasing, it is inherently parallelizable (tailor made for cluster processing platform) and has the ability to explicitly handle complex high polygon count scenes. Ray trace rendering has seen very limited adoption because of the perceived large runtimes and hardware requirements needed to render a high fidelity scene using these methods.  As the ever increasing scene generation fidelity requirements have largely reached the limits of traditional raster-based rendering methods, the need has arisen to perform a thorough investigation and follow-on design for ray trace approach that can be scaled as a rendering solution. This approach should apply several fidelity and computing performance metrics.  Also required is a determination of the cross-over point when fidelity and performance requirements will mandate the transition to ray tracing-based rendering.

PHASE I: Leverage COTS computational capability and COTS/GOTS software to benchmark rendering fidelity versus compute time.  Investigate current and future processor performance capabilities. Tailor ray tracing algorithms to processor-optimized frameworks to improve performance, and demonstrate the application of ray tracing to a variety of use cases including several spectral bands.  Obvious configuration options to be varied include: the number of pixel samples, the number of ray bounces, the number of spectral samples, and the polygonal representation of the rendered geometry.  Raster rendering video sequences will also be generated using the existing raster technology and results compared with the ray trace rendering. Scalability of the ray trace rendering methods will be estimated and used to specify hardware requirements to support simulations up to hard real-time HWIL. Phase I will result in a recommended proof-of-concept ray trace rendering system design that includes both software and hardware.

PHASE II: The proof-of-concept design completed in Phase I will be developed in detail based on a detailed understanding of the relationship between fidelity and compute time. A proof-of-concept computational platform will be designed and developed for use in testing. Representative ray tracing use cases will be selected. The focus in Phase II will be to collect data on the performance metrics to investigate how compute time scales with respect to different hardware sizes and architectures.  These comparisons will be used to obtain insight on: how selection of rendering hardware system architecture affects performance, how distribution across a compute cluster reduces compute time, how the method of subdividing the task may influence these choices, and finally, how to transform this knowledge into tailoring algorithms for existing and future hardware.

PHASE III DUAL USE APPLICATIONS: Develop a prototype ray trace rendering system capable of hard real-time simulation and integrate this system into an AMRDEC HWIL laboratory to support testing. The system will also have the potential to address requirements of others in the tri-service community including signature management, intelligence, and C4ISR that cannot be supported with current raster scene generation techniques.
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	A16-106
	TITLE: Modeling mmW Multipath Effects in Urban Environments



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop efficient algorithms and processes for the physics-based modeling and rapid generation of complex multipath effects within urban environments suitable for implementation within existing scene generation capabilities.

DESCRIPTION: The Army has need for the accurate and timely representation of multipath affects within urban environments to support the modeling and simulation (M&S) efforts of missile-borne seeker development, system-level performance evaluations, and mission planning for urban operations (UO).  The primary goal is the development of this capability for radio-frequency (RF) seekers operating in the millimeter-wave (mmW) region but development efforts could include other RF or infrared (IR) bands.  In addition, both active (mono-static) and semi-active (bi-static) geometries should be modeled during development.  For Army applications of this topic, the RF source location is typically above the buildings with targets at or near ground-level and only energy propagation external to buildings or other structures need be represented and modeled.

The multiple paths of energy propagation present in urban areas often disrupt important features in the range and Doppler signatures of targets used by conventional radar systems to perform target acquisition and tracking.  The range-Doppler smearing and other distortions caused by these multipath contributions to the target’s return will adversely affect the sensor’s ability to perform these critical functions under UO conditions.  This SBIR seeks innovative approaches for analytically representing these multipath effects that can be rendered using existing RF scene generation capabilities without incurring unsustainable increases in runtime.  Algorithms and processes developed under the program must properly model all of the key physical processes present in UO conditions: wavefront propagation, reflection, diffraction, and geometrical shadowing.  Previous experience has shown that full vector-wavefront propagation is required to properly model polarization effects especially for specular and diffuse reflected components.  Current methods for representing multipath rely on straightforward parametric models of the specular and diffuse contributions for a single-bounce from the ground.  The goal of this topic is the demonstrated capability to represent these multipath effects in the far more complex urban environment via modeling processes suitable for use in scene generation code and simulations.

PHASE I: Demonstrate the feasibility of modeling and representing multipath effects at the physical level within urban environments by identifying and developing innovative algorithms and processes.  Identify key metrics for quantifying the quality of the representation and assessing potential runtime impacts before integration into current scene generation products.  Develop and execute a verification plan for algorithms and processes developed during Phase I.  Coordinate the collection of data needed to support these Phase I verification activities and for performing validation of the algorithms and processes developed under Phase II of the program.  Identify any specific areas limiting throughput or restricting fidelity requiring further development.

PHASE II: Design, develop, and demonstrate a full-fidelity capability for representing multipath effects within urban environments.  Complete development and/or refinement of any limiting areas identified during Phase I to a sufficient level for meeting program fidelity and runtime requirements.  The developed software architecture and operational requirements will be documented and must be compatible with existing Army simulation and scene generation software and tool suites.  To achieve Phase II runtime objectives, algorithm enhancements leveraging the OpenCL language shall be developed to take advantage of GPU and vector processor type CPUs to minimize execution speed while maintaining code portability and functionality.  Metrics identified in Phase I will be used to assess speed, accuracy, and fidelity in representing multipath effects in UO conditions.  The Phase I verification plan will be extended for the algorithms and processes generated under Phase II of the program and executed as needed.  A validation plan will be developed and executed for the full-fidelity capability prior to the completion of Phase II activities.  The required end-state for Phase II program development is documented, verified and validated (V&V) code ready for integration into system-level integrated flight simulations (IFS).  Results from the V&V process will be used to support a TRL-6 rating and guide Phase III activities.  ITAR control is required and Contract Security Classification Specifications, DD Form 254 will also be required.

PHASE III DUAL USE APPLICATIONS: Design, develop, and demonstrate a real-time optimized urban multipath representation operating within existing hardware-in-the-loop (HWIL) architectures supporting Army systems such as Joint Air to Ground Missile (JAGM) and Small Diameter Bomb (SDB).  To achieve Phase III runtime objectives, novel algorithm and hardware enhancements will be required to minimize execution speed while maintaining code portability and functionality.  These developmental efforts will then be leveraged to extended multipath capabilities to HWIL applications where reasonable tradeoffs in fidelity are acceptable to achieve required realtime constraints while retaining the core urban multipath modeling capability.  The V&V process will be updated, executed, and documented as needed to demonstrate maturity for Army customers needing these capabilities.

Additional commercialization opportunities exist both within the DoD and private sector.  The modeling capabilities developed under this program have a wide range of applications for radar-centric systems.  This includes M&S-based development and performance evaluation of UAS-borne surveillance radars operating in urban terrains, particularly for multiple UASs operating cooperatively to fully monitor activities at the city-wide level.  In addition, the developed capability will facilitate the M&S-enabled development of advanced and novel radar designs, such as multiple-input/multiple-output (MIMO) aperture systems under consideration for DARPA’s Multipath Exploitation Radar (MER) program.
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	A16-107
	TITLE: Novel Materials for Kinetic Energy Penetrators



TECHNOLOGY AREA(S): Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Identify and produce a low-cost material that matches or exceeds the performance of depleted uranium (DU) in kinetic energy (KE) penetrator applications.

DESCRIPTION: Beginning in the 1970s, depleted uranium was selected as a replacement for tungsten alloys used in a variety of armor-piercing projectiles.  In addition to enhanced performance, the manufacturability, low material cost, and abundant supply of DU have made it a practical choice for KE penetrators.

Limited opposition to the use of DU exists in some circles based on the idea that, as a heavy metal, depleted uranium deposited on the battlefield might represent a serious persistent health or environmental hazard. Because of this opposition, the Army has been exploring alternative materials for KE penetrator applications.

This SBIR topic requests a fully dense KE penetrator material that matches or exceeds the ballistic performance of depleted uranium.

The cost of the proposed material should not exceed 200 percent of the cost of military grade tungsten heavy alloy purchased in production quantities. The Army may consider materials and processes that exceed this cost ceiling if they provide exceptional KE penetrator performance or if they offset the material cost through reductions in other life-cycle costs.

The material proposed should be less toxic than conventional tungsten nickel cobalt heavy alloys.

The offeror should provide a commercialization strategy that details the roles the contractor plans to assume in the supply chain (e.g., licensing, material production, machining, sales of complete projectiles) to incorporate this technology into medium caliber munitions.

The offeror should also identify intended commercialization partners.

The proposal should also detail expected investment required to commercialize this technology.

PHASE I: The offeror should use a multiscale materials modeling approach, such as Integrated Computational Materials Engineering (ICME), to develop material options to replace depleted uranium in the kinetic energy penetrator application.

The materials developed shall meet or exceed the terminal ballistic performance of current depleted uranium alloys.

The modeling effort will produce a complete description of the materials, including, but not limited to, composition, crystal structure, phase identification, preferred microstructural features, and expected mechanical and physical properties.

Candidate materials shall be submitted for high-strain-rate testing to demonstrate the formation of localized shear bands.

The offeror shall demonstrate the successful synthesis and fabrication of the most promising candidate material compositions by delivering 12 identical samples of the fully dense material in kinetic energy penetrator form (5.6 mm diameter and 16.7 mm in length) for testing at the US Army Research Laboratory.

Create a scale-up strategy for material production.

Perform cost analysis detailing the anticipated cost of full scale production.

PHASE II: The offeror shall build on the insight provided by the results of the Phase I ballistic tests by the Army and those of the high strain rate tests to optimize the candidate composition for medium caliber penetrator performance.

Conduct follow-on high-strain rate tests and metallurgical characterizations for the improved material.

The offeror shall scale up the synthesis and processing of the down-selected material sufficiently to produce a single batch of material to fabricate 25 identical penetrator rods (65g mass, 20:1 length to diameter ratio, right circular cylinder, dimensional tolerances shall be provided).

The offeror shall perform ballistic characterization with these penetrators against standard 3"" rolled homogenous armor (RHA) at zero degrees obliquity or similar tests, comparing these results against conventional tungsten penetrators.

The offeror shall also fabricate from a single batch of material an additional 25 identical copies of these penetrators for delivery to the Army for independent characterization. Tests should be structured to enable comparison with equivalent DU test data.

Further optimize the composition, processing, and material properties based on Phase II ballistic test results to meet launch survivability and terminal ballistics requirements.

Deliver 25 prototypes (half-inch diameter, eight-inch length) to the Army for testing.

PHASE III DUAL USE APPLICATIONS: Scale up material for tests in 120mm tank rounds.
Private sector applications include the use of projectiles to replace high explosive charges for cutting hard surfaces in mining, drilling, excavation, demolitions, and salvage operations.
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	A16-108
	TITLE: Advanced Technology for Detecting and Geolocating Human Targets



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Design, develop, and demonstrate a system for detecting and geolocating human targets in a GPS-denied environment based on state-of-the-art sensors, robotic systems, and wireless communication technologies.

DESCRIPTION: Advances in HF/VHF wireless radio communications, in miniaturization of robotic systems, and in remote sensor systems (RSSs) have the potential to provide to commanders on the battlefield an unprecedented capability to identify and geolocate various objects in a GPS-denied area.

Currently, geolocation of objects in GPS-denied conditions relies on inertial measurement units (IMUs) that resides on the tracked objects. As a result, the current geolocation technology is focused predominantly on the blue force and not on neutral or hostile targets. Further, IMU-based geolocation of an object suffers from cumulative error that increases with the length and complexity of the path that such an object travels in a GPS-denied environment. Current and evolving technologies should allow smaller and more sophisticated robotic systems to carry and place advanced RSS in the vicinity of a person of interest to relay the location of that person, possibly through mesh networks of other robotic systems, back to the ground station for geolocation. Friendly targets of interest can be aware of detection, but enemies must be oblivious to detection.

Under the proposed system, geolocation should be dramatically more precise than information provided by IMUs alone or other presently available technology.

PHASE I: Investigate innovative solutions and methodologies to detect and geolocate human targets in the GPS-denied environment.

Demonstrate a proof of principle of the human detection and supporting geolocation technology through modelling and simulation of various scenarios with multiple robotic platforms and either a single human or multiple humans to be detected.

Demonstrate through simulation and modeling that detection of human targets can be achieved with a 50 percent success rate for an individual target and with over 60 percent success for multiple human targets. Demonstrate also that the accuracy of geolocation will be accurate to within 5 meters.

PHASE II: Develop and demonstrate a prototype human target detection capability with the desired probability of detection and accuracy that can be inserted into a realistic fires and effects architecture to be supplied by ARDEC. The technology implementation must be capable of seamless integration and operation within this architecture.

Conduct testing to demonstrate feasibility of the human target identification technology and the supporting geolocation and tracking system for operation within a simulation environment operated by ARDEC.

PHASE III DUAL USE APPLICATIONS: The architecture and software developed under this effort should be scalable to at least tens of robotic platforms and possibly hundreds of them. The software and prototypes developed under this effort will have dual military and civilian search and rescue applications. Military operations could use this capability for enhanced situational awareness while engaging the enemy combatants in subterranean, GPS-denied environments. In particular, this capability will enhance the situational awareness of the soldiers in the urban building-to-building and door-to-door combat missions. Finally, search and rescue operations could use this capability to find and map people trapped in the rubble after natural disasters.
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	A16-109
	TITLE: Single Element Achromatic Lens [SEAL]



TECHNOLOGY AREA(S): Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Design, develop, prototype and demonstrate a selection of single element, achromatic, focusing elements, that allow for the reduction of lens elements required to reproduce color-corrected imagery. Evolve the technology for manufacturability and survivability in a military environment. This technology will benefit Crew Served and Sniper fire control systems by reducing the size and weight of Fire Control devices.

