ARMY

14.2 Small Business Innovation Research (SBIR)

Proposal Submission Instructions

INTRODUCTION

The US Army Research, Development, and Engineering Command (RDECOM) is responsible for execution of the Army SBIR Program.  Information on the Army SBIR Program can be found at the following Web site:  https://www.armysbir.army.mil.

Solicitation, topic, and general questions regarding the SBIR Program should be addressed according to the DoD Program Solicitation.  For technical questions about the topic during the pre-release period, contact the Topic Authors listed for each topic in the Solicitation.  To obtain answers to technical questions during the formal Solicitation period, visit http://www.dodsbir.net/sitis.  Specific questions pertaining to the Army SBIR Program should be submitted to:
John Smith

Program Manager, Army SBIR 

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

6200 Guardian Gateway

Suite 145
Aberdeen Proving Ground, MD 21005-1322
TEL:  (866) 570-7247

FAX: (443) 327-8453

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

14.2 Phase I Key Dates

Solicitation closes, proposals due         
25 June 2014


Phase I Evaluations

30 June  – 05 Sep 2014

Phase I Selections
           
10 Sep  2014

Phase I Award Goal
           
31 Oct  2014

*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.

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 solicitation must complete 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 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 (http://www.dodsbir.net/submission/).  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 1-866-724-7457 (8:00 a.m. to 5:00 p.m. ET).

Phase II proposals can be submitted by Phase I awardees only within one of four submission cycles shown below 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 5 months or after 17 months from the contract award will not be evaluated.

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

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 solicitation 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 eight Technical Assistance Advocates (TAAs) across the Army to provide technical assistance to small businesses that have Phase I and Phase II projects with the participating organizations within their regions.
For more information go to:  https://www.armysbir.army.mil/sbir/TechnicalAssistance.aspx.
COMMERCIALIZATION 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 contracts.  The size and timing of these enhancements is dictated by the specific research requirements, availability of matching funds, proposed transition strategies, and individual contracting arrangements.

NON-PROPRIETARY SUMMARY REPORTS

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

· A summation of Phase I results

· A description of the technology being developed

· The anticipated DoD and/or non-DoD customer

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

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

· An image depicting the developed technology

The non-proprietary summary report should not exceed 700 words, and is intended for public viewing on the Army SBIR/STTR Small Business area.  This summary report is in addition to the required final technical report and should require minimal work because most of this information is required in the final technical report.   The summary report shall be submitted in accordance with the format and instructions posted within the Army SBIR Small Business Portal at

https://portal.armysbir.army.mil/SmallBusinessPortal/Default.aspx and is due within 30 days of the contract end date.
ARMY SUBMISSION OF FINAL TECHNICAL REPORTS

A final technical report is required for each project.  Per DFARS clause 252.235-7011

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

ARMY SBIR PROGRAM COORDINATORS (PC) and Army SBIR 14.2 Topic Index

	Participating Organizations                                                     PC                                Phone                                             


Engineer Research and Development Center 

Theresa Salls

(603) 646-4591


(ERDC)





Melonise Wills

(703) 428-6275

Armaments RD&E Center (ARDEC)


Carol L’Hommedieu
(973) 724-4029








Ben Call

(973) 724-6275

U.S. Army Test & Evaluation Command

Nancy Savage

(443) 861-9346
(ATEC)
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 solicitation. Failure to meet these requirements will result in your proposal not being evaluated or considered for award.  Do not include this checklist with your proposal.

1. The proposal addresses a Phase I effort (up to $100,000 with up to a six-month duration) AND an optional effort (up to $50,000 for an up to four-month period to provide interim Phase II funding).

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

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

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 others sections of the proposal submission as THESE WILL COUNT AGAINST THE 20-PAGE LIMIT.  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 Solicitation, the CCR is generated by the submission website, based on information provided by you through the “Company Commercialization Report” tool.  Army Phase I proposals submitted over 20-pages will be deemed NON-COMPLIANT and will not be evaluated.

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 14.2 Topic Index
A14-081

Innovative Situational Awareness and Decision Making Algorithms on Open Architecture
System-on-Module

A14-082

Projectile Energy Devices

A14-083

Scalable Design Method for Reconfigurable Canard Actuation Systems

A14-084

Hybrid Projectile Components Miniaturization

A14-085

Hemispheric Imaging System

A14-086

Room Temperature Ballistic Testing Backing Material

A14-087

Network Integration and Communication Through Jungle Canopy Barrier

A14-088

Using Indigenous Materials for Construction

A14-089

Development of Passive, Real-time, 3-D/4-D Imaging for Intelligence and Surveillance

A14-090

Development of Process to Produce Vitreous-Enameled Fibers for Use in Concrete Panels for
Protection of Soldiers 

A14-091

Nuclear Magnetic Resonance Instrumentation for Geotechnical, Geospatial and Geophysical
Investigations
Army SBIR 14.2 Topic Descriptions
A14-081

TITLE: Innovative Situational Awareness and Decision Making Algorithms on Open Architecture
System-on-Module
TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Design, develop, and demonstrate an advanced, evolutionary, open-architecture code library to enable weapons developers to easily adapt interfaces to enable legacy fire control systems to interact with novel sensors or data sources through a system-on-module (SOM). This software will also enhance effects by providing a framework to optimize data fusion to the fire control computer. 

DESCRIPTION: Many fielded weapons systems have onboard fire control computers to accurately aim the weapon to a predetermined target. These legacy fire-control computers typically use diverse and proprietary message formats, necessitating a complete redesign of the fire control interfaces when new sensors or other data sources must be integrated. This SBIR effort will produce an open-architecture library of templates integrated through a SOM to provide enhanced effects through specialized applications. The proposed algorithms will give the SOM the ability to connect legacy fire control systems with new hardware and communication protocols as they are developed.

The capabilities of the proposed software shall include the following:

Prioritization – Allow the user to prioritize threats based on sensor type or based on the threat, e.g., type of threat, range of threat, or time of impact. Output shall be queued threats based on user-defined priority.

Correlation – If multiple sensors pick up the same threat, present the data to one location (accuracy increases with multiple sensors) and send it to the fire control system as one input rather than sending a threat from each sensor. When multiple threats are coming from the same location, i.e., the threats are a short distance apart with a negligible angle of separation, correlate the data clusters to give the weapons system operator an average location that corresponds to both threats. To accommodate different operational conditions, the user must be able to specify the threshold, in terms of distance and angle, at which the system provides a combined location for multiple threats.

Triangulation – The weapons system and the external sensors are unlikely to be co-located. Each system might have its own center of axis and home-coordinate system. An algorithm must be developed to receive a threat in the coordinate system of the sensor and adjust the location to reflect the location and the coordinate system of the weapon being fired.    

Translation – Take incoming messages (formats: HTML, free-text, VMF, USMTF, link-16, etc.) with different communication protocols (UART, I2C, SPI, Ethernet), translate the messages, and send them to the fire control computer in a uniform language.

