AIR FORCE
16.1 Small Business Innovation Research (SBIR)
Proposal Submission Instructions


INTRODUCTION

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. 

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 Program can be found at the AF Small Business website, http://www.airforcesmallbiz.org.  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, www.aptacus.org/new/Govt_Contracting/index.php.  These centers provide Government contracting assistance and guidance to small businesses, generally at no cost.

The AF SBIR 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 SBIR 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 so 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

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 Technical Volume.  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.  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 Monday through Friday).

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 Volume 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:
Scope
List the major requirements and specifications of the effort.
Task Outline
Provide a brief outline of the work to be accomplished over the span of the Phase I effort.
Milestone Schedule
Deliverables
Kickoff meeting within 30 days of contract start
Progress reports
Technical review within 6 months
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 detail must be adequate to 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. Direct Cost 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 that cost share contracts do not allow fees. 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 July 2001.

g. Subcontracts: Involvement of university or other consultants in the planning and/or research stages of the project may be appropriate. If the offeror intends such involvement, describe in detail and include information in the Cost Volume. The proposed total of all consultant fees, facility leases or usage fees, and other subcontract or purchase agreements may not exceed one-third of the total contract price or cost, unless otherwise approved in writing by the Contracting Officer. 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 Volume 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 http://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. If selected for award, the award contract or P.O. document received by your firm may vary in format/content from the model P.O. reviewed. 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 and technical personnel from Federally Funded Research and Development Centers (FFRDCs) Mitre and Aerospace Corporations, working under contract to provide technical support to AF Life Cycle Management Center and Space and Missiles Centers may evaluate proposals.  All FFRDC employees have executed non-disclosure agreement (NDAs) as a requirement of their contracts.  Additionally, AF support contractors may be used to administratively or technically support the Government’s SBIR 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 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. The attached “NDA Requirements Form” must be completed, signed, and included, with your proposal indicating your firm’s determination regarding company-to-company NDAs for access to SBIR data by AF support contractors.  Proposal packages that do not contain an Non Disclosure Agreement (NDA)  Requirements Form (pg AF-10) 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 Web site (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, Non-disclosure Agreement (NDA) Requirements Form,  (pg AF-10) and Certificate of Training Completion Form -- be submitted electronically through the DoD SBIR Web site at https://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 the solicitation closing 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 assure that 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 that 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 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 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 16.1 SBIR instructions.  This information supersedes Paragraph 4, Section 5.4e, of the DoD 16.1 SBIR 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.

On-Line 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.afsbirstr.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 and the notification process requires specific steps to be completed prior to a Contracting Officer 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 e-mail 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 Program Manager.  Organizations and their Topic Numbers are listed later in this section (before the Air Force Topic descriptions).

PHASE II PROPOSAL SUBMISSIONS

Phase II is the demonstration of the technology that was 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 havechanged since submission of the Phase I proposal, correct information shall be sent to the AF at afprogram@afsbirsttr.net.  Please note that it is solely the responsibility of the Phase I awardee to contact this individual. 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 proposal – Department of Defense (DoD) Cover Sheet, entire Technical Volume with appendices, Cost Volume and the Company Commercialization Report – must be submitted by the date indicated in the invitation.  The Technical Volume is limited to 50 pages (unless a different number is specified in the invitation).  The Commercialization Report, any advocacy letters, SBIR Environment Safety and Occupational Health (ESOH) Questionnaire, and Cost Volume Itemized Listing (a-i) will not count against the 50 page limitation and should be placed as the last pages of the Technical Volume file that is uploaded.  (Note:  Only one file can be uploaded to the DoD Submission Site.  Ensure that 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 SBIR funds, up to a maximum of $750,000, to non-SBIR 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 Program Manager (see Air Force SBIR Organization Listing) for more information.

AIR FORCE SBIR PROGRAM MANAGEMENT IMPROVEMENTS

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

AIR FORCE SUBMISSION OF FINAL REPORTS

All Final Reports will be submitted to the awarding AF organization in accordance with the Contract.  Companies will not submit Final Reports directly to the Defense Technical Information Center (DTIC).

AIR FORCE
16.1 Small Business Innovation Research (SBIR)
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, 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	  Proposal Number























AIR FORCE SBIR 16.1 Topic Index


	AF161-001
	Rapid Expeditionary Fuel Reclamation

	AF161-002
	Fast-setting, High-strength Material for Expedient Pavement Repair

	AF161-003
	Explosively Driven Fragment Imaging

	AF161-004
	State-of-Health Monitoring for Plasma Sources to Correlate Ground Test and Space Environment

	AF161-005
	Heterogeneous Porous Media for Thermal Transport Mitigation in Hypersonics

	AF161-006
	Neutral Particle Dynamics in Transient Plasma to Determine Ground Test Chamber Interactions

	AF161-007
	Validation of Low Hydrogen Embrittlement (LHE) Alkaline Zinc Nickel Electroplating for Steel and Aluminum Electrical Connectors, Back-Shells and Components

	AF161-008
	Generator Power Recapture

	AF161-009
	Material Sensor Technology for Chemical Cleaning and Stripping Process

	AF161-010
	Additive Manufacturing Technique for Replacement of Complex Castings

	AF161-011
	Acoustic Emission of Frangible, Composite, Concrete and Metallic Radar Towers

	AF161-012
	Additive/Rapid Manufacturing Reverse Engineering, Processing and Production Integrated Solution for Agile Manufacturing of Air Force Tooling, Fixture and Prototype Production

	AF161-013
	High Precision, Non-Line-of-Sight Point Cloud Generation

	AF161-014
	Reconfigurable Interface Test Adapter

	AF161-015
	Maintenance Data Collection from Non-Networked Automatic Test Equipment

	AF161-016
	Radio Frequency Range Modernization, Compatibility and Capability Study

	AF161-017
	Prediction of Stress Corrosion Cracking

	AF161-018
	Landing Gear Fatigue Model K Modification

	AF161-019
	Reconfigurable Manufacturing: A New Paradigm for Improved Performance of Depot Processes

	AF161-020
	Quasi-Model Development using Digital and Non-destructive Inspection Data

	AF161-021
	In-Process and Final Non-destructive Inspection Methods of Additive Manufactured (AM) Simulated Aerospace Critical Parts

	AF161-022
	Installed Systems Near Field Antenna Pattern Measurment System

	AF161-023
	Avian Collision Deterrents for Reflective Surfaces

	AF161-024
	Prediction of Boundary Layer Transition on Hypersonic Vehicles in Large-Scale Wind Tunnels and Flight

	AF161-025
	Micro-Climate Automated Recorder

	AF161-026
	Real-Time Parameterized Reduced-Order-Model (ROM)-Based Aeroservoelastic Simulator

	AF161-027
	Millimeter-Wave Micro-SAR (MMW uSAR)

	AF161-028
	Cryo-Vacuum FTS using COTS Parts for Sensor Responsivity Measurements

	AF161-029
	High Temperature Superconducting (HTS) Magnets

	AF161-030
	High Speed Extraction of Hyperspectral Images within a Plume Radiation Database Structure

	AF161-031
	Rapid Assessment of Structural Vulnerability

	AF161-032
	IRIG Data Recorder Validation

	AF161-033
	Precise Autonomous Vehicle Velocity Control

	AF161-034
	Fiber Metrology Verification and Validation for High Power Fiber Lasers

	AF161-035
	Image Processing that Supports Air-to-Air, High-Bandwidth, Image-Based, Active Tracking

	AF161-036
	Mitigation of Scintillation and Speckle for Tracking Moving Targets

	AF161-037
	Compact Optical Inertial Reference Unit for High Energy Laser System Line-of-Sight Stabilization

	AF161-038
	Generation of High Rep-rate/High Average Power USPL Sources

	AF161-039
	Game-Based Combat Rescue Helicopter Aircrew Mission Training and Rehearsal

	AF161-040
	Wearable Head Tracker System (WHTS)

	AF161-041
	Software Architecture Evaluation Tool for Evaluating Offeror Proposals

	AF161-042
	Simplified Aero Model Development and Validation Environment

	AF161-043
	PED Operational Domain (POD)

	AF161-044
	Finite Element Model of the F-35 Ejection Seat

	AF161-045
	Information Fusion to Enable Shared Perception between Humans and Machines

	AF161-046
	Inexpensive Haptic Devices and 3D Medical Game for the Interosseous Infusion Procedure

	AF161-047
	Cognition Biomarker Measurement in Sweat as an Index of Human Performance

	AF161-048
	Microdosimetry of High Amplitude Ultrashort RF and Electric Fields

	AF161-049
	Multi-modal Synthetic Sensor Data Generator with Real-World Environmental Effects and Sensor Physics

	AF161-050
	Microcosm Forecasting Utilizing Swarm Unmanned Aerial Vehicle Technology

	AF161-051
	Airborne Network using Spectrum-Efficient Communications Technologies (ANSECT)

	AF161-052
	Cognitive Airborne Communications with RF Interference Mitigation and Anti-jam Capabilities (RIMA)

	AF161-053
	Airborne Cloud for the Tactical Edge User (ABC)

	AF161-054
	(This topic has been deleted from this solicitation)

	AF161-055
	Survivable, Secure and Dependable Wireless Communications

	AF161-056
	Fusion of Multiple Motion Information Sources

	AF161-057
	Secure and Survivable Antennas for Communication in a Nuclear Environment

	AF161-058
	Modular, Secure and Affordable Design for NextGen ADS-B Integration

	AF161-059
	Event Recognition for Space Situational Awareness

	AF161-060
	Anti-Fragility for Virtualized Systems

	AF161-061
	Object Based Production (OBP) for Satellite Characterization

	AF161-062
	Innovative TWTs for VW Band Communications

	AF161-063
	Mission Visualization

	AF161-064
	Coordinated Data, Better Information, Enhanced Decision Making

	AF161-065
	Information Synthesis Algorithms for Sense and Avoid (SAA)

	AF161-066
	Rapid and Reliable Identification of Counterfeit Electronic Components

	AF161-067
	High-Performance Body Armor-Integrated, Multifunctional Batteries for Dismounted Soldier

	AF161-068
	High-Temperature Electric Wires

	AF161-069
	Physics-based airframe stress calculations at flow-separation dominated flight conditions for aircraft operational clearance, life prediction and inspection scheduling

	AF161-070
	Advanced Circuit Technologies for Reliable, Low-Cost, High-Temperature Electronic Controls

	AF161-071
	High-Speed Measurements of Flame-Stabilization Processes in Vitiated Augmentor Environments for Understanding Screech, Rumble, and Blowoff