DESCRIPTION: The necessity for snipers, soldiers, and crew served weapons operators to rapidly and accurately detect targets on the battlefield is a capability that is of high interest to the department of defense, across all agencies.  A single optical component that is able to precisely focus light at different wavelengths will reduce the number of optical components required in a weapon mounted fire control sighting system, greatly reducing the size and weight of the system. The desired wavelength range is 390nm to 700nm (Human Visible Spectrum). The intent is for the contractor to determine what level of achromaticity is achievable across the spectrum of visible light using this technology.  The lens technology developed under this effort will result in cost and weight savings across all branches of the armed forces. The transition of this technology to industry will reduce the size, weight & complexity of optical systems by reducing the number of lenses.

PHASE I: Identify materials and methods for producing a SEAL. Optical properties shall be modeled, and performance quantified. Small-scale proof-of-concept samples shall be produced with identified materials and methods.  Any software utilized and literature addressed shall be identified by the contractor. Contractor shall clearly state in the proposal and final report how the phenomenology provides the unique capability for achieving the design goals.

PHASE II: Develop prototype SEAL. Prototype shall be F/7 or faster, with a half field of view no less than 5 degrees. Prototype shall be optimized for a minimum of three (3) visible wavelengths (486nm, 587nm, 656nm). Modeling and simulation will be provided quantifying the optical performance of the SEAL (Spot Diagrams [Both Monochromatic & Polychromatic], Ray Fans, MTF (Modulation Transfer Function), Distortion, and Field Curvature). A prototype shall be fabricated and delivered to the Government. Testing shall be conducted on prototype SEAL to verify its actual performance versus modeled expectations. The Government will keep at least one prototype. Any software utilized and literature addressed shall be identified by the contractor. Contractor shall clearly state in the proposal and final report how the phenomenology provides the unique capability for achieving the design goals.

PHASE III DUAL USE APPLICATIONS: Optimize the physical properties for military applications. Prototype a rifle mounted fire control sight using this technology that demonstrates the benefits in size and weight over currently fielded systems. Replace conventional optics with the design in a scope that represents the optical performance of a fielded military small arms sighting system. Test and report the results of the optical metrology/performance and weight savings. Create a partnership with industry to commercialize the technology and improve the manufacturability. The prototype will be TRL 4 at the end of phase III.

REFERENCES:
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	A16-110
	TITLE: Miniaturized small-pixel Uncooled Infrared Imager for Nano Unmanned Air Vehicles



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: To design and develop a miniaturized uncooled infrared (IR) imager package prototype suitable for future integration onto nano-unmanned air vehicles (UAVs) and soldier-mounted situational awareness sensors.

DESCRIPTION: To date, the bulk of government investment in uncooled infrared imaging technology has been dedicated to improving ultimate sensor performance for sensitivity, resolution, and time constant, while moving to larger camera formats.  As uncooled sensor performance on these metrics has improved, and as reduced pixel pitches and wafer-level packaging have enabled ever-smaller infrared imaging modules, new applications for micro-infrared (IR) camera packages are now possible.  Leveraging industrial and government investment in miniaturized uncooled infrared camera cores, and commercial digital readout circuit and electronics design, there is an opportunity to demonstrate a digital micro-IR camera package with direct application to nano-UAV and other very compact soldier-borne situational-awareness sensor applications.  A rugged day/night infrared imaging system, including optics, wafer-packaged camera cores, and compact digital electronics, should be demonstrable by integrating into a single low-cost package for evaluation and testing by Army laboratories.

PHASE I: Show proof of concept for a micro-IR camera by developing a complete design for a digital-output uncooled camera package with a camera core weight of < 4 grams, and a packaged camera weight (including lens and output electronics) of < 20 grams.   The camera package should support rapid turn-on (no long calibration periods) and a mechanism for rapid in-flight non-uniformity correction.   Use DoD sensor community performance models (NV-IPM) to confirm that the developed design will meet the Army’s system performance requirements for size, weight, power, and target detection and activity recognition as specified in the MCoE Soldier Borne Sensor (SBS) Request for Information (RFI) [1].  In addition to meeting resolution and sensitivity requirements, camera system image time constant must be adequate to support in-flight imaging from an unstabilized platform. Phase I deliverables will include the validated sensor package design with sufficient detail on component and sub-component requirements to assess risk and maturity of prototype design.

PHASE II: Fabricate a prototype micro-IR camera package (lens, imager, and electronics) based on Phase I design, and evaluate this camera under lab and field conditions at Army test facilities.  Confirm that the prototype sensor package can meet predicted camera-level specifications and use test data to refine and confirm system-level model performance predictions.

PHASE III DUAL USE APPLICATIONS: Integrate prototype cameras onto representative nano-UAV platforms, and test camera performance under realistic flight dynamics and day and night operating conditions.  Develop firmware and interfaces required to meet sensor interoperability protocols for integration into nano-UAV control and sensor display interfaces.  Determine best system integration path as a capability upgrade for the Product Manager Soldier Sensors and Lasers (PM SSL) Soldier-Borne Sensor (SBS) program.  Investigate and define format and optics changes necessary for commercial transition into low-cost vehicle-mounted collision avoidance systems and nighttime driving aids.

REFERENCES:
1. Unmanned Aircraft Systems (UAS) Solicitation for Soldier–Borne Sensor https://www.fbo.gov/notices/f958d13185cc0d905a33e4922ebc173f
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	A16-111
	TITLE: Radar Waveform Diversity



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Research and develop innovative techniques that utilize the radar’s ability to synthesize and directly emit diverse waveforms such as those that could be used for missions other than radar communications, data link, jamming, etc.

DESCRIPTION: Today’s modern radar systems leverage the state-of-the-art in array design, RF electronics, and signal processing.  In this regard, the notion of utilizing the radar’s ability to synthesize and directly emit diverse waveforms such as those that could be used for missions other than radar lends itself to an evolutionary shift in how radar systems could be employed.  Furthermore, advanced radar arrays could allocate a portion of the antenna aperture for one mission while another portion could be used for an entirely different mission e.g. communications, data link, jamming, etc.  Conceivably, this could be done at either the RF waveform stages, the beamforming stages, or some combination thereof.

PHASE I: Explore concept feasibility to first Identifying hw/sw implications to support proposal, the frequencies/techniques of interest, followed by analysis evaluating candidate arrays at the range performance i.e. probability of success vs. range, and anticipated performance given some general scenarios.  In addition to the research productivity, the detailed Phase I study report should also include a block diagram identifying the functional components of what the back-end channelization/processing of diverse modes would look like in a radar architecture to include some estimates on cost-savings/increase, performance, and security implications. (TRL 3)

PHASE II: Based on Phase I results, implement a fully functioning prototype solution for radar waveform diversity.  Results from Test & Evaluation should demonstrate the value-added for tactical ISR radar systems. Produce a final report for Phase II describing specific concepts. (TRL 4)

PHASE III DUAL USE APPLICATIONS: Further develop prototype into a transitional product with necessary documentation and test results for Program of Record supported by PEO IEW&S. In addition, the prototype should be socialized across the DoD for potential leveraging when applicable.  (TRL 5+)

REFERENCES:
1. C. Shariar et al, “Overlapped-MIMO radar waveform design for coexistence with communication system”, 2015 IEEE Wireless Communications and Networking Conference

2. S. Kim et al, “PSUN: An OFDM scheme for coexistence with pulsed radar”, 2015 IEEE Wireless Communications and Networking Conference
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	A16-112
	TITLE: Next Generation Intelligent Power Distribution Unit (IPDU) for Tactical Microgrids



TECHNOLOGY AREA(S): Information Systems

OBJECTIVE: Design and develop an Intelligent Power Distribution Unit (IPDU) capable of managing a diverse set of loads and communicating with users and other microgrid assets.

DESCRIPTION: A tactical microgrid must have the ability to quickly accommodate changing power requirements and remain flexible at all times in a variety of tactical scenarios using varying loads and sources.  The variable and unpredictable electrical loads of a tactical microgrid require intelligent management to prevent generator overloading and loss of power to loads.  Current research efforts are focused on implementation of generator digital control systems that provide increased capabilities to the family of AMMPS generator sets.  Although this will greatly improve the functionality within a tactical microgrid, load management and power distribution remains a critical and underdeveloped aspect to overall mobile power management scheme.  While power generation and distribution are closely related, the military requires a solution in which power distribution can operate independently of energy storage and sources.  The ideal power management solution must incorporate features that build upon existing standards and fielded equipment (i.e., NATO cables).  (Current Power Distribution Illumination System Electrical (PDISE) units do not have the capability to appropriately adapt to changing requirements.)

Therefore, the Army seeks an Intelligent Power Distribution Unit (IPDU) that is designed to replace or retrofit current PDISE equipment and seamlessly integrate into a more complex tactical microgrid, which may include renewables, energy storage, and other nonconventional systems.  This IPDU must be capable of operating independently of other components in the power grid, be able to independently determine if a situation could cause grid collapse, and take appropriate action, such as prioritized load shedding, to save the grid.

Operational and functional characteristics that are of importance for an IPDU include
•	Use of an open architecture framework to ensure flexibility to operate all hardware and software with multiple communication protocols, as defined by the Army, for control of the generator units, receipt of load information from the electrical bus, and interoperability between other components.
•	Compatibility of all hardware and software with DOD or industry communications standards where appropriate standards exist.
•	Use of a flexible communication system to enable secure communications via Ethernet, wireless or power line carrier.
•	Ability to automatically determine the electrical hierarchy between assets within the power grid.
•	Forward compatibility and have the future ability to operate as either the overall control system for the microgrid or simply communicate and execute commands from another control system.
•	Operational compatibility to meet cybersecurity standards as described in the Department of Defense Cyber Strategy.

PHASE I: Design a proof of concept intelligent power distribution unit capable of connecting a variety of sources and loads into an Intelligent Power Distribution Unit.  Examine integration of novel technologies for communications and asset location identification.

PHASE II: Develop, demonstrate and validate a prototype IPDU that integrates sophisticated Power management and could have the future capability to communicate with sources, energy storage with user interface.

PHASE III DUAL USE APPLICATIONS: Implement the IPDU on tactical microgrids and potential commercial applications.

REFERENCES:
1. http://www.army.mil/article/64920/

2. http://asc.army.mil/web/portfolio-item/cs-css-advanced-medium-mobile-power-source-ammps/

3. http://www.defense.gov/Portals/1/features/2015/0415_cyber-strategy/Final_2015_DoD_CYBER_STRATEGY_for_web.pdf
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	A16-113
	TITLE: Software Based All Digital Wireless Modem



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: The objective of this topic is to design, develop, and fabricate a software/firmware based all Digital-IF (Intermediate Frequency) wireless communications modem, which can be hosted on a Commercial- Off- The- Shelf (COTS) computing platform or commercially supported hardware platform.

DESCRIPTION: Historically wireless modems have been designed onto a fixed hardware platform, where the platform’s RF circuitry and computational logic is designed to support the specific modem functionality at the time of inception.  At the time of inception, the hardware capability may be considered cutting edge, however by the time the development cycle is completed and the technology is fielded, that hardware platform is already a few generations behind.  This is a circumstance which makes it difficult to quickly migrate to newer technology that may become available, without yielding some form of return on the prior investment.

The current landscape of wireless communications is changing, although the underlying principles of communications remain the same, network architecture and waveform augmentations are enabling efficient and robust system implementations for enhanced communications.  For example, the Army has studied methodologies for implementing bandwidth efficient modem technologies that provide some level of resiliency against unintentional/intentional inference.   In order to take immediate advantage of this newer technology requires either some form of research and development investment to barely upgrade existing technology or purchasing newer modem technology, while maintaining and sustaining the older modem technology.

The Army has developed and demonstrated All Digital-IF terminal technologies, which has enabled the design of a newer breed of wireless modems. These All Digital-IF modems, no longer require any RF circuitry in the modem function, reducing the hardware platform to strictly performing computational logic functions and signal processing.  This enables modem technology to be hosted as either firmware or software.  Whereas a software port can be issued on a licensing basis, and the hardware platform can be bought as a COTS PC platform or commercially supported hardware platform, at a relatively inexpensive price.

The Army is seeking an innovative software/firmware based wireless modem solution that leverages standards based Digital IF, and enables migration to newer wireless modem technology rapidly, in a cost effective manner, such that the return on investment is quickly realized. The solution shall be portable across a family of COTS PC platform or commercially supported hardware platform, utilizing the available board resources provided by the platform, i.e no special or custom boards.  The ONLY exception, is the addition of COTS based peripherals for 1/10 GbE, and PCI-e or mezzanine card like standard expansion module for transec module.  The other objective is to determine the feasibility of the hosting approach, COTS PC platform or commercially supported hardware platform.  Where a trade would be conducted to determine which is the best approach for hosting waveforms, and the associated nuisances with either hosting approach.  It is envisioned that if a hardware platform were to be the targeted host, that some level of standardization would need to be defined to support portability objective.  The notional software/firmware modem shall support all waveform functionality associated with transmission and receive chain [user data, bit/symbol mapping, scramblers, FEC and Differential encoder/decoders, carrier recovery, symbol timing recovery, transec etc.].  Notional modem shall support monitoring and reporting capability for link metrics such as but not limited to; signal strength, Eb/No, BER, carrier lock.  Notional software/firmware modem shall support symbol rates up to 60 Msps. Notional modem shall respectively support ANSI and IEEE standards for Digital IF and packet transport. For demonstration purposes, the communications waveforms shall be at least compatible with PSK type waveforms listed in MIL-STD 165, at a minimum.