As stand-alone capabilities, the above algorithms are well known and have been thoroughly developed. The challenge of this effort is to formulate an integrated, single-solution package that employs these algorithms to automatically quantify and progressively reduce system-level error to an optimized level of precision and computational burden. Government software engineers will use this tool to create interfaces for new data sources and enhance the fire control functions of diverse weapons systems with varying requirements for accuracy, precision, sensitivity, specificity, and speed of operation. 

The goal is to build a combined single solution based on multiple threads. The first thread will read in data, using the internal translation routine, represented in any of the standard protocols (UART, I2C, etc.) and in the native message language of the data source. The information will then be stored in the internal data structure at which point the internal correlation routine will be applied to filter out repetitive target information, and the data subsequently be forwarded to a prioritized message queue. The second thread will process the information in the message queue according to priority and use the triangulation routine to reduce error and increase accuracy prior to sending a translated customized message to the fire control system. 

The innovation is not to develop a new SOM; the goal is to develop a library of novel advanced algorithms (translation, triangulation, correlation, and prioritization), and formulate a single package that allow smooth and seamless integration between legacy systems and new technologies (sensors, weapons systems, etc.). The proposed technology will integrate with the current and future Fire Control Ballistic Calculators. Dynamic ballistic calculations will be based on correlated data from multiple sensor inputs. 

In previous projects, we attempted to pinpoint the threat location using (latitude/longitude) based on the observer location (latitude/longitude) coupled with the direction (horizontal and vertical) and the range. The combined inputs from simple sensors we employed proved to not have the accuracy necessary for reliable effects. The proposed product should be able to determine the required performance at the component level necessary to achieve the desired performance at the system level, e.g., the precise location of a threat. While simple math can come up with theoretical requirements, developers need a tool to determine if the measure of effectiveness can be achieved in a combined sensor environment coupled with the effective dispersion area of the intended weapon (a sniper has to have much more precision than a mortar). Additionally, filters need to be developed and tested to see if they can make the readings of a standard sensor more stable.

In a combined sensor network, the idea of "associated error" attached to each device or in some cases each measurement needs to be explored. An example here is a GPS and magnetometer, over time, the values can be averaged and become more accurate, but a single reading may have a larger associated error. The accumulations of these errors bring up the possibility of innovative algorithm development to account for this relationship.

PHASE I: Develop a detailed software design for an open architecture library that can be integrated into a SOM as part of an existing fire control computer. Use modeling and simulation or experimental data or both, to demonstrate the adaptability of the proposed system to diverse and novel inputs that enhance overall weapons system effects. Demonstrate the ability to calculate system level metrics based on component specifications. Deliver a final report containing the software system architecture design.

PHASE II: Develop the functional software libraries and demonstrate through testing and integration with a fire control computer identified during phase I. The libraries shall function with a SOM that will enable the legacy FC computer to translate, triangulate, correlate, and prioritize data from diverse external inputs.

PHASE III: Coordinate with an industrial partner to develop a full integration plan. Work PEO and PM customers who have endorsed this effort to use these algorithms for legacy system enhancements and future system development. In a commercial setting, these algorithms could be invaluable for the development and roll-out of mobile device technology and future sensor networks.

REFERENCES: 

1. Bansal, Nikhil, Avrim Blum, and Shuchi Chawla. "Correlation clustering." Machine Learning 56, no. 1-3 (2004): 89-113. 

2. Thorup, Mikkel. "Equivalence between priority queues and sorting." In Foundations of Computer Science, 2002. Proceedings. The 43rd Annual IEEE Symposium on, pp. 125-134. IEEE, 2002. 

3. Merrill, William, Katayoun Sohrabi, Lewis Girod, Jeremy Elson, Fredric Newberg, and William J. Kaiser. "Open standard development platforms for distributed sensor networks." In AeroSense 2002, pp. 327-337. International Society for Optics and Photonics, 2002. 

KEYWORDS: Fire Control Computer, Fire Control Algorithms, SOM, Translation, Triangulation, Correlation, Prioritization, Open Architecture, Micro-Electronics, Fire Control. 

A14-082

TITLE: Projectile Energy Devices
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Ammunition

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

OBJECTIVE: The objective of this project is to develop novel advanced energy storage devices with increased energy densities that compare with current state of the art energy storage devices such as batteries and ultra capacitors. These devices need to fit and be compatible with US Army ARDEC munitions and projectiles fired from a gun. The objective is to replace standard electrochemical batteries, elimination of corrosive chemistries while providing substantial size and weight reduction and meeting new projectile power needs. 

DESCRIPTION: In order for the next generation of projectiles to keep up with newly developing SMART electronics, a 10+% efficiency in weight, power output, size, etc is needed for batteries or energy devices in the projectile(s). The US Army is looking for proposals to develop high energy, long lasting, high power super-capacitors hybrid batteries suited for projectile/munitions power sources. Current off-the-shelf lithium Polymer batteries are providing 7.4 volts, 2.4 amps, 120mAh, weight = .12oz, volume 1in3, providing power for 15 minutes, surviving set back forces of 20,000g and operating between -40 and 145 F, and lasting for a 20 year shelf life. Supercapacitors offer a wide temperature range, very long shelf life, high power, and a charging time of a few seconds, but available electrode materials limits them to energy densities inadequate for munitions power. Comparing with batteries, super-capacitors are capable of much faster charge and delivery for high current and high power in short amounts of time. Super-capacitors also have advantages in terms of long cycle life and fast recharge. By combining both assets of batteries and super capacitors, a new super capacitor hybrid battery(s) can be developed and manufactured to meet the Military needs and operate under military conditions – e.g. over wide temperature ranges, and to retain their storage characteristics over a period of 20 years will also be included in the search for suitable chemistries and engineering. The selection will then down select to candidate prototypes for transition to Phase II. The energy storage component will also offer high safety throughout a range of environmental and operational conditions.

PHASE I: Design a replacement power source for projectiles that demonstrates at least a 10 percent improvement in size, weight, and energy density when compared to the following Lithium Polymer battery:

Voltage 7.4 V

Current 2.4 A

Capacity 120 mAh

Weight .12 oz.

Volume <1 in.³

Length <1.2 in.

Height <1.5 in.

Acceleration survivability 20,000 Gs (to be tested by ARDEC)

Shelf-life (-25 to 160°F) 20 yr storage (-25 to 160F)

no chemical leaking or discharge 

15 minute run-time in supplied projectile

rechargeable with less than 5 minute recharge rate

PHASE II: Build prototype of high energy device which passed the requirements of Phase I. Supply ARDEC with prototype(s) for ballistic testing. Contractor will perform rough handling testing, drop testing, storage testing, leak discharge testing, cycling temperature and predicted storage testing utilizing standard machines from private industry. ARDEC will approve testing before it is started.  ARDEC will test device in projectile by firing it from a gun at a Government proving ground. Contractor will perform analysis of functioning and survivability of prototypes after gun firings. Develop new prototypes to solve any defects and repeat testing. 