	AF161-072
	Structurally Embedded Heat Exchanger

	AF161-073
	Online Chemical Diagnostics for Fuel System Flows

	AF161-074
	Durable Pre-cooling Heat Exchangers for High Mach Flight

	AF161-075
	Automated Synthesis of Propulsion-Power-Thermal Architectures

	AF161-076
	Probabilistic Design of Fuel Thermal Management Systems

	AF161-077
	Fast Valve for Starting Hypersonic Wind Tunnels

	AF161-078
	Integration of "Cold Atom" Technologies into Prototype for Use in Heavy Aircraft

	AF161-079
	Embedded Computing Cyber Testing and Assessment Methods

	AF161-080
	Additive Manufacturing Techniques

	AF161-081
	Precision Spacecraft Instrumentation Booms

	AF161-082
	L Band Analog to Digital and Digital to Analog Converter

	AF161-083
	GNSS Jammer Location Using Multipath Exploitation

	AF161-084
	Cognitive UHF Radio for Enhanced GPS Crosslinks

	AF161-085
	Improved Satellite Catalog Processing for Rapid Object Characterization

	AF161-086
	Solid-State Power Amplifier Thermal Management

	AF161-087
	Algorithm Development for WFOV Mission Data Processing

	AF161-088
	Integrated Code Base and High Performance Embedded Computing Tool

	AF161-089
	Development of Flat Lens Technology

	AF161-090
	High Data Rate/Low SWaP-C GPS Crosslinks

	AF161-091
	Low Probability of Intercept PNT Augmentation Network

	AF161-092
	Hypervelocity and Plasma Reentry Research Testbed

	AF161-093
	Multi-material Additive Manufacturing for Advanced Space Systems

	AF161-094
	Robust spacecraft solar array technology

	AF161-095
	Resilient Sturctural Sensing Technologies for Responsive Anomaly Resolution

	AF161-096
	On-orbit Calibration of Staring Imaging Sensors Using Innovative Techniques and Field-deployable Instrumentation with High Radiometric and Temporal Sensitivity

	AF161-097
	Novel High Transmittance Curved Surface Laser Eye and Sensor Protection

	AF161-098
	Enhanced Starting Reliability and High Altitude Operation of Internal Combustion Engines on Miniature Munitions

	AF161-099
	Ultra Miniature Beam Steered Laser Radar System

	AF161-100
	Multi-Axis Precision Seeker-Laser Pointing Gimbal

	AF161-101
	Fiber Optic Networking Technology for Advanced Payload Integration on F-35 and Other Platforms

	AF161-102
	High Fidelity Algorithm to Model the Statistical Variations of Ground Target Signatures in Scene Generator Systems

	AF161-103
	Low Signal to Noise Ratio Radar Technology Investigation

	AF161-105
	Sensors for Remote Airfield Assessment

	AF161-106
	Compact SWIR DFOV Optics

	AF161-107
	Integrating the EPIC Hydrocode with MEVA and Endgame Framework

	AF161-108
	Innovative, Cost-Effective Techniques for Antenna Electronic Beam Steering

	AF161-109
	Develop Urban Target Cumulative Structural Damage Models

	AF161-110
	Ultra-Wideband Structurally Integrated Antenna Architectures

	AF161-111
	Manufacturability Improvements for Highly Integrated Monolithic Exploding Foil Initiator

	AF161-112
	Armament Life-cycle Status Monitoring Device

	AF161-113
	Direct Measurement of Protection System Breakdown and Corrosion Processes within Aircraft Structures

	AF161-114
	Alternative Nondestructive Testing Inspection Method of In-service Aircraft Bolts and Wheels

	AF161-115
	Direct Measurement of Bondline Temperature During Composite Repair/Fabrication

	AF161-116
	Rapid, Local Characterization of the Fatigue Crack Growth Behavior

	AF161-117
	Automated High Speed Grind for- High Pressure Compressor Blade Repair

	AF161-118
	Blade Repair of Integrally Bladed Disks (IBDs)

	AF161-119
	Non-Destructive Inspection for Repaired Integrally Bladed Disk Airfoils

	AF161-120
	Development of a High-Temperature Bond Coat for Environmental Barrier Coatings on SiC/SiC Ceramic Matrix Composites (CMCs)

	AF161-121
	NDI Tool for Heat Damage Detection in Composites

	AF161-122
	Novel Moderate Temperature Polymeric Absorbing Material

	AF161-123
	MQ-9 Lightweight Anti-Ice/De-Ice Solution

	AF161-124
	Accelerated Adhesive Cure for Nutplate Repair

	AF161-125
	Self-Referencing Positioning System

	AF161-126
	Structrual High Power Microwave, Nuclear and Electromagnetic Pulse Protection of Organic Matrix Composite and Ceramic Materials for Munitions

	AF161-127
	Chromium-Free Flexible Primer

	AF161-128
	Materials Processing for Heterogeneous Integration of Optical Isolators

	AF161-129
	Certification Modeling for Composites with Voids and Wrinkles for Engines and Structures

	AF161-130
	Innovative Application and Modifications of Scanning Kelvin Probe Technologies for Measurement of Coating Degradation and Detection of Corrosion

	AF161-131
	Airborne Graph Analytics Applications for Multi-sensor Fusion and Integration

	AF161-132
	Fully-Adaptive Radar Modeling and Simulation Development

	AF161-133
	Radar Agnostic, Low Computation Synthetic Aperture Radar (SAR) Automatic Target Recognition (ATR)

	AF161-134
	Low Profile Multiband Airborne Satellite Communications (SATCOM) Antenna

	AF161-135
	Lightweight Infrared Search and Track Systems

	AF161-136
	Deployable Lightweight Upper Air Sensing System

	AF161-137
	Wideband Efficient Dual Polarized High Frequency (HF) Communication Antenna

	AF161-138
	Cognitive Processing and Exploitation of 3D Laser Imaging Detection and Ranging (LIDAR) Imagery Data

	AF161-139
	Automated Target Recognition (ATR) Detection from Laser Imaging Detection and Ranging (LIDAR) Data

	AF161-140
	Multi-Attribute Circuit Authentication and Reliability Techniques

	AF161-141
	Integrated Circuit Authentication and Reliability Tool and Techniques

	AF161-142
	Integrated Circuit (IC) Die Extraction and Reassembly

	AF161-143
	Electronic Image Stabilization for Staring Infrared Search and Track (IRST) Sensors

	AF161-144
	Continuous High Pulse Repetition Frequency (HPRF) Mode for Anti-Access/Area Denial (A2AD)

	AF161-145
	Compact Wideband Direction Finder

	AF161-146
	V-Band Terminal Low Noise Amplifier

	AF161-147
	High Performance Global Positioning System (GPS) M-Code Acquisition Engine

	AF161-148
	Q-Band Uplink Solid State Power Amplifier (SSPA)

	AF161-149
	Synergistic/Combine Radio Frequency/Electro-Optical (RF/EO) Processing for Synthetic Aperture Imaging (SAR)

	AF161-150
	Cloud Services for Trustworthy Microelectronics Assurance

	AF161-151
	Automated 3D Reconstruction of a Scene From Persistent Aerial Reconnaissance Video at High Zoom

	AF161-152
	Broadband Beam Steering Devices for Midwave Infrared (MWIR)

	AF161-153
	Fusion of Kinematic and Identification (ID) Information


AF161-224              Hypersonic Weapon Airframe Simulator for Thermal Loading and Structural Vibration 
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	AF161-001
	TITLE: Rapid Expeditionary Fuel Reclamation



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop an expeditionary-capable system to perform rapid reclamation of fuel spilled from storage containment due to accident or damage to a condition suitable for immediate reuse.

DESCRIPTION: The Air Force employs enormous quantities of hydrocarbon fuels (JP-8 being the primary concern) in storage systems around the world.  Large amounts of fuels can potentially be lost due to tank puncture or destruction.  Fuel spilled during tank failure is usually captured in fuel tank containment berms, where it acquires contaminants during exposure to the elements or fire-fighting activities. Three types of contaminants are of primary concern, at a total concentration of 2 percent or less: water from rain or run-off; particulate matter, such as dirt, grime, mold, etc., which may be chemically reactive with JP8; and fire suppressants—particularly aqueous film-forming foams (AFFFs), which may produce foam/fuel emulsions or chemically alter fuels.  The Air Force seeks solutions that will rapidly decontaminate fuels, on site, producing fuel that can be placed back into the dispensing system via fuel truck or pumped directly to storage to be immediately used.  This system will separate the contaminants from the spilled fuel and pump the contaminated refuse into a separate system or holding area.  The system will continuously or iteratively monitor the quality of the fuel during the reclamation process(es).

The most difficult challenge is expected to be emulsions; minimizing the time to solve the issue of contaminated emulsions is an objective of the system. The following are specific minimum requirements for the final system:
1) can be towed by a small truck or similar vehicle; 2) setup time less than one hour;
3) redundant elements susceptible to consumption or occlusion, so process flow can be maintained during replacement; 4) in-situ monitoring and verification that recovered fuel is usable; 5) automated alarm and/or shutdown when operating conditions exceed design safety specifications, or other faults occur; 6) separate paths and storage capacity for recovered fuel and treatment residues; 7) 10,000-gal/hr throughput after breaking emulsions; 8) 200,000-gal capacity for a single event; 9) 80 percent recovery of fuel from the first cycle through the process; and 10) ability to pump fuel from a berm system that is burning.

The initial concept would be to place the decontamination capability between the contaminated fuel pool and an R-11/R17.5 fuels truck or a nearby storage tank, so the technology separates and purifies spilt fuel as it pumps the recovered fuel back into the "clean" system. Proposed technologies must be technically sound and realistically feasible for engineering design, production and testing.  The intent is to incorporate the technology into existing fuel filtering/recovery systems to improve and enhance fuel recovery capability.

PHASE I: Develop and demo as breadboard prototype concept to remove 0.5 wt-percent each of water, AFFF, rust fines and soot from JP-8.  Design system to monitor fuel quality in reclamation flow. Propose prototype-to-product concepts for a rapid, transportable fuel reclamation system that measures fuel quality throughout the process. Deliverables: system designs, four interim and one final technical report.

PHASE II: Refine breadboard and pilot-scale capability to demonstrate all steps of a continuous fuel reclamation process and flow quality monitoring at a rate of 10 gal/min for 30 minutes and that is suitable for engineering development to a final product. Deliverables: 11 interim reports & a final technical report that details of designs and testing, including test results, and an initial manufacturing design for a fieldable system scaled to satisfy the full set of performance conditions above.

PHASE III DUAL USE APPLICATIONS: Final product will be suitable for fuel recovery due to loss at commercial fuel-handling and storage facilities due to attack, accident or natural disaster, and rapid fuel reclamation to minimize environmental damage due to accidental fuel spills from storage locations.

REFERENCES:
1. Technical Report:  TR-NAVFAC EXWC-PW-1403, Proof of Concept Assessment Report: Separation of Aqueous Film-Forming Foam from JP-8 by Centrifugation. Distribution D: DoD and DoD Contractors. Available in DTIC or by request to AFCEC/CXAE.

