AIR FORCE
16.A SMALL BUSINESS TECHNOLOGY TRANSFER (STTR)
PROPOSAL PREPARATION INSTRUCTIONS



The Air Force (AF) proposal submission instructions are intended to clarify the Department of Defense (DoD) instructions as they apply to AF requirements.

Please note that there have been changes made to these instructions.  Firms must ensure their proposal meets all requirements of the solicitation currently posted on the DoD website at the time the solicitation closes.  Incomplete proposals will be rejected.

The Air Force Research Laboratory (AFRL), Wright-Patterson Air Force Base, Ohio, is responsible for the implementation and management of the AF Small Business Innovation Research (SBIR) Program/Small Business Technology Transfer (STTR) Program.

The AF Program Manager is David Shahady, 1-800-222-0336.  For general inquiries or problems with the electronic submission, contact the DoD SBIR/STTR Help Desk at [1-800-348-0787] or Help Desk email at [sbirhelp@bytecubed.com] (9:00 a.m. to 6:00 p.m. ET Monday through Friday).  For technical questions about the topics during the pre-solicitation period (11 December 2015 through 10 January 2016), contact the Topic Authors listed for each topic on the Web site.  For information on obtaining answers to your technical questions during the formal solicitation period (11 January through 17 February 2016), go to  https://sbir.defensebusiness.org/sitis.

General information related to the AF Small Business Technology Transfer Program can be found at the AF Small Business website, http://www.afsbirsttr.com/Firm/downloads/SBIRSTTR Program Rules.pdf.  The site contains information related to contracting opportunities within the AF, as well as business information, and upcoming outreach/conference events.  Other informative sites include those for the Small Business Administration (SBA), www.sba.gov, and the Procurement Technical Assistance Centers, http://www.aptac-us.org.  These centers provide Government contracting assistance and guidance to small businesses, generally at no cost.

The AF STTR Program is a mission-oriented program that integrates the needs and requirements of the AF through R&D topics that have military and/or commercial potential.

Efforts under the STTR program are expected to fall within the scope of fundamental research. The Under Secretary of Defense (Acquisition, Technology, & Logistics) defines fundamental research as "basic and applied research in science and engineering, the results of which ordinarily are published and shared broadly within the scientific community,” which is distinguished from proprietary research and from industrial development, design, production, and product utilization, the results of which ordinarily are restricted for proprietary or national security reasons.  However, the research shall not be considered fundamental where the funded effort presents a high likelihood of disclosing performance characteristics of military systems or manufacturing technologies that are unique and critical to defense. See DFARS 252.227-7018 for a description of your SBIR/STTR rights.

PHASE I PROPOSAL SUBMISSION

The Air Force SBIR/STTR Program Office is instituting new requirements in an initiative to combat fraud in the SBIR/STTR program.  As a result, each Small Business is required to visit the AF SBIR Program website: http://www.afsbirsttr.com/Firm/downloads/SBIRSTTR%20Program%20Rules.pdf and read through the "Compliance with Small Business Innovation Research  (SBIR) and Small Business Technology Transfer (STTR) Program Rules"  training.  The Certificate of Training Completion at the end of the training presentation and/or as pg. AF-11 of this document, MUST be signed by an official of your company, AND ATTACHED to your proposal.  Failure to do this will result in your proposal being removed from consideration.  NOTE: your signed certification of completion must be dated within 90 days of receipt of proposal.  This form will not count against the 20-page limitation.

Read the DoD program solicitation at https://sbir.defensebusiness.org/ for program requirements.  When you prepare your proposal, keep in mind that Phase I should address the feasibility of a solution to the topic.  For the AF, the contract period of performance for Phase I shall be nine (9) months, and the award shall not exceed $150,000.  We will accept only one Cost Volume per Topic Proposal and it must address the entire nine-month contract period of performance.

The Phase I award winners must accomplish the majority of their primary research during the first six months of the contract with the additional three months of effort to be used for generating final reports.  Each AF organization may request Phase II proposals prior to the completion of the first six months of the contract based upon an evaluation of the contractor’s technical progress and review by the AF technical point of contact utilizing the criteria in section 6.0 of the DoD solicitation.  The last three months of the nine-month Phase I contract will provide project continuity for all Phase II award winners (see “Phase II Proposal Submissions” below); no modification to the Phase I contract should be necessary.
The Phase I Technical Volume has a 20-page-limit (excluding the Cover Sheet, Cost Volume, Cost Volume Itemized Listing (a-j), Company Commercialization Report, Non-Disclosure Agreement Form and Certificate of Training Completion Form).
Limitations on Length of Proposal

The Technical Volume must be no more than 20 pages (no type smaller than 10-point on standard 8-1/2" x 11" paper with one (1) inch margins.  The Cover Sheet, Cost Volume, Cost Volume Itemized Listing (a-j), and Company Commercialization Report, Non-Disclosure Agreement Form and Certificate of Training Completion Form are excluded from the 20 page limit.  Only the Technical Volume and any enclosures or attachments count toward the 20-page limit.  In the interest of equity, pages in excess of the 20-page limitation (including attachments, appendices, or references, but excluding the Cover Sheet, Cost Volume, Cost Volume Itemized Listing (a-j), Company Commercialization Report, Non-Disclosure Agreement Form and Certificate of Training Completion Form will not be considered for review or award.

Phase I Proposal Format

NOTE: The Air Force is launching a new system to help Small Businesses create SBIR and STTR Proposals.  It may be accessed on the Air Force SBIR Home page, http://www.afsbirsttr.com.  Use of SBIR-EZ is strictly voluntary and does not guarantee your firm's proposal will be complete or that it will be selected for award.  All proposals will be evaluated in the same manner, regardless of how they were submitted/which system was used.

Proposal Cover Sheet: The Cover Sheet does NOT count toward the 20-page total limit.  If your proposal is selected for award, the technical abstract and discussion of anticipated benefits will be publicly released on the Internet. Therefore, DO NOT include proprietary information in these sections.

Technical Volume:  The Technical Volume should include all graphics and attachments but should not include the Cover Sheet or Company Commercialization Report (as these items are completed separately).  Most proposals will be printed out on black and white printers so make sure all graphics are distinguishable in black and white.  It is strongly encouraged that you perform a virus check on each submission to avoid complications or delays in submitting your Topic Proposal.  To verify that your proposal has been received, click on the “Check Upload” icon to view your proposal.  Typically, your uploaded file will be virus checked and converted to a .pdf document within the hour.  However, if your proposal does not appear after an hour, please contact the DoD SBIR/STTR Help Desk at [1-800-348-0787] or Help Desk email at [sbirhelp@bytecubed.com] (9:00 am to 6:00 pm ET).

Key Personnel: Identify in the Technical Volume all key personnel who will be involved in this project; include information on directly related education, experience, and citizenship.  A technical resume of the principle investigator, including a list of publications, if any, must be part of that information.  Concise technical resumes for subcontractors and consultants, if any, are also useful.   You must identify all U.S. permanent residents to be involved in the project as direct employees, subcontractors, or consultants.  You must also identify all non-U.S. citizens expected to be involved in the project as direct employees, subcontractors, or consultants.  For all non-U.S. citizens, in addition to technical resumes, please provide countries 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, as appropriate.  You may be asked to provide additional information during negotiations in order to verify the foreign citizen’s eligibility to participate on a contract issued as a result of this solicitation.

Voluntary Protection Program (VPP):  VPP promotes effective worksite-based safety and health. In the VPP, management, labor, and the Occupational Safety and Health Agency (OSHA) establish cooperative relationships at workplaces that have implemented a comprehensive safety and health management system.  Approval into the VPP is OSHA’s official recognition of the outstanding efforts of employers and employees who have achieved exemplary occupational safety and health.  An “Applicable Contractor” under the VPP is defined as a construction or services contractor with employees working at least 1,000 hours at the site in any calendar quarter within the last 12 months that is NOT directly supervised by the applicant (installation).  The definition flows down to affected subcontractors.  Applicable contractors will be required to submit Days Away, Restricted, and Transfer (DART) and Total Case Incident (TCIR) rates for the past three years as part of the proposal.  Pages associated with this information will NOT contribute to the overall technical proposal page count.  NOTE: If award of your firm’s proposal does NOT create a situation wherein performance on one Government installation will exceed 1,000 hours in one calendar quarter, SUBMISSION OF TCIR/DART DATA IS NOT REQUIRED.

Phase I Work Plan Outline

	
NOTE:   THE AF USES THE WORK PLAN OUTLINE AS THE INITIAL DRAFT OF THE PHASE I STATEMENT OF WORK (SOW).  THEREFORE, DO NOT INCLUDE PROPRIETARY INFORMATION IN THE WORK PLAN OUTLINE.  TO DO SO WILL NECESSITATE A REQUEST FOR REVISION AND MAY DELAY CONTRACT AWARD.



At the beginning of your proposal work plan section, include an outline of the work plan in the following format:
1) Scope: List the major requirements and specifications of the effort.
2) Task Outline: Provide a brief outline of the work to be accomplished over the span of the Phase I effort.
3) Milestone Schedule
4) Deliverables
a. Kickoff meeting within 30 days of contract start
b. Progress reports
c. Technical review within 6 months
d. Final report with SF 298

Cost Volume

Cost Volume information should be provided by completing the on-line Cost Volume form and including the Cost Volume Itemized Listing (a-j) specified below.  The Cost Volume information must be at a level of detail that would enable Air Force personnel to determine the purpose, necessity and reasonability of each cost element.  Provide sufficient information (a-j below) on how funds will be used if the contract is awarded. The on-line Cost Volume and Itemized Cost Volume Information (a-j) will not count against the 20-page limit.  The itemized listing may be placed in the “Explanatory Material” section of the on-line Cost Volume form (if enough room), or as the last page(s) of the Technical Volume Upload.  (Note:  Only one file can be uploaded to the DoD Submission Site).  Ensure that this file includes your complete Technical Volume and the Cost Volume Itemized Listing (a-j) information.

a. Special Tooling and Test Equipment and Material:  The inclusion of equipment and materials will be carefully reviewed relative to need and appropriateness of the work proposed. The purchase of special tooling and test equipment must, in the opinion of the Contracting Officer, be advantageous to the government and relate directly to the specific effort. They may include such items as innovative instrumentation and/or automatic test equipment.

b. Materials: Justify costs for materials, parts, and supplies with an itemized list containing types, quantities, and price and where appropriate, purposes.

c. Other Direct Costs: This category of costs includes specialized services such as machining or milling, special testing or analysis, costs incurred in obtaining temporary use of specialized equipment. Proposals which include leased hardware, must provide an adequate lease vs. purchase justification or rational.

d. Direct Labor: Identify key personnel by name if possible or by labor category if specific names are not available. The number of hours, labor overhead and/or fringe benefits and actual hourly rates for each individual are also necessary.

e. Travel: Travel costs must relate to the needs of the project. Break out travel cost by trip, with the number of travelers, airfare, per diem, lodging, etc. The number of trips required, as well as the destination and purpose of each trip should be reflected. Recommend budgeting at least one (1) trip to the Air Force location managing the contract.

f. Cost Sharing: Cost sharing is permitted. However, cost sharing is not required nor will it be an evaluation factor in the consideration of a proposal. Please note cost share contracts or portions of contracts do not allow fee. If proposing cost share arrangements, please note each Phase I contract total value may not exceed $150K total, while Phase II contracts shall have an initial Not to Exceed value of $750K.  NOTE: Subcontract arrangements involving provision of Independent Research and Development (IR&D) support are prohibited in accordance with Under Secretary of Defense (USD) memorandum “Contractor Cost Share”, dated 16 May 2001, as implemented by SAF/AQ memorandum, same title, dated 11 Jul 2001.

g. Subcontracts: Involvement of a research institution is required in the project.  Involvement of other subcontractors or consultants may also be desired.  Describe in detail the tasks to be performed in the Technical Volume and include information in the Cost Volume for the research institution and any other subcontractors/consultants. The proposed total of all consultant fees, facility leases or usage fees, and other subcontract or purchase agreements may not exceed 60 percent of the total contract price or cost, unless otherwise approved in writing by the Contracting Officer.  The STTR offeror’s involvement must equate to not less than 40 percent of the overall effort and the research institutions must equate to not less than 30 percent.

Support subcontract costs with copies of the subcontract agreements. The supporting agreement documents must adequately describe the work to be performed, i.e., Cost Volume. At a minimum, an offeror must include a Statement of Work (SOW) with a corresponding detailed cost proposal for each planned subcontract.

h. Consultants: Provide a separate agreement letter for each consultant. The letter should briefly state what service or assistance will be provided, the number of hours required, and hourly rate.

i. Any exceptions to the model Phase I purchase order (P.O.) found at https://www.afsbirsttr.com/Proposals/Default.aspx (see “NOTE” below).

NOTE: If no exceptions are taken to an offeror’s proposal, the Government may award a contract without discussions (except clarifications as described in FAR 15.306(a)). Therefore, the offeror’s initial proposal should contain the offeror’s best terms from a cost or price and technical standpoint. In addition, please review the model Phase I P.O. found at https://www.afsbirsttr.com/Proposals/Default.aspx and provide any exception to the clauses found therein with your cost proposal.  Full text for the clauses included in the P.O. may be found at http://farsite.hill.af.mil. Please note, the posted P.O. template is for the Small Business Innovation Research (SBIR) Program.  While P.O.s for STTR awards are very similar, if selected for award, the contract or P.O. document received by your firm may vary in format/content. If there are questions regarding the award document, contact the Phase I Contracting Officer listed on the selection notification.  (See item g under the “Cost Volume” section, p. AF-4.)  The Government reserves the right to conduct discussions if the Contracting Officer later determines them to be necessary.

j. DD Form 2345: For proposals submitted under export-controlled topics (either International Traffic in Arms (ITAR) or Export Administration Regulations (EAR)), a copy of the certified DD Form 2345, Militarily Critical Technical Data Agreement, or evidence of application submission must be included. The form, instructions, and FAQs may be found at the United States/Canada Joint Certification Program website, http://www.dlis.dla.mil/jcp/.  Approval of the DD Form 2345 will be verified if proposal is chosen for award.

NOTE:  Only Government employees may evaluate proposals.  AF support contractors may be used to administratively or technically support the Government’s STTR Program execution.  DFARS 252.227-7025, Limitations on the Use or Disclosure of Government-Furnished Information Marked with Restrictive Legends (Mar 2011), allows Government support contractors to do so without company-to-company NDAs only AFTER the support contractor notifies the STTR firm of its access to the STTR data AND the STTR firm agrees in writing no NDA is necessary.  If the STTR firm does not agree, a company-to-company NDA is required. The attached “NDA Requirements Form” (page 9) must be completed, signed, and included in the Phase I proposal, indicating your firm’s determination regarding company-to-company NDAs for access to STTR data by AF support contractors.  Proposal packages that do not contain an NDA (pg AF-9)will be considered incomplete, and will NOT be considered for award.  This form will not count against the 20-page limitation.

k. The Air Force does not participate in the Discretionary Technical Assistance Program.  Contractors should not submit proposals that include Discretionary Technical Assistance.

PHASE I PROPOSAL SUBMISSION CHECKLIST

Failure to meet any of the criteria or to submit all required documents will result in your proposal being REJECTED and the Air Force will not evaluate your proposal. NOTE: If you are not registered in the System for Award Management, https://www.sam.gov/, you will not be eligible for an award.

1) The Air Force Phase I proposal shall be a nine-month effort and the cost shall not exceed $150,000.

2) The Air Force will accept only those proposals submitted electronically via the DoD SBIR Web site (https://sbir.defensebusiness.org/).

3) You must submit your Company Commercialization Report electronically via the DoD SBIR website (https://sbir.defensebusiness.org/).

It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, Technical Volume with any appendices, Cost Volume, Itemized Cost Volume Information, and the Company Commercialization Report, and Non-disclosure Agreement Requirements Form (pg. AF-10), and Certificate of Training Completion Form-- be submitted electronically through the DoD SBIR website athttps://sbir.defensebusiness.org/. Each of these documents is to be submitted separately through the Web site. Your complete proposal must be submitted via the submissions site on or before the 6:00 am ET,17 February 2016 deadline.  A hardcopy will not be accepted.

	
The AF recommends that you complete your submission early, as computer traffic gets heavy near solicitation close and could slow down the system.  Do not wait until the last minute.  The AF will not be responsible for proposals being denied due to servers being “down” or inaccessible.  Please ensure your e-mail address listed in your proposal is current and accurate.  By late February, you will receive an e-mail serving as our acknowledgement we have received your proposal. The AF is not responsible for ensuring notifications are received by firms changing mailing address/e-mail address/company points of contact after proposal submission without proper notification to the AF.  Changes of this nature that occur after proposal submission or award (if selected) for Phase I and II shall be sent to the Air Force SBIR/STTR site address, afprogram@afsbirsttr.net




AIR FORCE SBIR/STTR SITE

As a means of drawing greater attention to SBIR/STTR accomplishments, the AF has developed a SBIR/STTR site at http://www.afsbirsttr.com.  Along with being an information resource concerning SBIR policies and procedures, the SBIR/STTR site is designed to help facilitate the Phase III transition process. To this end, the SBIR/STTR site contains SBIR/STTR Success Stories written by the Air Force and Phase II summary reports written and submitted by SBIR/STTR companies. Since summary reports are intended for public viewing via the Internet, they should not contain classified, sensitive, or proprietary information.