PHASE III: Optimize manufacture of prototype for commercialization to System Contractors and private industry for use in various devices that need small power sources. Manufacture power device for PMs transitioning the aforementioned ARDEC programs to test for type classification at Government proving grounds. In addition, the commercial market place is seeking the same energy density improvements in the electronics, auto industry and home storage solar devices. System contractors are also seeking advanced energy density improved devices for their state of the art guided munitions. 

REFERENCES: 

1. H. Nalwa, Handbook of Low and High Dielectric Constant Materials and Their Applications, Academic Press, London, UK, 1999.

2. T. Osaka and M. Datta, Energy Storage Systems for Electronics, Gordon and Breach, Amsterdam, Netherlands, 2001.

3. P. Barber, S. Balasubramanian, Y. Anguchamy, S. Gong, A. Wibowo, H. Gao, H.J. Ploehn, and H. C. zur Loye, “Polymer composites and nanocomposites dielectric materials for pulse power energy storage,” Materials, 2, 1697-1733 (2009).

4. V. Myroshnychenko and C. Brosseau, “Finite-element modeling method for the prediction of the complex effective permittivity of two-phase random statistically isotropic heterostructures,” J. Appl. Phys., 97, 044101 (2005).

5. Y. Rao, J. Qu, T. Matinis and C.P. Wong, "A precise numerical prediction of the effective dielectric

constant for polymer-ceramic composite based on effective-medium theory,” IEEE Trans. Comp. Pack. Tech., 23, 680-683 (2000).

6. D.-H. Yoon, J. Zhang and B.I. Lee, “Dielectric constant and mixing model of barium titanate composite thick films,” Mater. Res. Bull., 38, 765-772 (2003).

7. Y. Rao and C.P. Wong, “Material characterization of a high-dielectric constant polymer-ceramic composite for embedded capacitor for RF applications,” J. Appl. Polym. Sci., 92, 2228-2231 (2004).

8. M.G. Todd and F.G. Shi, “Complex permittivity of composite systems: A comprehensive interphase approach,” IEEE Dielect. El. In., 12, 601-611 (2005).

9. H.T. Vo and F.G. Shi, “Towards model-based engineering of optoelectronic packaging materials: Dieletric constant modeling,” Microelectronics, 33, 409-415 (2002).
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A14-083

TITLE: Scalable Design Method for Reconfigurable Canard Actuation Systems
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO Ammunition

OBJECTIVE: Develop a scalable method that can generate an optimal design of a canard actuation system (CAS) which can be optimally reconfigured across different calibers for a variety of design specifications in terms of its cost, size, weight, high “G” survivability, and control hardware/software performance. Demonstrate the efficacy of the method with CAS prototypes developed for various sets of design specifications.

DESCRIPTION:  A variety of technical challenges are encountered during the development of gun-launched guided projectiles. The projectile is subjected to extremely high external forces due to the shock and vibration encountered during the gun launch in significantly different frequency regimes on mechanical and electrical components. Gun rifling complicates the projectile motion in flight, which results in unique, complex flight dynamics. Constraints on handling, loading, tube-launch, and system trades severely limit the space available for guidance components such as sensors, processors, and actuators. Further challenges in the guidance, navigation, and control (GN&C) for guided projectiles include the balance of affordability with performance. One of the major components of a guided projectile design is a canard actuation system.

The Army is interested in canard actuation technologies capable of reliably functioning in high G environments on systems where size, weight and cost are significant constraints. The manner in which canard actuation technology is implemented can range from single axis dithering systems, coupled dual axis or independent multi-axis canard systems. Duty cycles can range from anywhere in the 1 to 300 Hz range and G survivability upwards of 20,000 Gs. As a reference, a typical 38mm projectile weighs about 250g, is 180mm in length and costs about $3,000 to build. The cost per round will increase as the quantity decreases. The average weight, length and cost of a projectile with a different caliber can be calculated in proportion to those of the 38mm projectile.

A CAS consists of actuators, canard position measurement sensors and a canard opening and closing system. A CAS design has been a highly dynamic, time consuming process specified by the various requirements such as its cost, weight, size, high “G” survivability, and GN&C performance objectives.  A CAS design typically involves several iterations of the processes of selecting actuators and sensors, revising the designs of mechanical components and control software to incorporate changes in mechanical, electrical, and software configurations of a projectile and its production requirements. Therefore, it is highly desired to develop a method that can reconfigure a CAS design to systematically incorporate changes in hardware and software design specifications, which will enable rapid development of a gun-launched precision projectile and lead to significant cost reduction and performance enhancement. It is envisioned that the developed method will allow users to provide design specifications as the inputs in terms of cost, weight, size, response time, range of canard deflections, etc. and generate a high “G” survivable CAS design.  

PHASE I: Develop design concepts and a novel method for canard actuation systems with optimal tailoring for different calibers while satisfying the design specifications in terms of its size, cost, weight, control performance and G survivability. Present analytical and feasibility studies which will demonstrate the efficacy of the proposed approaches.  

PHASE II: Develop and demonstrate a prototype capability for seamless integration into realistic, Army- supplied projectiles. Perform laboratory tests on instrumented test-bed developed for this purpose to validate the performance of the system and its various components. Perform wind tunnel tests to validate the performance in near to actual flight conditions. Perform high “G” tests to determine launch survivability. Design and fabricate final prototypes based on the results of the laboratory, wind tunnel tests and field tests. Integrate CAS on-board Army projectile concepts in preparation for launch tests.

PHASE III: The end vision of this SBIR effort is the insertion of the developed novel design method for canard actuation systems. Technical innovations developed through this SBIR would also have dual use application for developing control surface actuation systems for any small flight platform in the military and civilian sectors. 
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A14-084

TITLE: Hybrid Projectile Components Miniaturization
TECHNOLOGY AREAS: Weapons

ACQUISITION PROGRAM: PEO Ammunition

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

OBJECTIVE:  The objective of this effort is to develop innovative designs for electrical and mechanical components for the 40mm guided munition to reduce weight, extend the duration of flight, increase the munition payload, keep advanced technology out of enemy hands, and minimize environmental contamination.

DESCRIPTION:  The US Army is aggressively pursuing guided gun-fired munitions and projectiles that provide a real-time video feed and control to the User. Currently, commercially available components on the developmental guided 40mm munition with a camera system are heavy, expensive, bulky, and not sufficiently resilient to withstand the G force produced when the munition is fired. The US munitions inventory does not currently include a camera-guided, gun-fired projectile at this point. 

Technological advances in the design of technologies like flex circuits and transparent electronics present the potential to solve this challenge, creating the potential to reduce the size, weight, and cost of a guided gun-fired munition with a camera.