2. Technical Report:  TR-NAVFAC EXWC-PW-1404, Proof of Concept Assessment Report: Separation of Aqueous Film-Forming Foam from JP-8 by Decantation, Distribution D: DoD and DoD Contractors. Available in DTIC or by request to AFCEC/CXAE.

3. Unified Facilities Guide Specifications Section 33 52 43.28, UFSG 33 52 43.28, Filter Separator, Aviation Fueling System.

4. Department of Defense (DoD), 2012. Detailed Specification, Turbine Fuel, Aviation, Kerosene Type, JP-8 (NATO F-34), NATO F-35, and JP-8+100 (NATO F-37). MIL-DTL-83133H.

KEYWORDS: JP-8, fuel recovery, reclamation, kerosene


	AF161-002
	TITLE: Fast-setting, High-strength Material for Expedient Pavement Repair



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop and demonstrate performance of a material that can be used as a pavement top layer that, within a target of one hour from start of application to a prepared sublayer, can support at least 100 passes of loading equivalent to landing a C-17.

DESCRIPTION: In a global scenario, pavement infrastructures constitute the key element for air transportation systems. As aircraft operating surfaces, pavements are intensively used and their failure due to serious damage—either structural or functional—determining service interruptions imposes considerable impact on operations. Limitations on pavement accessibility can even prevent successful execution of missions. Therefore, it is of extreme importance to identify or develop a material or series of materials to serve as a pavement capping layer, which quickly reach a state of setting or rapidly cure after application to a condition of strength sufficient to restore the ability to support aircraft traffic. In the context related to damage and subsequent repair, two categories of scenarios are to be considered. The first scenario refers to the spall repair due to routine wear and tear, freeze/thaw, and erosion; the other scenario is related to crater repair due to damage inflicted by incoming munitions. The latter is the more extreme case, as it represents an extreme event and the time to recovery in an uncertain environment must be as short as possible. In either circumstance, time expended to repair inflicted or cumulative pavement degradation is the main activity that causes interruption of vital airborne operations, and the goal of this topic is to identify superior expedient repair materials that will significantly shorten the time needed to restore minimal operating functionality.

Under the best possible post attack conditions, application, compaction and setting to load-bearing strength of asphaltic materials requires from 80 to 100 minutes. This time period includes material placement, compaction, and flooding the surface with water to accelerate the cooling process. The analogous procedure using a rapid-set Portland cement capping material requires approximately 120 minutes for placement and curing. The ideal product is a material that develops load supporting strength rapidly while allowing sufficient time for placement and work-up. The two key requirements are the limited time for placement and rapid strength development sufficient to support the designated aircraft load.

The target for this topic is a material and application process that will achieve performance equivalent to or better than the existing best material in 60 minutes or less. Selection factors include compatibility with existing construction equipment, logistical requirements, novelty and cost   Proposals based on warm mix asphalt will not be accepted.

PHASE I: Develop a paving material that has the ability to sustain aircraft traffic (equivalent to C-17) and has limited construction time up 75 minutes. Provide experimental evidence of the material strength development as a function of time.

PHASE II: Refine composition and delivery method to limit placement and cure time to 60 minutes or less from start of application. Prepare a “best” material composition for full-scale test section (at least 8 ft by 8 ft) application and traffic testing. Construction and traffic testing (with C-17 load cart) will be conducted at the Air Force Civil Engineer Center pavement testing facility. Cost analysis, product transition plan and environmental issues shall be included in Phase II.

PHASE III DUAL USE APPLICATIONS: Rapid pavement repair in support of timed military infrastructure recovery; commercial application in support of Transportation Agency maintenance practice for strategic roadways and runways supporting intense commercial activities and freights.

REFERENCES:
1. Lee, E.B., Lee, H., Akbarian, M. Accelerated Pavement Rehabilitation and Reconstruction with Long-Life Asphalt Concrete on High-Traffic Urban Highways, Transportation Research Record: Journal of the Transportation Research Board 2005, Volume 1905, pp. 56-64.

2. Shoenberger, J.E., Hodo, W.D., Weiss, C.A., Malone, P.G., Poole, T.S. Expedient Repair Materials for Roadway Pavements, ERDC/GSL TR-05-7, Geotechnical and Structures Laboratory, U.S. Army Engineer Research and Development Center, Vicksburg, MS, March 2005.

3. Vargas-Nordbeck, A., Timm, D. Validation of Cooling Curves Prediction Model for Nonconventional Asphalt Concrete Mixtures, Transportation Research Record: Journal of the Transportation Research Board 2011, Volume 2228, pp. 111-119.

4. Xiaojun, S., Selim, A., Lijun, S., Moisture Damage of Asphalt Mixes Modified with SEAM Pellets, Transportation and Development Innovative Best Practices 2008. April 2008, pp. 492-497.

KEYWORDS: aircraft operating surface, crater, expedient, runway


	AF161-003
	TITLE: Explosively Driven Fragment Imaging



TECHNOLOGY AREA(S): Weapons

OBJECTIVE: Develop test diagnostics to determine the size and velocity of explosively driven particles and/or fragments ranging in size from 100s of microns to several centimeters in the largest dimension. Fragments may be inert or reacting during measurement.

DESCRIPTION: Many tests in both the qualification of a new energetic material and warhead design require the determination of size and velocity of fragments[1-2]. Traditionally, the size of the fragments has been measured by firing into a soft material such as sand, insulation, or shaving cream. The fragments must then be removed from the material by hand and individually measured, which is extremely time consuming.

Recently, high-speed imaging techniques have become more feasible for both research and test and evaluation. High-speed cameras and radar may provide the measurement ability with the development of considerable post processing techniques. Particle Image Velocimetry (PIV) has been used to measure the velocity of an explosively driven expanding cloud of particles[3]. Particle Doppler Velocimetry (PDV) is emerging as a technique to measure velocity during high-speed tests[4]. Schlieren imaging is showing promise in imaging high speed experiments [5]. Additionally, manual techniques have shown some advances over the traditional methods. For example, a particle strip recorder that captures particles as a function of time and then allows for counting in the post-processing. However, by itself, none of the techniques described here will determine the fragment velocity and size for the complete distribution of particles generated during the explosive fragmentation of a composite or metal tube.

The test environment for explosively driven fragments is extremely harsh. Both the explosive fireball and the fragments will damage most test equipment. Due to this environment, measurement tools must be protected with only disposable parts exposed to the test environment. This requirement will drive the design of any test system, particularly those based on high-speed imaging, in which the camera or other device can be extremely costly.

There is a need to replace manual fragment size, velocity, and angle measurement techniques with real-time imaging techniques capable of capturing simultaneous size, velocity, and angle during explosively driven (high speed) events. The technique needs to be survivable for the harsh test environment. The technique needs to be able to capture greater than 80 percent of the fragments in large scale tests. Additionally, it needs to be versatile enough to capture micron sized particles during small scale experiments. It may require more than one complimentary technique to meet these requirements. Finally, post-processing should be automated to reduce data reduction time as much as possible. Ideally, post-processing would result in a z-data file capable of implementation in standard lethality codes.

PHASE I: Design of system capable of measuring particles and/or fragments ranging from 100s of microns to several centimeters in the longest dimension created through explosive loading of a metal or composite tube. Long aspect ratio fragments should also be considered. Multiple complimentary test techniques may be considered to capture the complete size range.

PHASE II: Build hardware based on Phase I design. Validate measurement technique, including testing, modeling and simulation. Representative test articles range from 2-inch dia. by 7-inches long to approximately 11-inch dia. by 80-inches long. Any demonstrations would be expected on small articles with modeling and simulation to prove validity for large articles. Due to extremely large number of fragments and particles in a given test event, post-processing should be automated to the extent possible.

PHASE III DUAL USE APPLICATIONS: Test techniques for the measurement of fragments would be useful at all major DoD weapon test facilities to reduce data reduction time. Additionally, high-speed particle measurement techniques are applicable in aerospace applications, e.g., debris impacting a spacecraft.

REFERENCES:
1. P. Elek and S. Jaramaz, Fragment Mass Distribution of Naturally Fragmenting Warheads, FME Transactions, 37 [3], p. 129-135 (2009).

2. V.M. Gold, E.L. Baker, K.W. Ng, and J.M. Hirlinger, A Method for Predicting Fragmentation Characteristics of Natural and Preformed Explosive Fragmentation Munitions, ARDEC, Energetics and Warheads Division, ARWEC-TR-01001 (2001).

3. C. M. Jenkins, R. C. Ripley, C.-Y. Wu, Y. Horie, K. Powers, and W. H. Wilson, "Explosively driven particle fields imaged using a high speed framing camera and particle image velocimetry," International Journal of Multiphase Flow, 51, p. 73-86 (2013).

4. M. E. Briggs, L. Hill, L. Hull, and Michael Shimas, Application and principles of photon-doppler velocimetry for explosives testing, LA-UR-10-01427, 2010 Jan 01, http://permalink.lanl.gov/object/tr?what=info:lanl-repo/lareport/LA-UR-10-01427.

5. M. J. Hargather and G. S. Settles, Natural-background-oriented Schlieren imaging, Experiments in Fluids, 48 [1], p. 59-68 (2010).

KEYWORDS: fragment, explosive, test measurement


	AF161-004
	TITLE: State-of-Health Monitoring for Plasma Sources to Correlate Ground Test and Space Environment



TECHNOLOGY AREA(S): Space Platforms

OBJECTIVE: Develop an instrument package capable of high fidelity measurements and long-term state-of-health monitoring of plasma properties from partially ionized electric propulsion plasma source in the space environment test chambers.

DESCRIPTION: The use of electric propulsion (EP) for satellite station-keeping, orbit transfer, and re-positioning has demonstrated significant advantages over hydrazine-based chemical propulsion systems, such as lower satellite wet mass and lower cost with smaller launch vehicles.[1,2]  However, the low thrust inherent in EP devices necessitates many weeks or months of firing, which imposes significant schedule and cost requirements on the lifetime qualification testing and introduces uncertainty for possible thruster plasma interactions with the test and evaluation (T&E) vacuum chamber.  There are significant differences between the space environment and T&E in a ground chamber at approx. 1x10-5 torr, such as (1) four or more orders of magnitude lower pressure in the geostationary earth orbit (GEO) that impacts thruster performance, lifetime, and plasma discharge oscillations; (2) the presence of grounded, metallic facility walls that generate sheaths in the vacuum chamber and negate the spacecraft charging that is inherent on-orbit; and (3) the presence of back-sputtered chamber particles on the thruster surfaces that may influence thruster discharge  characteristics or lifetime.[3-4] State-of-the-art EP plasma models have limited predictive capability and cannot capture these facility interactions or differences between ground T&E chambers and space environment[5].  Thus, the need for on-orbit thruster-spacecraft state-of-health (SOH) monitoring is becoming an essential tool to correlate flight data to ground T&E and plasma simulations.