PHASE I: Design notional concept(s) for software/firmware architecture that would support all essential and critical waveform functionality associated with but not limited to; communications (modulation/demodulation), transec, module configuration, hardware platform device configurations, control & status, “discovery” methodologies for error trapping/handling, built in test. Perform an analysis to determine the computational resources required to implement the notional modem.  Perform trade-offs on supportable data rates, and simultaneous supported channels at those particular rates.  Identify a number of candidate COTS PC platforms or commercially supported hardware platforms, from which will support the notional software/firmware architecture and the resulting analysis of required computation resources.  Define notional standardization required of platform resources to support software/firmware portability. Effort shall result in a preliminary design of the notional software architecture, and simulation to verify and validate preliminary design.  Simulation shall be a preliminary functional model of the modem system architecture, where the model can evolve as notional capabilities are added.  The model must account for the wired user data input interface (i.e model networking stack or access system driver to emulate) and wireless transport mechanism, (i.e. must model media access controller and physical layer function), when transport is wireless.  Model must be modular and support the generation of test vectors for each adjacent module. Model must also support the ingestion of test vectors.  Model must ultimately be used to validate and verify functionality, and in the realization of the hardware solution.

PHASE II: Design, prototype, test, and demonstrate the Software/Firmware Based All Digital-IF wireless modem on a COTS PC Platform or commercially supported hardware platform.  The resulting Software/Firmware Based All Digital-IF Modem shall be ported across at least three distinct COTS PC Platforms, if the outcome of Phase I determines this type of platform as the best choice.  If the outcome of the Phase I determines that the commercially supported hardware platform is best choice, then the offeror shall port at least two distinct waveform types (not concurrently) onto the chosen hardware platform, and have the waveform interoperate with another identical hardware platform running the same instance of the waveform type.  One notional demonstration can be a Hub instance to a remote instance and M-PSK to M-PSK instance, or “specialty” waveform instance to “specialty” waveform instance. Where each platform shall be tested and demonstrated at three system modes (low data rate, medium data rate, heavy data rate), where all functional features (i.e. FEC, Differential Coding, Scrambling, Monitoring) will be operative. These systems shall be tested communicating, from one system to another, and verify and validate all bits are received within a given error tolerance that is commensurate with “synthesized” noise.  Modem shall support symbol rates up to 60 Msps, and be compatible with PSK class of waveforms in MIL-STD 165. For a Hub to remote demo, or “specialty” waveform, systems must interoperate amongst themselves for demonstration purposes. It is understood the actual symbol rates that can be achieved, will be subject to results of Phase I findings.   The resulting Phase II deliverables shall be the software/firmware ports, and three COTS PC platforms or a two commercially supported hardware platforms.

PHASE III DUAL USE APPLICATIONS: With the proliferation of all Digital-IF based wireless communications, the envisioned end state is to extend Software/Firmware Based All Digital-IF Modem to current and future waveforms that are envisioned to be used by the DoD.  The technology developed is directly applicable to supporting the near term initiatives for The Air Force Wideband Enterprise Terminal (AFWET) program and the Space and Naval Warfare Systems Command (SPAWAR), to rapidly upgrade their current wireless modem technology seamlessly and in a cost effective manner. Software Based All Digital-IF Modem will enable AFWET and SPAWAR to rapidly field newer waveform technology to combat against contested communications, and continually improve their communications capability as the threat signatures evolve.  Additionally, this capability will reduce the life cycle and sustainment cost associated with the tradition acquisition cycle. Commercialization of Software Based All Digital-IF Modem will significantly reduce recurring development cost associated with developing a waveform, enable rapid productization, enable cost effective technology refresh, all of which is a tremendous benefit for the military and commercial sector.  This technology can be directly extended to the commercial sector use space; in fixed/mobile broadband service applications, ad-hoc wireless networking waveform development and porting.
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	A16-114
	TITLE: Waterproofing Cargo Airdrop Equipment



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop and apply innovative materials, films, coatings and technologies or manufacturing techniques which allow current Army airdrop related hardware and equipment to survive fresh and salt water operations without damage nor significant maintenance impact with increased reliability. No additional equipment will be required by the user; the objective is to upgrade current equipment designs rather than provide additional equipment with additional associated training, maintenance and disposal costs.

DESCRIPTION: Current Army cargo airdrop operations are mainly conducted on solid ground drop zone (DZs), however there are times when water operations require the use of airdropping cargo into bodies of water. These can be fresh or salt water. In both training and actual operations, it is imperative to provide the user reliable equipment with minimal maintenance requirements during recovery and turnaround for the next mission. Current procedures often require equipment to be broken down, mechanically cleaned, rinsed and air dried after water drops. Some equipment requires rebuild by the original equipment manufacturer (OEM), or even disposal after a mission. It is the objective of this SBIR topic to modify the design of current legacy equipment to accomplish this goal, using the latest material science and manufacturing techniques without requiring the use of additional equipment and supplies. The focus this topic should be on non-textile components. Success will be measured in reduction of maintenance time between drops and elimination (or reduction at a minimum) of corrosion present on the equipment after a water airdrop, all at current or higher reliability. Cost new waterproof hardware should be no more than 40% greater than hardware costs.

PHASE I: Identify potential technologies for improvements in waterproofing airdrop hardware, using current state of the art materials and techniques. Equipment drawings will be updated to show design enhancements. The goal of the Phase I is to demonstrate the feasibility of waterproofing legacy hardware at the manufacturing level with minimal impact to user. Cost trade-off studies will be provided to demonstrate the cost impact of applying such technology to airdrop hardware. Efforts could encompass more than fundamental changes to the hardware design(s) by providing the user hardware which surpasses current Army maintenance models. The deliverable of this phase will include drawings, prototypes (if fabricated), calculations and commercial sources for all new materials proposed for use. Hardware to be considered in this effort are the Effective Force Transfer Coupling (EFTC), the parachute release (M-1, M-2 and ACPRS), and Type V platform (see references).

PHASE II: •  Modify existing equipment designs to include waterproofing measures, while maintaining existing rigging and operational procedures for cargo airdrop equipment. Fabricate improved hardware and delivery to test site within seven months of Phase II award.

• Demonstrate updated hardware with waterproofing measures in place to validate form, fit and function are unchanged during intended use. Initial testing of updated hardware will occur at Yuma Proving Ground using qualified military or Government provided contractor rigging personnel. This initial testing will verify the waterproofed systems still function as intended in a standard airdrop on dry land. Testing will then move to water airdrops using the new waterproof hardware to validate the waterproofing designs.

PHASE III DUAL USE APPLICATIONS: Hardware protected from water encroachment has potential in the consumer and military electronics, as well as other areas where the risk of water damage is present. Advances in waterproofing and manufacturing in general could provide benefits far beyond military operations

REFERENCES:
1. Airdrop of Supplies and Equipment: Rigging Airdrop Platforms; Airdrop Derigging and Recovery Procedures; Reference Data for Airdrop Platforms, TM 4-48.02 http://armypubs.army.mil/doctrine/DR_pubs/dr_a/pdf/tm4_48x02.pdf

2. Airdrop of Supplies and Equipment: Rigging Typical Supply Loads. FM 4-20.112
http://www.globalsecurity.org/military/library/policy/army/fm/4-20-112/

3. Unit Maintenance for Ancillary Equipment for Low Velocity Airdrop System (LVADS), TM 10-1670-296-20&P
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	A16-115
	TITLE: Development of an Improved General Purpose Tent Fabric



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: The objective of this effort is to develop an improved general purpose (GP) tent fabric in support of the Army Standard Family of Soft Wall Shelters (ASF-SWS) draft Capability Development Document (CDD). This fabric will enhance the survivability of tensioned or non-tensioned tents, and should exhibit a high level of flexural durability under multi-dimensional stressing in extreme temperatures. The fabric shall also be flame resistant, opaque for the purpose of providing blackout, and compatible with current and future manufacturing technologies. The proposed solution may be coated, laminated, electro-spun or produced by any other method as determined by the proposing entity.

DESCRIPTION: The Army seeks an advanced technical material capable of meeting the planned requirements set forth within the ASF-SWS draft CDD. The fabric shall be flame resistant, durable, flexible, lightweight and compatible with existing manufacturing techniques. The production-level fabric shall have a target cost not to exceed $12/sq. yd. To guide the development of the desired fabric, adherence to the following GP tent system characteristics is required:

Flammability: All fabric materials used for tent construction shall be lightweight and shall be fire, water and mildew resistant. All parts of the tent system shall be resistant to the deteriorating effects of rot, fungus, mildew or corrosion under both operational and storage conditions, wet or dry. All materials shall allow for tent striking for storage with minimum drying time to preclude mildew. All tent fabric including roof, walls, floor, liner, partitions, plenum, modesty curtain, tie tapes, fly’s, guy lines and ropes shall be flame resistant, self-extinguishing within two seconds when tested IAW ASTM D6413, and shall have no flaming melt drip or molten pieces when exposed to flame or heat.

Field Life: The tent shall have a minimum field life of three (3) years. No part of the tent shall be degraded beyond use by the environmental conditions. The tent shall not suffer any reduction in capability due to the effects of weathering over the three-year field life of the system. The MGPTS is expected to have a typical usage of 28 erect/strike cycles per year during peacetime operations.

Temperature: Tent shall be fully operable in ambient temperatures between -60 °F to +120 °F. There shall not be increased component stiffness in cold temperatures that prevents the setup/strike of the system. There shall not be any weaknesses due to high temperatures that prevent the setup/strike of the system. There shall not be any deformation, fractures, discoloration or tears of material due to temperature.

Shelf Life: The tent shall have a minimum shelf life of 10 years. No part of the tent shall be degraded beyond use by storage while wet or dry. All parts of the tent system shall be resistant to the deteriorating effects of rot, fungus, mildew or corrosion. The tent components shall not suffer any loss of strength, increased water permeability or light emissivity due to storage and transportation at temperatures as low as -60 °F or as high as 180 °F. The tent shall be able to be setup after storage at these temperatures with no damage or degradation or loss of operational use. This requirement applies to new tents still in their original crates.

Wind Load: The tent and all component parts, when setup per the manufacturer's instructions, shall be capable of withstanding a steady wind of 50 miles per hour for 30 minutes and wind gusts of 65 mph in 10 second durations from any direction, over the end or side surface of the tent perpendicular to the direction of the wind without sustaining damage which prevents the tent from being taken down and setup again. This test applies to conditions where the guy lines (high wind guy lines) are anchored in a way that eliminates the possibility of the guy lines coming loose.

Sunlight: The tent shall withstand exposure to direct sunlight for 18 months. Components exposed to direct sunlight or in contact with components exposed to direct sunlight shall tolerate material temperatures up to 160 °F without degradation which affects the ability to setup or strike the tent, reduces the blackout capability of the tent, reduces the ability of the tent to support the required snow load or reduces the ability of the tent to resist rain intrusion.

Snow Load: The tent shall support a snow load of 10 pounds per square foot per AR 70-38, on the fly (if applicable) and roof for a maximum period of 12 hours without sustaining damage that prevents the tent from being taken down and setup again.

Wind Driven Rain: The tent without liner shall be capable of withstanding a wind-driven rain at 2 inches per hour with wind speeds of 50 miles per hour (MPH) for 30 minutes with three (3) occurrences of five (5) second wind gusts to 65 mph within the same 30-minute period. The tent shall also withstand 35 mph wind-driven rain at a rate of one (1) inch per hour for three (3) hours without evidence of leakage through the tent fabric, flaps, seams or vents that would result in degradation of safety or loss of mission capability.

Humidity: The performance of the tent shall not be adversely affected by ambient humidity between zero and 100% (relative humidity), regardless of ambient temperature.

Blackout: The fully erected tent system in any configuration without liner shall show no evidence of detectable light leakage through the fabric or any openings when viewed with the naked eye at 100 meters or with the aid of night vision goggles at 300 meters. Blackout compliance shall be maintained during personnel entry/exit through the vestibule, and with the tent setup on varying terrain as defined herein.

Condensation: The tent shall minimize condensation on the inside of the tent that may adversely affect personnel or loss of mission capability.

Mildew and fungus: The tent shall resist dry rot, fungus and mildew encountered in tropical climates.

Environmental Acids: The tent shall resist damage from acids, including acid rain and bird droppings.

Petroleum Products Resistance: All components shall resist damage by petroleum products used by the military such as, but not limited to, diesel and jet fuel. The definition of damage includes visual evidence of permanent discoloration, or material breakdown including pitting, shredding, softening, or weakening of the fabric material.

Color: Exterior color of all fabric components shall be green or tan. Interior facing sides of the liners and or tent fabric shall be a light color, to reflect light. All components shall have a dull finish to reduce reflectance. The specular gloss of the exposed side of the tent shall be less than 2.0 on the face side. All screening in the tent shall be green for temperate tents or aluminum for desert tan tents.

PHASE I: The awardee shall propose a six (6) month period of performance with a three (3) month option period, to research and develop an improved GP fabric. This new GP fabric shall support all aforementioned performance characteristics of the end item tent system.

The awardee shall also perform market research on all existing fabrics that may support this project. It is desirable for the fabric to be novel, and thereby exhibit improvements upon existing GP fabrics.

In addition, in order to fulfill reporting requirements, the awardee shall report monthly on their progress, in the form of a 4-8 page technical report indicating accomplishments, project progress and spending against schedule, tables, graphics, and any other associated test data.

Deliverables:

•  Six (6) monthly reports, culminating in a 7th “Final” report at the end of the six (6) month base-period.
•  A separate Market Research report, highlighting existing and future fabric materials and technologies in support of this effort.
•  A total of six (6) 12” by 12” square swatch samples of developed fabric, showcasing three (3) different candidate fabric solutions. In other words, each candidate solution is represented by two (2) swatch samples, and three (3) candidate solutions must be delivered.
•  Limited evidence of candidate fabrics’ or fabric components’ ability to meet GP tent system characteristics. This limited evidence may include fabric testing and/or component material specifications.