The goal of this effort is to replace the current internal components of the hybrid 40mm guided projectile with novel internal components to provide navigation, guidance, control, sustained flight, and a video feed with the following capabilities and specifications:

- Total weight of 39g or less

- Total volume of 4.1 cubic inches or less

- Survivability of 20,000Gs of acceleration

- The ability to be fired from the M320 grenade launcher

- 10 minutes of powered flight (current system uses a standard 2 inch propeller driven by a battery-powered electric motor at 10RPS)

- A camera with sufficient clarity to permit operators to easily and clearly distinguish targets of opportunity at up to 500M

- The ability to transmit a real-time video feed up to five miles

- Video transmission in the 1.3GHz, 2.4GHz, or 5.8Ghz frequency at between 50 and 500mW

- The ability to receive control transmissions from up to five miles

- Internal Measurement Unit (IMU) with 6 degrees freedom and 7 channels (receives PPM signal from RC receiver)

- A design that conforms to the cylindrical geometry of the 40mm round

- Flight/wind stabilization function coupled with a self-righting capability for the projectile.

- Inasmuch as possible, a tamper-proof design that prevents the enemy from exploiting technology from captured rounds

- Inasmuch as possible, a design that minimizes environmental impact, e.g., non-toxic, non-corrosive batteries and components that are biodegradable in the soil within two years

PHASE I:  Design and model possible replacements for above described components that meet the design requirements specified in the description. Deliver a conceptual drawing with a preliminary technical data package for the proposed system.

PHASE II: Develop a prototype to be tested in the Army 40mm guided projectile program.  Provide drawings and bench testing results that meet the desired requirements.  Prior to demonstration, confirm 50 percent reduction weight and volume. Demonstrate set-back survival to 20,000 Gs. 

PHASE III: Optimize the design for the 60mm, 120mm, and 155mm projectiles. The successful miniaturization of electronic components for this SBIR project will address a wide range of private sector needs including improvements to personal electronic devices, UAVs, robotics, and medical devices.
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A14-085

TITLE: Hemispheric Imaging System
TECHNOLOGY AREAS: Electronics

ACQUISITION PROGRAM: PEO Missiles and Space

OBJECTIVE:  Design, develop, prototype and demonstrate a hemispheric imaging system (HIS) that improves wide angle viewing with reduced off-axis aberrations.  The technology could be used to improve situational awareness by increasing the field of view (FOV) of the optical system without the inherent increase in size required when using conventional optics. This technology will increase the fire control capabilities for weapon platforms (Tanks, Artillery, and Mortars) as well as individual soldiers.  It will also improve the situational awareness for those systems and for unmanned systems, including perimeter defense surveillance systems.

DESCRIPTION:  The necessity for snipers, soldiers and vehicle platforms to rapidly and accurately scan large sectors on the battlefield is a capability that is of high interest to the department of defense, across all agencies.  The ability to detect, classify, recognize and identify a target with a single system can increase a soldier’s survivability and lethality.  Increasing fire control system field of view without adding the associated size conventional optics require would satisfy numerous capability gaps and user interests. When coupled with a virtual reality display system, a user can be immersed in a battlefield with omni-directional situational awareness but without the physical exposure. Current commercial technology is limited in the ability to view spatially independent high resolution imagery in a wide field of view format. The edges of current technology images lack the fidelity that images in the center of the field of view poses.  It is desired to have a wide field of view system that provides 180 degree (T=threshold) or greater than 180 degrees (O=objective) hemispherical viewing.

A compound eye imaging system can eliminate moving parts used in scanning imaging systems by partitioning a wide field-of-view into multiple imaging systems. In effect, the single aperture camera system is scaled down and replicated in an array across the field-of-view, thus reducing the overall volume and expanding the field of view with minimal aberrations; it is also possible to increase depth of field (F/#) without significantly increasing focal length by shrinking the aperture and increasing the number of imaging elements. By overlapping fields of view from adjacent imaging components, equivalent pixels can be averaged to improve the sensitivity or signal to noise ratio. These equivalent pixels can also be compared to determine object location with subpixel accuracy or hyper acuity. This phenomenon compensates for lower resolution compared to a single aperture camera on a given focal plane. 

This topic is NOT restricted to a compound-eye imaging systems.

Metrics for the HIS are: Size/diameter (T) 2 inch, (O) .5 inch or less; weight (T) 8 ounces, (O) .25 ounces or less; distortion coefficient (the k1 factor where rd = ru + k1 * rd^3, forgive the text format) k1 = -0.5 < k1 <

0.5 (T), -0.2 < k1 < 0.2 (O); Resolution no less than 80 lp/mm (T), and 100 lp/mm (O); Resolution/MTF uniformity no less than (T) 90%, (O) 95%; Mapping error no greater than (T) 1mRad, (O) 0.1mRad.
PHASE I:  Research, develop and experiment with innovative vision technologies that provide hemispheric wide angle high definition imagery without the associated bulk of conventional optics.  Research, develop and experiment with methods to display virtual reality low distortion imagery to the user. Verify through modeling, simulation and lab testing that the hemispheric image is free of distortion and aberrations.  Emphasis should be placed on Size Weight and power.  Real time image rendering is required. Processing power should also be a consideration, as it is possible that very large amounts of information will need to be processed in order to provide this capability. Trade-off analyses should be conducted to support design decisions. At the end of Phase I a detailed report describing the results of the analysis and a preliminary design of the concept is required.

PHASE II: Evolve the technologies hardware and software to maximize performance. Optimize the component hardware design for an individual weapon system where size weight and power constraints are most stringent and this technology would provide the greatest benefit. Verify component technology performance in a laboratory setting. HIS performance characteristics that will be measured include field of view, resolution, ability to zoom to an artifact of interest, ISO sensitivity, color, noise, distortion, white balance. How the imagery will be displayed is also an important design consideration that shall be addressed during this phase. Fabrication of a TRL 4 component and/or breadboard system that can be validated in a laboratory environment shall be delivered to the government along with the test plan and test report that provides values for the achieved performance metrics. A final report for all phase II activities is also required.

PHASE III: Optimize the hardware and software developed in Phase II.  Refine the component design to be modular and to minimize size, weight, power and to survive the harsh conditions experienced in a military environment (MIL-STD-810).  Create a partnership with industry to manufacture the technology. Commercial application include sports cameras similar to the "GoPro", security cameras for residential, commercial and government properties, and cameras for large cumbersome vehicles with blind spots to assist drivers/captains/pilots/engineers maneuvering in difficult conditions. Miniaturized and ruggedized versions of the technology could be used in missile seeker warheads as well as in manned/unmanned or remote/vehicle mounted gunshot detection or surveillance and targeting systems.
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TITLE: Room Temperature Ballistic Testing Backing Material
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop a consistent ballistic backing material with a controllable formulation/mechanical behavior relationship capable of passing the standard column drop calibration test at room temperature.