In the absence of EP flight qualification testing on a space platform, future spacecraft with EP will rely on extensive ground T&E and ultimately assume increased risk for a system that has not been demonstrated in the operational environment.  To accelerate improvement in ground T&E capabilities and predictive modeling, a self-contained sensor suite with diagnostics is needed to directly compare thruster plasma between different test facilities and in space.  Possible diagnostics include energy analyzers, flux probes, and Langmuir probes. The diagnostic would be capable of periodic, time-averaged measurements as well as time-resolved capabilities to periodically evaluate plasma oscillations up to ~100 kHz.  Although these diagnostics exist separately, this test capability must satisfy a number of criteria to support state-of-the-art satellite T&E, including a self-contained unit (such as a 10cm x 10cm x10cm, or 1U cubesat) with low power requirements <10 W, has the ability to survive the space environment up to 15 years, includes power electronics and data handling, and possesses the flexibility to determine plasma properties both on-orbit and a vacuum chamber.  This last requirement is complicated by the differences in the ambient plasma and background conditions between ground T&E chamber and space environment described above.  It is expected the same SOH monitoring unit would be operated on the ground and a satellite.

Upon successful technology demonstration with a representative Hall thruster system, the measurement capability would be transitioned to research facilities at the Air Force Research Laboratory and/or the Air Force Test Center.  Opportunities to directly compare ground T&E results to measurements of the space environment may become available as capabilities reach more advanced levels.

PHASE I: Perform proof-of-concept analysis and experiments that demonstrate the feasibility of the diagnostic suite for a xenon plasma in representative ground chamber environment.  Identify key requirements for validating the technology, potential challenges, accuracy, limitations, cost estimate for a protoflight system, and propose approach for Phase II demonstration.

PHASE II: Develop diagnostic capability with temporal resolution of 10 microseconds.   Demonstrate technology objectives with xenon plasma in a Hall thruster discharge at an Air Force facility.  Deliverables include diagnostic hardware, measurement uncertainty analysis, calibration technique, and documentation.

PHASE III DUAL USE APPLICATIONS: Flight hardware would for transition to DoD organizations and prime contractors conducting electric propulsion research, T&E, and flight support to other national space assets.  Additional transition partners may include NASA and the U.S. industrial sector for commercial satellites.

REFERENCES:
1. Goebel, D. M. and Katz, I., Fundamentals of Electric Propulsion: Ion and Hall Thrusters. (John Wiley & Sons, New York, 2007).

2. Brown, D. L., Beal, B. E., Haas, J. M., "Air Force Research Laboratory High Power Electric Propulsion Technology Development,” IEEE Aerospace Conference, IEEEAC Paper 1549, Big Sky, MT, March 6-13, 2010.

3. Randolph, T., Kim, K., Kaufman, H., Kozubsky, K., Day, M., “Facility Effects on Stationary Plasma Thruster Testing”, Proceedings of the 23rd International Electric Propulsion Conference, Seattle, WA (Electric Rocket Propulsion Society, Fairview Park, OH, 1993), IEPC Paper No. 93-093.

4. Brown, D. L., Larson, C. W., Nakles, M. R., Gallimore, A. D., "Investigation of Low Discharge Voltage Hall Thruster Operating Modes and Ionization Processes,” 31st International Electric Propulsion Conference, IEPC-2009-074, Ann Arbor, MI, September 20-24, 2009.

5. Koo, J. W., Boyd, I. D., “Anomalous Electron Mobility Modeling in Hall Thrusters,” AIAA-2005-4057, 41st AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Tucson, AZ, 10-13 July, 2005.

KEYWORDS: plasma, diagnostic, state-of-health, Hall thruster


	AF161-005
	TITLE: Heterogeneous Porous Media for Thermal Transport Mitigation in Hypersonics



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Design and develop thermal insulators containing thermal radiation inhibitors for reusable application at temperature exposures exceeding 1650K over one hour, and highest possible heat load configuration that is pertinent of hypersonic platforms.

DESCRIPTION: Hypersonic vehicle systems require efficient thermal insulators that are optimized to manage thermal radiation transfer and gas conduction heat transfer and offer structural protection during sustained hypersonic flight and atmospheric entry where the maximum temperature capability can exceed 2000K. This technical challenge requires theory application for radiative properties of diffusion scattering in porous media which also takes into account combined radiation and conduction heat transfer. Theoretical approaches can in principle exploit natural transparency and reflectivity properties for electromagnetic waves in the hypersonic regime provided the interplay between the surface characteristics and the porous media are designed to selectively control the emission, absorption and scattering of thermal radiation.  The objective of this solicitation is to design insulators that efficiently suppress the radiation mode of heat transfer through physics based models, demonstrate fabrication technologies, and validate the predicted response at the hypersonic regime of interest.

PHASE I: Design and develop thermal radiation inhibited structures for reusable applications at temperatures exceeding 1650K over one hour, and highest possible heat load configuration that is pertinent to  hypersonic platforms. Design and fabricate insulator media that validates predicted thermal transport properties.

PHASE II: Develop both analytical, first-principle theories, and random walk models of the radiative and conductive properties of optimized insulator media.  Establish model extrapolation strategies for the best available model that minimizes the adverse effect of length scale changes. Optimize scattering, absorption, and morphological stability of heterogeneous porous media for temperatures exceeding 1650K. Transition technology to the industrial constructs.

PHASE III DUAL USE APPLICATIONS: Potential transition partners include the Air Force, DARPA, NASA and the U.S. industrial sector for hypersonic application. Alternative aeronautics markets may also be possible for air-breathing applications, industrial applications such as plasma processing and micro-fabrication techniques.

REFERENCES:
1. Lee, S. C., White, S., and Cunnington, G. R., 1994, “Effective Radiative Properties of Fibrous Composites Containing Spherical Particles,” J. Thermophysics and Heat Transfer, 8 (3), pp. 400-405.
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	AF161-006
	TITLE: Neutral Particle Dynamics in Transient Plasma to Determine Ground Test Chamber Interactions



TECHNOLOGY AREA(S): Space Platforms

OBJECTIVE: Develop measurement capability to determine neutral particle flow dynamics in plasma far from equilibrium.

DESCRIPTION: The impact of plasma source technology is expanding, ranging from innovative terrestrial applications such as water decontamination and purification, plasma processing, and plasma micro/nano-fabrication techniques to highly efficiency electric propulsion for satellites maneuvering[1,2].  Although the methods of plasma generation and operational environments are diverse, the ability to characterize neutral particle dynamics provides critical information on ionization processes, energy conversion, and interactions with surrounding materials.  For plasma far from equilibrium and in extreme environments, the spatial and temporal variation of neutral particle properties drives plasma behavior and instabilities.  However the dynamic variation in neutral distribution is extremely difficult to quantify.  In many cases the direction of technology advances further exacerbates these challenges, such as the increased power and xenon gas propellant throughput of electric propulsion systems that are pushing the limits of ground test chamber pumping capability.  Background pressures of world-class research, test and evaluation (T&E) vacuum chambers used for advanced electric propulsion are four or more orders of magnitude higher than the geostationary earth orbit (GEO) environment, and significant chamber upgrades are cost prohibitive.  Historically, background pressures less than 3.0x10-5 torr were considered acceptable for flight qualification of electric propulsion systems[3].  However in some cases, such as a Hall thruster, the elevated background neutral particles have impacted thruster instabilities, performance, lifetime, and exhaust ion plume[4].  Thus, understanding the neutral particle dynamics is critical for T&E.

State-of-the-art neutral diagnostics for a partially ionized gas do not enable high-fidelity interrogation of both spatial and temporal features of the neutral dynamics at sufficient resolution needed to improve predictive plasma models, T&E capabilities, and develop next generation plasma source technologies.  The objective is to measure neutral particle number density with measurement resolution of 1-10 microseconds and 1-5 mm in a partially ionized xenon gas.  To this end, an innovative neutral particle diagnostic capability may be developed for a Hall thruster plasma source with xenon propellant, where xenon plasma number density is approximately 0.1-5.0x1018 /m3 and electron temperature ranges from 1eV to 40eV [5].  Non-intrusive measurements that do not perturb the plasma, a portable diagnostic configuration, and cost-effective approaches are preferred.

Upon successful technology development, the measurement capability would be demonstrated and transitioned to Air Force research and/or test facilities.

PHASE I: Perform proof-of-concept analysis and experiments that demonstrate the feasibility of the neutral diagnostic measurement technique in partially ionized xenon gas.  Identify key requirements for validating the technology, potential challenges, accuracy, limitations, and approach for Phase II demonstration.

PHASE II: Develop a fully functional neutral number density measurement capability with resolution of 1-10 microseconds and 1-5 mm in a partially ionized xenon gas.   Demonstrate technology objectives with xenon propellant in a Hall thruster discharge at Air Force facility.  Deliverables include diagnostic hardware, measurement uncertainty analysis, calibration technique, documentation, and data.

PHASE III DUAL USE APPLICATIONS: Potential transition partners include the Air Force, NASA and the U.S. industrial sector for commercial satellites.  Alternative terrestrial markets may also be possible, industrial applications such as plasma processing and micro-fabrication techniques.

REFERENCES:
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	AF161-007
	TITLE: Validation of Low Hydrogen Embrittlement (LHE) Alkaline Zinc Nickel Electroplating for Steel and Aluminum Electrical Connectors, Back-Shells and Components



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Demonstrate environmentally friendly, low-hydrogen embrittlement (LHE) alkaline zinc nickel plating for replacing cadmium plating on steel and aluminum electrical connectors, back-shells and components for aircraft system components.

DESCRIPTION: Many of the electrical connectors currently used by DoD contain cadmium (Cd).  Additional components on some DoD weapons systems require a ground path for static discharge (i.e., C-5 fuel tank vent caps).  These components also require Cd plating due to highly corrosive environments. Cadmium is a known carcinogen.  Furthermore, the cadmium is typically coated conversion coated with a hex-chromate which is also hazardous.  Both the cadmium plating process and its subsequent conversion coating have been proven to be toxic (unlike other processes such as chromium plating, where a hazardous process yields a non-hazardous coating).

In January 2007, the U.S. President signed Executive Order (EO) 13423, Strengthening Federal Environmental, Energy, and Transportation Management, requiring government agencies to reduce the quantity of toxic and hazardous chemicals and materials that are acquired, used, or disposed. Cadmium is among the chemicals to be reduced by the DoD.  Additionally, wastewater discharge from cadmium electroplating baths must meet effluent limitations dictated by regulations under the Clean Water Act, and any sludge from wastewater treatment must be managed as hazardous waste under the Resource Conservation and Recovery Act (RCRA).  As a result of these regulations, the use of cadmium significantly raises the maintenance costs throughout the life of the plated parts.  A cost-benefit analysis was conducted to analyze the cost impact of using an alternative coating in place of cadmium electroplating versus the costs of implementing a full medical surveillance program. Based on data from NADEP Cherry Point, elimination of cadmium electroplating would save the facility more than $20,000 per employee per year. The costs-per-square-inch for plating varies from facility to facility, but similar cost savings is anticipated at other DoD depots.