PHASE II: Phase II is a significant R&D effort resulting in a full-scale, prototype GP tent. Additionally, the GP fabric developed must be producible in 500 yard lengths or more in an automated manner. The Phase II effort will significantly improve upon on the performance and manufacturability of the fabric technology developed under Phase I. Awardee may choose to work with another vendor to facilitate the patterning and construction of the tent system. This effort will not exceed 2 years or $1M in cost.

Required Phase II tasks and deliverables will include:

•  Evidence of the developed fabric meeting or exceeding 90% of the GP tent system characteristics. This evidence shall be in the form of test reports and other supporting documentation. All testing shall utilize standard test equipment and methodologies whenever possible. Proposing entity may develop their own test methods, but is asked to elaborate on the procedures through reporting.
•  Incorporate further improvements to performance and manufacturability of fabric based on discoveries in Phase I. In addition, provide evidence of fabric being capable of seaming, adhesion, heat sealing, and/or radio-frequency (RF) welding.
•  500 yards of improved fabric on a roll 60” in width, produced in a manufacturing relevant environment.
•  A complete tensioned or non-tensioned GP tent system, constructed from the yardage listed above. It is expected that the tent will require approximately 250 yards of fabric.

PHASE III DUAL USE APPLICATIONS: The initial use of this technology is for military applications, but we foresee an extension of the technology to other governmental organizations and commercial industry. Products developed under the Phase I and Phase II efforts will also aim to improve comparable commercial products. Items that may incorporate improved fabric technology are as follows:

•	Tent rental industry
•	Disaster relief shelters
•	Recreational tents
•	Structures that provide habitation for organizations such as the National Science Foundation during ice plug drilling in Greenland/Antarctica
•  Application to other military cold/hot weather deployed assets consisting of fabric sub-components: such as bags, wraps, storage containers, floor systems, and tonneau covers.

REFERENCES:
1. Joint Committee on Tactical Shelters (JOCOTAS)
http://nsrdec.natick.army.mil/media/print/JOCOTAS.pdf

2. Guide for Tactical Training Bases, Shelters Handbook
http://nsrdec.natick.army.mil/media/print/ShelterGuide.pdf

3. MIL-PRF-44103 – Performance Specification – Cloth, Fire, Water and Weather Resistant

4. MIL-PRF-20696 – Performance Specification – Cloth, Waterproof, Weather Resistant
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	A16-116
	TITLE: Real Time On Board Video for Gun Launched Munitions



TECHNOLOGY AREA(S): Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop novel advanced vision based precision guidance & closed-loop control, linked to real time video touch screen control, for gun-launched projectiles.

DESCRIPTION: Current precision munitions use GPS for their primary guidance and navigation system, typically in a "fire and forget" mode where the target is pre-programmed. The Army is investigating alternatives to GPS, including vision based technologies, to provide precision guidance & closed-loop control, linked into real time video touch screen control, for gun-launched projectiles. This will allow future projectiles to have guidance, navigation and control tied in to real time video control on a user terminal. Development of this system will allow projectiles to change course and attack target(s) that the user either preprograms or directs the projectile to target by touch screen as the projectile flies, maintaining a target track once the user identifies it. This Topic will specifically investigate novel and state-of-the-art video systems that will be embedded into the munition (ranging from 40mm to 155mm), survive gunfire shock (up to 20,000 g's), survive other extreme environments (hot and cold temperature, transportation shock/vibration, etc. - the final system will be tested against the requirements of MIL-STD-810). The video must provide the required level of fidelity and resolution in real time while the munition is in flight, and must be able to detect targets on the ground in all weather conditions (light, dark, fog, sand, dust, etc.). The Army is not looking for COTS systems to satisfy this need. This Topic is NOT intended to develop the control actuation system, as this is being developed separately. Once awarded a Phase I, the company will be provided interface information that will allow for the vision based guidance and navigation technology to interact with the control actuation system, as well as more specific technical performance requirements. The target unit cost for this sub-system is less than $100.00 in large volume.

PHASE I: Phase I will consist of an engineering study that indicates how the proposed technology will meet requirements with sufficient technical rationale based on analysis, demonstration, testing, and/or models and simulations. Phase I will result in a laboratory prototype and accompanying report that documents Phase I progress and indicates how the technology will be further developed in Phase II.

PHASE II: Phase II objectives are 1) prototype development of a representative munition (inert) with the video guidance and navigation technology integrated, and interfacing with the Control Actuation System 2) Analysis of the prototype in a simulated operational environment fired from a representative weapon and demonstrated at an appropriate facility, and 3) a final report documenting results/success and recommendations for further development.

PHASE III DUAL USE APPLICATIONS: The Army is currently investigating multiple calibers of guided munitions that this technology could transition to. Commercial applications could include the unmanned aerial system/drone industry and surveillance applications, as well as high speed robotic ground platforms.

REFERENCES:
1. Very Affordable Precision Projectile System and Flight Experiments; Frank Fresconi, Gordon Brown, Ilmars Celmins, James DeSpirito, Mark Ilg, James Maley, Phil Magnotti, Adam Scanlan, Chris Stout, Ernesto Vazquez; http://www.dtic.mil/ndia/2011gunmissile/Wednesday11635_Stout.pdf

2. Open source computer-vision based guidance system for UAVs on-board decision making; Choi, Hyunwoong, Geeves, Mitchell, Alsalam, Bilal, & Gonzalez, Luis F. (2016); http://eprints.qut.edu.au/93430/

3. Autonomous Control of GPS Denied Guided Airdrop Systems Using Radio Beacon Feedback; Martin R. Cacan, Georgia Institute of Technology; Edward Scheuermann, Georgia Institute of Technology; Michael B. Ward, Georgia Institute of Technology; Mark Costello, Georgia Institute of Technology, AIAA Guidance, Navigation, and Control Conference San Diego, California, USA; http://arc.aiaa.org/doi/abs/10.2514/6.2016-1143

4. Precision Weapons, Raytheon Company; http://www.raytheon.com/capabilities/precision/

5. What are Precision Guided Munitions?; Megan Mitchell, BAE Systems, Inc.; http://www.baesystems.com/en-us/feature/precision-guided-munitions
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	A16-117
	TITLE: Innovative Approaches to Agile Software Development for Secure Modular Avionics Architectures



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Design and demonstrate rapid and agile approaches to secure modular avionics architectures, incorporating emerging standards-based avionics approaches such as Future Airborne Capabilities Environment (FACE), Integrated Modular Avionics (IMA), Hardware Open Systems Technologies (HOST), Open Mission Systems (OMS), Joint Common Architecture (JCA), System of Systems Architecture (SOSA), and/or other standards for reusable avionics.

DESCRIPTION: Reusable and modular software drive improvements in commercial software development, but in the avionics domain, particularly in defense aviation, rapid and agile software development practices, innovations in Model-Based Systems Engineering (MBSE), Software Design Patterns, and improvements in software development and testing processes are limited.  New research and the emergence of standards create new opportunities to innovate avionics architectures in ways to implement a “highly aligned” (to what?) and “loosely coupled” (in what way?) paradigm to achieve more modular software. Key among these innovations are true hardware portability across hosts to decouple the avionics software and hardware qualification processes and software modularity to allow rapid incorporation / replacement of new or modified capabilities.

Aided by new tools, technologies, processes, and standards, small businesses have an opportunity to demonstrate innovative new approaches to developing avionics architectures.  This includes, but is not limited to, approaches for software interfaces, partitioning, incorporation of MBSE practices and Architectural Centric Virtual Integration Processes (ACVIPs), automated software testing, data management, secure processing, encryption, and related technologies to improve the speed, quality, and security of avionics software development.  FACE Units of Portability (UoPs) must be incorporated for acceptance; use of other open standards is encouraged.

PHASE I: Design and demonstrate innovations for the overall Mission Systems Architecture (MSA) to allow rapid integration of new capabilities through FACE UoPs and similar emerging standards. Capabilities might include sensors, navigation, flight-related algorithms, and communications. Phase I Deliverables will include software design artifacts.

PHASE II: Develop a prototype architecture suitable for a proof-of-concept demonstration on avionics hardware.  The proof of concept will demonstrate; hardware portability across hosts, software modularity, and system security in a representative avionics architecture supplied by the sponsor. Phase II Deliverables will include functional software and completed designs. Capture of requirements, design, and verification results will support qualification and certification.

PHASE III DUAL USE APPLICATIONS: The small business is expected to obtain funding from non-SBIR government and private sector sources to transition the technology into viable commercial products.  Rapid and agile software development processes and architectures have broad application in the civil avionics domain, including commercial and private aircraft.  The innovation of technology and processes in support of rapid fielding of avionics and improvements to the security of the aviation architecture will benefit the defense and commercial avionics industrial base, perhaps also crossing into automotive or other embedded software domains. Specific military applications may include FVL Capability Sets 1-5 and/or architecture upgrades to Apache, UAS platforms, UH-60M, CH-47, MH-60/47, Navy's MH-60R/S, Aircraft Survivability Equipment, Degraded Visual Environment, etc.

REFERENCES:
1. FACE Technical Standard, ARINC-653, POSIX, DO-178, DO-326, AR 70-62, MIL-STD-882E, SAE ARP 4754, SAE ARP 4761, Risk Management Framework

KEYWORDS: FACE, IMA, JCA, HOST, OMS, SOSA, MBSE, Joint Common Architecture, Integrated Modular Avionics, Software Airworthiness, Mission Systems Architecture, Reusable Avionics Software, Model Based Systems Engineering, Avionics Software Development, Open Systems, Modular and Open Systems Architecture.



	A16-118
	TITLE: Spectrum Allocation using Artificial Intelligence for Software Defined Radios in a Tactical Environment



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: The objective of this proposal is to define and develop a solution by sensing the spectrum environment and adopting a deep learning artificial intelligence algorithm to switch the modulations schemes and frequencies. This will allow mitigating interference and non-contiguous mini-bands and the proposed solution will address issues related to limitations on bandwidth and spectrum availability. The source code must be compatible with the SCA (Software Communications Architecture) 2.2.2 or later architecture and research must be conducted to evaluate the feasibility of the proposed design and a functioning prototype.

DESCRIPTION: Military Mobile Ad Hoc Networks (MANETs) associated with the Wideband Networking Waveform (WNW) and the Soldier Radio Waveform (SRW) are being challenged with the electromagnetic spectrum availability both in the US and the international spectrum AOR (Area of Responsibility). It is generally expressed that spectrum insufficiency in wireless communications is due to the inadequacy of static frequency distribution rather than the intense usage of the spectrum. To overcome this limitation, spectrum sensing is the process of obtaining adequate information regarding the spectrum usage and existence of primary users in a geographical region is essential (Ref. 1) followed by adaptive and intelligent allocation of frequency use.

In recent years, Cognitive Radios (CR) as well as Software Defined Radios (SDR) are considered as potential candidates addressing spectrum efficiencies and allocations. Commercial wireless systems are exploring techniques such as spectrum sensing using Artificial Intelligence (AI) to minimize energy consumption and optimize resource allocations (Ref. 2). As an initial step for spectrum flexibility, a static solution without dynamic control would increase the utility of SRW by making it possible to utilize in environment where it otherwise might be prohibited. It is believed that spectrum sensing using AI will be significant enablers of future military wireless networks as well as for commercial systems.

PHASE I: Research feasibility of the concept and end goal. (1) Establish a baseline exploring the idea of extending spectrum sensing using Artificial Intelligence (AI) for as Software Defined Radios (SDR) applications at a tactical environment, (2) Develop a methodology and analysis the solution approach addressing bandwidth limitation and spectrum availability compatible with the SCA 2.2.2 or later architecture, and (3) Outline a solution approach to layout foundation for a prototype to be used with the radio system.

PHASE II: Develop, demonstrate and validate Phase I selected candidate solution approach that would be a fully functioning, spectrum sensing learning algorithm which works with the current AN/PRC-155 radio system. Update design prototype and algorithm based on testing if necessary at TRL 5.

PHASE III DUAL USE APPLICATIONS: Project Manager Tactical Radios (PM TR) and PdM-Waveforms under PEO C3T can use this application of the learning algorithm to have a dynamic spectrum allocation capability and interference mitigation capabilities. A commercial application could be: The algorithm and method of solution approach could be used in commercial Wi-Fi and home cord less phone systems. The WiFi network would sense an environment which has above average interference from another Wi-Fi network and would determine the amount of changes required to operate properly.

REFERENCES:
1. B. Senthilkumar and S. K. Srivatsa, ‘WIDEBAND SPECTRUM SENSING USING ADAPTIVE NEURO FUZZY INFERENCE SYSTEM IN COGNITIVE RADIO NETWORKS’ ARPN Journal of Engineering and Applied Sciences, Vol 10, No. 9, pp. 4055-4060, May 2015

2. S. Pattanayak, P. Venkateswaran and R. Nandi, ‘Artificial Intelligence Based Model for Channel Status Prediction: A New Spectrum Sensing Technique for Cognitive Radio’, Int. J. Communications, Network and System Sciences, 2013, 6, 139-148

3. N.  Abbas Y. Nasser and K. El Ahmad, ‘Recent advances on artificial intelligence and learning techniques in cognitive radio networks’, EURASIP Journal on Wireless Communications and Networking (2015) 2015:174

4. K.Leelarani, D. A. Kumari, ‘Efficient Spectrum Sensing Pattern Using Intelligent Matrix in Cognitive Radio Network’, Int. Jour. of Advanced Research in Computer Science & Technology (IJARCST 2014) Vol. 2 Issue Special 1 Jan-March 2014,
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	A16-119
	TITLE: Land Navigation Aid



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: While the loss of GPS would have negative impacts across a broad spectrum of combat functions, this SBIR seeks only to address the basic functions of land navigation.  The intent is to develop a solution that will work with the Nett Warrior device in a Common Operating Environment (COE) V3 environment, aid small units in basic land navigation, and alert the user when the GPS signal might have been compromised.  Since this solution is intended to support only basic land navigation it does not require the accuracy of real time targeting solutions.