DESCRIPTION: Ballistic testing of body armor is performed using a homogeneous clay block that serves as a backing material meant to simulate the penetration resistance of the human body. The current clay in use is Roma Plastilina No. 1 (RP#1), a modeling clay used by the artistic community. Over time, RP#1 has changed in formulation and performance to meet artists’ demands [1]. In addition, the raw materials (oils, waxes, fillers, other) used in creating the clay have inherent differences which are naturally occurring and are uncontrollable. No supplier can guarantee clay composition, microstructure or formulation consistency. This argues strongly for a new material that is dedicated to the ballistic testing community, with a formulation that is consistent from batch to batch and is not subjected to modifications to satisfy the artistic community. In addition, the mechanical properties of RP#1 vary with temperature, shear history (the material is thixotropic), mixedness, age, and loading rate (strain rate dependence) [2, 3]. Further evaluations of these properties are needed.  

The new ballistic backing material must meet the following criteria: known, controlled and consistent changes in mechanical properties as a function of temperature and cold work; a long useful life for repeated testing at room temperature; reusable; long shelf life (more than 1 year); known and  controlled  thixotropic recovery;  minimal hardening as a function of time and impact rate; limited material recovery; excellent dimensional stability; minimal stickiness to the target; easy moldability with minimal voids, air bubbles or gaps; nontoxic; low flammability; minimum odor; reasonable price and weight per unit volume  comparable with RP#1. In Summary, a new material that can pass the column drop calibration test at room temperature and that has a controllable formulation/mechanical behavior relationship is needed. 

PHASE I: Demonstrate the feasibility of material prototypes that exhibit similar deformation rates as RP#1, with a known and controlled composition, fabrication, microstructure and mechanical properties. Develop a set of small scale mechanical test to compare RP#1 and the candidate materials.  Establish the differences among the materials considering that RP#1 is usually tested at 100°F and the proposed material will be tested at room temperature. Study the technical and economical feasibility of the possible ballistic backing material using RP#1 as a baseline for comparison. Deliver a report documenting the research and development efforts along with a detailed description of the proposed ballistic backing material and its mechanical performance. The most effective material capable of simulating RP#1 mechanical response will be determined and proposed for Phase II efforts. 

PHASE II: Manufacture a ballistic backing material that at room temperature is comparable to RP#1’s mechanical behavior at 100°F. Then, produce sufficient backing material to demonstrate experimentally and statistically that the proposed material meets ATC’s drop calibration test standards at room temperature. Experimentally show that the proposed backing material does not harden over time or during high impact rates. Determine the effects of varying specific structure/composition parameters on the mechanical performance of the prototype material. Develop a parametric study that systematically varies the composition, microstructure and processing of the material to determine the conditions for manufacturing operations. In addition, establish the environmental stability of the backing material: relevant variables to consider are temperature, humidity, time and toxicity. Perform a pilot scale operation to determine the storage life of the materials by indentifying when chemical and/or structural degradation starts and how they may influence the mechanical performance of the prototype materials.

Experimentally show that the hardness of the material is relatively insensitive to room temperature fluctuations (68°F ± 10°F). The prototype material should be less thixotropic than RP#1. If the data is readily available for RP#1, the deformation rates under dynamic impact loads must be comparable between the two materials. Develop a fine quality control program for the raw materials and final product to ensure consistency between lots. Determine the minimum quality control requirements and the quality characteristics to be measured. Transition the material manufacturing process from a lab to mass production. Deliver a series of materials from each run of the parametric study to ATC for independent and in-house testing (i.e. Army Research Laboratory and/or National Institute of Standards and Technology). After identifying the prototype material that best fits the ARMY needs a total of 800 lbs. should be manufactured and delivered to ATC for further testing.  

Deliver a report documenting: (1) the formulation, composition and fabrication (laboratory and mass production) of the ballistic backing material; (2) the experimental procedures and results that demonstrate that the new material meets the performance requirements; (3) results comparing the material behavior response between RP#1 and the proposed backing material; (4) a comprehensive quality control plan. A favorable performance evaluation will lead into Phase III applications. All research, development and prototype designs shall be documented with detailed descriptions and specifications of the composition, fabrication, microstructure and mechanical performance of the prototype materials.

PHASE III: Upon successful completion of the research and development in Phase I and Phase II, the prototype material will be fabricated and tested as a backing material for personal protective equipment testing (soft armor, hard armor and helmets). After the backing material prototype has matched the Back Face Deformation (BFD) performance criteria [4], the ballistic backing material can be implemented in private testing facilities nationally and internationally and across DoD laboratories for testing various commodities. The new ballistic backing material will be used not only for military applications, but also worldwide in the ballistic testing community including law enforcement equipment testing (i.e. National Institute of Justice, North Atlantic Treaty Organization, among others). In addition, new business opportunities and jobs will be created in development and manufacturing of this material.  A homogeneous backing material that can pass calibration at room temperature would greatly enhance the testing procedures being implemented for body armor quality acceptance. By eliminating the variation in clay testing, researchers may be able to more accurately provide injury relationships to the BFD measurements, which are currently being collected in testing. 
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TITLE: Network Integration and Communication Through Jungle Canopy Barrier
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop the capability to transfer digital data and voice to/from units operating under a deep jungle canopy to provide network connectivity utilizing existing communications interfaces.

DESCRIPTION: The deep jungle canopy forms a natural radio frequency barrier blocking transmissions both into and out of the biologic mass. Personnel operating in this environment are frequently limited by connectivity and positional data is substandard. Units are unable to remain on a constant digital network, essential to today's warfighter. Current state-of-the-art is the AN/PRC-150 HF radio at 1.6 to 60 MHz with whip antenna, where bandwidth is limited by the lower frequencies. Use of a whip antenna does not provide the height to clear the jungle canopy, and should the antenna be in contact with foliage there is a 20dB transmission loss due to galvanic effects.

In a non-destructive manner to the environment (reducing the footprint of personnel transiting through a particular area), develop a system capable of maintaining both digital and voice communications connectivity. The system should be capable of facilitating transmission from the jungle floor up through the canopy to a communications link interface (antenna/airborne platform/satellite), and utilizing the same pathway, downlink data to the user. The solution may be either wireless or tethered; but goal is to reduce the dwell time at a particular location while providing the capability to transmit/receive on the move, or with minimum delay. Desired bandwidth is 2-60 MHz. Prototype can be designed to operate at the lower end of this spectrum to demonstrate capability, with subsequent modifications to utilize remaining bandwidth. Demo should be operated with a multimission, multiband radio such as the AN/PRC-150.

Environmental differentiation and topography in jungle environments make continuous communication while on-the-move, extremely difficult. System capability should focus initially on providing the pathway to establishing and maintaining communications while stationary under a deep canopy jungle and the capability of providing continuous connectivity with existing (interface) manportable radio systems.

System capability should focus on:

1. be manportable

2. be stand-alone or utilize power source from existing interface communication system

3. be rapidly deployed and secured

4. be non-destructive to the environment, minimize environmental impact

5. impermeable to water/moisture/dust

6. operating temperature between 40-100F

Expanding on the power usage requirement, if utilizing the exiting communication system in a testing environment, the system must work for four hours continuously as a threshold and eight hours as the objective.