Due to these increasing costs, regulatory pressure, and risk to personnel performing these processes, the sustainability of the DoD’s surface treatment capability is somewhat threatened. Therefore, this effort seeks to gain approval for the use of Low Hydrogen Embrittlement (LHE) Alkaline Zn-Ni on aluminum and steel electrical connectors and other components with electrical/ground path critical applications. It is anticipated that the successful implementation of this alternative coating will not only comply with the requirements of EO 13423, but will also reduce total life-cycle costs of the weapon system.

PHASE I: Demonstrate plating technique to apply LHE alkaline Zn-Ni plating on aluminum and demonstrate the feasibility of replacing cadmium plating with a LHE alkaline zinc nickel plating on steel and aluminum electrical connectors, back-shells and components on aircraft and propeller system components.

PHASE II: Further develop, optimize and implement the approach from Phase I and demonstrate the process improvements with LHE alkaline zinc nickel electrical application development and test articles designed in Phase I.  Mechanical and environmental properties, as well as process techniques, will be optimized and validated.  Component alloy qualification testing and actual part service evaluation testing will be conducted.

PHASE III DUAL USE APPLICATIONS: The elimination of cadmium is beneficial for both military and commercial aircraft applications.   Any aircraft currently utilizing cadmium plating on electrical connectors, back-shells and components for aircraft system components will have applications for this approach.

REFERENCES:
1. MIL-STD-870 Cadmium Plating, Type II, Class 2.

2. MIL-STD-1500 Cadmium Plating, Type II, Class 1.

3. AMS-QQ-P-416 Cadmium Plating, Type II, Class 2.
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	AF161-008
	TITLE: Generator Power Recapture



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: The objective of this topic is to increase the depot energy efficiency by utilizing electrical energy produced by testing generators.

DESCRIPTION: The Air Force tests and repairs both airborne and ground power generators.  The generators are mainly AC with one 277V DC generator. Several generators are run, sometimes for several hours at a time, to perform test and repair functions. There is an opportunity here to capture the power being created by the test generators. The Air Force desires to capture the test energy to enhance facilities energy efficiency and have a positive environmental impact.

The generator tests must conform to and meet technical order (TO) requirements.  Essentially the generators are run/tested at 0-, 25-, 50- and 100-percent loads for a certain amount of time. The critical requirement is to be able to accurately apply the load while the test stand monitors the generator.  There are both resistive and reactive elements to the loads that must be applied.

The AC generators produce either 120V or 208V output at either 60Hz or 400Hz. The size of the generators range form 10kW up to 900kW.  The facility has both 120V and 208V electrical power.

PHASE I: Develop a solution that meets above requirements and conduct preliminary business case analysis (BCA) to determine implementation costs, including a return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Proof-of-concept prototype(s) shall be developed to demonstrate conformance to the requirements. Investigate/prepare paper work for required certifications.

PHASE II: Proof-of-concept prototype(s) shall be refined to a flight-ready article and shall undergo testing to validate all requirements. This process may require multiple iterations before a final design is selected. Refine BCA/ROI based on the final design. Obtain certifications/authorization to put energy into the building / power grid.

PHASE III DUAL USE APPLICATIONS: If cost effective, implement developed technology.

REFERENCES:
1. DoD Directive 4140.25, DoD Management Policy for Energy Commodities and Related Services,
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	AF161-009
	TITLE: Material Sensor Technology for Chemical Cleaning and Stripping Process



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Find an automated method of identifying alloys (in a production environment) prior to processing in a chemical cleaning/stripping solution.

DESCRIPTION: The current process for identifying alloy groups is time consuming and prone to human error.  It requires the technician to examine the part, identify a part number, and then compare that part number to a list of part numbers to determine the alloy(s) present in the part.  Misidentification of the part happens far too often, resulting in the parts being placed in the wrong chemical solution, resulting in damage to the part.  Every part that is placed in the wrong solution must be evaluated by an engineer, and can result in the part being condemned for further use.  The parts needing to be cleaned usually contain dirt on them or have various coatings on them that hinder the ability to identify the alloy(s).  Titanium, aluminum, and magnesium are the alloys that cause concern, because the various chemical solutions used can damage these alloys.

Evaluate methods available for detecting the following alloys (at a minimum):  titanium, aluminum, and magnesium in aircraft and aircraft engine parts in a production (not laboratory) environment.  Successful methods should correctly identify the alloy(s) in a matter of seconds, not minutes, with a very high probability of detection.  Parts to be tested should have various coatings and them and can possibly be dirty.  The coatings and dirt would be such that you would find on a typical aircraft part or typical aircraft engine after it has been in use for hundreds or even thousands of hours.

PHASE I: Research and develop concept demonstration that shows technology proposed addresses the above requirements

PHASE II: Prototype the detection method first in a laboratory and then in a production environment at Tinker AFB, Oklahoma.  Conduct multiple trials and refine the method by testing it against various aircraft and aircraft engine parts (of all sizes and types) to ensure that it works regardless of part being tested.

PHASE III DUAL USE APPLICATIONS: Transition the method to AFMC for use in its facilities at Tinker AFB, Oklahoma; Hill AFB, Utah; and Warner-Robins AFB, Georgia, as well as any other Air Force or DoD facilities that could benefit from it.

REFERENCES:
1. Process Order 86-005.

2. Technical Order 2-1-1-11.
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	AF161-010
	TITLE: Additive Manufacturing Technique for Replacement of Complex Castings



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Research and develop agile/additive manufacturing technologies for Air Force to replace traditionally complex cast tooling or the current cast parts with high precision tolerances and intricate internal features that cannot be machined.

DESCRIPTION: Many aerospace systems require intricate castings of aluminum or steel parts with multiple internal surfaces that are very difficult to make resulting in a very high first article failure rate.  In addition, many are needed in low volume making production runs extremely costly and time consuming to manufacture.  A technology is being sought that has the ability to employ additive manufacturing techniques to resolve the manufacturing complexity, cost and time issues created through the traditional casting approach.  This technique must produce parts accurate to 0.0005 inches with an objective of 0.001-inch threshold for the entire part.  The technology must be capable of placing material with properties meeting or exceeding the material properties currently used in each application.  These materials include, but are not limited to A356-T6 Al, 7075-T651 AL, CRE Steel (15-5PH and 17-4PH), 4140 and 4340 Steel.  Secondary manufacturing procedures, such as heat treatment or protective finishing, are allowed to achieve final properties. The bounding box for most parts is 18 in x 18 in x18 in or less though some parts would require a larger capacity of approximately 24 in x 24 in x 36 in.  The final operation should be as automated as possible and require very little user training.  The technology must leverage information from a fully annotated solid model to define its finished shape.

Limitations of current casting techniques drive high cost and schedule requirements for many aerospace system components especially when purchased at low volume.  Additive manufacturing has demonstrated strong potential for being utilized as a replacement but has not yet been demonstrated for the size, strength and volume of these applications.  This project will most likely require new innovative equipment and processes to be developed to demonstrate the ability of the technology to meet the requirements of each phase.

To support this effort an Agile/Additive Manufacturing government team will be identified and assigned from across the Air Force Sustainment Center, Air Force Life Cycle Management Center, and Air Force Research Laboratory to assist in the Phase I effort.  The team will assist in part selection and in providing any supportive part technical information that is available.  In many cases it may be necessary to reverse engineer the part and create the data needed.

PHASE I: Research and develop a scoped effort to explain how agile/additive manufacturing can replace current casting tooling and selected casted parts without the need for cast tooling in a concept demonstration.  The final report can detail requirements for any proposed Phase II continued development to meet tolerance objects shown above.

PHASE II: Based on the Phase I concept, continue the research/development for prototype demonstration on selected cast tooling and cast parts jointly agreed on by proposer and the government support team.  Final report will document results, benefits, any airworthiness test requirements and transition plan required to complete transition into production capability.

PHASE III DUAL USE APPLICATIONS: The technology developed during Phase II will allow enhancements to expand to more complex cast tooling or parts with tighter tolerances.

REFERENCES:
1. Y. Liu, D. W. Lipke, Y. Zhang, K. H. Sandhage, “The Kinetics of Incongruent Reduction of Tungsten Carbide (WC) via Reaction with a Hafnium-Copper (Hf-Cu) Melt,” Acta Mater., 57, 3924-3931 (2009).

2. http://www.hindawi.com/journals/isrn/2012/208760/.

3. http://www.raeng.org.uk/publications/reports/additive-manufacturing (page 14-20).
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	AF161-011
	TITLE: Acoustic Emission of Frangible, Composite, Concrete and Metallic Radar Towers



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Research and develop the acoustic emission (AE) technology into a non-destructive inspection (NDI) sustainment/inspection tool. This technology will be applied to towers (composite and metallic), as well as the composite concrete foundations.

DESCRIPTION: Advanced radar notification is a critical item for warfighter capabilities.  The ongoing sustainment and inspections of these facilities is critical to the warfighter capabilities.  Many of the radar sites throughout the world are over 50 years old and have had very little NDI inspections.  For five years the NDI Program Office (NDIPO) at Hill AFB, Utah, has been involved in a sustainment/inspection program.  In the past five years of inspections, there have been very little inspection breakthroughs.  Due to lack of access to welds and the difficult location of many parts of the towers, no standard methods have been developed.  Visual inspection of welds using a bore scope and pulse echo ultrasonic on assembly bolts have been the extent of inspection capability.  An NDI inspection method that is more sensitive than visual inspection will be a vast improvement for the reliability of the NDI inspections.

The AE technology will allow the placement of sensors at selected locations on the towers.  The natural stress of the radar rotation will provide a mechanism to cause an acoustic emission.  The acoustic emission instrumentation shall capture and provide data for permanent record and analysis.  This same NDI method has an application on fiberglass reinforced plastic (FRP) towers that are being installed present day. There is also some potential that the method may offer some data on the composite concrete foundations for many of these towers.

The proposer should 1) research and develop Acoustic Emission technology to instrument radar tower for NDI inspection and 2) conduct preliminary Business Case Analysis (BCA) to determine implementation costs, including a return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Mishap avoidance shall not be included in cost calculations.

PHASE I: Develop a solution that meets above requirements and conduct preliminary BCA to determine implementation costs, including a return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Mishap avoidance shall not be included in cost calculations. Proof-of-concept prototype(s) shall be developed to demonstrate conformance to the requirements.