DESCRIPTION: The solution will perform:

Terrain Triangulation
• The phone camera would be used to take a continuous panoramic image of the horizon.  The solution will identify multiple significant terrain features and landmarks, compare with a stored database and triangulate the user’s position and triangulate the user’s position.

Cell Phone Tower Triangulation
• When available, the solution should use cell Tower Triangulation to determine the location of the user

Celestial Navigation
• The solution performs the functions of the sextant by capturing the "sights," or angular measurements taken between a celestial body (the sun, the moon, a planet or a star) and the visible horizon.  The solution should make reference he coordinates 57 navigational stars in the Nautical Almanac.

Inertial Navigation
• The solution should make full use of available sensors which can measure the motion, position, and orientation of the Nett Warrior.
• This functionality should display on the Nett Warrior display the relative progress of the user overlaid on a digital map.
• The user should be able to manually update the Inertial Navigation System (INS) position with a more accurate position, such as based on a surveyed point or triangulation when it is available.

Operation “Off Line”
• The solution shall work when GPS is unavailable and during intermittent communications outages.

PHASE I: The Phase One deliverable will be a comprehensive white paper:
• Trade studies and demonstration for the functions of the system.
• Discussing all non-GPS means of navigation and how that can be applied to the Nett Warrior end user equipment using the Android OS.
• Discussing means of determining and displaying GPS integrity within the Android environment.
• Identifying the limitations of the approach and make recommendations on an evolutionary development process if necessary.
• Defining what data and formulas which must be stored on the device. Defining the processing, power, and storage needs imposed on Nett Warrior for a proposed duty cycle.
• Including a notional baseline schedule for development of a prototype.
• Identify Phase II risks and plan for risk mitigation.
• A system specification for Phase II.

PHASE II: • Develop and demonstrate a prototype solution in a commercial Android environment.
• Validate the software will interoperate in the COE v3 environment on Nett Warrior Hardware.

Phase Two deliverables will include:
• A baseline schedule for Phase III.
• Monthly Progress reports. The reports will include all technical challenges, technical risk, and progress against the schedule.
• Software source and object code, version description document, software user manual, and software test report (contractor format is acceptable).
• The final solution which has reached TRL 5.

PHASE III DUAL USE APPLICATIONS: The Software will be productized and prepared for transition to PEO C3T PM Mission Command for integration into the COE v3 environment.   At the performer’s discretion, the solution may be productized for sale to other industry markets.

REFERENCES:
1. Celestial Navigation.net, ‘Navigation Astronomy’
http://celestialnavigation.net/navigational-astronomy/

2. Army Study Guide (A non-government, privately-sponsored website), ‘Land Navigation / Map Reading’
http://www.armystudyguide.com/content/army_board_study_guide_topics/land_navigation_map_reading/land-navigation-map-readi.shtml

3. Android Developers Guide, ‘Sensors Overview’
http://developer.android.com/guide/topics/sensors/sensors_overview.html

4. Kevin McCaney, ‘Army’s move to Samsung reflects a flexible mobile strategy’
https://defensesystems.com/articles/2014/02/24/army-nett-warrior-samsung-galacy-note-ii.aspx , issue of Defense Systems, February 24 2014
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	A16-120
	TITLE: Robotic Following using Deep Learning



TECHNOLOGY AREA(S): Ground/Sea Vehicles

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop and demonstrate a system that purely uses deep learning and inexpensive commercial-off-the-shelf (COTS) sensors to incrementally learn and perform robotic following behaviors with large vehicles.

DESCRIPTION: Army supply convoys currently face numerous threats, such as Improvised Explosive Devices (IEDs), while completing their missions.  The current method to address these threats is to add armor, which increases the weight and reduces the mobility of the vehicle.  Another method to address these threats is to use robotics and autonomy to remove Soldiers from the vehicle.  Developing autonomous ground vehicles is a very difficult challenge due to the numerous situations that a vehicle may encounter.  To handle these situations using traditional methods, each scenario needs to be accounted for and explicitly programmed into the system.  Given the high number of potential scenarios, programming the system to handle them is very time consuming and costly.  The performance of these robotic systems is also limited to scenarios that have been explicitly programmed.  A potential way to more rapidly program a system to handle the various scenarios and reduce development costs, is to utilize a lifelong deep learning approach.  Deep learning uses neural networks to allow computers to automatically create models and learn using data from sensors, human interaction, and databases.

Deep learning has been shown to be an effective means of performing pattern recognition in other fields and is showing potential to be used for ground vehicle robotics.  Recently, a deep learning system was demonstrated that enabled automated highway driving using inexpensive COTS sensors.  By collecting human driving data and running it through learning algorithms, the system was able to incrementally achieve large improvements in driving performance in short time frames.  Convolutional Neural Networks (CNN) have also been applied as a classifier in determining autonomous vehicle traversability over off-road and on-road terrains.  In addition, a CNN has been trained to map raw pixel data from a single camera directly into steering commands, which allowed a system to learn to steer on both local roads and highways, with and without lane markings, using minimal training data from humans.

In order to overcome the challenges with programming robots to handle the countless variables encountered with ground mobility, proposals are sought to develop and demonstrate an inexpensive system that purely uses deep learning and inexpensive COTS sensors, limited to passive cameras and radar, to enable a large vehicle to robotically follow another large vehicle in a convoy.  This research is different from in that deep learning will be used to train a vehicle to follow another, rather than drive fully on its own.  The ultimate vision of this project is to take a large vehicle equipped with sensors and equipment, have a driver follow a lead vehicle (that is not equipped with sensors) along arbitrary routes, process the data with learning algorithms, and then have the system perform the steering, throttle, and brake control to follow the lead vehicle on subsequent runs.  It is expected that the system may not perform well initially, but it should incrementally improve with each run as it learns from additional data collected.  The system should also be capable of sharing its knowledge with other robotic follower vehicles.  The environment for this topic will be limited to daytime operations on improved roads (paved or unpaved) and include typical on-road static and dynamic obstacles such as other vehicles, construction barrels, and pedestrians.  The distances for following will range from 10 meters to 150 meters.  The scenarios will start simple with speeds below 45 km/h on good roads with gentle curves and static obstacles, and then increase in complexity as the system improves and safety permits.  Later scenarios might include lower quality roads, higher speeds (up to 90 km/h), sharper turns, and additional obstacles (both static and dynamic).  Costs of the prototype system may be higher, but the cost target for a production system is less than $25k.  Both online and offline learning techniques are acceptable.  The testing should show that the system does not overfit to specific training sets and can perform in environments and conditions that are different from the training.  The system should also be capable of operating in GPS-denied and communication-denied environments.

PHASE I: Develop a concept design for a system using lifelong deep learning and inexpensive COTS sensors to perform robotic following with large vehicles.  The deliverables shall be a concept design report and performance analysis report.   The concept design should include a description of the system architecture, algorithms, sensors, and computing requirements.  The performance analysis should show the effectiveness of the algorithms in tests conducted in simulation using collected real-world data sets.

PHASE II: Using the Phase I concept design, the contractor shall develop, integrate, and demonstrate a prototype system that can incrementally learn robotic following behaviors on a large vehicle, using deep learning algorithms and inexpensive COTS sensors.  The system deliverables shall include: design documentation, interface control documents (ICDs), software, and hardware.  The integration and demonstration shall be performed using a large vehicle (provided by the government) that is already equipped with drive-by-wire capability. The environment and operating conditions for the final demonstration should be on improved roads, during the day, and at speeds ranging from 45 km/h to 90 km/h.

PHASE III DUAL USE APPLICATIONS: A potential military application of the deep learning system is to integrate into the Autonomous Ground Resupply (AGR) program, which will then transition into the Leader Follower Program of Record.  There is potential additional application for the system to expand into full autonomy and transition into the Autonomous Convoy Operations Program of Record.  A potential commercial applications of the system could be to enable platooning within the trucking industry.  There are also potential agricultural applications where more than one piece of equipment and operator is required to perform a task.
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	A16-121
	TITLE: Active fan/blower noise reduction



TECHNOLOGY AREA(S): Ground/Sea Vehicles

OBJECTIVE: Develop an actively controlled system to reduce the noise emitted from cooling fan and/or blower noise by no less than 10 dB

DESCRIPTION: As the noise generated from the engine and drivetrain of power generation systems gets treated to desired levels, the most significant noise source left to eliminate is the noise generated by air mover for the cooling system.  Current state of the art systems have been developed for computer fan noise that imbed magnets in the fan to be used to create the noise canceling sound wave.  This solution is not practical for military applications because of the extreme environment that the solution will see in application and the extreme vibration of military applications.  The solution desired in this topic shall be innovative in that it could be used over a wide temperature range (-40 F to 145 F) and be applicable to both conventional fan/radiator applications as well as in blowers used to feed air to fuel cell stacks.

PHASE I: Should include a feasibility study to include how the solution would accommodate the temperature ranges and the fan/radiator as well as the blower applications.  The control strategy shall be determined and evaluated showing conformance for the fore mentioned variables.  A proof of control concept shall be demonstrated for technical merit.  A system durability evaluation shall be included to prove the technical merit of the solution.  The commercial merit shall be evaluated with an estimate for final cost

PHASE II: The system shall be developed and demonstrated to show the ability to produce the desired results in at the extremes of the temperature range.  The system shall also be demonstrated on the fan/radiator and the blower applications.  The durability of the system shall be demonstrated through an accelerated life cycle vibration test for a potential application.  The final solution shall be evaluated to determine the commercial viability in phase II also.

PHASE III DUAL USE APPLICATIONS: Applications for this system shall be for a military Auxiliary Power Units (APU) application that uses a fan/radiator system and for a blower in a fuel cell application.  The potential commercial application includes fuel cell vehicles and commercial bus applications where the cooling fan noise is significant for pedestrians.
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	A16-122
	TITLE: Metallic Coatings for Structural Enhancement of Polymers and Composites for Reduced Weight Missile Structure



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop processes, characterize material properties and integrate process modeling with structural finite element analysis to accommodate the integration of metallic coated polymers for reduced weight missile structures.

DESCRIPTION: Advances in coating and plating technology allow the application of metallic layers on the exterior of polymer and polymer composite structures.  These layers improve the stiffness and strength of structures with minimal added weight.  This technology can provide a new approach to light-weight, wear-resistant, damage tolerant structures, such as brackets and housings that contain built-in fastening points for easy assembly. Metal structures possess high strength/high wear resistance but come with a weight penalty. On the other hand, polymer based parts are lightweight but usually require extensive post machining to create fastening points (e.g. flanges with insert holes), and/or installation of metallic inserts as a costly secondary setup. An ideal structure would be built near net-shape and meet strength and damage tolerance performance needs, while also containing integrated fastening points for quick assembly and integration into the system. The fastening points need to handle high wear from assembly/re-assembly or from high frictional wear from moving or sliding components that comes in contact with thru holes.

Development is needed to advance this technology for missile applications and fill two main technology gaps:

1)	Improve and demonstrate the repeatability of the adhesion and durability of these coatings. Adhesion and durability repeatability should be demonstrated within +/- 5% based on testing six specimens and three separate batches.

2)	While the stiffness improvements can be predicted reasonably with the rule of mixtures and plating thicknesses can be predicted using process modeling software, development is needed to integrate process modeling software, i.e., plating thickness predictions with finite element analysis and improve the predicted strength throughout the plated component to within +/- 10% of actual realized performance.

Materials and processes must adhere to applicable OSHA and EPA regulations.  Avoid the use of hexavalent chromium and cadmium.

PHASE I: Demonstrate the coating or plating of polymer and composite structures using a parametric approach to evaluate the polymer, composite and metallic combinations that are feasible with this technology.  Down-select to a subset of two material combinations based on expected strength enhancement and characterize the strength and stiffness improvements of a range of plating thicknesses at the coupon level using tensile and flexural testing.  Also, at the coupon level, evaluate the adhesion and thermal cycling endurance per ASTM B533, ASTM D4541, and ASEP-TP201 of the down-selected coatings. Validate the processes on an analog component on the scale of at least a 4 inch cube with multiple recessed areas and 90 degree corners (Army TPOC can provide models of an analog component). Plating process analysis should be performed and integrated into the structural analysis for strength prediction, and validated within 10% of predicted tensile strength performance through fabrication and testing.

PHASE II: Demonstrate the new process on a relevant missile component or structure.  This demonstration should include component and system level structural analysis, fabrication, non-destructive evaluation, metrology to verify dimensional accuracy, structural, dynamic and environmental testing.  Three different applications are required to demonstrate repeatability of the entire design and fabrication process.

PHASE III DUAL USE APPLICATIONS: Demonstrate the process on a relevant Army application, and provide complete engineering and test documentation for development of manufacturing prototypes. A relevant application could include weight reduction from missile components or structures in an existing and/or future system application.
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	A16-123
	TITLE: Miniaturization of high average power, high peak power, wide bandwidth antennas



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: The objective of this effort is to develop compact high power broadband antennas that can withstand the electrical and thermal stresses of high repetition rate signals.

DESCRIPTION: The US Army has programs that require very compact electrically small antennas that are capable of handling the electrical and thermal stresses of high repetition rate signals.  Electrically small antennas are antennas that radiate signals having wavelengths greater than the dimensions of the antenna. For example, a lambda/10 antenna, where lambda is the wavelength, is one that radiate wavelengths that are 10 times longer than the characteristic dimensions of the antenna.  Newer transmitter systems being developed by the Army and Department of Defense (DoD) have mobility and Radio Frequency (RF) characteristics that are hard to match with present RF emitters.  New test RF systems exist which have very high pulse repetition frequencies giving them high peak and average powers at the same time.  The cell phone companies have developed electrically small antennas, but they are not efficient and cannot handle high powers. However, it may be possible to leverage some of their developments. The most recent advances in electrically small antennas have been based on the development of new materials and geometric configurations; e.g., fractal structures. The Army is seeking innovative approaches for developing efficient electrically small broadband antennas. The antennas currently of interest must fit into medium to small geometric spaces with minimized back lobes to minimize the possibility of fratricide.