Although the first three references for communication through the jungle mass are dated and focused on the 1960's and 70's during the Vietnam conflict, they are still relevant today. Reference 1 is ARPA research pertaining to the difficulties of RF propagation into/out of a jungle environment, with distances and issues pertaining to various types of antennas. Reference 2 identifies types of data that are essential for commanders to maintain situational awareness, to include positional data, video, time/date stamping, and voice. Bandwidth limitations with present state-of-the-art Type-1 HF radios are no more than 9600 bps. Reference 3 highlights the efforts in utilizing old growth trees and particular tree specimens to boost communication ranges. As identified in the report, communications were enhanced in certain situations with coiled tree conductors. This pathway may present a possible solution to the communication pathway issue utilizing latest technology. Reference 4 is an effort by the U.S. Navy to utilitize trees as antennas and has potential application if it could be modified for a tactical environment.

PHASE I: Perform a feasibility study in support of the development of a pathway to enhance communications through deep canopy jungle mass. Evaluate innovative technologies which may be used to build, integrate the system and leverage any existing technologies. Perform trade-off analysis to determine the best approach and develop a preliminary proof-of-concept design for the system. Generate a report identifying feasibility, to include design of a materiel solution.

PHASE II: Develop a prototype communication pathway. Demonstrate the system technology and characterize performance. Prototype hardware to be tested in a jungle environment with receiver/transmitter at various distances to determine functional range.

PHASE III: The system will be used by personnel in jungle environments. The system could be marketed for civilian use in deep forests and jungles by hikers, surveyors, and exploration geologists. Hikers in deep forested and jungle areas (with high canopies) must maintain situational awareness to avoid being lost; present method is to use map (imprecise) and compass where if not proficient can lead to travelling in circles. Surveyors must get an exact location, to include height above sea level, to properly map topographic contours and features to produce accurate maps. Exploration geologists in jungle environments collect soil samples which are tagged with their corresponding precise location linking the assay to actual geographic charts. This is prevalent in mineral-rich areas where a geologist will follow a creek and collect samples under thick jungle canopy, unable to precisely geo-tag the samples.
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TITLE: Using Indigenous Materials for Construction
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Comprehensive study on a selected structural system of semi-permanent military construction that mainly utilizes indigenous construction materials and techniques that can be adapted to standard military designs and remains suitable for several climate zones, including arid and tropical. 

DESCRIPTION: In recent U.S. contingency operations, the greatest vulnerability of a contingency base is its supply line. As a result ASA (AL&T) has stated that the “Army needs improved capability to enable sustainment independence (self-sufficiency) and to reduce sustainment demands at expeditionary basing levels.” One path towards self-sufficiency must be done through the design of contingency bases. Adaptable military austere design is needed to help reduce reliance on convoy supply lines and increase the quality of immediate housing. It must be based on locally available or indigenous construction materials and techniques suited to the environment, and it should be adaptable to multiple climate regions. It must meet material standards required for seismic stability and impact resistance for security standards. The design and methods of construction must facilitate construction for either soldiers or local nationals. The material needed for construction must also require minimal environmental disposal requirements. The design must be reconfigurable for multiple uses while requiring either less water for compound mixtures or lower quality of water for mixtures.

Proposals submitted for this topic shall identify indigenous a common construction material and what it takes to bring it from its natural state to be utilized for construction.  Unique methods of construction and configurations shall be addressed for a model of a housing unit of about 16x32 ft.  Some examples of construction materials are the use of gabion basket for construction where indigenous soil can be used as filler, compressive earthen block, mortarless block, adobe, or soil cement blocks.  Results are aimed for innovative, creative, and advantageous housing units for the military by using indigenous construction materials. 

PHASE I: Complete proof-of-concept for a select innovative semi-permanent construction type that can be feasibly built in an austere environment using indigenous resources in regions of interest for US military contingency bases (e.g. tropical Pacific region or Africa, Sahel region of Africa, Middle Eastern region). While the selected structural system is simple, it will be expected to compete as rated for numerous factors such as safety, force protection, durability of material, constructability, usage of energy and water, sanitation, economy, quality of life, scalability, and sustainability. In this phase, characterization of indigenous material shall be addressed, initial design shall be proposed, and rapid method of construction shall be identified. 

PHASE II: Develop specific algorithms for analyzing and integrating design criteria, which includes design characteristics, building performance ranges, and preferential use of local construction techniques.  The use of case material from different climatic zones will enable the development of a generalizable approach, which retains the ability to tailor criteria to specific regions. 

Use the design criteria to focus the development of metrics for calculating costs of materials, transportation of materials, construction labor costs, and energy consumption. Evaluation criteria will include but is not limited to fire resistance, egress, electrical code compliance, ballistics, weatherproofing, UV Protection, earthquake resistance, wind/tornado resistance, foundation adequacy, performance of structural elements, performance of non-structural members, time of construction, required equipment/tools, ease of construction, water/wastewater, power, energy efficiency, transportability, sustainability, maintenance, human factors, noise insulation, indoor air quality, space efficiency, circulation, reproduction, upgrading, reuse, and disposal.

The selected type of housing should have high structural performance and desirable living features. It should be inexpensive compared to other construction materials, such that the Joint Force will be provided with a fairly new technology modified to suit base camp housing with minimum challenges in the areas of structural/construction/safety, environment/water/waste water, force protection, sustainability/quality of life, and economy/sociocultural impact.

The successful completion of the work will have substantial economic and mission-readiness impacts for the U.S. Army.  Phase II results are expected to be incorporated into policies and military standards. While small businesses are expected to commercialize their research results for economic benefits, focusing on adapting indigenous soil resources for austere environment areas with limited traditional construction materials.   

PHASE III DUAL USE APPLICATIONS: This study will merge along with other studies done by competing systems that will be subjected to physical integration, demonstration, and assessment and evaluation of contingency basing capabilities and technologies on a full scale base camp in order to identify potential technologies and capabilities (power, water, waste, construction) for further development in support of Army requirements and future sustainability initiatives.

This provides steps towards the inclusion of indigenous construction materials and a system for assessing the feasibility of using indigenous construction materials and practices into the UFC, JCMS, and AFCS.  The final product shall be a complete design of sustainable housing unit of desirable design criteria that can be constructed by soldiers or local contractors within reasonable time and cost.

REFERENCES: 

1. ATP 3-37.10/MCRP 3-17.7N “BASE CAMP”.

2. HESCO Barriers. Retrieved February 20, 2013 from http://www.Hescobarriers.com.

3. Holm, Knut B., Fykse, Haakon. Tests of Hesco shelters November 2010. Norwegian Defense Research Establishment (FFI). 4 July 2011.

4. LEGI. Compressed Soil Block Machine, Model Series LEGI 480 brochure. Leading Edge Group, Inc.

5. G NMAC. 2009 New Mexico Earthen Building Materials Code. 14.7.4 New Mexico Administrative Code. Construction Industries Division of the Regulation and Licensing. 2009. Group, Inc.

6. Scott Lux, Melixa Rivera-Sustache, Charles Marsh, James Bushman. Corrosion Mitigation Performance of Dilute Flowable Backfill.