PHASE II: Proof-of-concept prototype(s) shall be refined to a flight-ready article and shall undergo testing to validate all requirements. This process may require multiple iterations before a final design is selected. Refine BCA/ROI based on the final design.

PHASE III DUAL USE APPLICATIONS: Develop technology for proof of technology on radar towers.  If successful the technology will be matured toward Technology Readiness Level 9.

REFERENCES:
1. ASTM E569 / E569M - 13 "Standard Practice for Acoustic Emission Monitoring of Structures During Controlled Stimulation."

2. ASTM E1067 / E1067M - 11 "Standard Practice for Acoustic Emission Examination of Fiberglass Reinforced Plastic Resin (FRP) Tanks/Vessels."

3. ASTM E2863 - 12 "Standard Practice for Acoustic Emission Examination of Welded Steel Sphere Pressure Vessels Using Thermal Pressurization."

4. ASTM E2661 / E2661M - 15 "Standard Practice for Acoustic Emission Examination of Plate-like and Flat Panel Composite Structures Used in Aerospace Applications.

5. KM Holford, R Pullin and R J Lark. (2004) Acoustic Emission modelling of concrete hinge joint models. J Acoustic Emission, 22, 2004, ISSN 0730-0050, pp 166 - 172.
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	AF161-012
	TITLE: Additive/Rapid Manufacturing Reverse Engineering, Processing and Production Integrated Solution for Agile Manufacturing of Air Force Tooling, Fixture and Prototype Production



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Capability to allow Air Force Sustainment Center (AFSC) engineers and technicians to rapidly reverse engineer, process, produce, and validate tools, fixtures, and prototypes to perform depot-level maintenance.

DESCRIPTION: Insertion of additive manufacturing with new rapid manufacturing methods has the capability to transform the cost curve and the lead time required to produce many kinds of parts for the aerospace industry. However, certification requirements for flying aerospace parts require robust qualification testing and a thorough understanding of the quality of the base material. Tooling, fixtures, shop aids, and prototypes still have stringent requirements; however, the requirement for an in-depth understanding of the material is not as robust as it is for flying, critical aerospace parts. 

The desired outcomes of this program are an integrated process, service, and innovative products that would assist AFSC engineers to efficiently design, reverse engineer, produce, and validate geometry of non-flying parts that are necessary for the depot maintenance of aircraft.

In order for a rapid manufacturing process to be useful for the AFSC for tooling, fixtures, and prototypes, several hurdles must be crossed. The process must be able to allow AFSC engineers to rapidly reverse engineer parts in hand or use CAD/drawings that already exist. 

In order for a process to be useful for AFSC engineers, it should:
a) Minimize the software handoffs required from initial data collection (for reverse engineering) or from standard CAD files (if 3D models exist or were build/designed) to part production and validation.
b) Consider part requirements for end use of the part. For example, tooling and fixtures may require a certain surface finish that is not achievable via some manufacturing processes without post processing and machining. 
c) Provide dimensional validation to the user when needed. Due to the dynamics of additive manufacturing processes (residual stress) and the typically open loop nature of production, dimensional validation may be necessary because parts may warp when being built. This could be achieved through post process machining using a machine tool or conventional inspection methods. It is important to provide some sort of method for dimensional validation, especially if the part will be used for a fit check or for production of parts (like sheet metal forming).
d) Result in an objective of a 2-5 day turnaround for parts repair/production from job generation to assist in the rapid design and check method. This would involve any necessary reverse engineering processes, manufacturing process development, manufacturing, and quality assurance process necessary for the part.

PHASE I: Research and develop a concept demonstration that can address the above requirements.

PHASE II: Based on the Phase I research, work with AFSC government team to continue development of the Phase I concept into a prototype agile manufacturing capability.  The contractor and the AFSC team will jointly select parts to be produced that will be used to test and validate the above requirements and demonstrate the objective timelines can be accomplished.  The final Phase II report will document results and provide transition plan for implementing capability into AFSC complexes.

PHASE III DUAL USE APPLICATIONS: Phase III will be to build off of prototype capability into a production implementation not only into AFSC, but also for commercialization with aerospace manufacturing support contractors within the Complex of the Future Innovation Centers.

REFERENCES:
1. Deloitte University Press, "3D Opportunity in Tooling,"
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDsQFjAAahUKEwiwn631l43HAhWESJIKHZjNDlU&url=http%3A%2F%2Fwww2.deloitte.com%2Fcontent%2Fdam%2FDeloitte%2Fnl%2FDocuments%2Fmanufacturing%2Fdeloitte-nl-manufacturing-3d-opportunity-in-tooling-additive-manufacturing-shapes-the-future.pdf&ei=IYO_VfCKNISRyQSYm7uoBQ&usg=AFQjCNHqY2kwgVF3PkBPR7o8MgBV5KsJPg.
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KEYWORDS: 3D printing, rapid manufacturing, additive manufacturing


	AF161-013
	TITLE: High Precision, Non-Line-of-Sight Point Cloud Generation



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Research and develop a technology capable of generating high precision point cloud scans of intricate parts with multiple internal services that are not accessible for traditional laser scanning or other line-of-sight techniques.

DESCRIPTION: Many gun systems in armament require intricate castings of aluminum or steel parts with multiple internal surfaces that are very difficult to inspect with traditional means and impossible to inspect with line of sight surface scanning such as laser scanning.  This makes it extremely difficult and time consuming to inspect these parts during first article testing or production lot testing which adds to lead time and risk associated with procurement.  It also makes government testing of failed parts nearly impossible because of the lack of specialized tooling and fixtures to hold/check the parts.

A technology is being sought that has the ability to look through the part (similar to an X-ray) and generate a very precise point cloud or surface model of the part.  This point cloud or model must be accurate down to 0.0001-inch objective, 0.0005-inch threshold for the entire part.  The technology must be capable of working through any steel or aluminum with a wall thickness of approximately 0.5 inches.  The operation should be as automated as possible and require very little user training.  The bounding box for most parts is 18 in. x 18 in. x18 in. or less, though some parts would require a larger capacity of approximately 24 in. x 24 in. x 36 in.

Current scanning inspection techniques are limited to surface laser scans. There are some rudimentary X-ray inspection techniques, but these are mostly limited to visualization and flaw detection. There is currently no technology that can measure, visualize, and display non-line-of-sight dimensions, though it may be possible to marry current line-of-sight scanning with X-ray or other non-destructive inspection techniques.

PHASE I: Demonstrate hidden surface scan feasibility and develop a complete a demonstration of concept for accurately measuring non-line-of-sight dimensions.

PHASE II: Demonstrate a full scan of a moderately complex casting up to 18 in. x 18 in. x18 in., with internal dimensions accurately measured, tolerance, and displayed.

PHASE III DUAL USE APPLICATIONS: Demonstrate a full scan of a complex casting up to 18 in. x 18 in. x18 in., with internal dimensions accurately measured, tolerance, and displayed.

REFERENCES:
1. J.E. Goodman, J.O'Rourke, editors \Handbook of discrete and computattional geometry," CRC Press LLC, Boca Raton, FL; Second Edition, April 2004.

2. S. Sachs, S. Rajko, S.M. LaValle \Visibility based pursuit-evasion in an unknown planar environment," to appear in International Journal of Robotics Research, (2003).
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	AF161-014
	TITLE: Reconfigurable Interface Test Adapter



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop a reconfigurable interface test adapter (RTA) that can adapt the physical and software differences between automatic test systems' (ATS) enabling test program set (TPS) transportability.

DESCRIPTION: For decades, the automatic test community has worked to develop hardware standardization and interface protocols that aid in mitigating the impact of equipment obsolescence on the repair and maintenance mission. The traditional view of TPS transportability in this environment has always been one of migrating a legacy TPS to a new hardware architecture design born out of a need to replace aging technology or provide new test capability. The DoD has recognized the benefit of standardizing ATS through policy guidance whose intent is to drive the services to a common configuration test environment, thereby reducing life cycle sustainment costs for all DoD systems.

The goal of this topic is to develop an RTA that can adapt the physical and software differences between ATS that are test system architecture agnostic. Although standardization has advanced to the point where these ATS look and function similarly, there are two major hurdles that continuously thwart efforts to develop a standard core test system, the lack of a standard Unit Under Test (UUT) interface and the lack of an open architecture software design that facilitates operations in any environment and on any test system architecture. Automatic Test Markup Language (ATML) provides promise with regards to the development of standardized test software interfaces.

The desired RTA must be able to interface test adapters from existing TPS, not require extraordinary manual reconfiguration of the interface connector assembly, be able to identify TPS hardware configurations, and fit within existing DoD Family of Testers (FoT) ATE core real estate. Moreover, the envisioned system must be able to re-host the critical test functionality through middleware that interfaces to the Versatile Depot Automatic Test Station (VDATS), as well as other ATE variants across the DoD.

PHASE I: Conceptualize and design the hardware and software for an RTA based on standard/open architectures. The proposed solution must be generic and capable of expanding to any ATS.

PHASE II: Develop a prototype of the RTA and demonstrate the transportability of TPS from one ATS to another (e.g., next-generation Navy Consolidated Automated Support System to VDATS).

PHASE III DUAL USE APPLICATIONS: Military Application: Finalize the ITA for implementation into all DoD FoTs beginning with VDATS. Commercial Application: The methodology and technology have direct applicability to management of civil aircraft and commercial vehicles.

REFERENCES:
1. Eckersley, J. E., Adams, W., “Achieving Test Program Set transportability through interface design,” IEEE AUTOTESTCON, Anaheim, CA., pp. 161-163, Sept. 14-17, 2009.

1671-20110 - IEEE Standard for Automatic Test Markup Language (ATML) for Exchanging Automatic Test Equipment and Test Information via XML, Jan 20. 2011.
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	AF161-015
	TITLE: Maintenance Data Collection from Non-Networked Automatic Test Equipment



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: The objective of this effort is to monitor the health of automatic test equipment (ATE) systems by collecting operating time, down time, calibration and self-test results system, maintenance actions - serial number tracking of parts, etc.

DESCRIPTION: The Air Force desires the determination of a method to provide the capability to perform automated maintenance data collection (MDC) from non-networked ATE.  The method used must not involve connection to the DoD Global Information Grid.  The ATE’s control and support software could be used or the method could be a standalone application.
  
Data collected should include, but not be limited to: operating time duration; down time duration; calibration and self-test results and date; system failures and date; system maintenance actions to include date and items removed and replaced, by part number and serial number; system temperature variations and date; cannibalization actions to include part number and serial number and part/serial number of system out and system in; and ATE utilization, i.e., unit under test (UUT) evaluated/tested with part number, serial number and date.  The collection of data should be automated as much as possible with limited manual input only when automation is not possible.