AIR FORCE PROPOSAL EVALUATIONS

The AF will utilize the Phase I proposal evaluation criteria in section 6.0 of the DoD solicitation in descending order of importance with technical merit being most important, followed by the qualifications of the principal investigator (and team), and followed by Commercialization Plan.  The AF will utilize Phase II evaluation criteria in section 8.0 of the DoD solicitation; however, the order of importance will differ.  The AF will evaluate proposals in descending order of importance with technical merit being most important, followed by the Commercialization Plan, and then qualifications of the principal investigator (and team). Please note that where technical evaluations are essentially equal in merit, and as cost and/or price is a substantial factor, cost to the Government will be considered in determining the successful offeror.  The next tie-breaker on essentially equal proposals will be the inclusion of manufacturing technology considerations.

The proposer's record of commercializing its prior SBIR and STTR projects, as shown in its Company Commercialization Report, will be used as a portion of the Commercialization Plan evaluation.  If the "Commercialization Achievement Index (CAI)”, shown on the first page of the report, is at the 20th percentile or below, the proposer will receive no more than half of the evaluation points available under evaluation criterion (c) in Section 6 of the DoD 16.A STTR instructions.  This information supersedes Paragraph 4, Section 5.4e, of the DoD 16.A STTR instructions.

A Company Commercialization Report showing the proposing firm has no prior Phase II awards will not affect the firm's ability to win an award.  Such a firm's proposal will be evaluated for commercial potential based on its commercialization strategy.

Online Proposal Status and Debriefings

The AF has implemented on-line proposal status updates for small businesses submitting proposals against AF topics. At the close of the Phase I Solicitation – and following the submission of a Phase II via the DoD SBIR/STTR Submission site (https://sbir.defensebusiness.org/) – small business can track the progress of their proposal submission by logging into the Small Business Area of the AF SBIR/STTR site (http://www.afsbirsttr.com). The Small Business Area (http://www.afsbirsttr.com/Firm/login.aspx) is password protected and firms can view their information only.

To receive a status update of a proposal submission, click the “Proposal Status” link at the top of the page in the Small Business Area (after logging in). A listing of proposal submissions to the AF within the last 12 months is displayed. Status update intervals are: Proposal Received, Evaluation Started, Evaluation Completed, Selection Started, and Selection Completed. A date will be displayed in the appropriate column indicating when this stage has been completed. If no date is present, the proposal submission has not completed this stage. Small businesses are encouraged to check this site often as it is updated in real-time and provides the most up-to-date information available for all proposal submissions. Once the “Selection Completed” date is visible, it could still be a few weeks (or more) before you are contacted by the AF with a notification of selection or non-selection.  The AF receives thousands of proposals during each solicitation.  The notification process requires specific steps to be completed prior to a Contracting Officer approving and distributing this information to small businesses.

The Principal Investigator (PI) and Corporate Official (CO) indicated on the Proposal Cover Sheet will be notified by e-mail regarding proposal selection or non-selection.  The email will include a link to a secure Internet page containing specific selection/non-selection information.   Small businesses will receive a notification for each proposal submitted. Please read each notification carefully and note the Proposal Number and Topic Number referenced.  Again, if changes occur to the company mail or email address(es) or company points of contact after proposal submission, the information shall be provided to the AF at afprogram@afsbirsttr.net.

A debriefing may be received by written request.  As is consistent with the DoD SBIR/STTR solicitation, the request must be received within 30 days after receipt of notification of non-selection.  Written requests for debrief must be uploaded to the Small Business Area of the AF SBIR/STTR site (http://www.afsbirsttr.com).  Requests for debrief should include the company name and the telephone number/e-mail address for a specific point of contract, as well as an alternate.  Also include the topic number under which the proposal(s) was submitted, and the proposal number(s). Further instructions regarding debrief request preparation/submission will be provided within the Small Business Area of the AF SBIR/STTR site.  Debrief requests received more than 30 days after receipt of notification of non-selection will be fulfilled at the Contracting Officers' discretion.  Unsuccessful offerors are entitled to no more than one debriefing for each proposal.

IMPORTANT: Proposals submitted to the AF are received and evaluated by different offices within the Air Force and handled on a Topic-by-Topic basis. Each office operates within their own schedule for proposal evaluation and selection. Updates and notification timeframes will vary by office and Topic. If your company is contacted regarding a proposal submission, it is not necessary to contact the AF to inquire about additional submissions.  Check the Small Business Area of the AF SBIR/STTR site for a current update. Additional notifications regarding your other submissions will be forthcoming.

We anticipate having all the proposals evaluated and our Phase I contract decisions within approximately three months of proposal receipt.  All questions concerning the status of a proposal or debriefing should be directed to the local awarding organization SBIR/STTR Program Manager.  

PHASE II PROPOSAL SUBMISSIONS

Phase II is the demonstration of the technology found feasible in Phase I.  Only Phase I awardees are eligible to submit a Phase II proposal.  All Phase I awardees will be sent a notification with the Phase II proposal submittal date and a link to detailed Phase II proposal preparation instructions.   If the mail or email address(es) or firm points of contact have changed since submission of the Phase I proposal, correct information shall be sent to the AF at afprogram@afsbirsttr.net.  Phase II efforts are typically two (2) years in duration with an initial value not to exceed $750,000.

NOTE: Phase II awardees should have a Defense Contract Audit Agency (DCAA) approved accounting system. It is strongly urged that an approved accounting system be in place prior to the AF Phase II award timeframe.  If you have questions regarding this matter, please discuss with your Phase I Contracting Officer.

All proposals must be submitted electronically at https://sbir.defensebusiness.org/.  The complete Topic Proposal - Department of Defense (DoD) Cover Sheet, Itemized Cost Volume information, entire Technical Volume with appendices, Cost Volume and the Company Commercialization Report – must be submitted by the date indicated in the notification.  The technical proposal is limited to 50 pages (unless a different number is specified in the preparation instructions).  The Commercialization Report, any advocacy letters, and the additional Cost Volume itemized listing (a-i) will not count against the 50 page limitation and should be placed as the last pages of the Topic Proposal file uploaded.  (Note: Only one file can be uploaded to the DoD submission site.  Ensure this single file includes your complete Technical Volume and the additional Cost Volume information.)  The preferred format for submission of proposals is Portable Document Format (.pdf).  Graphics must be distinguishable in black and white.  Please virus-check your submissions.

AIR FORCE PHASE II ENHANCEMENT PROGRAM

On active Phase II awards, the Air Force may request a Phase II enhancement application package from a limited number of Phase II awardees. In the Air Force program, the outside investment funding must be from a Government source, usually the Air Force or other military service. The selected enhancements will extend the existing Phase II contract awards for up to one year.  The Air Force will provide matching STTR funds, up to a maximum of $750,000, to non-STTR Government funds. If requested to submit a Phase II enhancement application package, it must be submitted through the DoD Submission Web site at https://sbir.defensebusiness.org/.  Contact the local awarding organization SBIR/STTR Program Manager.

AIR FORCE STTR PROGRAM MANAGEMENT IMPROVEMENTS

The Air Force reserves the right to modify the Phase II submission requirements. Should the requirements change, all Phase I awardees will be notified.  The Air Force also reserves the right to change any administrative procedures at any time to improve management of the Air Force STTR Program.

SUBMISSION OF FINAL REPORTS

All final reports will be submitted to the awarding Air Force organization in accordance with Contract Data Requirements List (CDRL) items. Companies will not submit final reports directly to the Defense Technical Information Center (DTIC).

AIR FORCE
16.A Small Business Technology Transfer (STTR)
Non-Disclosure Agreement (NDA) Requirements

DFARS 252.227-7018(b)(8), Rights in Noncommercial Technical Data and Computer Software – Small Business Innovation Research (SBIR) Program (May 2013), allows Government support contractors access to SBIR data without company-to-company NDAs only AFTER the support contractor notifies the SBIR firm of its access to the SBIR data AND the SBIR firm agrees in writing no NDA is necessary. If the SBIR firm does not agree, a company-to-company NDA is required. 

“Covered Government support contractor” is defined in 252.227-7018(a)(6) as “a contractor under a contract, the primary purpose of which is to furnish independent and impartial advice or technical assistance directly to the Government in support of the Government’s management and oversight of a program or effort (rather than to directly furnish an end item or service to accomplish a program or effort), provided that the contractor—

(i) Is not affiliated with the prime contractor or a first-tier subcontractor on the program or effort, or with any direct competitor of such prime contractor or any such first-tier subcontractor in furnishing end items or services of the type developed or produced on the program or effort; and

(ii) Receives access to the technical data or computer software for performance of a Government contract that contains the clause at 252.227-7025, Limitations on the Use or Disclosure of Government-Furnished Information Marked with Restrictive Legends.”

USE OF SUPPORT CONTRACTORS: 

Support contractors may be used to administratively process SBIR documentation or provide technical support related to SBIR contractual efforts to Government Program Offices.

Below, please provide your firm’s determination regarding the requirement for company-to-company NDAs to enable access to SBIR documentation by Air Force support contractors. This agreement must be signed and included in your Phase I/II proposal package

	 YES
	 NO
	Non-Disclosure Agreement Required
(If Yes,  include your firm’s NDA requirements in your proposal)


	 
	Company:
	
	Proposal Number:
	

	Address:
	
	City/State/Zip:
	

	Proposal Title:  
	



	Name
	
	Date:  _____________________

	Title/Position
	
	




AIR FORCE SMALL BUSINESS INNOVATION RESEARCH (SBIR)/
SMALL BUSINESS TECHNOLOGY TRANSFER (STTR) PROGRAMS “COMPLIANCE WITH SBIR/STTR PROGRAM RULES


The undersigned has fully and completely reviewed this training on behalf of the proposer/awardee, understands the information presented in this training, and has the authority to make this certification on behalf of the proposer/awardee.  The undersigned understands providing false or misleading information during any part of the proposal, award, or performance phase of a SBIR or STTR contract or grant may result in criminal, civil or administrative sanctions, including but not limited to:  fines, restitution, and/or imprisonment under 18 USC 1001;  treble damages and civil penalties under the False Claims Act, 31 USC 3729 et seq.;  double damages and civil penalties under the Program Fraud Civil Remedies Act, 31 USC 3801 et seq.;  civil recovery of award funds;  suspension and/or debarment from all federal procurement and non-procurement transactions, FAR Part 9.4 or 2 CFR Part 180;  and other administrative remedies including termination of active SBIR/STTR awards. 


________________________	_______________
Signature					Date
	
________________________
Name
	
_________________________
Firm Name and Position Title



Air Force STTR 16.A Topic Index


	AF16-AT01
	Wafer-Level Electronic-Photonic Co-Packaging

	AF16-AT02
	Noise Measurements in the Atmosphere

	AF16-AT03
	Flexible Sensor Network and Its Embedded Integrated Circuits for Structural Health Monitoring

	AF16-AT04
	Investigating Satellites Cataloged as Debris (ISCAD)

	AF16-AT05
	Prototype for Rapid Reconstitution for Ground-based Space Situational Awareness Capability for Near-geosynchronous Objects

	AF16-AT06
	Three-dimensional Measurement of Fluid Density Distribution

	AF16-AT07
	Streaming Model for Field-of-Light Displays (SMFoLD)

	AF16-AT08
	Training for Resilient System Design

	AF16-AT09
	Coordination and Performance Metrics in Command and Control Environments

	AF16-AT10
	Securing the Internet of Things (IoT)

	AF16-AT11
	Diversified Hypervisors

	AF16-AT12
	Heterogeneous Data Discovery

	AF16-AT13
	High-Speed Measurements of Dynamic Flame Stabilization Processes in High-Pressure Combustion Systems

	AF16-AT14
	Modeling and Simulation of Lean Blowout in High-Pressure Swirl-Stabilized Combustors

	AF16-AT15
	Experimentally Derived Scaling Laws from Spatiotemporally Resolved Measurements in High-Pressure Combustors

	AF16-AT16
	Novel Approaches for Integrated Controls with TMS and Power

	AF16-AT17
	Packaging and Assemblies for High-temperature Intelligent Aerospace Controls

	AF16-AT18
	Low-cost, Reliable, and Long-life Components for the Next-Generation Aerospace Controls

	AF16-AT19
	Embedded Computing Systems Runtime Integrity Protection

	AF16-AT20
	Development of Room-Temperature Ionic Liquids for Reversible Electroplating

	AF16-AT21
	(This topic has been removed from the solicitation.)

	AF16-AT22
	Infrared Light Emitting Diode Arrays for Target Image Projection

	AF16-AT23
	Modeling and Simulation of Structural Energetic Materials

	AF16-AT24
	Transient Aerothermoelastic Experimental Response of a Full-Scale Curved Panel

	AF16-AT25
	Small Scale Research Molecular Beam Epitaxy for Material Development

	AF16-AT26
	Novel Polymer-Derived Carbide and Boride Refractory Ceramics

	AF16-AT27
	Properties Of Structural Composite Materials Using Novel Carbon Fibers

	AF16-AT28
	Laser and Rapid-thermal Crystallization of Low-defect GeSn and SiGeSn Layers for High Performance Infrared Detectors and Integrated Si-based Optoelectronic Devices

	AF16-AT29
	Information Theory Models for Multi-Sensor Design of Signature Exploitation Systems

	AF16-AT30
	Space-Division-Multiplexing (SDM) Components for Infrared (IR)
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	AF16-AT01
	TITLE: Wafer-Level Electronic-Photonic Co-Packaging



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: Develop flexible, low-cost packaging techniques for large-scale, integrated optoelectronic systems based on heterogeneously integrated photonic and electronic chips.

DESCRIPTION: Today, the military and commercial application spaces for silicon photonics are expanding very rapidly. The first wave of commercial products are aimed at the telecommunications and data communications spaces, but applications in sensing, analog data processing, coherent systems, laser ranging, and many other areas are rapidly emerging. A key innovation in recent years in the electronics industry has been the development of through-silicon vias and low-parasitic interposer technologies. These technologies open a path toward very inexpensive fabrication of electronic-photonic systems utilizing generic foundry CMOS and RF CMOS. The silicon photonic chips can be fabricated using trailing-edge technologies, while the electronics is built using commonly available generic processes, without any front-end modification.

At the same time, packaging of circuits involving coupling external light into passive components such as resonators, filters, waveguides, etc., as well as coupling external light into active devices such as modulators, face tremendous challenges due to unavailability of a standard fiber-chip packaging interface. Tremendous insertion losses resulting from traditional fiber-chip coupling strategies lead to establishment of a poor power budget, and therefore, pose a significant risk to photonic lightwave circuit (PLC) commercialization and to its large-scale utilization in diagnostics. Innovative fiber-to-chip packaging strategies, including but not limited to efficient grating couplers, inverse tapers, polymeric couplers, etc., are needed to put silicon photonics at the forefront of rapidly evolving markets. Of significant importance is also the challenges that have emerged for co-packaging of high performance lasers with silicon photonic circuits, and inexpensive fiber coupling of these chips. At the moment, the laser and fiber attach strategies that are inexpensive require substantial risk and are difficult to operate at high power, while the low-risk solutions provide very little optical power and are very expensive. Strategies that efficiently bring light from high performance lasers directly to the device's input are highly sought with easy attachment and detachment of semiconductor laser and detector arrays.

The technical areas to investigate include (1) new architecture designs for the integration of the photonic and electronic chip (including 3D or alternatives to 3D stacking approaches), new material composition and platforms, and new design for the optoelectronic chip package; (2) ultra-low parasitic bonding between foundry CMOS or RF-CMOS and silicon photonic components, with high interconnect density, low cost, and high yield; (3) wafer-scale (wafer-wafer or die-wafer) bonding technology; (4) electronic-photonic co-design environment suitable for system integration at a large scale, including very complex electronic-photonic systems; (5) low-cost packaging strategy for this bonded chip that provides the capability of adding efficient solid state optical sources to the platform, ideally based on off-the-shelf technology; (6) low-cost and efficient pigtailing strategy for the bonded chip with focus on reducing the insertion loss; (7) flexible, low-cost strategies to create a package that can handle many RF inputs and outputs, many optical IO's, and many DC IO's; and (8) military specific strategies, such as hybrid microwave-photonic packaging platform. All approaches taken should keep mixed technologies in mind and leverage off-the-shelf CMOS and existing foundry-based silicon photonic processes and focus on low cost, automated processes which will enable high-speed optoelectronic chips. The effort should identify at least one military transition partner with a need for a technology demonstrator in this technology, and develop the design of this demonstrator.

PHASE I: Develop and demonstrate plausibility of an approach that meets the above metrics, for building and packaging bonded electronic-photonic systems on-chip. Develop a test chip design with a large number of interconnections between photonic and electronic chip in order to test performance in Phase II. Develop and demonstrate efficient fiber-to-chip coupling strategies.

PHASE II: Fabricate the circuit developed in Phase I, and test it to validate the tool flow developed in Phase I and work with the military transition partner. Establish performance and feasibility of the platform. Demonstrate fiber pigtailing and laser attachment. Experimentally validate against the ability to survive military environmental specifications.

PHASE III DUAL USE APPLICATIONS: Military applications include RF signal processing, radar, imaging systems, high speed communications, and onboard sensor networks.
Commercial applications: High performance computing, telecommunications, networking, data processing.

REFERENCES:
1. L. Zimmermann, P. G. Battista, T. Tekin Tolga, et al., “Packaging and Assembly for Integrated Photonics-A Review of the ePIXpack Photonics Packaging Platform,” IEEE J. Sel. Quant., 17, 645-651, (2011).