7. SwRI. 20mm and .50cal FSP Testing of Compressed Soil Block Wall Final Report. Southwest Research Institute. May 2010.

KEYWORDS: Semi-permanent Construction, Indigenous construction material, Construction in austere environment.    

A14-089

TITLE: Development of Passive, Real-time, 3-D/4-D Imaging for Intelligence and Surveillance
TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop and demonstrate a passive, real-time, low-power, daylight, distance-measurement  and imaging hardware-software system to model 3-D/4-D (video) geospatial features from stationary or on-the-move mounted or dismounted or airborne platforms.

DESCRIPTION:  Most currently fielded tactical-scale (sensor-to-horizon) Intelligence / Surveillance / Reconnaissance (ISR) systems derive the relative / absolute distances between and among the sensor and imaged objects in 3-dimensional (3-D) space and 4-D (3-D video over time) by actively broadcasting Electro-magnetic (EM) or acoustic energy and calculating the sensor-to-subject distances by timing the interval between a transmitted energy pulse and its reflection from the “imaged / illuminated target”. These energy pulses are typically produced by Light Detection and Ranging (LiDAR) or Radio Detection and Ranging (RADAR) or Sound Navigation and Ranging (Sonar). Active sensors pose serious disadvantages for many users since they are: (1) vulnerable to detection, location and attack by opposing forces by virtue of their transmitted “beacon-like” signals and (2) not amenable to austere conditions where power must be either carried (battery) or produced on-site (generator) as is typical of small/remote facilities or on-the-move air/ground sensors or for persistent unattended ISR deployments. Active systems also suffer from substantial energy requirements because “broadcasting” is inherently inefficient due to the inverse square law. When the required image/distance information depends on measuring the intensity/color/time of “reflected” signals, system sensitivity is further diminished due to atmospheric effects (bi-directional reflection, absorption, diffraction). One current-use system uses a digital camera for the “image” and an active LiDAR to measure the distances to the imaged “target”. The 3-D “product” results from merging the digital camera image with the LiDAR point-cloud of “returns”, which currently requires over 5-hours of post-processing for each hour of collection, which renders many collections obsolete before dissemination. 

Deputy Assistant Secretary of the Army for Research and Technology, Mary Miller testified before the U.S. House Armed Services Committee for Army Science and Technology on 16 April 2013, articulating Army’s needs for methods for collecting tactical ISR under austere conditions in support of many Army mission requirements: collection / display of real-time tactical-scale combat terrain and physical environment details for timely actionable intelligence as well as for force protection and mission command and in addition to current geospatial scenes for mission modeling / simulation and rehearsal / training. 

This topic seeks advancements in passive 3-D sensor technology to deliver near-real-time (seconds) high resolution (> 4 Mp) imagery co-registered with its 3-D distance information (up to 4 km), while not divulging the location of the ISR collection. This system needs to be highly portable with minimal power requirements and be sufficiently compact and light-weight that the imager/processor could be left unattended for covert ground persistent surveillance, or be used from within concealed observation posts at safe standoff distances or be unobtrusively carried / used by dismounted troops, or mounted in / on Unmanned Ground Vehicles (UGV) or carried by small (18 kg gross) Unmanned Aerial Systems (UAS).  

PHASE I: The first phase consists of determining the technical feasibility of and optimal method(s) to passively (without active illumination from the sensor system) collect, store and display spatially-coordinated 3-D / 4-D (video 3-D) ISR digital imagery fused with its associated distance information in near-real time. The Phase I version camera (less lens) should be no larger than 8 x 11 x 13 cm, consume no more than 1.5 Amps of current, weigh less than 2 Kg without the primary lens and process the imagery running on a Commercial Off the Shelf (COTS) Windows tower PC at a minimal frame rate of 20 frames per second (fps).  It should accept separate standard Nikon F-mount lenses without modification. Research into the most time and energy efficient methods of collecting, registering, processing and transmitting this distance/imagery data shall be conducted and evaluated. The feasibility of the proposed approach or potential approaches should be determined through testing under simple indoor (normal lighting) and outdoor (under ambient skylight out to the horizon (up to 4 km)). The results will be demonstrated to government personnel and documented in a delivered final report comparing the advantages and disadvantages of the tested solution(s) on the optical resolution, 3-D spatial resolution, processing speed, system portability, and usability of the resulting displayed image product.

PHASE II: The second phase consists of developing and validating a final system design, producing and testing a prototype and demonstrating a full implementation of the system with the addition of the sensor’s latitude/longitude from a commercial GPS and the compass bearing of the sensor’s optics. The Phase II version of the camera, without primary lens, should be no larger than 7 x 10 x 11 cm, consume no more than 1.0 Amp of current, weigh less than 1 Kg and process the 3-D imagery running on a Windows tablet PC at a minimum rate of 30 fps. At a minimum, the PC will need to have TCP/IP v 4 Internet connectivity and external storage (USB-2) of at least 2.0 GB. At the end of Phase II, the vendor will deliver to the government, a complete working prototype of the sensor imaging/ranging system and processing software running on a commercial-off-the-shelf tablet computer along with a demonstration of the system’s 3-D and 4-D imaging/ranging capabilities at the government site at Ft. Belvoir, Virginia. Deliverables shall include a demonstration of the system’s ability to perform real-time passive indoor and outdoor scene characterizations for relevant military geospatial applications such as quantifying topographic spatial relationships among ditches / obstructions and conduct remote mensuration of structures such as bridges and buildings, and image moving vehicles. Deliverables shall also include a complete working prototype of the system with its operating manual, documentation of test results and the delivered system’s technical specifications. 

PHASE III: Commercial opportunities include applications requiring portable, low-power, 3-D imaging/ranging capabilities to produce real-time, persistent, unobtrusive, remote, quantitative measurements of, or geospatially registered renderings of indoor scenes or outdoor terrain, structures, vehicles, individuals, and equipment. Examples would include dynamic scene assessment /measurement for rapid search / rescue / firefighting networked to relay real-time situational awareness to central command and control facilities or for persistent civil engineering change monitoring (dams, bridges, etc.). Military applications include those requiring covert / discrete mobile or stationary capability to conduct ground persistent ISR in austere environments, autonomous control of small unmanned air and land robots, collection of 3-D geospatial imagery for mission training / rehearsal, facilities repair, and for augmentation of existing and planned enhancements to elements of the Army Warfighter architecture portfolios such as ENFIRE, DCGS-A, and Virtual Forward Operating Bases. 
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A14-090

TITLE: Development of Process to Produce Vitreous-Enameled Fibers for Use in Concrete Panels
for Protection of Soldiers 
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: The objective of this solicitation is to develop a process whereby vitreous-enamel can be applied to reinforcing materials for use in concrete or other binders.  At present there is not a commercial method to coat these fibers with an enamel layer and then a reactive mixture. 