To satisfy the requirements of AFI 21-103, Ch. 7, ATE Inventory, Status, and Utilization Reporting:
•	Each item of ATE is possessed by an Air Force training or maintenance organization (to include organizational, intermediate, or depot level).
•	The possessing unit reports:
 		Possession and changes in possession.
 		Conditions that change the ability of the ATE to do its mission (condition status).
 		Configuration.
 		Daily utilization.

PHASE I: Develop and validate solution that meets above requirements. Demonstrate ability to collect and analyze the above requested data. Conduct preliminary business case analysis (BCA) to determine implementation costs, return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Proof-of-concept prototype(s) shall be developed to demonstrate conformance to requirements.

PHASE II: Proof-of-concept prototype(s) shall be refined to a collection method capable of supporting various ATE used by the Air Force depot at Hill AFB, Utah, and shall undergo testing to validate all requirements. This process may require multiple iterations before a final design is selected.  Refine BCA/ROI based on the final design.

PHASE III DUAL USE APPLICATIONS: Implement selected and validated solution in support of depot operations.

REFERENCES:
1. MIL-PRF-49503C - Section 3.6.2, states: "Data elements. The four data element inputs … required for the operator to obtain reports shall be displayed via the UUT LOG RECORD screen … The programmer shall ensure that these four data elements, together with the other data for which the TP is responsible, are stored in the UUT log file at the conclusion of testing each UUT." This defines the need for a Test Program (TP) to provide a Unit Under Test (UUT) LOG RECORD for each test performed. These log records need to be extracted from the ATE and collected into one area.

2. DoD Directive NUMBER 8100.02, section 4.3 states, "Wireless technologies/devices used for storing, processing, and/or transmitting information shall not be operated in areas where classified information is electronically stored, processed, or transmitted unless approved by the DAA …" - The Designated Approving Authority (DAA) does not approve wireless technology/devices in the areas where this ATE resides, therefore wireless technology is not an option.
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	AF161-016
	TITLE: Radio Frequency Range Modernization, Compatibility and Capability Study



TECHNOLOGY AREA(S): Electronics

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: The equipment for testing aircraft radars is out of date and no longer supportable. New technology has to be researched and developed to modernize the radio frequency (RF) test ranges in the sustainment community.

DESCRIPTION: The Air Force is interested in combining the Air Force Sustainment Center's RF ranges into one maintenance contract, and to standardize the capabilities and compatibility across the AFSC complexes, i.e., at Tinker, Hill and Robins AFBs. The equipment for testing aircraft radars is out of date and no longer supportable. Therefore, there is a need to research and develop new RF equipment to test radars systems at the three complexes.

The Nose Radome Electrical Test System (NRETS) RF Radome ranges was upgraded in the 1980s and "refurbished" in 2000/2001. NRETS RF ranges test, verify, and validate radome’s capabilities and calibrate. The maintenance and upkeep for the 15-plus-year-old RF equipment has become very difficult.  Neither equipment replacements nor parts for refurbishing can be found or purchased. In fact, last year the N2 RF range was down for eight months, leaving the N1 to handle the full workload. The N1 RF range, therefore, became a single point of failure, potentially risking a total work stoppage. The two Fire Control RADAR Antenna Test System (FCRATS) RF Antenna ranges have similar RF to the NRETS RF ranges and are only four years newer, having been refurbished in 2004/2005. The FCRATS RF ranges are quickly becoming a potential risk for a workflow stoppage, as well.

The RF Range Modernization, Compatibility & Capability Study effort proposes to research and develop upgrades to NRETS RF Radome ranges (N1 and N2) and FCRATS RF Antenna ranges (F2 and F3).

Note there two additional FCRATS RF ranges (F1 and F4) that are currently not being used, but are being cannibalized to maintain the functioning (F2 and F3) ranges. The F4 FCRATS RF range is also being looked at for possible new workloads.

The proposer shall research and develop solutions to identified problems for the FCRAT RF Antenna ranges obsolete/unsupportable equipment. The equipment includes, but is not limited to, the following:
• MI Technology 4190 and 4193 position controller and power amplifier
• MI Technology lobing interface unit
• MI Technology rate sensor
• Viasat 3862 antenna control unit
• Servo amplifiers for antenna azimuth and elevation position control
• Antenna gimbal azimuth and elevation motors
• Agilent vector network analyzer, signal source and power supply
• Software update to communicate with and operate new equipment
• Cabling to connect new equipment as needed update all affected Technical Order drawings, original equipment manufacturer manuals, software, and other documentation

The study's research and development effort will result in verifying and validating the new technologies in the two NRETs and two FCRATs RF Antenna ranges previously mentioned, including control rooms, subsystems equipment/components, software and capabilities, and their interfacings and compatibility, to ensure current and future range capabilities, possibilities of workflow growth and for their future sustainability of the worldwide fleet. The proposer shall perform business case analysis (BCA) for the developed solution.

PHASE I: Develop a solution that meets above requirements and conduct preliminary BCA to determine implementation costs, including a return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Proof-of-concept prototype(s) shall be developed to demonstrate conformance to the requirements. Investigate/prepare paper work for required certifications.

PHASE II: Proof-of-concept prototype(s) shall be refined to installation-ready article and shall undergo testing to verify and validate all requirements. This process may require multiple iterations before a final design is selected. Refine BCA/ROI based on the final design.

PHASE III DUAL USE APPLICATIONS: If the RF Range Modernization, Compatibility & Capability Study R&D program proves cost effective, then we will implement developed, verified and validated solution(s) in Air Force depot operations.

REFERENCES:
1. T.O. 33D2-44-8-1 "Positioner Assembly, 5 Axis, F-16 Operations and Maintenance Instructions with Parts List."

2. T.O. 33D5-39-21-1 "Compact Antenna Range, Instruction F-16," USAF Contract #FA8222-05-D-0001-0019 Software Product Specification.

KEYWORDS: RF antenna range, FCRAT, radome, NRET


	AF161-017
	TITLE: Prediction of Stress Corrosion Cracking



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop an innovative non-destructive inspection (NDI) method to detect stress corrosion cracking early in an aircraft’s lifecycle.

DESCRIPTION: Stress corrosion cracking is the cracking induced from the combined influence of tensile stress and a corrosive environment. Stress corrosion cracking has an adverse effect on aircraft materials and structures and is a big detriment to aircraft structural integrity. It is globally recognized as a significant threat to the safe and efficient operation of aircraft and other weapons' structural systems not only in the Air Force and all military organizations but throughout aerospace industry in general. It is also a grave concern in power generation, oil and gas, transportation, and every industry foreign and domestic where environment assisted degradation of structures is a peril.

The problem itself can be quite complex. Over the years, several non-destructive examination techniques to identify, detect, and evaluate the severity of stress corrosion cracking indications have been developed. However, detection of stress corrosion cracking usually occurs manually and late in the depot cycle thus preventing early effort to increase its life cycle, hence impacting aircrafts' availability and significantly increasing depot maintenance cost.

An innovative NDI method to detect stress corrosion cracks early in the aircraft’s life cycle is needed to minimize maintenance cost and increase aircraft readiness. It is necessary to design and develop an NDI method that can predict stress corrosion cracking early or before its onset. This prognostic NDI method should also be able to evaluate/calculate corrosion crack growth in order to properly manage maintenance using condition-based maintenance principles.

A non-destructive testing method that could predict onset of stress corrosion cracking can significantly reduce maintenance costs, extend mechanical system’s service life, and protect safety of critical assets, such as crews and passengers' safety and structures, and increase aircraft’s readiness and mission capability. This method could also be used as a tool to implement condition-based maintenance that will enhance weapon systems' life, durability, and the reduction of failure risks.

PHASE I: Research feasibility of an NDI method that could identify stress corrosion cracking early in the life cycle of weapons systems. Develop concept demonstration that conforms to the above requirements.

PHASE II: Demonstrate a NDI testing method for detection of stress corrosion cracking before its onset and develop a working prototype of the proposed system. The NDI testing method must be able to demonstrate the detection rate on validated and verified stress corrosion specimens with testing performed by a small sample of NDI technicians.

PHASE III DUAL USE APPLICATIONS: NDI inspection method can be applied to the commercial aerospace, oil and gas, and transportation industries for protection/safety of critical assets for materials and structures that are consistently exposed to corrosive environments.

REFERENCES:
1. MIL-HDBK-729 - MILITARY STANDARDIZATION HANDBOOK: CORROSION AND CORROSION PREVENTION METALS.

2. T.O. 33B-1-1/(NAVAIR 01-1A-16-1)/(TM 1-1500-335-23) - NONDESTRUCTIVE INSPECTION METHODS, BASIC THEORY.

3. ASTM G49-85 (2011) - Standard Practice for Preparation and Use of Direct-Tension Stress Corrosion Test Specimens.

KEYWORDS: stress corrosion cracking, nondestructive inspection, nondestructive evaluation, nondestructive testing, probability of detection study, nondestructive testing method, stress corrosion specimens, condition-based maintenance, NDI, NDE, non-destructive


	AF161-018
	TITLE: Landing Gear Fatigue Model K Modification



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop more precise predictive models for the fatigue characteristics of landing gear by developing the modification factors.

DESCRIPTION: MDT Landing gear experiences numerous processing steps that expose it to environments and chemicals that influence microstructure and surface finish in a way that negatively impacts fatigue life. These effects are difficult to include in landing gear fatigue models because specific effect curves (K modification) are unavailable for specialized landing gear material/process combinations typically used by the Air Force. It is desirable that modification factors be developed for the following material/process combinations so the Air Force can incorporate fatigue reductions into landing system models,

Materials to be considered:
- 300M
- 4340
- 4330
- 7049-T73
- 7075-T73
- 2014-T6
- Ferrium S53

Processes to be considered (all processes per TO 4S-1-182):
- Cadmium plate per MIL-STD-870/MIL-STD-1500/AMS-QQ-P-416
- Chromium plate MIL-STD-1501/AMS-QQ-C-320
- LHE Zinc Nickel plate AF DWG 201027456
- HVOF Plating per AF Dwg 200310641
- Electroless Nickel Plating MIL-C-26074
- Electrolytic Nickel Plating MIL-STD-868/AMS-QQ-C-290
- Anodize per MIL-A-8625
- Chemical Conversion Coating per MIL-C-5541
- Temper Etch per MIL-STD-867

The primary method of fatigue initiation used is strain life sequenced damage accumulation. This research should address repeated processing of parts. Typical landing gears will be subject to adverse processes multiple times throughout the parts' life cycle, this should be considered. The final deliverable should be detailed engineering reports that provide the k factors for fatigue modeling.

PHASE I: Develop a solution that meets above requirements and conduct preliminary business case analysis (BCA) to determine implementation costs, including a return-on-investment (ROI) calculation that compares anticipated savings to expected costs. Mishap avoidance shall not be included in cost calculations. Proof-of-concept prototype(s) shall be developed to demonstrate conformance to the requirements.