2. “CMOS integrated optical receivers for on-chip interconnects,” S. Assefa, C. Schow, F. Xia, W. M. J. Green, A. Rylyakov, and Y. Vlasov.

3.  3D silicon integration. Knickerbocker et al., 2008.

4. Impact of 3d design choices on manufacturing cost. Velenis, D. et al., 2009.

5. R. Halir, P. Cheben, S. Janz, D-X. Xu, I. Molina-Fernandez, and J.G. Wanguemert-Perez, "Waveguide grating coupler with subwavelength microstructures," Opt. Lett. 34 (9), 1408 (2009).

6. A. H. Pham, M. Chen, and K. Aihara, LCP for Microwave Packages and Modules, Cambridge University Press, Cambridge. 2012.

KEYWORDS: Optoelectronic packaging, large scale integrated optics systems, monolithic integration, hybrid integrated-circuit packaging, photonic integration, heterogeneous integration, fiber optic coupling, silicon-on-insulator, SOI, 3D integration, IC packaging, photonics packaging, mixed technology, silicon photonics, foundry, low cost, automated processes, packaging, RF photonics, microwave photonics


	AF16-AT02
	TITLE: Noise Measurements in the Atmosphere



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop & flight-test instrumentation & diagnostics to measure pressure, temperature, density and velocity fluctuations, and particulates at 100-200kft altitude.  This is sorely needed to relate ground testing to flight conditions for hypersonics.

DESCRIPTION: Today to design a hypersonic vehicle we rely mostly on ground testing due to the extremely high costs of flight testing.  However, one of the major technical challenges for a successful design is knowing a-priori the unsteady and mean pressure and temperature profiles over the vehicle.   These profiles affect the drag, heating and structural loads on the vehicle so a successful design hinges on knowing them accurately.

Although a lot of progress has been made to characterize the unsteadiness on flow conditions, especially on pressure and density fluctuations, achieved on both “noisy” and “quiet” hypersonics tunnels on ground testing facilities, a key link is missing.  That is, we don’t have a direct comparison between what the atmosphere’s natural disturbances are (pressure, density, temperature, and velocity fluctuations) and what we are producing on our most advanced hypersonic tunnels.  Therefore, we are making assumptions on how to correlate our ground testing results to actual flight conditions without thorough validations.

This project will advance the state of the art on how to measure the atmosphere’s natural disturbances by developing and flight-testing different kinds of instrumentation or diagnostics to measure pressure, temperature, density and velocity fluctuations, and particulates at 100-200kft altitude.  One of the big challenges will be to have the instrumentation work at high altitude and have sampling rates of 10+kHz.  The other challenge will be to accommodate enough band-with for telemetry.  Sensitivity to measure fluctuations down to about 1% or less from the mean values on the variables of interest will be key.  Also robustness of the instruments or diagnostics will play a critical role.  The test flight platform will also be critical to the success of the program.  For example, if low cost high attitude balloons could be used, it could represent a lot of savings over suborbital rockets.

At the end of the program the expectation is to have at least one flight test to prove that the instrumentation and diagnostics performed as expected and that the data is of enough quality (e.g. signal to noise ratio, sensitivity, sampling rate) that it can be used to help improve our designs of ground testing facilities and better understand the data they can produce.

PHASE I: Paper design of the instrumentation and diagnostics to be used with clear descriptions of the projected capabilities.  Selection of the flight platform is also expected.  Realistic costs to build and test the instruments and diagnostics on the ground is also required.  As much as possible, the contractor should do bench tests to prove the feasibility of the instrumentation/diagnostic concepts.

PHASE II: Build and test on the ground the instrumentation and diagnostics designed on phase I.  Verify all the specs for the instrumentation & diagnostics developed. Al least 1 iteration for fixing "bugs" encountered during testing. Finalize the design of the flight platform, how the telemetry will be handled & how the instrumentation will be integrated to the platform. Finalize the location for the flight and justify why the launch location and flight path are relevant to the objectives of the program

PHASE III DUAL USE APPLICATIONS: Fly at least once the developed instrumentation and diagnostics.  Retrieve data and compare against the initial specs.  Create a plan for fixing any encountered problems.  Based on the flight data, develop a plan to any logical improvements on the instrumentation and diagnostics.

REFERENCES:
1. Thomas Juliano, Steven Schneider. 2012. Instability and Transition on the HIFiRE-5 in a Mach 6 Quiet Tunnel. 40th Fluid Dynamics Conference and Exhibit.

2. Katya Casper, Steven Beresh, John Henfling, Russell Spillers, Brian Pruett, Steven Schneider. 2012. Hypersonic Wind-Tunnel Measurements of Boundary-Layer Pressure Fluctuations. 39th AIAA Fluid Dynamics Conference.

3. Steven P. Schneider. (2012) Development of Hypersonic Quiet Tunnels. Journal of Spacecraft and Rockets 45:4, 641-664.

4. Steven Schneider. 2012. The Development of Hypersonic Quiet Tunnels. 37th AIAA Fluid Dynamics Conference and Exhibit.

5. Jr. John D. Anderson. 2006. Hypersonic and High-Temperature Gas Dynamics, Second Edition. AIAA Education Series.

KEYWORDS: noise measurements on the atmosphere, atmosphere unsteadiness, initial disturbances for hypersonic vehicles, hypersonic


	AF16-AT03
	TITLE: Flexible Sensor Network and Its Embedded Integrated Circuits for Structural Health Monitoring



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: To endow large composite structures of air vehicles with multifunctional capabilities to sense, diagnose and determine their state of health at any time on-demand by developing flexible sensor network and its embedded integrated circuits.

DESCRIPTION: Recent advancements in sensor technology have led to a vision to embed sensor arrays inside airframes to achieve multifunctional capabilities to sense, diagnose, and determine their state of health at any time on-demand. In particular, the use of a network of piezoelectric sensors and actuators to interrogate and monitor the health of structures has become a promising technology for such applications. However, massively distributed array of multiple types of sensors will require a carrier layer made of flexible polymer allowing large deformation and the resistance to harsh environment. Resulting flexible sensor network should span very large areas and easily be integrated into the composites with negligible impact on the mechanical performance of airframe. In order to make the networks functional, the sensors need to be connected to sensor interface circuits, which are high-voltage analog/mixed-signal circuits. Due to the high voltage requirement (30-50 volts inputs), current PCB implementation of the interface circuits are bulky and heavy and cannot be embedded into composite materials. While research activities have been reported on miniaturizing such interfaces into an integrated circuit (IC) and building a system around it, more technology development efforts are needed to tailor and enhance the design for actual deployment. The goal of this solicitation is to develop a highly expandable, lightweight and flexible sensor network and its embeddable interface application specific IC.  Proposer teams shall demonstrate capabilities to design, fabricate and test the systems.

PHASE I: Perform proof-of-concept analysis and experiments that demonstrate the feasibility of a highly expandable, lightweight and flexible sensor network and its embeddable interface application-specific IC (ASIC).  Develop the methodologies and processes for their implementation and usage on large composite structures.

PHASE II: Design, fabricate and test a prototype of flexible sensor network and its embeddable interface ASIC and deliver the required hardware and software. Demonstrate the feasibility of autonomous health monitoring in a simulated operational environment and validate system performance. Develop the baseline methodologies for their integration into actual aircraft.

PHASE III DUAL USE APPLICATIONS: Assess the integration of newly developed autonomous health monitoring system into actual aircraft to ensure their successful operations.  Begin the transition process for commercialization of technology into high-volume applications in civil infrastructure (oil/gas pipelines, bridges, buildings).

REFERENCES:
1. G. Lanzara, J. Feng and F.-K. Chang, "Design of Micro-Scaled Highly Expandable Networks of Polymer Based Substrates for Macro-Scale Applications," Smart Materials and Structures, vol. 19, No. 4, 2010.

2. G. Lanzara, N. Salowitz, Z. Guo and F.-K. Chang, "A Spider-Web-Like Highly Expandable Sensor Network for Multifunctional Materials," Advanced Materials, vol. 22, No. 41, 2010.

3. N. Salowitz, Z. Guo, Y. Li, K. Kim, G. Lanzara, F.-K. Chang, “Bio-Inspired Stretchable Network Based Intelligent Composites,” Journal of Composite Materials, Vol. 47, No. 1, 2013.

4. Y. Guo, C. Aquino, D. Zhang and B. Murmann.  “A Four-Channel, ±36 V Piezo Driver Chip for a Densely Integrated Structural Health Monitoring System,” 9th International Workshop on Structural Health Monitoring, 2013.
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	AF16-AT04
	TITLE: Investigating Satellites Cataloged as Debris (ISCAD)



TECHNOLOGY AREA(S): 

OBJECTIVE: Develop innovative technology needed to create a one-person-mobile telescope, mount and camera able to track nearly all cataloged space debris, then use it to investigate whether foreign objects assessed to be debris are indeed such.

DESCRIPTION: By 16 June 2015, there were 6,853 satellites listed as orbiting foreign debris in the world-standard United States Satellite Catalog (SatCat), considered a complete list of space objects down to 10 cm[1]. Much debris is released during launch and payload deployment, part is of unknown origin. Some launches disperse large quantities of debris in the transfer to geo-orbit; a nation could easily hide an active payload with the chaff and at apogee circularize its orbit into the geostationary belt with low chance of detection, as noted by some[2]. Knowing the behavior of items in Earth orbit is essential for U.S. Space Situational Awareness (SSA) and Space Object Identification (SOI), for space security. A concern is that many objects have not been examined optically, only tracked by radar. Radar detects metal rods well, but composite or faceted materials can yield a deceptive cross-section and a flawed behavior assessment. The ISCAD approach will visually inspect each "debris" item to ensure that it is behaving like debris, by tumbling and not maneuvering (e.g., any motion requiring powered flight). So far, ground-based telescopic surveys have centered on geostationary orbit; observing low Earth orbit (LEO) space debris is a low priority for the Space Based Space Surveillance and Advanced Technology Risk Reduction spacecraft missions.

This research complements NASA's Meter-Class Autonomous Telescope (MCAT)[3], which will spend much of its time observing debris at low inclination. ISCAD will spend much time observing debris in sun-synchronous orbits, including all foreign debris there. Of an estimated 2,559 sun-synchronous-orbit foreign debris, nearly 1,000 are never visible to MCAT's tropical latitude. A mobile system operating in dark skies at temperate latitudes will be able to capture nearly all of these objects, and can track poorly-lit or low-albedo (approximately 0.1) debris with the proposed design.

The optics must be sufficiently large and the sensor suitably sensitive to detect debris as faint as 17th median magnitude with a sky brightness of 21-plus magnitudes per square-arcsecond (e.g., an 80-cm mirror and EMCCD camera is capable of tracking approximately 5-cm diameter objects, depending on the orbit). Optics can be wide-angle, since some low-orbit debris may have along-track positional uncertainties up to 5 deg. This suggests a design with fast focal ratio, i.e., short focal length relative to aperture size. This does not require a view angle of 5 deg; along-track search-capable software can acquire an object using a narrower (about 0.5 deg) view angle. The mounted telescope should fit within a 7-ft x 7-ft footprint and overhead clearance of <7-1/2 feet in travel mode to be fully transportable. The sensitive high-speed camera must be capable of recording rapid (25 Hz plus) variations, with the camera and mount able to operate in temperatures of 0 deg F. The mount must be capable of tracking an object through the zenith at speeds up to 4 deg/sec, be durable but light enough for self-propulsion, and able to travel up to 100 m from storage to clear horizon on unpaved roads at 7-percent grade, without requiring re-alignment. The Phase I effort will identify design alternatives and, based on the requirements noted herein and development/fabrication cost estimates, determine the best design for the telescope optics, mount, and camera to achieve the requisite tracking goals. The optics and mount will advance technology well beyond present state-of-the-art.

PHASE I: Produce and report telescope-mount-camera design(s) able to track all debris in the SatCat, per the Description, following objects across the entire sky and staying on target through the zenith, across the meridian, and past the celestial pole, uninterrupted.  Ensuring stability requires performing finite-element modeling of system vibrations, overshoot, and structural stress.

PHASE II: Use the Phase I design to assemble a prototype telescope, mount, camera, and single computer for controlling both mount and camera, for testing against technical performance parameters identified in Phase I and the Description. The system must be capable of operating in temperatures as low as 0 deg F. Mount control software must acquire satellites without use of an auxiliary telescope. Also, evaluate this product for commercial value to the astronomy community if under $100K production cost.

PHASE III DUAL USE APPLICATIONS: Use a Phase II system for dark-sky "seasonal" studies of debris and compare data to a foreign satellite MCAT subset; study whether items act like debris, reporting anomalous behavior. Explore a mount design patent application & identify a manufacturing partner for lowest cost & maximum reliability.

REFERENCES:
1. "Satellite Catalog," United States Strategic Command, 16 June 2015.

2. Space Daily 12 April 2015 Russian Space "Russia 'busts satellite spy ring': space commander Oleg Maidanovich quoted from "Space Special Forces" film. Http://www.spacedaily.com/reports/Russia_busts_satellite_spy_ring_space_commander_999.html

3. MCAT Project Description: http://orbitaldebris.jsc.nasa.gov/measure/optical.html#MCAT

KEYWORDS: innovative mount, space debris, satellite-tracking telescope, SOI, SSA


	AF16-AT05
	TITLE: Prototype for Rapid Reconstitution for Ground-based Space Situational Awareness Capability for Near-geosynchronous Objects



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Design/demonstrate a ground-based electro-optic sensor for space situational awareness that performs much like a Space Surveillance Network sensor and is rapidly-constructed at low-cost. Application includes rapid reconstruction of an SSN sensor.

DESCRIPTION: The Air Force operates a network of custom-built electro-optic (EO) sensors distributed about the globe for maintaining space situational awareness (SSA, which includes missions such as catalog maintenance, wide-area search, space-object custody) objects in near-geosynchronous orbits (GEOs). These EO sensors are subject to outages due to maintenance or due to damage caused by natural disaster, which might render them non-operational for long periods (multiple months). Meanwhile, commercial-off-the-shelf (COTS) components exist that mimic some properties of the Air Force sensors, such as 1-meter telescopes on accurately-pointing computer-controlled mounts, and in case of outage these COTS components could be integrated and put in the field rapidly (within weeks). Likely, these substitute sensors would fall short of the performance delivered by the custom-built sensors since they are not optimized for the SSA mission parameters. With proper planning, however, EO sensor "packages" could be optimized so that COTS components could be acquired, undergo tailored modifications, and be rapidly-integrated-tested-fielded such that they could supply a militarily-useful fraction of the capability lost during down-time for the custom-built sensors. Such packages could be called "commercially derived," i.e., using COTS components to the greatest extent possible but allowing for a small number of modifications. The goal of this project is to design and demonstrate a ground-based EO sensor which is tailored to accomplish one or more SSA missions, and which consists as much as possible of commercially-derived components. In addition, a plan must be developed to task the sensor and to deliver its data products back to the requestor in a timely fashion. Developing a plan for this tasking-processing-exploitation-dissemination (TPED) procedure is an equally important goal, since the sensor will be acting in place of an SSA sensor already in or planned for the space surveillance architecture which accomplishes TPED. Successful proposers will to the greatest extent possible show:

1) Ability to design a commercially-derived EO sensor and accompanying facility that replicates the performance of a current or planned EO space-surveillance sensor to the greatest extent possible. Performance of a Ground-based Electro-Optical Deep Space Surveillance System sensor and the Space Surveillance Telescope is highly desirable, and performance metrics to replicate include, but are not limited to, metric-track accuracy, sensitivity, number of objects observed, number of tracklets collected, and low photometric uncertainty. Proposer may assume that the objective site has electricity and Internet.
2) Ability to rapidly put into the field a sensor; this includes acquiring-modifying-integrating the parts, and then testing the integrated system and setting up in the field (target <5 weeks).
3) Ability to produce a sensor with necessary facility and software with low-cost (target <$1M).
4) Ability to design and implement a tasking-processing-exploitation-dissemination (TPED) procedure for the sensor that is usable by the customer.
5) Ability to accurately predict and model telescope hardware performance as well as photometric performance. Also, be able to show traceability of requirements from a prototype sensor to an objective sensor that the Air Force would put into the field.
6) Understanding of the cost of software. Also, show understanding for the man-hours and time required for integrating COTS software and conducting verification and validation of the computer and integrated software subsystems.
7) Access to a dark-site for performance testing against a list of GEOs.
8) Ability to provide follow-on use by the Air Force under a cooperative agreement to be arranged in the future.

PHASE I: Produce commercially-derived design(s) for a ground-based optical sensor(s) tailored to accomplish an SSA mission.  Confine the band-pass between near-UV and near-IR. Document the COTS and custom software.  Analyze the performance compared to a sensor used now or planned for space surveillance. Develop a TPED plan using these sensors.  Assess expected cost and work-time from purchase to setup.

PHASE II: Select a design for a prototype sensor with customer input. Refine design, and construct and demonstrate the prototype. Collect SSA data using the prototype, compare to theoretical performance, and update the performance model. Demonstrate a version of the TPED plan using the customer as a surrogate space operator. Describe potential future improvements and estimate the cost of these improvements. At effort close, propose cooperative agreement to make sensor available to Air Force for research.

PHASE III DUAL USE APPLICATIONS: Demonstrate rapid assembly of one or more prototypes; then deploy and operate the prototypes to conduct an SSA mission for no less than one month using the related TPED procedure. Analyze the performance of the sensors using metrics in Description. Prepare DT&E report on the prototype for Air Force.