PHASE I: Design an electrically small broadband antennas and perform sufficient proof-of-principle experiments to verify that the designed antennas can efficiently radiate frequencies of interest (20 MHz - 1 GHz), can withstand high peak powers (10 MW), a pulse length of 6 ns, and a pulse repetition frequency of 200 kHz.

PHASE II: Based on the results of Phase I, continue to develop efficient electrically small antennas by exploring new materials such as nano-materials and metamaterials and by assessing environmental effects these antennas may be prone to. Work with the systems developers to ensure that the antennas can meet the form factor requirements.  Baseline specification for new antennas include:
(1.)  An antenna radiates efficiently in the frequency band from 20 MHz to 1 GHz when incorporated into RF transmitter systems.
(2.) Can withstand high peak powers (10 MW).
(3.) A pulse length of 10 ns.
(4.) A pulse repetition frequency of 400 kHz.
(5.) An 8 hr. transmitter on time.
Ideally the phase II proposer will also extend the work in 1 GHz blocks up to a maximum frequency of 6.0 GHz.

PHASE III DUAL USE APPLICATIONS: There are many military and commercial uses for antennas including communications, radars, and various sensors. In particular, the results of this effort will be of interest to cell phone companies, which are continuing to fund the development of electrically small antennas.  Likewise, there are many military platforms that require compact broadband antennas including Unmanned Aerial Vehicles (UAVs), missiles, munitions of various types, and satellites. If successful, the most immediate transition path is the delivery of a new class transmitter to Program Executive Office Missiles and Space (PEO-MS).

Baseline specification for a Phase III antennas would include:
(1.) A family of antennas that radiate efficiently in the frequency band from 20 MHz to 6 GHz when incorporated into systems
(2.) Can withstand high peak powers (10 MW).
(3.) A pulse length of 10 ns.
(4.) A pulse repetition frequency of 500 kHz.
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	A16-124
	TITLE: Boron Suboxide Powder Synthesis for Ultra-high Hardness Ceramics



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: To develop new manufacturing methods for Boron Suboxide ceramic powder.

DESCRIPTION: The US Army requires advanced materials and processes for lighter weight and improved ballistic performance of Soldier protective equipment.  Ceramic materials including boron carbide (B4C), silicon carbide (SiC), and B4C/SiC hybrids are currently used as strikeface materials in hard armor inserts to defeat armor piercing projectiles. High hardness and high fracture toughness are key material properties required for this application.  While current ceramic materials are robust, there is a need for new materials to provide lighter weight armor solutions at same or improved protection levels.

Boron suboxide (B6O) is a promising material for hard armor ballistic applications due to its extremely high hardness. B6O based materials are known as the hardest materials after diamond and cubic boron nitride [1,2].  B6O ceramics have the potential for significant armor performance improvement and weight savings up to 25%.

Current powder synthesis methods are complex, inefficient, demonstrate imperfect stoichiometry, and are only capable of producing very small quantities for academic study and research [3, 4].  Research and development of B6O ceramics is severely limited by availability of B6O powder. A practical, efficient method to produce pure B6O powder is needed.

PHASE I: Demonstrate the feasibility of synthesizing B6O powder with the potential for scale up to large quantities.  Develop processes and procedures for small scale manufacturing.  Perform powder characterization for composition, phase purity, homogeneity, surface area, and geometrical features of particles and agglomerates e.g. shape, size, and size distribution.  Produce a small quantity (1kg) of B6O powder for delivery to the government.  Deliver monthly and final reports documenting all research and development activities including all data collected, progress made toward objective, and recommendations. Successful achievement of program objectives will be considered for Phase II. The expected maturity level at the end of Phase I is TRL 4.

PHASE II: Develop a pilot scale production capability to produce on the order of hundreds of kilograms of boron suboxide powder.  Conduct parametric investigations to systematically vary the composition and processing parameters to synthesize B6O with controlled and consistent properties e.g. chemical composition, stability, size, shape, etc.  Based on these results, demonstrate method to produce B6O powder with consistent properties on the order of hundreds of kilograms.  Verify material properties using standard physical and chemical characterization methods.  Demonstrate the potential for production scale up of technology to produce quantities on the order of tens of thousands of kgrams of boron suboxide at cost on the order of $100 per pound for 100 lb quantities and $25 per pound in ton quantities. Produce 250 kg of B6O powder using optimal processing parameters derived through parametric studies for delivery to the government. Deliver monthly and final reports documenting all research and development activities including data and analysis, final optimized material properties, and recommendations for production scale up of technology.  The expected maturity level at the end of Phase II is TRL 6.

PHASE III DUAL USE APPLICATIONS: Upon successful completion of the research and development in Phases I and II, scale up technology to full production with capability to produce sufficient quantities to support full scale ceramic tile productions levels at cost comparable to current B4C powder. Establish quality assurance processes and procedures to ensure consistent raw material properties. This technology has wide application for U.S. and foreign military, law enforcement, as well as vehicle armor applications. Furthermore, new business opportunities and jobs will be created in development and manufacturing of this material.  The expected maturity level at the completion of Phase III is TRL 7.
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	A16-125
	TITLE: Sniper Missed-Distance Corrective Offset



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Provide a definitive, reliable, and repeatable means for a sniper team spotter to visually track and precisely determine the missed-distance offset point of a sniper’s round from the intended target.

DESCRIPTION: Currently, a sniper team spotter will visually follow his shooter’s bullet trace to target in order to establish a missed-distance and provide the shooter a corrective X-Y offset (in milliradians) for a follow-on shot.  This missed-distance will likely be attributable to unanticipated environmental, weapon and ammunition conditions.  Bullet trace is the movement or (vapor) trail of disturbed, compressed air (shock wave) of the bullet as it proceeds in flight.  Visually following trace is an acquired spotter skill which requires a very keen eye, discerning imagery, and is limited by prevailing environmental conditions, ammunition characteristics, and the range of the target. Also knowing EXACTLY when the bullet reaches the perpendicular vertical plane of the target is nearly impossible.  The desired capability should leverage available technology to visually track a sniper’s bullet external ballistic trajectory in both day and night conditions and automatically determine the appropriate X-Y offset in milliradians of the projected point of impact (in the perpendicular vertical plane of the target) from the shooter’s intended point of aim.  Visual tracking means exploiting any appropriate wavelength available without altering the bullet (i.e. adding retro-reflectors or relying on one-way-luminescence technology).  The virtual splash (strike/impact) point can be projected by calculating and applying the bullet’s time of flight to target from the instant the bullet is fired, which could be signaled by the sound of the bullet firing.  A desired feature would allow a near real-time visual (graphical) plot of the bullet’s path and display it in the spotter’s sight picture. The solution can be an enhancement to the existing M151 Spotting Scope or possibly a next generation spotting scope, to automatically track sniper bullet trace from a shooter’s perspective and determine a corrective missed-distance offset that can be conveyed to and applied by the shooter for a successive follow-on shot in order to hit the target.

PHASE I: Research and propose a viable cost-effective technical solution that satisfies the stated objective.  The proposed solution should be the result of an engineering tradeoff analysis conducted among several possible courses of action with a focus on SWaP-C (size, weight, power & costs) considerations.  The analysis should detail technical advantages/disadvantages, as well as technical/programmatic risks, and provide rough cost estimates for a fieldable technology.   All work performed in Phase I shall be provided in a final report that identifies the best conceptual solution.

PHASE II: Design and build a prototype system based on Phase I recommendations that can demonstrate (validate) anticipated performance in meeting the objective.  Test the system in a simulated military environment and submit a Phase II report that includes test and demonstration results.  Develop a detailed proposal that outlines required efforts to have a TRL-7 system available to be demonstrated in a military environment.

PHASE III DUAL USE APPLICATIONS: In conjunction with a military customer, optimize and ruggedize the Phase II prototype system for possible insertion within Army sniper teams.  The system has potential commercial applicability as a smart automated targeting and training aid for sportsman shooters which can provide immediate shooter feedback. Some other commercial applications for this technology include incorporation in commercially available rifle scopes.
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	A16-126
	TITLE: Flame Retardant, Launderable Electro-textile Connectors



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop the ability of Army Aircrews to utilize their flame resistant clothing for transport of power and data without sacrificing launderability or achievements in weight and bulk reduction.

DESCRIPTION: Technology is becoming wearable in both the commercial and military world.  Smart watches function as heart-rate monitors and calculate the number of steps taken in a day.  Aircrews use radios with push-to-talk buttons and wear Communication Enhancement and Protection System (CEPS) to enhance hearing while wearing the aviation helmet.  As radios and computers become smaller and use less power, the potential to connect them to body-mounted batteries and data-transport systems becomes more realistic.  Currently, there are ways to transport power through materials: by weaving conductive fibers into a grid structure, through narrow fabrics or by embroidering the fibers into the desired pattern.  There is also potential to incorporate a conductive base in a non-woven or knitted fabric.  The bridge between the power/data flow and the terminal device (e.g. the connector) is only dependable if ruggedized to endure the soap, water and agitation required by customary laundering practice.

While flexible keyboards, screens, radios and computers are being miniaturized, it is prudent to continue developing the enabling technology of rugged and reliable connectors that can survive laundering as an integrated component of the garment.  The connectors should allow recharging of batteries, transmission of power and data in an Army aircraft environment while meeting the following requirements:
Power:  28 Watts (2 to 4 Amps)
Data:  USB 3.0, SMBus, serial, analog audio and video and Gigabit Ethernet
Safety of flight, including the following requirements from MIL-STD-810G:
- Temperature/Altitude/Humidity -- 520.3, Procedure III
- Vibration -- 514.6, Procedure I, Category 14-rotorcraft
- Explosive Atmosphere -- 511.5, Procedure I

PHASE I: This effort shall be used to demonstrate an innovative approach and possible new materials that could be used for lightweight, low bulk, rugged and launderable connectors that have no ill effect on the flame retardant character of the material.  The research may also review possible methods of transporting power and data through fabric without impacting the fabric hand and weight.  The end product shall be a report of the findings, a prototype demonstrating potential for launderability, and a recommendation for a path forward.  In production, the target cost is $5 to $40 per connector to make it feasible to use 6 or 8 connectors on one unit of clothing or protective equipment.

PHASE II: This effort shall develop the capability to produce small quantities of the connector that can be attached to an electro-textile system that ports into and provides power and data to a device similar to a smart phone on one end of the network.  The power shall be provided by a detachable battery and the data shall be provided by any type of computer system.  Twenty-five fabric/connector systems shall be built and demonstrated.  The removable components shall be detached, and the electronic textile with connectors in place shall be laundered five times in a standardized manner.  The capability of the network shall be validated in a relevant environment before and after laundering of the systems.

PHASE III DUAL USE APPLICATIONS: Military personnel will be able to connect mission equipment to Soldier networks that provide information back to headquarters about the Soldier's physiological condition, location and mission progress; real-time information can be sent back to the Soldier concerning ways to avoid danger, and any modifications to the mission that are authorized while underway.  The technology will play a part in enabling the tracking of location of elderly, children or handicapped individuals who may need assistance as well as to transmit information about the physiological status of athletes.
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	A16-127
	TITLE: Soldier Borne Cross Domain Solution



TECHNOLOGY AREA(S): Information Systems

OBJECTIVE: The Offeror should provide a detailed system and circuit-level design in preparation to implement for prototyping and testing in Phase II.

DESCRIPTION: Today’s Soldier employs multiple digital assets on the battlefield for digital communications, such as Voice/C2 (Command and Control) data, usage of aerial and terrestrial assets, and wireless connectivity of devices on the body. These digital assets increase the Soldier’s Lethality and provides Force Protection. However, many of the assets do not support SECRET level classification, which impedes the ability of the Army’s handheld device to properly view, and disperse across the network information and feeds from various UAV\S (Unmanned Aerial Vehicles/Sensors), UGVs (Unmanned Ground Vehicles) and SBS (Soldier Borne Sensors).  The use of a one way or bi-directional cross domain guard that could support small amounts of data as well as full motion video could aid the Soldier in gathering together the data feeds and have a comprehensive situational awareness/understanding.

PHASE I: The Offeror shall conduct a feasibility study identifying technologies and a suitable approach to fulfill and address the topic’s technical problem domain space.

PHASE II: The offeror shall fabricate 5 prototypes and demonstrate the Cross Domain Solution in an operational relevant environment, with a limited number of nodes to process full motion video and varied VMF (Variable Message Format) messages across network domains with an acceptable video quality level and message completion rate.  In order to demonstrate the Cross Domain Solution, the Government shall provide GFE such as Robotics and UAV assets and End User Devices. In order to demonstrate cross domain capabilities, the Offeror must integrate COTS (Commercial-Off-The-Shelf) software/hardware for verification and validation.  The following capabilities shall be demonstrated:
a)	Pass Situational Awareness data to and from the tactical edge
b)	30-40 Mbps throughput
c)	Low latency
d)	Support multiple messaging formats
e)	Operate in tactical environment; on vehicles or Soldier carried

PHASE III DUAL USE APPLICATIONS: Upon successful completion of Phase II, the contractor shall complete any required hardware/software modifications to support a Government Operational Test.  Additional hardware may be required.  Successful completion will facilitate the transition to the Nett Warrior Program of Record.