DESCRIPTION: Blast panels used for protection of soldiers employ steel fibers to aid in the toughness and improve the ductility of the material.  Use of porcelain coated fibers in blast panels would improve the ductility by a factor of about 4 based on data collected on the pullout of the porcelain-coated fibers used in concrete.  Porcelain enamel is a glass-based, inorganic coating that significantly strengthens the temperature and chemical resistance of metal substrates. Porcelain enameling can improve the mechanical and physical properties of metal substrates and provides corrosion and abrasion resistance.

Development of porcelain enamel begins as a mineral blend similar to that used for producing common glass. This mixture is melted at temperatures in excess of 2000 deg. F to form a glass that is quenched to form granulated particles called frit. The frit is combined with fine oxide pigments, electrolytes and other additives and milled to fine suspension to form enamel slip.

The wet enamel slip is sprayed or flow-coated onto a metal substrate and fused to the substrate through thermal processing at about 1500 deg. F. During the fusion process, an inseparable bond forms between the porcelain enamel glass layer and the substrate resulting in a completely unique chemical finish that does not peel, flake or rust.  Porcelain enameling companies can offer custom enamel formulations that can significantly enhance the mechanical properties of metal substrates at the lowest cost possible.

To create a vitreous reactive outer layer a reactive material, such as portland cement, is added to the uncured layer. The coated part is then cured to the appropriate temperature to produce a reinforcing material with a chemical and mechanical bond.

PHASE I: In Phase I the incumbent will investigate a process or processes able to produce multiple porcelain enamel coated fibers, including fiber lengths of 6 to 50 mm, fiber diameters of 0.008 to 0.2 mm, typical fiber aspect ratios of 30 to 150, and fiber shapes from straight to circular such that a proof of concept can be established. The incumbent will develop one or more of the fibers to show viability of their process on a bench scale. Their process should have the ability to change the chemistry of the porcelain coating, vary the firing temperature and be able to coat a variety of fibers. The ability to add a material such as portland cement or other fine reactive material to the outer layer should be a viable option. The fiber coating should be uniform and at a thickness of approximately 0.1 to 0.3 mm.  In addition, fibers must be shown to have acceptable “bond” of the glass to the metal according to ASTM B-916 (as modified to realistically evaluate the fibers because of their very small size compared with normal commercial porcelain enameled products).  In addition, the fibers must exist as single fibers, whereby they do not adhere to other fibers.

PHASE II: The outcome of Phase II will be a commercial pilot scale process for producing porcelain-coated steel fibers on an industrially sound basis and meet the technical requirements as described in Phase I.  In this phase the incumbent should show viability of production of a large number of coated fibers (450 to 900 Kg).  Their process should have the ability to change the chemistry of the porcelain coating, vary the firing temperature and be able to coat a variety of fibers.  The ability to add a material such as portland cement or other fine reactive material to the outer layer should be a viable option. The fiber coating should be uniform and at a thickness of approximately 0.1 to 0.3 mm.  The fibers may be different lengths and made from a variety of metals that can be porcelain enameled, including steel, stainless steel, copper, bronze or cast iron. 

PHASE III: The use these fibers in concrete have use in a wide variety of applications including incorporation blast panels for protection of soldiers as well as use in reinforcement schemes in repair materials for civil navigation structures.
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A14-091

TITLE: Nuclear Magnetic Resonance Instrumentation for Geotechnical, Geospatial and
Geophysical Investigations
TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop and demonstrate nuclear magnetic resonance (NMR) geophysical instruments for measuring near-surface moisture content as a function of depth in the top 2 meters of the subsurface. Ideally the system would be able to resolve soil moisture content in 10cm depth intervals.

DESCRIPTION: The US Army requires field survey instruments to determine moisture content in the top 2 meters of the subsurface. Such moisture measurements are required for: modeling and detecting various targets in the top 2 meters of the subsurface; military construction, including assessment of building sites, airfields and roads; and mobility assessments, including battlefield assessment of the ability of terrain to support various mechanized operations. 

The US Army presently relies heavily on neutron scattering devices to obtain accurate subsurface moisture content in the aforementioned applications. Neutron scattering devices have been developed for both invasive (i.e. in the ground) and non-invasive measurement of moisture content, with total moisture content accuracies on the order of +/- 3%. 

Neutron scattering devices present significant regulatory drawbacks, and provide no information on the subsurface environment other than total water content. Neutron scattering devices use a radioactive source, which requires a special license to operate and maintain. This limits the availability and deployment of these devices. Non-invasive neutron scattering devices provide average moisture content over a fixed sensitivity volume, hence they are not useful for profiling water content as a function of depth. Neutron scattering devices are also unable to distinguish small pore moisture from large pore moisture, or to estimate the pore size distribution, which can impact engineering properties such as drainage and load bearing capacity.

Nuclear magnetic resonance (NMR) is a technique used widely in chemistry and medicine, and in the physical basis for medical MRI. NMR measurements provide direct detection and measurement of liquid water. NMR has been previously used to measure total water content, as well as the water filled pore size distribution which is useful in determining bound and mobile water fractions and potentially structural properties. In geophysical applications, NMR tools have been previously developed for both non-invasive and invasive measurements, with the majority of applications involving oil and gas exploration and characterization of groundwater aquifers. NMR does not utilize any radioactive components or controlled substances, and hence presents no regulatory barriers to widespread field use.

This solicitation seeks to develop alternative moisture content sensors based on nuclear magnetic resonance (NMR). Non-invasive approaches are preferred, but minimally invasive approaches will also be considered. The NMR sensors developed under this R&D effort should be optimized for detection and profiling of moisture content in the top 2m of the subsurface, should be capable of detecting and characterizing all forms of water that exist in the top 2m of the subsurface, and should be capable of being operated efficiently in combat support operations. 

PHASE I: Perform a feasibility study to determine if a man portable NMR sensor design capable of measuring and profiling moisture content in the top 2 meters of the subsurface is possible. Ideally this platform could integrate multiple geophysical sensor modalities such as time domain electromagnetics that could be utilized in a cooperative or joint inversion analysis to improve the fidelity of the soil moisture results. Perform computer modeling to establish theoretical performance of the proposed NMR sensor, including spatial resolution, expected signal to noise ratio, and scan time. Perform small-scale laboratory experiments to confirm the theoretical performance of the proposed NMR sensor. 

PHASE II: Develop and field-test a prototype NMR instrument for profiling water content in the top 2 meters of the subsurface. Refine the Phase I sensor design. Engineer and assemble a working prototype capable of performing NMR moisture content measurements in the field. Perform field tests of the prototype in a variety of outdoor settings, using ancillary moisture measurements to ground truth the field tests. Develop final performance specifications. 

PHASE III: The SBIR will result in a technology with broad applications in both military and civil communities. The NMR instrument developed under this program will be used by the US Army for modeling and detection of subsurface targets, for assessing sites for military construction including buildings, roads and airfields, and for mobility assessment on the battlefield. The NMR instrument will have widespread direct use in commercial civil engineering applications as well, including site assessment for commercial construction. The NMR instrument will also find wide commercial application in agriculture including drainage assessment and precision irrigation.
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