REFERENCES:
1. Faccenda, W.J. et al., 2003, "Deep Stare Technical Advancements and Status," Mitre Corporation.

2. AFSPC/A3C, 2013, “Ground-based Electro-Optical Deep Space Surveillance (GEODSS) System Operating Concept,” Air Force Space Command

3. AFSPC/A3C, 2010, “Operating Concept for Space Surveillance Telescope (SST)”, Air Force Space Command.

KEYWORDS: SSA, space surveillance, sensor, GEO, RSO, custody, low-cost, rapid, electro-optic, GEODSS, SST, TPED


	AF16-AT06
	TITLE: Three-dimensional Measurement of Fluid Density Distribution



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop and demonstrate a method of measuring, directly or indirectly, the three-dimensional distribution of turbulent fluid (air) density in wind-tunnel experiments at subsonic, transonic and supersonic conditions.

DESCRIPTION: The structure of the density field in a turbulent air flow directly affects the optical properties of the associated air volume, an effect which can degrade the ability to acquire imagery or propagate a laser through that volume. Traditionally, these optical properties of air have been exploited to obtain qualitative information about the structure of the flow through techniques such as schlieren and shadowgraph photography.  Other measurements using small laser beams, Shack-Hartmann wavefront sensors, or Background Oriented Schlieren (BOS) have provided some quantitative measurement of the optical properties; however, these methods generally consist of two-dimensional measurements, representing integrated quantities in the direction of optical propagation. Alternatively, the Planar Laser-Induced Fluorescence (PLIF)[3] method provides instantaneous flow density information in a single plane, similar to particle image velocimetry (PIV) which typically measures velocity in a single plane.   Recently, volumetric methods such as plenoptic PIV[2] or tomographic BOS[1] have expanded these diagnostic capabilities to three dimensions. This topic seeks a method and apparatus to characterize the three-dimensional density field, independent of the direction of optical propagation.  The resulting characterization of the density field could be used to validate computational fluid dynamics (CFD) simulations and design aerodynamic or flow control mitigations to minimize the effect on optical propagation.  

As a reference, the objective instrument should be designed to work in a supersonic blow-down wind-tunnel test section (Mach 2.0, Reynolds number of 4 million per foot) with a 1-square-foot cross-sectional area. The instrument should be capable of resolving fluid density features at least as small as 5 mm within a 100 mm x 50 mm x 12.5 mm volume.  The uncertainty of the density measurements should be within 10-15 percent.

PHASE I: Develop the instrument concept and associated analysis techniques. Conduct a laboratory experiment to demonstrate the ability of the instrument concept to measure the instantaneous 3D distribution of density in a turbulent air flow (e.g., an open jet or heated, turbulent flow).   Show, through analysis, that the concept can be scaled to practical wind-tunnel applications in Phase II.

PHASE II: Develop and build a prototype instrument. Conduct wind-tunnel experiments (preferably both subsonic and supersonic) to demonstrate the instrument performance. Corroborate the density measurements using established quantitative techniques. Show, through analysis, that the instrument can be scaled to the government application in Phase III. The government application will be similar to the reference case described above with the specific parameters set at the beginning of Phase II.

PHASE III DUAL USE APPLICATIONS: Demonstrate the prototype instrument, or a modified version of it, in a supersonic wind tunnel traceable to the government application specified in Phase II. Deliver the instrument hardware, analysis tools and user documentation to the government.

REFERENCES:
1. Hartmann, U, Adamczuk, R., and Seume, J., "Tomographic Background Oriented Schlieren Applications for Turbomachinery," AIAA Paper 2015-1690.

2. Fahringer, T.W., and Thurow, B. S., "Comparing Volumetric Reconstruction Algorithms for Plenoptic-PIV."

3. Reid, J. Z., Lynch, K. P., and Thurow, B. S., "Density measurements of a turbulent wake using acetone planar laser-induced fluorescence," AIAA Journal, Vol. 51, No. 4 (2013), pp. 829-839.

KEYWORDS: aero-optics, aero-effects, schlieren, PIV, tomography, holography, flow-diagnostics, planar-laser-induced-florescence, wind-tunnel instrumentation, fluid-dynamics


	AF16-AT07
	TITLE: Streaming Model for Field-of-Light Displays (SMFoLD)



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop a model for the multimedia data stream required for next-generation field-of-light display (FoLD) systems to project full-parallax video-rate 3D images without eyewear. Demonstrate the model on a FoLD system in a command center environment.

DESCRIPTION: Collection, storage, transmission, and viewing of 3D data by a variety of DoD sensor systems has increased dramatically over the past 15 years and even more rapid growth is anticipated.  The Air Force has identified a requirement for true 3D visualization systems to increase productivity of operators dealing with the 3D data deluge. The Air Force further requires the data be viewed without special eyewear on a new class of display, a so-called Field-of-Light Display (FoLD) visualization system.

A variety of prototype FoLD systems have been developed that each uses a unique, proprietary approach to transmit and visualize the same 3D data. The government (DARPA, IARPA, Air Force) has sponsored several efforts to foster the development of FoLD systems.  Each effort has recreated the underlining software to ingest 3D content for delivery to their device. Lack of a common streaming media model has emerged as a barrier creating FoLD systems acceptable within a command center environment.
	
Government leadership is required.  The focus of commercial standards bodies has been exclusively on the Stereo 3D (S3D) class of 3D display.  The S3D class requires special eyewear and is, for a variety of reasons, not acceptable in a command center environment.  S3D has caused eye fatigue and nausea in certain viewers due to a conflict in the accommodation and vergence cues it provides to the human visual system. The nausea can be reduced, but not eliminated, if the viewer is stationary and the content is tailored pixel by pixel (which is possible in movies over several months of post production but wholly impractical in a command center).  Furthermore, S3D has limited value for parallax correct viewing since the perspectives are simulated from imagery that was captured from only one or two points of view (POV).   These human interface limitations of S3D have prevented its adoption to address the 3D data deluge in Air Force command centers.

The emerging new FoLD class of 3D visualization system offers non-eyewear full parallax viewing and perspectively correct visualization for multiple persons.   The FoLD class comprises several types including lenticular, volumetric, and holographic.  Furthermore, many existing 3D capture methodologies based on Light Detection and Ranging (LiDAR) sensors, Synthetic Aperture Radar (SAR) sensors, or plenoptic cameras, capture a 3D environment that can be viewed correctly from many perspectives only on a FoLD visualization system.

Today the burden of integrating a FoLD system into an application space or environment is placed, over and over, on each software application developer.  The emerging hardware technologies have yet to unite behind a common model for streaming a 3D scene description. Proprietary 3D display hardware and software formats limit the adoption and interchange of 3D visualization devices.

The next step in the evolution of 3D visualization is the creation a common streaming model for 3D data--including a scene description protocol and transmission format--that is display technology agnostic. The standard should define a streaming 3D scene that can be viewed on any 2D, S3D or FoLD visualization system and allow such flow and POV control as is required by the host application or content.  Current and future display prototypes in any class (FoLD, S3D, and 2D) could then create an optimal visualization from the same streaming scene description.

PHASE I: Define display-technology agnostic, 3D streaming model for FoLD systems that is similar to existing 2D protocols. Establish definitions for streaming 3D content, audio content, compression, metadata, encryption, key frames, and error recovery. Integrate protocol and definitions into the model. Organize and conduct workshop open to all government and industry to publicize results.

PHASE II: Revise streaming model to address industry comments at the workshop and publish as a technical report to be entitled "Draft Data Streaming Model for Field-of-Light Display (FoLD) Visualization Systems."  Brief the report at multiple scientific and engineering meetings, including SMPTE, IEEE, and SID. Conduct a second workshop and revise the technical report. Document performance tradeoff analysis of choices made in a final report.  Develop a software tool to implement the model.

PHASE III DUAL USE APPLICATIONS: True 3D displays have multiple military and civilian applications including modeling, geospatial representations, design and exploration. Data interface standards will be required to expedite the optimization and commercialization of these display technologies.

REFERENCES:
1. (a) Klug M, Burnett T, Fancello A, Heath A, Gardner K,O’Connell S, Newswanger  C. A Scalable, Collaborative, Interactive Light-field Display System. Society of Information Display Symposium Digest of Technical Papers 2013 pp. 412-415; (b) Zscape holographic motion displays, http://www.zebraimaging.com/products/motion-displays.

2. (a) V. Michael Bove, "Engineering for Live Holographic TV," SMPTE Motion Imaging Journal, pp. 56-60 (Nov/Dec 2011); (b) S. Jolly et al, Computational Architecture for Full-Color Holographic Displays Based on Anisotropic Leaky-Mode Modulators, MIT Media Lab, SPIE (2015).

3. Stephan Reichelt, Ralf Haussler, Gerald Futterer, and Norbert Leister, "Depth cues in human visual perception and their realization in 3D displays," Proc. SPIE 7690, 76900B (2010); http://dx.doi.org/10.1117/12.850094.

4. Levent Onural, Fahri Yaras, and Hoonjong Kang, Bilkent Univ. (Turkey), 
"Digital Holographic Three-Dimensional Video Displays", Proc. IEEE 99(4), pp 576-589 (2011). Http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5709964&isnumber=5733920.

5. (a) Pierre-Alexandre Blanche, "Toward the Ultimate 3D Display", SID Information Display 28 (2&3), pp. 32-36 (Feb/Mar 2012); (b) Sechrist, Steve, “TVs, 3-D, and Holograms at Display Week 2014,” Information Display 30 (5), 14-18 (2014).

KEYWORDS: streaming model, field of light display, FoLD, full parallax, accommodation-vergence congruence, air operations center, holography, hogel, voxel, depth planes


	AF16-AT08
	TITLE: Training for Resilient System Design



TECHNOLOGY AREA(S): Human Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Develop interactive and immersive training capabilities for operational system designers to increase operational system resiliency.

DESCRIPTION: This topic focuses on interactive and immersive training capabilities intended to ultimately reduce costs associated with mitigating cyber vulnerabilities in Air Force weapons systems.  Airmen performance in the operational world is dependent on system capabilities and performance.  Today’s operational system designers must find an appropriate balance in terms of a system’s functionality and its security.  The concepts of resiliency and persistence apply not only to airmen but also the systems that they operate.  Mitigation of system vulnerabilities is costly and time consuming.  Further, engineering changes and modifications to hardware after it has reached a mature design level is also very expensive and can potentially delay the fielding of an operational capability for a significant period of time.  Therefore, promoting a greater understanding of potential threats and vulnerabilities is essential. In addition, providing an increased capability to conduct real-time, what-if analyses to improve operational system design is warranted.  The goal of this effort will be to create interactive and/or immersive training capabilities to improve design and evaluation capabilities for operational system designers.  The desired training capability would be useful for engineers and designers working on new system designs and those working on upgrades/modifications/updates to currently existing systems and subsystems.  The environment will provide guidance, references, and visualizations associated with the design activity and will facilitate engineers' and designers' process to better identify threat potentials, gaps in technology form and function, and areas where the designs can be enhanced to robust the resiliency of the designed system.  Further, the tools should assist operational system developers in the identification of design issues, as well as the application of best practices.

PHASE I: Identify and define best practices/applications related to the mitigation of operational system vulnerabilities and effective training approaches.  Develop use cases and provide storyboarded examples.  Design interactive and immersive training capabilities for operational system designers to increase operational system resiliency.

PHASE II: Develop, test and demonstrate the tool set in the content domain identified in Phase I. Implement the tools in a training exemplar and conduct user and training impact assessments. Refine tools and the exemplar, identify a domain to evaluate the generalizability and reuse of content and instructional approaches, and conduct initial evaluations.

PHASE III DUAL USE APPLICATIONS: Improve weapons system resiliency to cyber threats through tools for engineer training or through test cases identified in collaboration with Air Force experts. The tools permit a broader use in engineering education to minimize cyber vulnerability across system types.
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OBJECTIVE: Develop and demonstrate a set of performance/coordination metrics for evaluating training effectiveness for Air Support Operations Centers (ASOC) for use in command and control (C2) training systems.

DESCRIPTION: Team coordination directly affects team performance[2]. As teams increase in size and complexity, the ability to derive accurate team coordination and performance metrics becomes increasingly difficult. However, it is critical to accurately evaluate team and individual coordination and performance in training simulators that require interactions among members to effectively evaluate progress associated with continued training.
 
This effort will research and develop evaluation capabilities within a team trainer involved in C2 problems (e.g., the ASOC). An ASOC is a heterogeneous team that provides organization and support to close air support (CAS) missions and is composed of three to nine individuals. An ASOC organizes and manages CAS missions between assets in the air and those on the ground. This requires not only coordinating with air and ground assets, but also across ASOC unit members.

The Joint Theater Air-to-Ground Simulation System (JTAGSS) was implemented to support individualized, as well as team, training.  JTAGSS is planning to integrate constructive agents as synthetic teammates[1] capable of playing different ASOC positions. Synthetic teammates provide flexibility in training when crews are not at full capacity and/or instructor resources are limited. Synthetic teammates must perform the role of the real-world individual and must coordinate with both real and other synthetic teammates. Poor individual performance (including synthetic teammates) and poor coordination have been demonstrated to lead to poor team performance[2].  Metrics are critical for not only evaluating human training effects, with or without synthetic teammates, but also for evaluating synthetic teammates’ performance; specifically, determining if it is on par with human performance. Metrics of performance must be at both the individual as well as the team level.  The goal of this effort will be to research, develop, and validate metrics for assessing team and individual performance and coordination in team trainers, such as a simulated ASOC.

Results from this effort will provide a set of tools for evaluating team performance within DoD, industry, and academic team settings. These tools will enable evaluation of team coordination and how it relates to objective or subjective performance ratings/criteria.

PHASE I: Study current complex, heterogeneous team operations to determine three products: 1) a validated team coordination score that is executable in software, 2) a validated team performance score that is executable in software, and 3) a paper accepted to a relevant scientific conference.

PHASE II: Study individual positions within the same team trainer identified in Phase I in order to develop: 1) a validated set of individual coordination scores (one for each position on the team) that is executable in software, 2) a validated set of individual performance scores that is executable in software, 3) a paper submitted to a relevant journal, and 4) a paper accepted to a relevant scientific conference.

PHASE III DUAL USE APPLICATIONS: Develop a general performance coordination method for use in other large-scale coordinated activities such as but not limited to: large-scale consequence management, space C2, and intelligence, surveillance and reconnaissance applications.
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OBJECTIVE: Develop commercially viable, distributed sensing and control systems--leveraging on-chip security mechanisms in state-of-the-art embedded processors--to serve as a technology demonstrators for dual-use in Air Force battlefield applications.

DESCRIPTION: A quiet revolution in embedded system design is occurring within the embedded and mobile processing spaces. A new class of System on Chip (SoC) architectures has emerged which tightly couples field-programmable gate array (FPGA) logic, high-performance processing cores, and hardware-based cryptographic accelerators, all within the physical chip boundary. These SoCs also include on-chip RAM and rich peripheral functionality, including high-performance networking capabilities. Commercially available products, such as the Xilinx Zynq and Altera HPS, are being rapidly adopted into a broad range of embedded systems applications including automobile driver assistance, factory automation, consumer electronics, military radios, medical imaging, broadcast cameras, and both wired and wireless communications (including routers and switches).

The devices represent a game-changing new opportunity to protect against tampering and computer network attacks on the battlefield by leveraging cryptographic acceleration and the tightly coupled FPGA logic to implement adaptive, hardware-level security and resilience mechanisms. Now is the time to explore how these innovations can be utilized in complete end-to-end distributed sensing and control systems. This topic aims to explore this concept within the framework of the Internet of Things (IoT) with the goal of developing exemplars for robust and security conscious technologies for infrastructure protection. The technologies to be developed shall comprise both a secure end-point technology--that leverages these advanced embedded systems designs--and the ability to communicate via the Internet to produce situational awareness associated with a physical process.

The particular process to be observed and controlled is to be determined from a market/business study to be completed within Phase I. However, its salient characteristics must include the need for security--to protect private personal information--and resilience--to provide robust operation in the presence of faults, errors, and computer network attacks. The technology to be developed must therefore couple both novel embedded systems hardware design at the end-point with the use of software prototypes based on open-source and/or Internet standards. Systems should seek to use open-source operating systems and tools where appropriate and where these tools facilitate technology transfer to Air Force/DoD partners.

The Phase II must result in an end-to-end system capable of providing useful information to the consumer, and when set in a military context, to the Air Force. The technology plan should include descriptions of which advanced technology concepts shall be incorporated and at what stage of the project.

PHASE I: Phase I shall focus on developing a commercially viable product, business, technology development, and test plan. Early proof-of-concept prototype development associated with particular road-blocks is encouraged.

PHASE II: Phase II shall develop a full, end-to-end distributed system prototype and deploy the technology on the Internet. It is intended that the technology will demonstrate the use of novel embedded systems concepts and describe how they improve system security and/or resilience. The prototype shall include secure end-point, communication, analytics, and feedback components for a commercial application.

PHASE III DUAL USE APPLICATIONS: The contractor shall work with a DoD customer to develop a specific embedded system. The intent is to take core components on the technology, such as a particular technique or mechanism, and apply it within a military context or application, rather than re-deploy the system as a whole.
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OBJECTIVE: Develop a new generation of small-footprint hypervisors that provide novel security and forensic mechanisms while resisting reverse-engineering through diversity: every instance of a hypervisor should present a unique attack surface.