In terms of commercialization, the technology developed through this SBIR can be readily used in the IoT (Internet of Things) commercial marketspace where user wants to protect movement of sensitive data between different networks.
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	A16-128
	TITLE: Comprehensive Sky Compass (CSC)



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Design and Demonstrate a Comprehensive Sky Compass (CSC) which includes a base celestial compass including sun, stars, moon and planet solutions together with an integrated sky polarization compass.

DESCRIPTION: This effort is specifically intended to address the need for rapid high accuracy azimuth information in an optimal Size, Weight, Power and Cost (SWAP-C) for integration man-portable Far-Target Location (FTL) systems.  The Fires Center of Excellence (FCoE) rates the ability to rapidly and accurately ascertain a targets location with a high enough degree of precision to engage with precision munitions as a critical capability gap. The largest source of Target Location Error (TLE) in the existing FTL systems is in "azimuth".  Traditionally hand held target location systems have used the Digital Magnetic Compass (DMC), or more recently the base celestial compass.  The former is heavily influenced by magnetic fluctuations and other distortions of the field in the combat environment.  The latter provides exceptional results in a rapid fashion, but is severely limited in its operational availability due to limited conditions when the celestial reference bodies are in acceptable viewing positions.  The CSC will maintain the precise accuracy obtained with the celestial compass while significantly improving its availability and operational effectiveness.  This technology will support such programs as the JETS and LLDR as well as potential future targeting systems for the ARMY, Marines and DOD as a whole.

The compass should include the logic to select and output the optimal solution and Figure of Merit (FOM) based on the operational environment and available sensor data.  The CSC will produce a sub 2 mil solution within 15 seconds with a 50% probability RMS and an accompanying FOM that bounds the error with a 90% probability RMS. The Comprehensive Sky Compass will extend the availability of the current celestial compass, which is limited during high sun angles, dusk, and other times when there is not a clear line of sight to a celestial reference object.  The integration of the sky polarization compass will allow the CSC to work during overcast and dusk daytime conditions as well as when the sun is not in the direct line of sight since the sky will still be polarized.  Inclusion of the moon will allow use in cases where the moon is in the field of view and swamping out the stars.  It also appears during dusk and improves performance in these cases.  The planets become visible about 20 minutes before the stars during dusk and including them in the solution improves performance during this critical time period.

The demonstrated final solution should be in a form fit replacement for the current 2 lens solutions available.

PHASE I: Requirements Analysis & Design Study.  Requirements for the objective Comprehensive Sky Compass (CSC) will be analyzed in terms of the forward observer's mission requirements and targeted Programs of Record for which the technology is applicable.  Specific performance parameters will be defined for both the celestial and sky polarization sensors.  Once the requirements analysis is complete, a notional architecture and performance prediction will be developed.  A design will be established that allows a form fit function replacement of the current two lens celestial compass.

PHASE II: Proof of Concept Units:  During this phase 4 proof of concept units will be fabricated and demonstrated in both a lab and field environment in the correct configuration for the drop in replacement.  The packaged proof of concept unit will be tested in both a lab and field environment.  The module size, weight, power, performance, and cost predictions will be assessed and analyzed to determine viability of entering Phase III.  Results of this phase will be used to determine if the module is suitable for insertion into the JETS and LLDR III production.

PHASE III DUAL USE APPLICATIONS: During this phase, the detailed design process will commence for the objective CSC.  Five modules will be integrated into a JETS or JETS-like host system and five units will be integrated into the LLDR III testbed for demonstration and validation.  The units will undergo performance and environmental testing.  Upon successful test and demonstration, the JETS target locator will be type classified and production of the JETS with a CSC will begin.  Additionally, the test and evaluation information will be shared with the commercial sector enabling “spin-off” into commercial applications.
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	A16-129
	TITLE: Augmented/Mixed Reality for Live Fire Ranges



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop a see-through Augmented Reality (AR) protocol and prototype to create realistic simulated human avatar overlays on top of/in lieu of standard silhouette representations and to replicate night/obscurant conditions (opaqueness) during live fire familiarization training.  The research would focus on the development of AR technology that supports range scanning with one eye, and weapon sighting with the other. The AR technology would have to operate and support M4 and M16 weapon platforms utilizing various sights (iron, Red Dot, CCO, and ACOG).

DESCRIPTION: An Augmented Reality solution coupled with a Location of Miss or Hit (LOMAH) or Non-Contact Hit Sensor (NCHS) on a live fire range would afford the Army the ability to ensure standard target representations are provided regardless of terrain.  This approach would also allow for the scripting/modeling of these target representations to support advanced training. In addition to the dual AR visual representations, appropriate occlusion algorithms for the live fire ranges would be imperative to ensure accurate display and representation of the virtual target systems within the field view of the shooter.

PHASE I: Determine the feasibility/approach for the development of an integrated augmented reality technology to meet training requirements in support of US Army Basic Rifleman Marksmanship familiarization and qualification training.  Study, research, and conduct initial integration and design concepts of core technology components.  Synchronization of work being completed by RDECOM, PEO STRI and academia will be required. Research dual AR technologies, power management approaches, eye tracking (if required), and ruggedized for open air environments.

PHASE II: Refine design and continue technology investigation and integration into a prototype baseline, and implement basic modeling methods, algorithms, and interfaces between the control system and the projections system.  Develop a prototype augmented reality training capability that can be utilized within live domain (field) training environments with fiducial markers and for lane and target orientation.  Create basic target representation models (standard E/F type silhouettes, human avatars, etc.).  Integrate prototype with existing LOMAH technology. Demonstrations will be at TRL 6.

PHASE III DUAL USE APPLICATIONS: Finalize design and technology integration into a product baseline. Continue to define/refine target silhouette model development and representations.  Potential interface to OneSAF or other virtual solutions (for generation of targets/entities).

Military application: Transition technology to the Army Program called Future Army System of Integrated Targets (FASIT). Technology would be viable for both digital and non-digital ranges, urban operations ranges, and other live fire training ranges where non-contact, point of intersection information can be utilized in engagement scoring at the qualification trainings ranges, battle damage assessments, lethality and engagement scoring at the test and evaluation ranges and cross domain information sharing.

Commercial applications include sports applications, gaming applications, and law enforcement applications.
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	A16-130
	TITLE: Compact Infrared Polarimeter for Target Tracking in Clutter



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: The U.S. Army has a need for advanced tracking capabilities in cluttered environments for high energy laser weapon systems.  Current methodologies used include a passive wide field of view mid-wave infrared sensor.  This solicitation is seeking innovative approaches to developing compact, lightweight polarimeters capable of measuring a full stokes vector.  This is often referred to as a 3D polarimeter and includes horizontal and vertical linear polarization, linear polarization at +45 and -45 degrees, and right and left circular polarization.  Mid-wave and long-wave infrared passive sensors are of interest.  The system must be fast enough to track moving targets and detect a full Stokes vector at rates up to 200 Hz.

Expected deliverables from a phase I effort include a design concept for implementing a snap shot polarimeter capable of detecting a full Stokes Vector with micropolarizers manufactured on a focal plane array.  Phase II deliverables shall include a hardware prototype.

DESCRIPTION: Polarization has been proven to enhance target detection in clutter with polarimeters.  Use of the full Stokes vectors in polarimeters allows better identification in adverse weather conditions.  This is difficult to implement because it requires horizontal and vertical linear polarization, linear polarization at +45 and -45 degrees, and right and left circular polarization for the same image.  Tracking fast moving targets in tactical scenarios typically requires high frames rates (ex: 1kHz up to 4kHz).  Polarimeters typically use single or multiple polarization filters in a rotation stage that collects different states of the same image before the image in the field of view of the sensor changes.  Current rotating polarizers have proven insufficient for tracking fast moving targets in turbulent environments, where the scene is changing faster than the rate of the rotation stage.  An alternative to using a rotation stage is to split the image into multiple cameras with a different polarization filters and wave retarders filtering light onto each camera.  This method is costly and adds weight and size to the overall system.  Additionally, the use of beam splitters and optical elements adds complexity to a rugged system.

Some efforts have been made to implement polarization filters directly on a focal plane array.  This approach reduces size, weight, and power required for a typical high speed rotation stage and allow for higher speed detection of all polarization states of a single image.  Issues with this implementation include a loss in total image resolution by using multiple pixels to detect different polarization states of the same image location.  This technology shows promise, but requires additional robustness and proven capability to push forward to tactical systems.

PHASE I: Conduct research, analysis, and studies on the selected polarimeter architecture, develop measures of expected performance, and document results in a final report.  Provide analysis supporting the method of polarimetry implementation and expected hardware performance.  The phase I effort should include modeling and simulation results supporting performance claims.  A preliminary concept and draft testing methodologies that can be used to demonstrate the polarimeter system proposed during the phase II effort shall also be produced.

PHASE II: During Phase II, a passive MWIR or LWIR polarimeter concept design will be completed. Selected components will be developed and tested to help verify the design concept.  A prototype polarimeter is expected to be tested at a minimum level.  Parameters to be verified include polarization detection accuracy, overall rate of image collection and Stokes vector measurements.  The necessary data processing techniques used for tracking shall be included in the phase II development.  Methods to push data processing to desired operational rates shall be addressed, if not met.  The extinction ratio, pixel cross talk, and total noise of the sensor shall be addressed.  The data, reports, and tested hardware will be delivered to the government upon the completion of the phase II effort.

PHASE III DUAL USE APPLICATIONS: There are many potential applications for high speed, lightweight polarimeters.  Commercial and Military applications include tracking, remote sensing, weather radar, and astronomy.  In phase III, a robust polarimeter capable of operating at high speeds shall be developed and field tested to prove target detection in clutter.  Military funding for this phase III effort would be executed by the US Army Space and Missile Defense Technical Center as part of its Directed Energy research.
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	A16-131
	TITLE: Parallel Intermixing of Lithium-Ion 6T Batteries with Dissimilar Chemistries



TECHNOLOGY AREA(S): Ground/Sea Vehicles

OBJECTIVE: Lithium-ion 6T pack embedded hardware and software solutions that allow for parallel intermixing of Lithium-ion 6T’s with dissimilar chemistries without impacting battery life or safety and while providing improved performance.

DESCRIPTION: The military requires batteries to provide energy and power for starting, lighting, & ignition (SLI) and Silent Watch. The demand for battery power and energy, especially for Silent Watch, continues to grow as more sophisticated electronics are developed and added to the military's fleet.  One approach to meet this need is to replace 12-V lead-acid 6TAGM batteries with 24-V Lithium-ion 6T drop-in replacement batteries.  However, there are a wide variety of dissimilar Lithium-ion chemistries that could be used in Lithium-ion 6T’s, such as NCA, LFP, LCO, NMC, and LTO.  Using Lithium-ion 6T’s with dissimilar chemistries from different vendors in parallel is desired to allow for increased competition, lowered cost, and greater compatibility and availability.  However, such parallel intermixing poses challenges given each chemistry’s unique voltage, capacity, and power characteristics.  Accordingly, innovative solutions must be developed and demonstrated which will allow for parallel intermixing of Lithium-ion 6T batteries with dissimilar chemistries (such as Li-ion 6T batteries from different vendors) without impacting battery life or safety relative to a baseline homogeneous 6T pack and while providing improved performance of the parallel 6T battery pack as a whole.  The technology developed should also improve the performance of homogeneous parallel-connected Li-ion 6T’s.  Emphasis will be on solutions and technologies which can be implemented within the interior of a Li-ion 6T battery and within existing Li-ion 6T battery management system topologies, including embedded hardware and software solutions as well as battery-to-battery CAN communication and coordination.

PHASE I: Identify and determine the engineering, technology, and embedded hardware and software needed to develop this concept.  Drawings showing realistic designs based on engineering studies are expected deliverables.  Additionally, modeling and simulation to show projected performance and cycle life improvements from the technology developed in this phase (>10%) over a homogeneous Li-ion 6T pack (2-pack, 4-pack, and 6-pack) is expected as well as projected improvements to homogeneous Li-ion 6T packs (>5%).  This phase also needs to address the challenges identified in the above description.

PHASE II: Develop and integrate prototype embedded hardware and software into Lithium-ion 6T’s from at least two different vendor’s using dissimilar chemistries.  Baseline testing should be performed on a two parallel string of Li-ion 6T batteries from each vendor (homogeneous Li-ion 6T packs) and on a two parallel string of Li-ion batteries with one from each vendor (baseline intermixed Li-ion 6T pack).  Using Li-ion 6T with the technology developed under this phase, there must be sufficient testing to demonstrate that there is no degradation in the safety of an intermixed pack compared to the homogeneous baselines and that performance (usable capacity) and cycle life is improved by >10% from the intermixed baseline.  Performance and life cycle improvements to a parallel string of homogeneous Li-ion 6T should also be demonstrated at >5%.  Deliverables include electrical drawings and technical specifications, software, M&S and test results, and four Li-ion 6T batteries (2 from each vendor) with the integrated embedded hardware and software improvements.

PHASE III DUAL USE APPLICATIONS: This phase will begin installation of Lithium-ion 6T intermixed packs using the solutions developed in Phase II on a selected vehicle platform (military, commercial EV/HEV, etc.) and will also focus on integration of Phase II embedded hardware and software technologies into the production processes of current Li-ion 6T batteries.
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	A16-132
	TITLE: Advanced Material for Electrical Power Cables



TECHNOLOGY AREA(S): Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which controls the export and import of defense-related material and services. Offerors must disclose any proposed use of foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: The goal of this proposed project is to develop, demonstrate, build and characterize several different gauge size cables which will be capable of increase current carrying capacity as compared to a standard copper electrical power cable of similar gauge size.  If this proposed SBIR is successful, there would be the potential for significant weight and size reductions in power cables across the military, industrial, and commercial markets.