DESCRIPTION: In recent years, hypervisors have become the mainstay of cloud computing allowing multiple operating systems to execute concurrently on shared hardware, thereby providing unprecedented improvements in resource utilization. Unfortunately, they have gradually expanded in their capabilities and are now as large and vulnerable as the operating systems that operate on top of them. They were never designed with security and forensics as a primary goal: Much like monolithic operating systems and networks, they evolved with security as an afterthought. Adversaries have consequently developed techniques to detect the presence of popular hypervisors--including VMWare, VirtualPC, Hydra, Xen, and QEMU--and adjust their attacks to handle their presence.

Modern computer network attacks, by operating at the kernel-level, are able to hide their behavior, making forensic investigation of their ingress, operation, and attribution extremely difficult. This in turn makes the development of mitigations and countermeasures time-consuming and error prone. These problems are exacerbated by the lack of support in memory management hardware for the two-way mapping between guest-virtual, virtual-, and physical-memory addresses. This makes it costly and difficult for a hypervisor to explore the internal structure of an application that executes on top of an operating system that sits above the hypervisor. In addition, due to the complexities of bootstrapping, no capability yet exists to resist reverse-engineering through hypervisor diversification, i.e., changing the structure of the hypervisor to remove exploitable addresses that are shared between instances of the hypervisor. Finally, hardware support for hypervisors, similar to VTx/VT-d/VT-c, has begun to emerge only recently in the commodity processors used for embedded systems. Thus the security opportunities afforded by the isolation properties of these technologies, in the presence of extreme resource constraints, has yet to be explored in the embedded realm.

This topic seeks to generate a radical new generation of hypervisor designs that blur or eliminate the distinction with the operating system kernel, utilizes a small-footprint (attack surface) to operate in scarce resources, takes active steps to avoid detection, and/or utilizes diversity to ensure that each instance of a hypervisor is unique. The goal is to leverage hardware-supported guest-virtual isolation to increase security and provide forensics. This requires a fundamental change in the overall structure of operating system internals using the protections afforded by hypervisors as a new method to protect what are normally considered user- and kernel- level components. For example, individual device drivers might be located within designated virtual machines or replicated to provide resilience without kernel intervention. Some guest-virtual machines might be used solely for security and forensics, with associated methods for reserving resources and scheduling these virtual machines separately. A challenge with this approach is that the use of a small-footprint may limit the level of diversity achievable. The ability to execute existing commercial and/or open-source operating systems within such a radical new structure is of particular concern in maintaining DoD’s long-term legacy software investments.

PHASE I: Phase I should involve a collaborative effort to establish a baseline, small-footprint hypervisor. This technology should have the capability to execute an operating system and schedule user processes on a generic commodity processor. A technology development plan that will allow the hypervisor to be diversified and new security technologies integrated should also be developed in Phase I.

PHASE II: The primary goal research in Phase II is to develop a proof-of-concept (TRL 3) diversified hypervisor that is able to operate on both a general purpose (e.g., Intel/AMD) and embedded processor (e.g., ARM). The hypervisor should be able to execute a legacy commercial or open-source operating system and utilize novel security functions in separate guest virtual machines. As part of Phase II, the contractor will also develop a transition partnership with an appropriate DoD partner.

PHASE III DUAL USE APPLICATIONS: The contractor will work to mature the technology for DoD applications (TRL 4). These efforts shall be associated with the defense of embedded systems and/or mobile devices, forensic investigation of network intrusions, cross-domain operations, or other DoD designated activities.
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OBJECTIVE: To develop algorithms, methods and approaches that discover unanticipated events/targets of interest whose signatures are captured via an array of sensing modalities.

DESCRIPTION: The environment in which DoD intelligence, surveillance and reconnaissance (ISR) systems operate is changing dramatically due to the explosion of digital solid state hardware, advancements in arbitrary Radio Frequency (RF) waveform generation, software defined RF, cognitively controlled systems, the Internet of Things, and advanced tactics in Camouflage Concealment and Deception (CC&D) (to name a few).  Any combination of these things is making it extremely difficult for a single stove-pipe exploitation system (e.g., SIGINT) to operate and produce meaningful results without degradation due to conditions such as Low Probability of Intercept (LPI) environments, co-channel dense spectral environments, distributed CC&D and poor collection geometries (refer to Ref. 1-4 , for examples).

This project seeks to overcome the deficiencies of a single stove-piped exploitation approach by harnessing the entire signature pallet, of an event, across all available sensors simultaneously.  To maximize this potential, this project pushes for a revolutionary paradigm shift towards jointly combining/fusing sensor data upstream, or weakly processed data.  The significance of processing the data in its rawest form, jointly in appropriate high dimensional mathematical manifolds, is that it allows the algorithm to improve event detection, uncover events often lost in the current data product paradigm, be amenable to autonomous operation, and separate events from advanced interference threats and CC&D conditions.  This idea matches the Air Force vision for increased autonomy and the need for automated multi-sensor fusion and sensing as a service.

PHASE I: Identify advanced mathematical approaches for combining disparate heterogeneous sensors data for the purpose of unanticipated event/target detection and characterization in heterogeneous data.  A few specific use case examples, along with benchmark level stove-pipe performance, will be developed in order to show a comparative advantage of the newly developed methods.

PHASE II: Further refine and develop the methods and algorithms used for joint heterogeneous data fusion.  In particular, consider implementation aspects to allow the algorithm(s) to work across a distributed collection of sensors.  Identify processing, channel capacity and latency requirements for developed algorithms.  Consider a benchtop experiment, exploiting COTS equipment, to demonstrate the ability to perform such methods over a distributed network.

PHASE III DUAL USE APPLICATIONS: Develop and conduct an experiment on actual distributed sensing platforms in a realistic use case environment.  Compare performance to the expectations from earlier phases.  Commercial applications may include fields such as law enforcement, search and rescue, and automotive.
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OBJECTIVE: Develop volumetric, high-repetition-rate techniques to increase the spatial dimensionality of quantitative flame-position and turbulent-velocity-field measurements of unsteady combustion processes in high-pressure combustors.

DESCRIPTION: Combustor and turbine component performance and lifetime are highly sensitive to unsteady temperature, pressure, and velocity perturbations and the coupling of these parameters to heat release. As the pressure and temperature in current and next-generation combustion systems continue to rise, unsteady combustion processes such as thermoacoustic instabilities[1] and blowoff[2] continue to be critical engineering challenges for optimized high-pressure combustor design and operation. These transient processes place strict design requirements on combustor and turbine components, and if not accurately assessed in the design process, can result in over-designed and over-cooled parts, thereby increasing system cost and reducing performance. Predictive modeling and simulation of these behaviors for optimizing system and component design require quantitative high-speed combustion chemistry and fluid dynamics measurements for elucidating flame anchoring and stability physics. Measurements are required under relevant aero-thermodynamic conditions (up to 10 atm, 2200 - 3500 degrees F) to understand the influence of elevated pressure and velocity perturbations on chemistry-turbulence interactions in flame-propagation- and auto-ignition-dominated flames[2]. There is currently minimal understanding of the coupling of these two critical combustion mechanisms which can lead to unsteady flow inside the combustor and at the combustor exit.

Flame propagation is dependent on the velocity field near the flame, the fluid dynamic strain-rate, and the turbulence dynamics. In addition to the velocity field, which necessitates measuring the velocity gradients in all three spatial dimensions, the proposed effort requires measurement of the spatial and temporal evolution of the reacting flame front. Therefore, the proposed effort should develop and apply a three-dimensional technique for high-speed measurements of the velocity field and its gradients synchronously with flame-front orientation. Current state-of-the-art velocimetry techniques provide quantitative information but are limited to small measurement volumes/planes (< 10 mm per side), lines, or points by available techniques[3, 4]. Execution over large measurement volumes (>10 mm per side) becomes particularly challenging at the high repetition rates required (10 to 100 kHz) because the resolvable spatial scales are severely limited by the spatial dynamic range of the measurement techniques. Extension to elevated pressure is required (up to 10 atm), making particle-based velocimetry techniques difficult to implement, because of window and hardware fouling, and seedless techniques as potential alternatives. However, extension to three dimensions is essential for any proposed approach. The characterization of flame propagation processes necessitates the measurement of the spatio-temporal evolution of the flame position synchronous with the velocity field and strain rate. Possible approaches include planar or tomographic laser-induced fluorescence or tomographic chemiluminescence imaging[5].  Purely line-of-sight measurements will not provide sufficient spatial resolution for the required analyses.

The technical merit of the proposed measurement should be demonstrated in an elevated-pressure combustion rig of practical interest, with simultaneous measurements of the spatiotemporal evolution of the flame position. Accurate resolution of relevant temporal and spatial scales must be demonstrated for understanding the influence of flame anchoring physics on unsteady processes including combustion instabilities and blowoff. These measurements will lead to a physics-based understanding of dominant flame stabilization modes at elevated pressures (up to 10 atm) for validation of advanced modeling and simulation approaches. The results of this program will be an improvement to the diagnostics available for three-dimensional combustion measurements, and flame anchoring physics analyses that will be valuable for combustor research and development for predicting performance and enhancing operability, reliability, and sustainability.

PHASE I: Demonstrate high-speed (>1 kHz), three-dimensional velocity measurements along with simultaneous flame orientation measurements in an atmospheric-pressure laboratory scale reacting turbulent flow (2200 - 3500 degrees F). Demonstrate the potential for extension of the technique to confined, elevated pressure combustion systems.

PHASE II: Further develop and apply the technology demonstration in Phase I to an elevated-pressure (up to 10 atm), swirl-stabilized combustion system of practical interest and relevance to combustors. Develop, apply, and deliver hardware and advanced physics-based data analyses software for understanding unsteady combustion processes in high-pressure combustion systems.

PHASE III DUAL USE APPLICATIONS: High-repetition-rate three-dimensional measurement technologies can be used in development and procurement programs for the collection of high-quality quantitative data for validation of design, operation, and performance of military and commercial gas-turbine combustors and turbine test facilities.

REFERENCES:
1. Poinsot, T.J., Trouve, A.C., Veynante, D.P., Candel, S.M., and Esposito, E.J., "Vortex-driven acoustically coupled combustion instabilities," Journal of Fluid Mechanics, Vol. 177, pp. 265–292 (1987).2).

2. Lieuwen, T.C., Unsteady Combustor Physics, Cambridge University Press (201

3. Elsinga, G.E., Scarano, F., Wieneke, B., and van Oudheusden, B.W., "Tomographic particle image velocimetry," Experiments in Fluids, Vol. 41, pp. 933–947 (2006).

4. Danehy, P.M., Bathel, B.F., Calvert, N.D., Dogariu, A., and Miles, R.P., "Three-component velocity and acceleration measurement using FLEET," 30th AIAA Aerodynamic Measurement Technology and Ground Testing Conference, Atlanta GA (2014).

5. Böhm, B., Heeger, C., Gordon, R.L., and Driezler, A., "New Perspectives on Turbulent Combustion: Multi-Parameter High-Speed Laser Diagnostics," Flow, Turbulence and Combustion, Vol. 86, pp. 313–341 (2010).

KEYWORDS: combustion instabilities, lean blowoff, velocimetry, high-speed combustion diagnostics, laser-induced fluorescence, tomography


	AF16-AT14
	TITLE: Modeling and Simulation of Lean Blowout in High-Pressure Swirl-Stabilized Combustors



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop new physics-based turbulent combustion models for predicting the onset of lean blowout in propulsion systems operating at Air Force relevant conditions including high pressures, high-speed compressible flows, and high turbulence intensities.

DESCRIPTION: Many existing modeling and simulation approaches have been developed for and applied to turbulent combustion systems operating at steady-state under ideal laboratory conditions. The laboratory conditions typically include atmospheric pressures, low speed incompressible flows (i.e., low Mach numbers), low turbulence intensities (i.e., low Reynolds numbers), and gaseous fuels. Current and next-generation Air Force combustion systems operate with high pressures, high-speed compressible flows (i.e., high Mach numbers), high turbulence intensities (i.e., high Reynolds numbers), and multi-component liquid fuels. Large eddy simulations (LES) and turbulent combustion models [1-2] for these more relevant operating conditions require the development of new physics-based models or significant improvements to existing models such as the flamelet progress variable (FPV) [3], linear eddy model (LEM) [4], or transported probability density function (PDF) [5] approaches. 

Significant attention should be focused on evaluating and quantifying the effects of model assumptions at both the resolved scales and unresolved subgrid scales (SGS). Specific model assumptions that should be evaluated include but are not limited to the following: low Mach numbers, constant pressures, presumed PDF closures, presumed scalar mixing closures, a prior tabulated chemical kinetics, preferential diffusion, and consistency with the direct numerical simulation (DNS) limit. The models must be applicable to pre-mixed, non-pre-mixed, and partially pre-mixed combustion regimes. The models must be capable of predicting the onset of lean blowout at operating conditions relevant to Air Force propulsion systems including pressures from 10-30 atm and temperatures from 2200 to 3500 degrees F. The LES results must be evaluated using relevant experimental data such as those being acquired at the Air Force Research Laboratory Aerospace Systems Directorate Turbine Engine Division. 

The models must be made modular by specifying standardized application programming interfaces (APIs) which enable the models to be utilized as libraries in turbulent reacting flow codes relevant to Air Force and original engine manufacturer (OEM) applications of interest. The interfaces must be independent of code-specific data structures in order to maintain generality. The availability of conventional LES models and finite-rate chemical kinetics can be assumed to exist in the reacting flow codes, but all other aspects of the turbulent combustion models must be enabled through the new modules.

PHASE I: Evaluate the effects of turbulent combustion model assumptions on the simulation results for the intended operating conditions and combustion regimes.  Demonstrate the potential of the turbulent combustion models for statistically stationary turbulent combustion systems.  Develop prototype APIs with standardized interfaces that are well-documented.

PHASE II: Further develop and improve the turbulent combustion models with particular emphasis on predicting the onset of lean blowout.  Perform detailed verification and validation by using experimental data sets such as those being acquired at the Air Force Research Laboratory Aerospace Systems Directorate Turbine Engine Division.  Demonstrate the models as APIs in turbulent reacting flow codes relevant to the Air Force and OEMs.

PHASE III DUAL USE APPLICATIONS: Turbulent combustion processes are highly relevant to the performance of military propulsion systems such as gas turbine engines, augmentors, rockets, and scramjets and non-military power and propulsion systems such as aircraft engines, automotive engines, and land-based power generation devices.

REFERENCES:
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	AF16-AT15
	TITLE: Experimentally Derived Scaling Laws from Spatiotemporally Resolved Measurements in High-Pressure Combustors



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop spectroscopic test platforms for quantitative, interference-free, spatiotemporally resolved measurements of temperature and species concentrations in turbulent combustors at pressures and temperatures relevant to Air Force propulsion systems.

DESCRIPTION: An understanding of fundamental combustion processes at elevated pressures relevant to Air Force propulsion systems is critical for the validation of predictive models and the development of advanced propulsion systems.  Combustion proceeds through a multitude of elementary reaction steps, each of which involves various time and length scales ranging from atomic excitation to turbulent transport.  Since most technologies of interest to Air Force applications operate at Reynolds numbers that are inaccessible to direct numerical simulation (DNS), even with petascale computational power, the kinetic and transport models of combustion remain critical. However, many models are not well validated and have large discrepancies due to incomplete and inaccurate reaction mechanisms. Many reaction rates are estimated using scaling laws that are not experimental validated under realistic turbulence and high-pressure conditions; as such, in many cases only a lower or upper bound can be estimated.

From an experimental point of view, most atomic and radical intermediate species (OH, CH, CO, H, and O) are transient, highly temperature dependent, and persist at low concentrations in the flame. These conditions pose significant challenges for quantitative measurements.  Although there has been significant progress in the development of kinetic and transport models, experimental data on local temperatures and key rate-controlling (atomic, radical, and intermediate) species measured in laminar and turbulent flames at pressures relevant to Air Force applications (10-30 atm) are rare and qualitative, leading to large uncertainties in the models.  Measurements that may be quantitative at atmospheric pressures may fail to provide quantitative data at elevated pressures because of interferences from a range of incoherent and laser-dependent processes, including collisional quenching, photoionization, stimulated emission, saturation and Stark shifting, photolytic production of atomic species, and broadband fluorescence interferences from other flame species[1-2]. Other techniques based on line-of-sight absorption or emission measurements may provide limited spatiotemporal resolution but the path integrated nature of these diagnostics can preclude detailed validation of locally varying physicochemical processes under turbulent conditions[3].

Novel, robust, quantitative, interference-free, spatially resolved, high-speed diagnostic methods are highly desired for benchmark measurements of temperature and key rate-controlling species in gas and liquid fueled combustion processes at elevated pressures (10-30 atm) to extend the current state-of-the-art capabilities[4-5] to conditions of relevance to Air Force applications. Such measurements require well-defined boundary conditions and well characterized uncertainties for model validation, necessitating close coordination between experimental diagnostics and reactor design. It is anticipated that a spectroscopic test platform integrating advanced diagnostics will be required to achieve the desired measurements at elevated pressures. By demonstrating and utilizing novel diagnostic tools, researchers are expected to build a benchmark database that can be used to verify predictive turbulent combustion models at elevated pressures.

PHASE I: Demonstrate and document quantitative, spatiotemporally resolved interference-free experimental measurements of temperature and key rate-controlling species (OH, CH, CO, H, and O) concentrations in flames at elevated pressures relevant to Air Force propulsion systems (up to 30 atm).

PHASE II: Demonstrate and document quantitative, interference-free measurements of temperature and key rate-controlling intermediate species in standard laboratory-scale turbulent burners that can be used to build a benchmark database for combustion model validation at elevated pressures. Discover and document scaling laws for temperature and these intermediate species in canonical turbulent gas and liquid-fueled combustors at elevated pressures (10-30 atm).

PHASE III DUAL USE APPLICATIONS: Availability of the quantitative measurements of high-pressure combustion will be used for engineering design and development of gas-turbine engines, hypersonic propulsion systems, industrial burners, and combustion test facilities.

REFERENCES:
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	TITLE: Novel Approaches for Integrated Controls with TMS and Power



TECHNOLOGY AREA(S): Air Platform

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Mitigate impacts of increased control system complexity while enabling high reliability, reduced validation costs, and advanced propulsion system performance.

DESCRIPTION: Over the past 40 years, the introduction of electronic controls in high-performance turbine engines has led to a steady rise in complexity of the engine control systems. Studies have shown that the reliability of engine and controls have consistently improved as tasks formerly accomplished by mechanical means on the engine were pushed to software control and highly integrated electronics.  Current state-of-the-art (SOA) large engine controls employ linearized models that implement proportional integral derivative (PID) algorithms, optimization using Kalman filters for efficiency/performance, and greater use of multiple input/multiple output (MIMO) control to accommodate increasing variable engine features and sensors.  SOA MIMO technology is generally not PID based, but depends on the individual application.  Future large and medium scale propulsion designs, in addition to incorporating variable engine features (geometry), will require controlling and integrating large power generation/extraction, as well as, controlling thermal management of the components. The engine control is expected to be linked to other electronic systems on the aircraft and becomes the primary control at specific mission segments to achieve performance, high efficiency, and low cost. The observed trend toward increasing engine reliability is not expected to be maintained as the introduction of variable cycle (VCE) and more fuel efficient engines require additional mechanical actuation and flow control devices.  Projected electronic hardware and software complexity will also continue to increase as integration of electrical power and thermal management systems are fully implemented.  Significant research challenges in both high reliability architectures as well as cost effective, accurate validation that captures the system actual expectations will require development of new approaches for design tools beyond the current SOA for controls.  Research activities should focus on development of control system modeling tools employing hierarchical abstraction/composition such as use of VHDL used in logic chip design and Ptolemy II used in embedded system simulation. Leveraging these modeling/simulation approaches will lead to lower complexity designs with higher reliability and greater robustness for future advanced propulsion systems.  Development of tools that employ algorithms that evaluate  top level control functions integrating fault protection and closed loop control can potentially eliminate growing software architecture complexity is of interest.  Applicability of new adaptive control techniques in the simulation tools are appropriate.  Research into approaches that reduce uncertainty in the control design/modeling approach concurrently with the engine design are also significant and appropriate.

PHASE I: Develop control system software tool using hierarchical-based approach that enables improved reliability, robustness, and reduced costs for advanced engine systems with variable or novel  integrated features.  Show the feasibility of achieving new capabilities through simulation. Compare the results to SOA control approaches.

PHASE II: Develop and refine the Phase I concept by design and implementation prototype software code.   Demonstrate the control capability through FADEC or flight control (FC) closed-loop simulation with relevant hardware and controls models.

PHASE III DUAL USE APPLICATIONS: Fully develop the control capability by implementing the concept in an engine/aircraft quality prototype system (hardware and software) that meets the requirements for an advanced engine/aircraft application.
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	TITLE: Packaging and Assemblies for High-temperature Intelligent Aerospace Controls



TECHNOLOGY AREA(S): Air Platform

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Develop reliable, low-weight, affordable, electronic integrated circuit (IC) level packaging and assembly for embedded, high-temperature electronic components. Emphasis on affordable high temperature electronics control systems.

DESCRIPTION: Turbine engine controls are increasingly constrained by improvements in turbine engine technology. This constraint is primarily associated with the thermal environment on the engine system. The development of distributed controls can help alleviate this constraint by relocating the most complex electronics, those directly involved in control law processing, to a more benign environment where they can be protected more effectively and with less impact on system level metrics. The remaining electronics, those primarily associated with input/output (I/O) functions and local loop closure, would remain in the hot engine environment. 

To extract the greatest system-level performance benefit, the engine-mounted electronic components will need to be implemented with an emphasis on very low-weight technologies. This implies a very high degree of circuit integration to minimize volume and the use of passive methods to provide for thermal control. Unfortunately, higher integration tends to lead to a concentration of heat in electronic circuits. When coupled with a low-quality heat rejection sink, i.e., a small difference in temperature between source and sink, this can lead to problems in reliability.  Improvements over the state-of-the-art (SOA) technology should focus on semiconductor die to package interface materials, use of solder alloys, as well as, hermetic and polymer packaging.  Improvements to assembly of package to printed wiring board (PWB) board, as well as, choice of optimal packaging designs for harsh environment PWB.

Heat rejection is not the only issue which needs to be addressed by IC packaging and assembly technology. Engine operating environments tend to exhibit high-vibration and high-shock load. Typical vibration and shock test levels specified for the intended integrated circuit environment are up to 50g peak and 75g for shock. Vibratory test frequencies are in the range of 2hz to 3Khz.  Guidance can be found in military standards 202, 883 and 810.  There is also exposure to other electronics failure-inducing stresses, such as humidity, contaminants, and low pressure. Components are subject to 95-percent relative humidity for multiple cycles to determine suitability.  The immediate packaging of integrated circuit electronics is the first line of defense. Conceivably, improved packaging technology could also contribute to increased robustness in other areas such as electromagnetic and radiation susceptibility. 

Packaging and assembly technology for very high reliability ICs has traditionally been based on the use of ceramic materials for reasons described above. Due to the significant cost of this type of packaging and assembly, and often the lack of availability of ceramic packaging and assembly from commercial sources, plastic IC packaging and assembly has been used extensively in practice. There are also other undesirable aspects of ceramic technology such as increased weight. The cost/benefit of ceramic packaging and assembly is not completely accepted. Emphasis on affordable high temperature electronics that operate at temperatures between -55 to 225 degrees C will enable new control system capability while reducing development and acquisition costs at the engine system level.  SOA bulk silicon CMOS, IC products can operate at 100 degrees C for military applications and up to 150 degrees C for unique applications.  High-temperature silicon-on-insulator (SOI) semiconductor products are emerging that can operate at 30 percent higher temperatures for specific applications, such as oil drilling instrumentation with limited cyclic durability.   

It is expected that the increase in temperature capability of electronic circuits used in engine-mounted distributed components will exacerbate this issue and warrants additional investment and innovative solutions. New IC packaging and assembly technologies which address the fundamental requirements for the protection and reliable operation of electronic integrated circuits are needed for both commercial hybrid vehicle controls, and military active and high efficiency control, such as for the combustion, fuel, and turbine systems.   

Provide benchmark information which will enable a comparison of packaging and assembly material in terms of cost, and environmental performance as it relates to thermal conductivity, humidity, contaminants, vibration, and shock. Provide data related to innovations regarding other qualities which contribute to improved performance and reliability of high temperature electronics for the distributed engine control application.

PHASE I: Evaluate novel low-cost IC packaging materials and assembly techniques for extreme-temperature electronics which address the fundamental needs described above.  Demonstrate IC packaging capabilities' potential reliability and manufacturing improvements over the SOA using simulation and laboratory testing.

PHASE II: Demonstrate the overall performance of high-temperature electronics with new extreme-temperature packaging and assembly. Incorporate existing high-temperature ICs into the new packaging materials and assembly, using newly developed processes, and perform benchmark tests. Document the result of testing in terms of the complete range of environmental factors expected in distributed engine applications.

PHASE III DUAL USE APPLICATIONS: Demonstrate advanced high-temperature IC packaging and assembly technology by implementation in a smart node component.  Fabricate smart node hardware for a turbine engine rig or demonstrator engine.
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	TITLE: Low-cost, Reliable, and Long-life Components for the Next-Generation Aerospace Controls



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Insertion of advanced commercial controls technologies into turbine engine controls in order to reduce development and acquisition costs. Customize advanced sensing and control COTS hardware and software components in high temperature/vibration.

DESCRIPTION: Current turbine engines are controlled by Full Authority Digital Engine Control (FADEC) systems typically centralized computing resources. Sensors that sense the controlled variables are typically individually wired to the FADEC, resulting in heavy, cumbersome wiring harnesses. 

To remedy this situation, distributed nodes can be employed along with lighter fiber-optic data busses and sensor systems. The current state-of-the-art (SOA) for electrical/optical transceivers limits their qualification to a maximum operating environment of 85 degrees C.  SOA opto-electronic devices are often fabricated using gallium arsenide (GaAs) materials due to their superior capability in high frequency operation as well as optical emitters/detector capability.  However, their thermal conductivity is significantly reduced compared with silicon electronics, limiting reliability and temperature capability beyond 85 degrees C applications.  Present limitations to electrical/optical transceiver temperature scaling must be investigated. Illustrate and demonstrate a path that would enable creating a high temperature electro-optical transceiver The typical minimum operating rage for introduction into a FADEC requires an operating range of -55 to 125 degrees C. Ideally, a sensor capable of a wider operating range would be desirable as the move to mount electronics on the core of the engine becomes a feature discriminator. This transceiver should inherently support the wide operating temperature range, as additional cooling methods degrade power efficiency and reliability. Work with a FADEC designer to concur on overall part requirements. 

Implementation of intelligent propulsion concepts requires advanced enabling components technologies (including optical and electronic hardware as well as software packages) such as smart sensors, communications protocols, networking and associated components needed to increase capability in next-generation propulsion systems. To keep costs under control, it is desirable to employ standardized commercial-off-the-shelf (COTS) components as much as possible. However, many advanced COTS components were designed for ground-based applications and do not meet, in their present form, the requirements of airborne gas turbine engine propulsion systems. 

Appropriate modifications to key COTS components are sought that would make them flight-worthy in engine propulsion environments.  Evolving COTS components that make use of silicon carbide (SC) and Galium Nitride (GaN) materials for environmental performance capability of opto-electronics devices is a potential approach to improve the SOA.  Solid-state electronic cooling methodologies and circuit design applied to silicon- or GaAs-based COTS components are potential lower cost solutions to improve the SOA using COTS technology.  Investigation of very small lightweight vapor cycle technology for electronics may be appropriate.  Integration of the electronic components to take advantage of existing fuel component design is a potential method for advancing the capability of COTS for the harsh environment.  Modifications may incorporate energy, weight and size saving features, hardening against electromagnetic interference (EMI) and vibration and lifetime extension of components currently used in the older legacy assets. For active components, it is especially desirable to take advantage of innovative energy consumption reduction and/or energy harvesting approaches. It is critical to consider packaging and interface constraints, including data security, as well as ruggedization and standard requirements for avionics applications. Both legacy (centralized control) and next-generation (distributed control) engine systems can benefit from life-extended COTS and modified COTS components. 

This research and development program would provide practical and cost-effective solutions, specifically addressing deficiencies in current engine sensing and control component technologies, as well as networking challenges that confront modified COTS component integration into fiber-optic backbone for existing aircraft. Robust standardized COTS-based components technologies are sought capable of operating in demanding avionics environments. Critical attributes include high reliability, high performance, long life, and lower maintenance cost for extreme temperatures and vibration environments. 

For sensors used in turbine engines, it is desirable to extend the operating capability to temperatures beyond 1,200 degrees F and vibrations tolerance in excess of 500g RMS.

PHASE I: Identify advanced optical & electronic COTS components that will enhance engine operation for modernized propulsion systems. Investigate the desired modifications using COTS components & develop a conceptual approach for achieving environmental capability. Demonstrate the increased performance using a modeling and simulation as well as laboratory testing of relevant optical & electronic devices.

PHASE II: Design and demonstrate a harsh environment opto-electronic data bus transceiver with a relevant package size for an engine smart module or FADEC application.  Demonstrate the improved capability of the COTS-based component and demonstrate its effectiveness on test stand engines in collaboration with an engine or airframe original equipment manufacturer (OEM).

PHASE III DUAL USE APPLICATIONS: Transition into commercial and military applications.
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	TITLE: Embedded Computing Systems Runtime Integrity Protection



TECHNOLOGY AREA(S): Space Platforms

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Develop novel runtime integrity protection techniques for embedded real-time computing applications.

DESCRIPTION: The U.S. Department of Defense (DoD) continually designs, acquires, and deploys best-in-class, highly complex and capable embedded systems.  

Current embedded system engineering focuses on functional and fault-tolerance requirements that rarely include mission assurance in a cyber-contested environment.  As Stuxnet and other custom cyber exploits have proven to the embedded systems community, nations can, have, and will continue to use cyber techniques to achieve their national security objectives, to include delivering combat effects against the highest-value embedded systems.

In most cases, legacy software and software already well in development was not engineered in accordance with state-of-the-art software assurance practices.  In general, software already deployed to systems may not deserve the trust or confidence placed in it.  Recent studies have shown that legacy software may not be assured to high enough degrees for its mission application. In essence, software produced has historically demonstrated significant weaknesses in security. 

Runtime integrity verification techniques are a cyber-defense-in-depth approach to enhancing the mission assurance properties of an embedded computing system. Importantly, unlike theorem provers and other formal verification methods, runtime integrity verification techniques can be effectively employed against software that was not engineered to formal methods requirements. This facilitates more widespread employment in legacy and near-term embedded computing system architectures.

As is the case with contemporary mobile devices, many types of real-time embedded computing systems are severely resource constrained, power limited, and highly latency-sensitive; yet are subject to customized attack types for which signature and heuristic based malware detection approaches afford no meaningful protection.  State-of-the-art embedded software and computing architectures have lagged behind enterprise architectures in the deployment of runtime integrity technologies due to a perceived lack of cyber threats and current techniques that are too invasive for computing resource performance constraints.

We seek to mature and deploy novel lightweight runtime integrity protection techniques optimized for this embedded system environment.  The developed integrity protection service will advance the state-of-the-art by both preventing the launch of tampered with or modified applications and preventing the proliferation of any out-of-bounds content that is generated by an application.

Phase I demonstrations will be conducted on a commercially available prototype development board in an unclassified environment.

PHASE I: Study and develop a proof-of-concept of an approach for software runtime integrity protection within the context of a selected, resource constrained, real-time embedded computing system.

As a capstone deliverable, demonstrate the proof-of-concept runtime protection technique on an embedded computing system prototype development board.

PHASE II: Adapt, mature, and optimize the runtime integrity protection concept developed in Phase I to an assigned DoD embedded computing system, real-time operating system, and associated mission software (items provided as GFE).

As a capstone deliverable, demonstrate the runtime protection technique as hosted within the provided embedded computing environment

PHASE III DUAL USE APPLICATIONS: Conduct a cyber-vulnerability assessment of the runtime integrity protected embedded system verses an experiment control featuring no runtime protections.

Provide runtime integrity engineering support to government RED team cyber assessment of the runtime integrity protected system architecture.

REFERENCES:
1. McGraw, Gary. Gary McGraw on software security assurance: Build it in, build it right. [Online] [Cited: 04 10, 2015.] http://searchsecurity.techtarget.com/opinion/Gary-McGraw-on-software-security-assurance-Build-it-in-build-it-right.

2. The Science of Mission Assurance. Jabbour, Kamal and Muccio, Sarah. 5, 2011, Journal of Strategic Security, Vol. 4, pp. 61-74.

3. Microsoft Research. Microsoft Research. Code Contracts. [Online] Microsoft.
Http://research.microsoft.com/en-us/projects/contracts/.

KEYWORDS: cyber, software assurance, embedded system cyber security, cyber resiliency, root of trust, cyber vulnerability mitigation, runtime security, active cyber defense, software engineering, integrity check, runtime verification, monitoring, fault protection, dynamic analysis, symbolic analysis, trace analysis


	AF16-AT20
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TECHNOLOGY AREA(S): Materials/Processes

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Create room-temperature ionic liquids that are robust, non-volatile, transparent, rad hard, and atmospherically tolerant for use in electrolytes for reversibly electroplating films with specific optical, emissive and electrical properties on demand.

DESCRIPTION: This topic seeks to engage small businesses and academia to create robust, non-volatile, transparent, radiation-hardened, and atmospherically tolerant room-temperature ionic liquids for use in electrolytes for running reversible electroplating reactions that can establish and remove metallic films with specific optical, emissive, and electrical properties by tailoring the structure and thickness of the electrodeposited layer through modulation of the applied voltage at the working electrode. Such liquids are of interest since their properties could allow reversible electroplating techniques, capable of tuning or regenerating functional surfaces, to be deployed on orbital platforms. This can allow for in-flight modification of functional surfaces, such as mirrors or thermal emitters, to meet new operational needs or the restoration of functional surfaces if they are ever damaged.

Developing room-temperature ionic liquids with the aforementioned properties is the focus of this topic since the unique characteristics of ionic liquids suggest they can be used to make effective space compatible electrolytes and the properties sought are needed to support applications of interest. The negligible volatility of ionic liquids means they will not evaporate if exposed to the vacuum of space and their robustness suggest they can tolerate exposure to orbital radiation and provide large electrochemical windows to drive electrochemical reactions. Atmospheric tolerance is sought since this simplifies handling requirements and transparency is sought to allow the capabilities provided by the ionic liquids to be used in areas within a field of view of an optical application.