DESCRIPTION: With advanced power architecture’s like the NGCVEPA (Next Generation Combat Vehicle Electrical Power Architecture) large amounts of power and as a result current are being generated and distributed throughout a vehicle.  This leads to very large copper power distribution cables being required to facilitate this large current distribution.  Significant size and weight can be reduced with advanced materials which have the potential for higher conductivity/lower resistivity cables when compare to a pure copper cable.

PHASE I: Develop a proof of concept power cable that can demonstrate the improved electrical characteristics of the advanced material when compared to a copper cable.  Develop a preliminary design to meet; a temperature range of -55C to +150C, a minimum voltage rating of 600Vrms, as flexible as a fine stranded copper wire of similar gauge, meet environments described in MIL-STD-810G, and withstand chemicals listed in MIL-STD-202H.  Also this preliminary design will take into account how various gauge and length cables can be made.

PHASE II: Bring the design forward to completion. Build and deliver; a 20ft cable capable of delivering 23A, a 20ft cable capable of delivering 250A, a 20ft cable capable of delivering 350A.  Also develop a manufacturing plan that will allow for the product to be commercialized.  Phase II will reach at least TRL 5 and commercial viability will be quantified.
Bring the design forward to completion. Build and deliver; a 20ft cable capable of delivering 23A, a 20ft cable capable of delivering 250A, a 20ft cable capable of delivering 350A.  Also develop a manufacturing plan that will allow for the product to be commercialized.  Phase II will reach at least TRL 5 and commercial viability will be quantified.

PHASE III DUAL USE APPLICATIONS: Mechanical packaging and integration of the solution into a vehicle with low voltage 28VDC power buss and a high voltage 600VDC power buss will be achieved (TRL6) and a technology transition will occur so the device can be used in military ground vehicle applications.
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	A16-133
	TITLE: Fuel Efficiency for Tactical Wheel Vehicles and Convoys



TECHNOLOGY AREA(S): Ground/Sea Vehicles

OBJECTIVE: Develop a Cruise Control Enhancement (CCE) based on terrain data to improve fuel efficiency, applicable to both manually driven and autonomous ground vehicles.

DESCRIPTION: According to the American Petroleum Institute, “military fuel consumption makes the Department of Defense (DoD) the single largest consumer of petroleum in the U.S.” [1]. A Defense Science Board report on DoD energy strategy mentions that, just in 2006, the DoD spent over 10 billion USD on fuel for combat and combat related systems [2]. At this volume, aside from volatile fuel prices, one concern is dependency on foreign sources of oil, sometimes hostile to U.S. interests. Reducing fuel consumption by 3-5% would translate in significant cost savings for the DoD as well as benefits in short and long-term environmental, socio-economic, and energy sustainability aspects.

The Office of the Secretary of Defense (OSD) funded the Fuel Efficient Ground Vehicle Demonstrator (FED) program in 2009, which looked at various engineering techniques to lower fuel consumption without sacrificing vehicle payload, protection or performance [3]. One area that wasn’t researched is fuel efficiency by enhancing the vehicle’s cruise control mechanism. Field tests show that drivers’ behavioral modifications can improve fuel efficiency by 1-9% [4] [5]. Similarly, fuel efficiency improvements could be achieved by enhancing the cruise control behavior. Studies that support this notion focus on Model Predictive Control (MPC), where a vehicle model is used to build a speed profile to maximize efficiency, with a 3.5% estimated improvement when using traffic data [6], and 3.53% when using road slope data [7]. Also, Intelligent Vehicle Power Control (IPC), for in-vehicle optimal control based on road type and traffic prediction, could improve efficiency by 2.68% [8]. Furthermore, using a-priori 3D road geometry was recently considered to support intelligent automotive applications [9]. The intent of this research is to advance the state of the art in vehicle control by combining these or similar methods in order to improve fuel efficiency not only for an individual vehicle, but also for the convoy seen as a whole.

PHASE I: Develop a proof-of-concept of the CCE system in a simulation environment, using a-priori terrain data. The simulation should be done for both an individual vehicle and for a convoy of up to 8 vehicles and for both a pre-set average speed and for an average speed given by a lead vehicle in a convoy. Supposing a cruise control pre-set average speed, the system should be able to use a-priori terrain data to optimize engine, transmission, and brake control of the vehicle for fuel efficiency increase of 3% (Threshold)/ 5% (Objective) when compared to a vehicle driven by an experienced driver at the same average speed. The CCE system should consider possible constraints on the average speed variance, which would depend on the mission. The enhancement should support military Tactical Wheeled Vehicles (TWV), commercial trucks, and passenger vehicles and be applicable to commercial Cruise Control (CC) and Adaptive Cruise Control (ACC), as well as autonomous (full robotic) control of the vehicle. For manually driven and autonomous ground vehicles convoys the CCE system should consider vehicle separation constraints given by safety, within a minimum of 5 m, maximum 150 m, and maintaining string stability. The system should be able to set fuel efficiency either for an individual vehicle or for the convoy seen as a whole. Demonstrate a real-time simulation showing the fuel saving benefits of the CCE system when compared to a simulated operator in the loop testing. The analysis should consider relevant average speeds, speed variances, convoy vehicle separation, and string stability constraints. The Phase I deliverable shall include a description of the methods used, simulation results demonstrating fuel efficiency improvement, and an analysis of computation requirements for real-time implementation.

PHASE II: Using the Phase I design requirements and technical documentation, the contractor should fully develop, fabricate, test, demonstrate and deliver two prototypes of the CCE system. The embedded hardware should be installed into two vehicles chosen by the contractor, approved by the Government, to be used for test and demonstration in single vehicle operations and leader-follower operations. The Phase II deliverables shall include a technical report, software, source code and documentation. The technical report should contain an analysis of the test data to provide a fuel/cost savings prediction matrix.

PHASE III DUAL USE APPLICATIONS: Closer to commercialization, the CCE system could be integrated into commercial vehicles, and it should be capable of being applied to various military vehicle types with only minor changes. It should be offered both as an embedded system and as a software enhancement using existing hardware. This phase should involve integrating the CCE system onto multiple military vehicles that will be used for the Autonomous Ground Resupply (AGR) program, which represents one of TARDEC’s core Capability Demonstrator (CD). For AGR, the system should be able to set fuel efficiency either for an individual vehicle or for a convoy seen as a whole and should leverage existing sensing and control baseline capabilities.
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	A16-134
	TITLE: Automated Tuning and Calibration of By-Wire Vehicles for Automated Driving Functions



TECHNOLOGY AREA(S): Ground/Sea Vehicles

OBJECTIVE: Develop and demonstrate methods to allow automatic tuning and self-calibration of by-wire vehicles.

DESCRIPTION: The Tank and Automotive Research Development and Engineering Center (TARDEC) has developed a modular approach to truck automation through the Autonomous Mobility Appliqué System (AMAS). AMAS consists of several modules including an Autonomy Kit and a By-Wire Kit. A major role of the By-Wire Kit is to transform a variety of military vehicles into electronically controlled platforms to allow autonomous functions (modes) to be added through the Autonomy Kit, for instance waypoint navigation and leader-follower operations. AMAS currently supports a variety of Tactical Wheeled Vehicles (TWV), such as FMTV, LMTV, MTVR, PLS, HET, M915.

Vehicles differ in various aspects due to different components, different structure, and different handling. Some of the differences that affect autonomous driving include steering alignment, steering dead-band, steer mapping, maximum steering rate, steering delay, tire pressure, tire elasticity, sensor mounting position, sensor alignment, brake response, and throttle response. As vehicles are driven, some of these can change over time and at different rates even for the same vehicle make and model. In addition to vehicle parameter changes, environmental changes can affect vehicle response from wind, temperature, and terrain surface. The effects of these variations currently create direct and indirect disturbances on the By-Wire Kit vehicle control resulting in deviations from the planned path. Due to the variety of the vehicles, the By-Wire Kit sensors may not be mounted in the same locations or orientation. Additionally, due to the tedious nature of mounting the sensors and attempting to measure all of their precise locations, there exists a need to provide an automatic procedure of self-determination of the sensor positions and orientations relative to a predetermined control point.

Current methods require hours of engineering support to tune the vehicle control systems. Vehicles of similar make and model may use identical tuning parameters initially, but for a variety of vehicles and changes that occur over time, a self-tuning method that is capable of determining optimal control parameters on its own is desirable. State of the art control strategies often modify the classical methods of tuning and may employ model-based control [1]. As the system changes over time and environment, there is also a need to adjust compensating parameters. Methods for automatically calibrating sensor locations and orientations have been shown in prior work [2]. Other research has shown the ability to automate the tuning of steering to various agricultural vehicles and setups through on-line vehicle modeling or through direct adaptive control [3]. Astrom, et. al., [4], Hjalmarsson, et. al., [5] and Campi, et. al. [6] have provided approaches toward more general self-tuning methods which can be applied to path control tuning. The intent of this research is to advance the state of the art in automated tuning by combining these or similar methods and applying them to electronically controlled vehicles in order to simplify the deployment of large numbers of autonomous vehicles.

PHASE I: Design a self-calibration and auto tuning system and demonstrate its performance in simulation. The system shall be capable of automatic sensor calibration and automatic tuning of the By-Wire Kit of AMAS equipped vehicles that can be controlled at speeds up to 55 miles per hour (mph). The system shall calibrate the following: GPS antenna relative mounting location, IMU relative mounting location and orientation, steering angle sensing, and wheel encoders. The system shall auto tune the following: steering actuator, throttle actuator, brake actuator, path controller, and velocity controller. The system shall be designed to allow path control using waypoints and paths from leader-follower configurations. The Phase I deliverable shall include a description of the methods used, simulation results demonstrating successful calibration and tuning, and an analysis of computation requirements for real-time implementation.

PHASE II: Develop a self-calibration and auto tuning prototype system based on the Phase I design and methods, and demonstrate its performance by implementing it on two AMAS-equipped vehicles. A technical demonstration shall be performed to show the self-calibration of the sensors and self-tuning of the control systems required in Phase I. The prototype system shall be demonstrated by autonomously driving the AMAS-equipped vehicles in waypoint navigation mode and also in leader-follower mode. The demonstration shall highlight the ability of the prototype system to work with any practical sensor placement configuration. The Phase II deliverables shall include the prototype system, a technical report, software, source code and documentation.

PHASE III DUAL USE APPLICATIONS: Autonomous driving technology is growing very rapidly in both commercial and military use. The technology developed in this project will allow by-wire vehicles to self-calibrate sensor locations and self-tune control parameters without the interaction of an expert. This system could be integrated onto the AMAS system for the military and in many different commercial applications (e.g. autonomous proving grounds, autonomous mining, autonomous agriculture, and on-highway autonomous vehicles). All code and documentation shall be developed using Capability Maturity Integration (CMMI) Level III.
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TECHNOLOGY AREA(S): Ground/Sea Vehicles

OBJECTIVE: A solid-state system for storing hydrogen is desired to fuel hydrogen fuel cells for ground vehicle power. The system should have a storage efficiency no worse than a conventional 10,000 psi tank and operate at moderate temperature and moderate pressures.

DESCRIPTION: Hydrogen fuel cells are an ideal power source for military applications. Their near-silent operation coupled with a high power density and unlimited run time (provided fuel is supplied) offer many advantages over small engines and batteries for ground vehicle applications. However, unlike engines and batteries, fuel for hydrogen fuel cells is not readily available in the battlefield. The current industry standard, hydrogen gas compressed to high pressure brings challenges in order to enable Army implementation. This can be attributed to the complexity of shipping and deploying large tankers and safety concerns regarding the high pressure and extreme flammability range of hydrogen.

In order to improve the logistical feasibility of hydrogen fuel cells, hydrogen stored in a solid state at moderate pressure and temperature is desired. The material should offer performance equal to or exceeding that of a 10,000 psi (700 bar) compressed hydrogen tank, with a specific focus on improving volumetric capacity. The material should require a small amount of energy in order to release hydrogen and should operate at moderate conditions. Cryogenic temperatures or a complex cooling system is not acceptable. An ideal material could be refilled with compressed hydrogen supplied by a reformer or larger volume storage medium, however materials that require off-site reprocessing will also be considered as this effort is focused on identifying and progressing the development of the storage material. However, the material is resupplied, it should be transported and handled in methods similar to current logistic fuels and materials.

Once developed and proven at a lab scale, the storage system will be integrated into an all-terrain vehicle powered by a hydrogen fuel cell. The system will need to store roughly 1.5 to 2 kilograms of hydrogen in order to allow the vehicle to operate with a range of approximately 150 miles. The system should be capable of providing fuel to any fuel cell integrated onto a ground vehicle for applications such as powering the on-board electronics and allowing the vehicle to remain stationary and observe a location for an extended period of time.

PHASE I: During Phase I, a suitable material should be investigated and selected. A small, bench-scale proof of concept unit should be developed to demonstrate the operation of the material and support system. The capacity, energy requirements and operating conditions should be studied and documented so that it can be readily compared to compressed hydrogen. A preliminary investigation should be done in order to determine the cost and performance of scaling up the material to a level capable of supplying a fuel cell system.

PHASE II: Phase II work will scale up the technology demonstrated during Phase I. The up scaled storage system should be designed to be integrated into an all-terrain vehicle that requires 1.5 to 2 kg of hydrogen in order to supply the onboard fuel cell. The system should be evaluated in order to determine if it is capable of performing as well as compressed hydrogen under provided operating conditions. The ability to couple the system with a JP-8 reformer should also be investigated, if the material is capable of a hydrogen refill at moderate pressures.

PHASE III DUAL USE APPLICATIONS: The system should be scalable to the hydrogen requirements of various applications, from small APUs to complete ground vehicle power, during Phase III. The system should conform to particular dimensions of a space claim and provide the required amount of hydrogen for each application. Commercial applications include hydrogen storage systems for consumer and commercial fuel cell vehicles and hydrogen transportation as part of a hydrogen infrastructure. The current market leader for this application is the material handling industry.
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