Work sought in this topic will focus on creating new room-temperature ionic liquids with the following nine properties. First, ionic liquids created in this effort will be capable of solvating metal ions. Of particular interest is the solvation of metals capable of forming highly reflective mirrors such as silver, aluminum, tin, copper, and gold. Second, the liquids developed will be suitable for use as the solvent in an electrolyte solution which can be used to run reversible electroplating reactions. Third, reversible electroplating reactions run in solutions created with these ionic liquids will be capable of reliably generating and removing highly reflective metallic mirrors. Fourth, the liquids developed will allow mirrors to be electroplated and removed at least 100 times, ideally over 100,000 times, without degrading common transparent electrically conductive electrodes, such as indium tin oxide doped glass. Fifth, electroplating reactions run with these liquids will allow the generation of mirrors with consistent properties on demand. Sixth, the liquids created will be capable of accommodating high metal ion migration rates so that any process to form or remove mirrors can complete quickly. Seventh, the liquids created will be capable of withstanding extended exposure to the Earth’s atmosphere. Eighth, the liquids developed will be able to tolerate exposure to hostile conditions found in an orbital environment. Ninth, the room-temperature ionic liquids created in this effort will be reasonably transparent over a broad spectrum of light. The wavelengths of light where it is particularly desirable for the ionic liquid to be transparent are those in the visible and infrared spectrum.

While a proposer for this topic must have the resources to complete the proposed work independently, access to governmental laboratory facilities will be available to help verify synthetic procedures, characterize molecules, evaluate electrochemical performance, assess electrodeposited layers, and check radiation tolerance as necessary in consultation with the government.

PHASE I: Synthesize novel room-temperature ionic liquids that are reasonably transparent across broad spectrums of light and can be used to create electrolyte solutions from which highly reflective mirrors can be generated and removed via reversible electrodeposition. Ideally these liquids will be non-toxic, robust, atmospherically stable, and tolerant of hostile conditions found in an orbital environment.

PHASE II: Quantify the robustness of ionic liquids created in Phase I against exposure to the Earth’s atmosphere, determine the stability of the ionic liquids after repeated reversible electroplating cycles, assess the consistency in the properties of mirrors generated via electroplating, evaluate the extent to which the liquids can tolerate hostile conditions found in an orbital environment, and enhance desired properties by modifying the structure of the ionic liquids or dissolving chemicals into them.

PHASE III DUAL USE APPLICATIONS: Transition the room-temperature ionic liquids created in this work into commercial products for use as non-volatile solvents, components in electrolyte solutions for electrochemical processes, or novel catalysts which work by holding molecules in reactive orientations.

REFERENCES:
1. Abbott, A. P. et. al., Electroplating Using Ionic Liquids. Annual Review of Materials Research 2013, 43, 335-358.

2. Araki S., et. al., Electrochemical Optical-Modulation Device with Reversible Transformation Between Transparent, Mirror, and Black. Advanced Materials 2012, 24 (23), OP122-OP126.

3. Hallett, J. P., et. al., Room-Temperature Ionic Liquids: Solvents for Synthesis and Catalysis. 2. Chemical Reviews 2011, 111 (5), 3508-3576.

4. He, P., et. al., Electrochemical Deposition of Silver in Room-Temperature Ionic Liquids and Its Surface-Enhanced Raman Scattering Effect. Langmuir 2004, 20 (23), 10260-10267.

5. Giridhar P., et. al., “Electrodeposition of aluminium from 1-butyl-1-methylpyrrolidinium chloride/AlCl3 and mixtures with 1-ethyl-3-methylimidazolium chloride/AlCl3”, Electrochimica Acta 2012, 70, 210-214.
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	AF16-AT22
	TITLE: Infrared Light Emitting Diode Arrays for Target Image Projection



TECHNOLOGY AREA(S): Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Develop a higher- efficiency, frame-rate, and resolution alternative to current hardware-in-the-loop scene projectors by advancing IRLED array emitter technology.

DESCRIPTION: The state-of-the-art in infrared scene projection uses micro-machined resistor arrays to playback dynamic calibrated movies of target scene phenomenology. These devices, while a proven and mature technology, are limited in frame-rate and dynamic range, and the yield prohibitively drives cost when array size is increased beyond 512x512 pixels. These limitations continue to drive alternative technologies, most notably infrared light emitting diode (IRLED) arrays. IRLED arrays generate photons through transition of electrons between energy states, as opposed to temperature driven blackbody radiation from micro-resistors. Challenges in the maturation of the IRLED technology include pixel design for photon generation efficiency (elimination of waste heat), band broadening to ensure a wider application range, extension to longer wavelengths (8-12 microns), read-in integrated circuit (RIIC) design, monolithic pixel array/RIIC design, multi-color pixels, and pixel size. The goal of this topic is advance the state-of-the-art of IRLED array technology, addressing the fundamental limitations and challenges for this technology. In particular, it is desired that the design of pixel active area should efficiently generate MWIR photon flux levels in a one micron band representative of blackbody emission up to 2000 Kelvin and with pixel response times on the order of 4 ms or less. For the end application, in a closed-loop test environment, sensor integration time and spatial mapping may change unpredictably. Because of this, a temporally uniform photon flux during the frame time is desired, as opposed to temporal modulation schemes that would require tight synchronization of the sensor/projector combination. Pixel pitch, based on array yield considerations and compatibility with optical requirements, should be sized to nominally 24 microns. Technology should be scalable to array sizes of 2048x2048 or greater. It is required that the products of this SBIR are testable devices that demonstrate advances in the state-of-the art and the potential for direct scalability up to sizes compatible with end use applications. Products from this SBIR will be evaluated in Air Force Research Laboratory's KHILS facilities to establish performance metrics including efficiency, dynamic range, temporal response, and output stability.

PHASE I: Investigate, formulate, and fabricate IRLEDs demonstrating design alternatives for active materials and enhanced pixel characteristics. Deliver device samples to AFRL for further characterization.

PHASE II: Down-select and produce pixel arrays scalable to production arrays sizes and compatible with RIIC design options. Quantitatively characterize advances in the state-of-the-art and establish a plan to transition the technology to commercial activities.

PHASE III DUAL USE APPLICATIONS: Transition technology into programs developing production arrays for distribution to DoD facilities and commercial test sets for fielded sensors.

REFERENCES:
1. High performance photodiodes based on InAs/InAsSb type-II superlattices for very long wavelength infrared detection, Hoang, A. M. and Chen, G. and Chevallier, R. and Haddadi, A. and Razeghi, M., Applied Physics Letters, 104, 251105 (2014), OI:http://dx.doi.org/10.1063/1.4884947.

2. Gallium free type II inAs/InAsxSb1-x superllatice photodetectors, Schuler-Sandy, T. and Myers, S. and Klein, B. and Gautam, N. and Ahirwar, P. et al., Applied Physics Letters, 101, 071111 (2012) DOI:http://dx.doi.org/10.1063/1.4745926.

3. “Effective and apparent temperature calculations and performance analysis of mid-wave infrared light emitting diodes for use in infrared scene projection,” Golden, E. M. and Rapp, R. J.,Proc. SPIE Vol. 7663, 766304 (Apr. 23, 2010).
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	AF16-AT23
	TITLE: Modeling and Simulation of Structural Energetic Materials



TECHNOLOGY AREA(S): Weapons

OBJECTIVE: Develop and implement models and software tools to describe the coupled solid dynamics, interfacial phenomena and chemical reactions in energetic solid materials with heterogeneous (solid-solid-void systems) meso-structures.

DESCRIPTION: Coupling between structural dynamics and chemical reactions is a complex, challenging phenomena; understanding such phenomena through advanced modeling and simulation is crucial to the design of cutting-edge and emerging explosives (with controlled sensitivity and lethality), multifunctional materials (such as structural energetics) and porous reactive materials. The interaction of energy deposition mechanisms, including dynamic mechanisms such as shock compression and chemical mechanisms and reactive heat release is a complex phenomenon that challenges modeling efforts. This is due in part to the rather stiff spatial and temporal conditions inherent in these highly nonlinear and fast transient processes. Energy deposition can be spatially localized with a wide range of time scales (structural dynamic, wave propagation and reaction scales) that require extremely fine spatial and time discretization. At the mesoscale, in addition the various phases comprising the heterogeneous material can interact at interfaces and such phenomena may in fact be key to the response of the material to imposed loads. Thus, several challenging physical mechanisms and material characteristics have to be modeled and accurately represented in a simulation of the meso-scale mechanics of reactive heterogeneous systems. Furthermore, to enable computations within reasonable times, spatial and temporal adaptivity of the mesh is essential and parallel computation is imperative.

In particular the following issues represent the required modeling/software development efforts:

1. Interaction of particles embedded in a condensed phase with imposed shock conditions.

2. Interaction of particles with compressible flow in gases.

3. Reactive processes in the condensed and gas phases and their coupling with the stress and deformation fields in the meso-structures.

4. Interfacial phenomena including deformation, fracture and localized phenomena such as inter-particle friction and contact.

A further challenge to the model in systems that are employed in real-world applications is the interaction of energy bearing flows with “targets” or other incidental obstacles. Here the main question is the effect of a flow containing energy-bearing or energy-releasing material when a target is encountered. In many applications, it is necessary to calibrate or design the delivery of energy to targets in a pre-determined and controlled manner. To do this, one must accurately model the dynamics of material-momentum-energetic flows and flow-interface interactions.

Due to reductions in numbers and sizes of platforms across the services, there is a growing requirement for internal carriage of smaller, higher lethality munitions. One way to increase lethality while reducing munition size is by minimizing non-reactive parasitic weight through the use of structural energetics. Accurate modeling and simulation tools are critical in the design process in order to avoid over reliance on expensive experimentation. This topic directly supports both the Air Superiority and Global Precision Attack Core Function Master Plans.

PHASE I: Identify specific chemical reaction models and approach to developing the models. Model and solve the coupled system of equations describing the structural dynamics at high strain rates and loading conditions and its coupling with the chemical energy released during reactions. Identify the key input properties required and the diagnostic approach to obtaining them.

PHASE II: In Phase II, the models will be further developed and implemented in a computer-based tool, key input properties will be determined (by theory or experiment), and the capability to provide insights to the response of a material to a set of realistic insults will be demonstrated.

PHASE III DUAL USE APPLICATIONS: Application includes formulation of explosives and design of new materials such as structural energetics. The models and tools could also be applied to materials such as propellants. Results should be transitionable to all DOD services as well as the DoE, NASA and their supporting contractors.

REFERENCES:
1. Nesternko, V. F., Chiu, P-H, Braithwaite, C. H., Collins, A., Williamson, D. M., Olney, K. L., Benson, D., McKenzie, F., 2012, “Dynamic behavior of particulate/porous energetic materials,” AIP Conference Proceedings, Volume 1426, pp. 533-538.
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4. Benson, D. J. and Conley, P., “Eulerian finite-element simulations of experimentally acquired HMX microstructures,” Modeling Simul. Mater. Sci. Eng., Vol. 7, pp. 333-354 (1999).

5. Conley, P. A., “Eulerian hydrocode analysis of reactive micromechanics in the shock initiation of heterogeneous energetic material,” Ph.D. Thesis, Dept. of Mechanical Engineering, Univ. of Calif., San Diego (1999).

KEYWORDS: meso-scale, structural energetics, heterogeneous materials, interfacial mechanics, chemical reaction models


	AF16-AT24
	TITLE: Transient Aerothermoelastic Experimental Response of a Full-Scale Curved Panel



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Produce validation data for transient aerothermoelastic effects in high-fidelity coupled fluid-thermal-structure CFD modeling and simulation tools from a ground test of a full-scale curved panel in hypersonic flow.

DESCRIPTION: The extreme environmental conditions experienced in hypersonic flight can cause structural deformations and unsteady responses. Furthermore, the heating rates and maximum temperatures can vary significantly over the surface of a vehicle. Temperature gradients can also exist through the vehicle skin.  This topic aims to fund an experiment that characterizes the fluid-thermal-structure coupling of a full-scale curved panel at hypersonic speeds. Similarity laws should be taken into consideration for aerodynamic pressure, aerodynamic heat transfer, conduction, stresses, and deflections; trade-offs between scaling to realistic flight conditions and obtaining a transient response should be discussed.

A validation-quality dataset of a coupled fluid-thermal-structure experiment of a full-scale curved panel is sought. In particular, curved panels that are subsections of conic or bi-conic test articles are desired and documented sufficiently for reproduction in a physical or numerical experiment. The panel should be designed to incorporate state-of-the-art integrated sensors for the measurement of its structural response (e.g., accelerations, deflections) as well as provide information about the surface quantities relevant to the aerodynamic (e.g., pressure, skin friction) and thermal environments (e.g., surface temperature, heat flux, temperature gradients).

Flowfield visualization in the vicinity of the panel at multiple azimuthal locations is needed for CFD validation. High-speed PIV is preferred, but Schlieren and other shockwave visualization methods are also desired. Furthermore, the upstream flowfield must be characterized sufficiently for follow-on modeling and simulation validation as well (e.g., freestream turbulence intensity, inlet asymmetries, and boundary layer effects).  Test facilities that use air as the working fluid are preferred, but inert gases are also acceptable.

PHASE I: Design aerothermoelastic experiment including geometry, materials, instrumentation, test facilities, and parameter space of interest. Produce test plan capable of obtaining physical quantities required to characterize the transient response of test article, including test facility boundary conditions, and identify hardware and instrumentation required to measure those quantities accurately.

PHASE II: Demonstrate that measurements taken are sufficient to fully characterize the aerothermoelastic response of panel.  Demonstrate that test procedures and methodologies are applicable to general class of this configuration. Deliverables include documentation of as-tested experimental design, experimental findings,conclusions, and all data required to independently reproduce validation data in a similar facility. Demonstrate and deliver models and documentation at an Air Force facility.

PHASE III DUAL USE APPLICATIONS: Follow-on test funded by US DoD or prime contractors using the methodology is desired to verify its applicability to more general or point designs. USAF encourages the patent and licensure of any or all technology derived from this effort and to seek collaboration with prime contractors.

REFERENCES:
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	AF16-AT25
	TITLE: Small Scale Research Molecular Beam Epitaxy for Material Development



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: To produce a lower cost molecular beam epitaxy machine and transfer chamber that will allow significant materials development and dissimilar materials integration prior to material down selection in a development scheme.

DESCRIPTION: Molecular Beam Epitaxy (MBE) has become a standard technique for producing high quality material reproducibly for electronic and optical devices. Current trends in device development often require merging properties from multiple material systems to achieve the desired characteristics. Often these material combinations cannot be made in the same chamber due to incompatibilities in their growth. Currently, the cost of material development using MBE is prohibitively high, costing well over a million dollars for a new machine. The objective of this project is to reduce cost and risk in future materials research programs using MBE.

Research aimed at providing future capabilities for AF systems requires studies of different material systems to determine the best solution and growth studies to optimize the material properties beyond its existing state. The initial system cost as well as operation costs often limits the amount of research being performed by MBE. By reducing the cost associated with MBE, more material systems can be studied. Early in research it is difficult to determine the ultimate material for an application since many factors come to play in this choice. Without an appropriate level of research, an accurate determination between the many proposed solutions is not possible. Gaining the ability to fund more research should not only allow more researchers to participate in a material choice but also allow more material options to be explored for a potential solution. This increased level of research will allow a better, more informed decision. This topic therefore not only reduces the cost per machine but also reduces the risk of picking a solution before the various factors have been evaluated.

Current research versions of MBE machines cost on the order of $1M for a system and much more for large production systems. This situation is aggravated when one considers integration of various materials each requiring a different MBE system to avoid cross contamination. For Multi-chamber systems the combined cost is the cost per chamber plus the transfer arrangement. The large cost of these systems is the major cause prohibiting more material systems to be investigated by MBE. In this SBIR topic, the goal is to produce a quality MBE machine which is significantly cheaper (~$250K) and smaller to perform fundamental materials research using similar effusion cell technologies as used on larger scale machines. Reducing the machine size has several advantages for a materials research environment. Material usage, power requirements, liquid nitrogen (LN2) usage, and required laboratory space will all be reduced. The change in area in scaling from a 3” or larger MBE environment to 1” would suggest by nearly an order of magnitude reduction in these costs. Keeping similar cell technologies should allow a more direct path for scale up to larger systems. In addition, a lower cost of small research MBE machines should stimulate the use of MBE for research aimed at producing new and novel material combinations. Even though a high percentage of these research efforts will not necessarily transfer to larger scale environments, this fundamental research will provide more opportunities for larger research and production style machines. In the production environment, the initial machine cost and operation cost is not nearly so prohibitive and will allow the scale-up of the technology developed on a small scale research machine that has produced the high quality material needed.

PHASE I: Determine production and operation cost of a small 1” MBE with specifications similar to production machines highlighting difference in cost from standard systems.  Evaluate the feasibility of the small research MBE concept for at least III-V, Oxides, and II-VI systems.  Minimize individual system footprint while making a cluster configuration for heterogeneous integration possible.

PHASE II: The small scale MBE machine will be produced as well as the chamber allowing the merging of various MBE systems together to demonstrate heterogeneous growth capability. The system performance will be validated and used in an agreed upon research effort.  The growth will demonstrate the small scale machine can produce the high quality and uniformity seen in production system.  The system will then be transferred to AFRL/RX for additional appropriate sample growths.

PHASE III DUAL USE APPLICATIONS: The newly developed small scale MBE machine will be developed and placed on market. This strategy will be used in future material growth developments to keep cost down in the development of new MBE growth capabilities.

REFERENCES:
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3. Gertjan Koster, M Huijben, Guus Rijnders (eds.) Epitaxial Growth of Complex Metal Oxides: Techniques, Properties and Applications (Elsevier, Oxford 2015).
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	TITLE: Novel Polymer-Derived Carbide and Boride Refractory Ceramics



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Demonstrate a preceramic polymer yielding a refractory metal boride and/or carbide to be used in the manufacture of ceramic matrices for the processing of ceramic matrix composites that can withstand temperatures in excess of 1600 degrees Celsius.

DESCRIPTION: Silicon carbide fiber-reinforced silicon carbide ceramic matrix composites (SiC/SiC CMCs) are being utilized for turbine engine and structural aeroshell components capable of withstanding temperatures of 1300-1400 degrees Celsius. Their lower density, higher hardness, and improved thermal and chemical resistance when compared to metallic systems at the same temperature make CMCs attractive candidates for a range of propulsion and airframe applications. However, the requirement for higher Mach number and thus higher use temperatures for the development of hypersonic vehicles is driving the need for new materials and material systems with requisite lifetimes for thermal protection and propulsion components. Increasing the use temperature and/or lifetime of these materials will require that CMCs be manufactured from higher temperature capable matrices. Ceramics such as refractory metal carbides and borides (e.g., ZrC, HfC, TaC, ZrB2, HfB2, etc.) are candidate materials for these applications because of their high thermal conductivity and the high melting temperatures of both the base material and the solid oxidation product.

Conventional SiC matrix processing routes often require the use of preceramic polymers that rely on the ease of infiltration of a liquid or dissolved solid polymer that can be converted to a ceramic material after pyrolysis.[1] The polymers are often  loaded with SiC powder to decrease the required number of re-infiltration steps and maximize final CMC density. Polymers can also be loaded with refractory carbide or boride powder, but powder loadings are limited to between 30 and 40 volume percent in order to maintain a slurry with viscosity to penetrate fiber weaves and tows.[2]  Commercial sources of SiC preceramic polymers exist, but variants of other stoichiometric carbides and borides are scarce domestically. Limited fundamental work [3-5] has been conducted to prepare and analyze refractory metal carbide and boride precursors. 

The goal of this topic is to synthesize novel chemistries and prove the capability of the preceramic polymers to form refractory carbide and/or boride ceramics. Characteristics of the polymer that are important to determining their viability in matrix processing include but are not limited to thermoset or thermoplastic behavior; solubility of the polymer in solvents and its compatibility with other preceramic polymers; and curing mechanisms including melting temperatures, cross-linking temperatures, and crystallization temperatures. Post-pyrolysis products should be understood with regard to degree of crystallinity, stoichiometry, and yield.

PHASE I: Identify a proof of concept for a preceramic polymer precursor that forms a refractory carbide and/or boride ceramic other than a Si-based ceramic upon pyrolysis with ceramic yields in excess of 60 volume percent. Demonstration of proof of concept must include X-ray diffraction and electron microscopy of the resulting material to verify chemical composition and crystalline structure.

PHASE II: Demonstrate and optimize a preceramic polymer for matrix processing with further characterization of the polymer including rheology, molecular structure, and cure mechanisms. Fabrication, characterization, and high temperature (>1600 degrees Celsius) oxidation testing of a CMC is expected.

PHASE III DUAL USE APPLICATIONS: Scale-up preceramic polymer for sale to the community of CMC developers, suppliers, and end users. Preceramic polymers are used in the DOD and commercial industry for production of CMCs and coatings for thermal protection systems, aircraft engine components, and nuclear shielding applications.

REFERENCES:
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	TITLE: Properties Of Structural Composite Materials Using Novel Carbon Fibers



TECHNOLOGY AREA(S): Air Platform

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Improve mechanical properties of aerospace advanced composite materials using new and novel carbon fibers now available in pilot quantities. Demonstrate translation of these properties through fabrication and testing of a demonstration article.

DESCRIPTION: The US Air Force desires to improve properties of organic matrix composite (OMC) materials used in structural applications on high performance aircraft. While there have been significant advancements in matrix materials over the past twenty years, innovations in carbon fibers have been much slower. New carbon fibers using novel starting materials, such as carbon nanotubes, are now available in pilot plant quantities, and demonstrate improved mechanical, electrical, and/or thermal properties. However, for the most part, these fibers have only been tested in fiber form and not incorporated into composite materials. The improvements in carbon fiber properties will only become useful as structural materials if they are translated into composites. It is desired that the properties of OMCs made with novel carbon fibers will be higher than those of state-of-the-art composite materials (e.g. IM7/977-3) in mechanical, thermal, or electrical properties, or provide a unique combination of these properties.

In this effort, the offeror will make composite materials from novel carbon fibers using an aerospace-quality matrix material, and test those composites to determine the mechanical and physical properties. Thermosetting resins are preferred, unless a higher strain-to-failure resin would better take advantage of the properties of the fibers. In order to produce high-quality composites which take advantage of the properties of the novel carbon fibers, the fiber-matrix interfacial region will have to be optimized by appropriate surface treatment and sizing. OMC processing techniques for the novel carbon fiber composites will be developed. These processing techniques should be compatible with current industrial manufacturing processes such as prepreg lay-up, automated fiber placement, etc. The process will be demonstrated by fabricating sample flat panels during both Phases I and II. Mechanical and physical testing in Phase I should include, at a minimum: uniaxial tensile properties; shear properties (e.g. short beam shear or bending); electrical and thermal conductivity. Microstructural analysis of the composite is also required. An initial model will be created which relates starting materials and processing conditions to the final composite mechanical and physical properties. 

In Phase II, the offeror will further optimize the surface treatment and sizing technique as well as the manufacturing process to create high-quality structural composites. More thorough mechanical and physical testing will be performed and will include a wider range of properties, with emphasis on interfacial and fiber dominated properties. The offeror will demonstrate the ability to make high-quality composites by selecting and fabricating a demonstration component. The selected component will take advantage of the properties of the novel carbon fiber OMCs and will have a geometry representative of state-of-the-art aerospace composite components. The offeror will design, produce, and test this component to validate the modeling and determine if properties achieved in sample panels translate into a typical component geometry. The quality of Phase II composites will be verified with non-destructive inspection (NDI). The offeror will also develop a business analysis of the novel composite material, including but not limited to, comparing properties and costs to state-of-the-art composite materials, determining the next steps for property improvement, and analyzing target applications.

PHASE I: Select an aerospace-quality matrix material. Develop and demonstrate surface treatment and sizing techniques to ensure translation of carbon fiber properties into the composite. Demonstrate ability to process the OMCs by producing at least two flat 4 x 4 inch OMC panels. Conduct initial microstructure characterization and perform mechanical and physical testing of the panels at ambient conditions.

PHASE II: Optimize surface treatment, sizing & processing. Produce at least 5 flat 10 x 10 inch test panels. Create initial model linking materials and processing to microstructure and properties. Design and carry out a test plan to obtain a wide range of mechanical & physical properties including some in hot/wet condition. Select, design, produce, and test demonstration component. Perform NDI of test panels and demonstration article. Conduct initial business analysis for novel carbon fiber composites.

PHASE III DUAL USE APPLICATIONS: Continue to optimize translation of properties of the novel carbon fibers into OMC materials and components. Demonstrate components for these OMCs with the unique combination of properties. Transition new materials to commercial and military aerospace customers, as well as other sectors.
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	AF16-AT28
	TITLE: Laser and Rapid-thermal Crystallization of Low-defect GeSn and SiGeSn Layers for High Performance Infrared Detectors and Integrated Si-based Optoelectronic Devices



TECHNOLOGY AREA(S): Sensors

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), 22 CFR Parts 120-130, which controls the export and import of defense-related material and services, including export of sensitive technical data, or the Export Administration Regulation (EAR), 15 CFR Parts 730-774, which controls dual use items. Offerors must disclose any proposed use of foreign nationals (FNs), their country(ies) of origin, the type of visa or work permit possessed, and the statement of work (SOW) tasks intended for accomplishment by the FN(s) in accordance with section 5.4.c.(8) of the solicitation and within the AF Component-specific instructions. Offerors are advised foreign nationals proposed to perform on this topic may be restricted due to the technical data under US Export Control Laws. Please direct questions to the AF SBIR/STTR Contracting Officer, Ms. Gail Nyikon, gail.nyikon@us.af.mil.

OBJECTIVE: Develop low defect laser and rapid thermally crystallized germanium tin (GeSn) and silicon germanium tin (SiGeSn) layers on silicon substrates for mid-wave infrared (MWIR) detectors and integrated Si-based optoelectronic devices.

DESCRIPTION: Conventional mid-infrared materials based on III-V (i.e, gallium indium antimony, or GaInSb) and II-VI (i.e, mercury cadmium tellurium, or HgCdTe) materials are relatively expensive and incompatible with silicon-based integrated circuit processing. Silicon germanium (SiGe) technology is pervasive for electronic applications, but the indirect energy gap prevents extensive applications in optoelectronics. Recent progress on germanium tin (GeSn) and silicon germanium tin (SiGeSn) source materials[1] and the demonstration of a direct energy gap for certain compositions[2] promises significant optical performance, similar to the III-V compounds, but compatible with silicon complementary metal oxide semiconductor (CMOS) device processing. Extremely high quality thin films and initial proof-of-concept emitters and detectors have been demonstrated[3] on Ge substrates, but corresponding films on Si substrates suffer from high defects levels[4] due to the lattice mismatch of high Sn content SiGeSn alloys necessary for direct energy gap devices. Growth of GeSn and SiGeSn emitters and detectors on Si substrates are critical for mass production of large form factor MWIR detectors and integrated optoelectronic devices using standard CMOS production equipment and large-diameter Si wafers.

Recently, it has been shown that excimer laser heating can be used to produce graded low-defect SiGe layers on Si substrates, i.e., a pseudo SiGe substrate[5]. Therefore, it should be feasible to apply excimer laser or rapid thermal crystallization of GeSn or SiGeSn epitaxial layers in order to produce low-defect layers for MWIR detectors and integrated Si-based optoelectronic devices. Ultimately, a process technology could be developed to form low defect SiGeSn pseudo-substrates on Si wafers tailored to specific optoelectronic device applications and wavelengths. Laser crystallization of amorphous Si into polycrystalline Si by explosive crystallization on glass substrates using industrial excimer line lasers is widely used in the display industry for high mobility thin film transistors (TFTs); thus, if successful this technology could be rapidly scaled and industrialized.

PHASE I: Demonstrate low thermal budget excimer laser and rapid thermal crystallization synthesis of GeSn or SiGeSn layers with tin concentrations [Sn]>10% on Si and silicon-on-insulator (SOI) substrates. Demonstrate at least 100x reduction in defect density compared to typical vacuum deposition. Provide experimental evidence for improved optical absorption, IR emission and narrower X-ray rocking curves.

PHASE II: Fabricate and characterize infrared emitters and detectors operating within the spectral range of 2 to 5 um on low-defect crystallized GeSn and SiGeSn layers on Si or SOI substrates. Demonstrate on-wafer integration of photonic and electronic device functionality. Demonstrate at least 2x device performance improvement over corresponding devices formed on layers grown by other techniques where no recrystallization has been performed.

PHASE III DUAL USE APPLICATIONS: Device quality GeSn and SiGeSn films will be used to make infrared (IR) device structures as required by military and commercial customers including those who manufacture integrated circuits and IR optical emitters and detectors.
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	AF16-AT29
	TITLE: Information Theory Models for Multi-Sensor Design of Signature Exploitation Systems



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Develop theoretical models that quantify and characterize the individual information contributions from multiple sensor modalities.  Address diverse sensing modalities involving texture, color, materials, and geometry within the fusion problem.

DESCRIPTION: Increased complexity, high bandwidth trends in addressing the automatic target recognition (ATR) problem result in high dimensional target signature models.  A wide variety of nuisance and environmental issues can make reliable performance in the field challenging.   Both of these issues can combine to present unrealizable algorithm training requirements.  The introduction of multiple sensing modalities is often proposed as a means to address the problem of dimensionality and reliability.   Sensor modes such as radar, electro-optic (EO), infrared, and ladar each excite a unique combination of target attributes such as texture, color, materials, and geometry for example.  Theoretical models are needed to quantify and characterize the independent and/or dependent information contribution arising from various sensing modalities within the fusion context.  The Mutual Information (MI) measure can be used to characterize the degree of statistical independence of sources of information contributions.  Entropy and MI are analytically connected to the probability of error and the Neyman Pearson criteria allowing for the rate of noise infiltration to be related to the rate of degradation in system performance.  The Feature Mutual Information (FMI) metric is based on the MI of image features.  Greater traceability of independent sources of information across sensor type could afford more principled methods in the design of joint target feature sets.   The learning of joint feature sets based on quantified information contributions (as in bits of information) from each sensor type will lead to a more performance-based fusion design.  Real-world constraints limit the number of samples available for learning joint feature sets.  Information based learning methods for joint feature designs must provide optimal information extraction conditioned on the number of training samples.  The incremental training of maximum information joint feature sets should afford minimal information loss while quantifying system performance in the finite sample regime.   The incremental learning of optimal joint features can be further constrained by several properties favorable to the automatic target recognition (ATR) fusion problem.  The invariance of learned joint features to selected nuisance conditions such as target pose angle or target registration are of interest.   Also, the constraint of sparsity and statistical independence within learned joint feature sets affords advantages in design and implementation. A unified information based approach which embraces all of the above is desired to address the joint feature fusion problem for application to Air Force sensing areas.

PHASE I: Develop theoretical models that quantify/characterize the individual information contributions from multiple sensor modalities within the ATR fusion problem.  Develop information-based feature extraction methods that constrain joint feature solutions based on sparsity and invariance to selected nuisance parameters.  Benchmark training complexity versus target uncertainty due to nuisance issues.

PHASE II: Demonstrate the information fusion methods developed in Phase I using designed target experiments with controlled measurement multi-sensor data sets.  Perform design trade studies on multiple sensor modalities and joint feature designs.  Develop system metrics for benchmarking system classifier/feature complexity and information gain.  Establish and test hypotheses relating multi-sensor design, target phenomenology, and information gain.

PHASE III DUAL USE APPLICATIONS: Apply the demonstrated methods and metrics of Phase II to the sensor/feature design within a transitional program. Evaluate viable alternatives analysis for the subject application program using operational sensor data.  Evaluate algorithm complexity and information gain.
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	TITLE: Space-Division-Multiplexing (SDM) Components for Infrared (IR)



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: Develop components such as optical isolators, modulators, switches, amplifiers, collimators, couplers, fan-outs for use in fully integrated, high-density, wide-bandwidth, space-division-multiplexing optical fiber links and infrared sensing systems.

DESCRIPTION: Space-division-multiplexing (SDM) fiber links can provide a significant enhancement in the fiber capacity.[1][2] In addition, a technology based on SDM links provides unique capabilities to sensing systems, allowing light-weight, accurate 3D shape sensing in real time.[3]

SDM systems in conjunction with photonic integrated circuits (PICs) have great potential to reduce the size, weight, and power consumption in both optoelectronic and sensing systems. While fiber manufacturing technology has matured to the level of being able to provide fibers of different configurations supporting multiple spatial channels, implementation of fully integrated SDM links requires a variety of SDM components. Further development of SDM technologies is slowed by a lack of commercially available basic optical and optoelectronic components. Among these components are SDM-compatible optical isolators, modulators, switches, amplifiers, collimators, multi-channel PIC fiber couplers, and fan-outs.

While some of these components are available for single-core fibers and some bulk-optics-based analogs are available at the research level, fiber-based SDM components are necessary for fully integrated optoelectronic and sensor systems. For example, integration of multi-channel modulators and detectors with SDM fibers are needed for multi-channel SDM transceivers, SDM switches are needed for software-defined networks, fiber fan-outs are needed to access individual cores in SDM links and in 3D shape-sensing systems, fiber amplifiers supporting multiple spatial channels are required to support long-range SDM links and isolators are necessary for virtually any system where back-reflection needs to be suppressed. The Air Force is interested in devices operating in the full infrared (IR) spectral range. These devices will require development of new methods of creating optical fiber assemblies, incorporating nonlinear and/or electrically controllable materials into these assemblies and novel methods of controlling the device's functionality with electric or magnetic fields. Proposed research is expected to move emerging SDM components from academic research labs to the marketplace and fulfill Air Force demand. Fiber-based components should meet Air Force requirements for low insertion loss, return loss, crosstalk, and polarization sensitivity. Polarization maintaining devices are also of interest. While the fully integrated SDM system may take a few more years to be completely developed and implemented, the solicited SDM components should provide immediate benefits in cost, weight, size, and power efficiency.

The will be no government-furnished equipment in the Phase I of this project.

PHASE I: The Phase I effort will demonstrate feasibility of an approach to achieve the objective goals in one or more SDM components suitable for use with the present fiber infrastructure.

PHASE II: The Phase II effort will develop operational components and characterize their performance in a prototype system using both the present fiber infrastructure and an SDM link.

PHASE III DUAL USE APPLICATIONS: SDM components: isolators, circulators, modulators, collimators, and optical switcher, will be validated against the Air Force requirements for the weight, size, power efficiency, and ability to perform under harsh environment. Commercialization of the above components will be accomplished.
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