PHASE II: Perform testing to develop the modification factors that meet the requirements listed in the description. Report the modification factors so that the Air Force can incorporate fatigue reductions into landing system models.

PHASE III DUAL USE APPLICATIONS: Complete the data produced in Phase II into a HBM nCode database/module for streamlined integration into Air Force models.

REFERENCES:
1. Stephens, R. I., and H. O. Fuchs. Metal fatigue in engineering. New York: Wiley, 2001. Sec. 5.7, (Surface Finish and Other Factors Influencing Strain-Life Behavior).

2. MIL-A-8866, Airplane Strength and Rigidity Reliability Requirements, Repeated Loads, Fatigue and Damage Tolerance.

3. ASTM E606/E606M, Standard Test Method for Strain-Controlled Fatigue Testing.

4. Technical Order 4S-1-182, General Overhaul and Maintenance Instructions, Aircraft Landing Gear and Components.

5. HBM nCode DesignLife (http://www.ncode.com/en/products/ncode-designlife/features-at-a-glance/).

KEYWORDS: landing gear, fatigue, k factors, modeling fatigue


	AF161-019
	TITLE: Reconfigurable Manufacturing: A New Paradigm for Improved Performance of Depot Processes



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Given an existing manufacturing system/process, reconfigure its components, controls, communications, etc., to meet new operational requirements

DESCRIPTION: Manufacturing companies are facing unpredictable high-frequency market changes driven by global competition.  The Air Force’s Air Logistics Complexes (ALCs) are faced with similar problems where the complexity and tight integration of depot manufacturing processes (components, machines, controls, software) make them brittle and hard to modify in response to changing requirements. A new paradigm is recently emerging to augment or replace in some cases the classical flexible manufacturing technologies.  Reconfigurable Manufacturing Systems (RMS) are viewed as an engineering technology that aims to address changes in manufactured products via rapid reconfiguration and improved flexibility of manufacturing systems-machines, controllers, design methods, software modules, etc. RMS provide exactly the capacity and functionality needed, exactly when needed. RMS is based on principles of modularity, scalability, integrability and dagnosability. It presupposes the availability of sensors and sensing strategies that monitor the health and performance of system components/modules, and software algorithms for the detection and prediction of incipient failure modes. The anticipated benefits include improved productivity, reduced machine downtime and rapid response to product changes. RMS technologies address manufacturing processes designed at the onset for rapid change in structure, as well as in hardware and software components, in order to quickly adjust production capacity and functionality within a part family in response to sudden changes in demand. We distinguish between two types of reconfiguration: off-line and on-line. Off-line reconfiguration aims to address manufacturing processes designed for rapid change in structure, as well as in hardware and software components, in order to quickly adjust production capacity and functionality within a part family in response to sudden changes in demand. On-line reconfiguration, on the other hand, attempts to reconfigure system hardware/software on-line under actual operating conditions to meet new operational requirements or compensate for internal/external stresses (fault or failure modes).

The conceptual design and performance assessment of a reconfigurable manufacturing system is desired initially to demonstrate potential benefits to the ALCs of these emerging technologies. A suitable testbed will be selected jointly by the contractor and ALC personnel. A modeling framework is necessary to represent the structural and functional attributes of the selected manufacturing process. The model must be capable of capturing critical dependencies between reconfigured components while assessing the viability, stability and performance of the reconfigured system. Appropriate performance metrics will be defined to assist in the design and performance assessment of the reconfigured system. Such performance metrics are used to assert that the reconfigured system is performing as desired/designed. Obviously, methods for system verification and validation (V&V) come to mind as the most rigorous tools to achieve this objective. Other simpler performance criteria may be appropriate initially. An important consideration for our objective: How does reconfiguration of one component affect the operation of other (neighboring) components? What needs to be done in order to maintain desired system behavior? Dependency graphs, directed graphs and other similar tools may provide the desired modeling framework. Other candidate approaches may include hybrid automata, genetic algorithms, parametric models, etc. Furthermore, it is an important requirement for software reconfiguration purposes, that an open systems architecture be considered as a suitable framework.

PHASE I: Develop a modeling framework to represent in simulation the basic system components and their interconnections. Identify the impact of the reconfigured component(s) on other components and investigate if the reconfigured system meets design/desired performance criteria. Demonstrate the efficacy of the reconfiguration approach in simulation.

PHASE II: Develop a prototype system for reconfigurable manufacturing systems and demonstrate its applicability to a process to be designated by the ALC. Optimize reconfiguration strategy, test and evaluate an online version. Demonstrate the online reconfiguration approach in the presence of machine or component/software incipient failures.

PHASE III DUAL USE APPLICATIONS: Enhance prototype system for reconfigurable manufacturing systems to maximize systems’ utility for military complex depot implementation.  Prepare technology for further military and commercial transition.

REFERENCES:
1. Koren, Y. and Shpilni, M., Design of Reconfigurable Manufacturing Systems, Journal of Manufacturing Systems, (2011),

2. Bensmaine, A., Dahane, M. and Benyoucef, L., Design of Reconfigurable Manufacturing Systems: Optimal Machines Selection Using non-Dominated Sorting Genetic Algorithms (NSGA-II), Proceedings of the 41st International Conference on Computers and Industrial Engineering, pp. 110-115, 2011.

3. Hoda, A. and ElMaraghy, Flexible and Reconfigurable Manufacturing Systems, International Journal of Flexible Manufacturing Systems, Vol. 17, Issue 4, pp. 261-276, October 2005.

4. Koren, Y., Heiser, U., Jovane, F., Morlwaki, T., Pritschow., Ulsoy, G.and Van Brussel, H., Reconfigurable Manufacturing Systems, CIPR Annals- Manufacturing Technology, Vol. 49, Issue 2, pp. 527-549, 1999.

5. Brown, D, et al., "Prognostics Enhanced Reconfigurable Control of Electro-Mechanical Actuators." 2nd International Conference on Prognostics and Health Management (PHM), 2009, pp. 1-17.

KEYWORDS: RMS, reconfigurable manufacturing, reconfigurable manufacturing systems, flexibility, modeling


	AF161-020
	TITLE: Quasi-Model Development using Digital and Non-destructive Inspection Data



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: An effective way is needed to generate 3D models for visualization purposes without having to bear the costs of fully reverse engineering them.

DESCRIPTION: With the average aircraft in the Air Force inventory being over 25 years old, the oldest fleet in history, the Air Force is currently sustaining many aircraft that are past their originally intended design lives.  Furthermore, weapons system support costs are going up 6-8 percent per year and aircraft maintenance costs per unit have risen 10 percent in the last three years.  With the given budget pressures, the Air Force has been forced to rethink its maintenance and sustainment strategies for older in-service aircraft.  As a result, programs such as CBM-Plus and HVM were initiated to address the rising costs and the weapon system availability issues.  If these programs are to meet their potential, they must adopt digital methods technologies in order to efficiently collect, visualize, trend, and integrate with other engineering and maintenance systems.  One major hurdle that prevents such methods from being implemented is the fact that most of these aircraft were designed before 3D software modelling capabilities were available.  As a result, these aircraft were delivered with now obsolete 2D paper-based drawings of parts and assemblies instead.  The Air Force needs an effective way to generate 3D models for visualization purposes without having to bear the costs of fully reverse engineering them.

The 3D geometric models of structures can already be generated using non-destructive inspection (NDI) data, so long as the methods used to collect the data involve the use of 3D Computed Tomography (CT) or other holographic scans of the part or assembly.  Unfortunately, these methods can be cost prohibitive, and are not always practical for generating models when dealing with complex structure already installed on aircraft.  Plus, if these components and assemblies were removed for the sole purpose of reverse engineering models, the aircraft will likely be damaged and the component could be bent or broken in the removal process.  Disassembling aircraft structures would be unnecessary if adequate models could be constructed using NDI data from scanning systems or from point measurement systems.  Other data that could be used to build these types of structural models would include but not limited to digital photographs, text, other drawings, etc.

This topic seeks to develop a methodology capable of developing visualization models for parts and structures using NDI, digital, and analog data.  The models should be developed with commercial standards in mind.  Developing complete models that have been fully reverse engineered or near equivalent are not required.  Fabricating parts and structures based on these models is not the overall goal based on this topic.  However, the models must enable users to visualize aspects of interest within aircraft structure and components.  The models will be used by Air Force engineering and maintenance functions to baseline current status and predict trends by superimposing other data relevant to their operations.  The developed system shall also have the flexibility to enable the models to be updated as higher fidelity and better information comes available.

The commercialization potential for such a system would be very high, provided it is easy to use, and can work with many different NDI file formats, text, and drawings.  The system should output a model that can be used in a broad number of software packages.  Therefore, the proposer is encouraged to use commercial standards in their development wherever possible.  If these items are adequately addressed, this system could have many commercial applications in numerous industries to enhance manufacturing and in-service quality control programs for current and past production components.  FAA might have interest, for example.

PHASE I: Research and develop a concept demonstration that addresses the above requirements.  A Phase I final report will provide results of how the demonstration met the requirements and address the boarder scope capability for a Phase II effort.

PHASE II: Based on a successful demonstrated concept, develop a pilot prototype that meets the requirements of this topic.  A Phase II final report will document the results and provide transition plans needed to implement into production capability.

PHASE III DUAL USE APPLICATIONS: The resulting capability could require enhancements for the production implementation across military installations and the many potential commercial applications in numerous industries to enhance manufacturing and in-service quality control programs for current and past production components.

REFERENCES:
1. A. Flisch, J. Wirth, R. Zanini, M. Breitenstein, A. Rudin, F. Wendt, F. Mnich, R. Golz, “Industrial Computed Tomography for Reverse Engineering Applications,” 1999.

2. R. Kitney, L. Moura, K. Straughan, “3-D visualization of arterial structures using ultrasound and Voxel modeling,” International Journal of Cardiac Imaging, Vol 4. Pg 135-149, 1989.

KEYWORDS: NDI, nondestructive inspection data, 3-Dimensional Geometric Models, 3D computed tomography CT, non-destructive inspection


	AF161-021
	TITLE: In-Process and Final Non-destructive Inspection Methods of Additive Manufactured (AM) Simulated Aerospace Critical Parts



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Research, develop and establish in-process and final non-destructive inspection (NDI) monitoring requirements and methods able to identify material defects of additive-manufactured (AM) simulated critical weapon systems parts.

DESCRIPTION: Additive manufacturing entails building three dimensional objects by adding material in successive layers.  This innovative technology enables engineers to create non-traditional shapes and sizes, speeds up production processes, and reduces costs and product lead times from order to delivery.

Today, additive manufacturing is thought to still be a rapid prototype capability but the technology has been progressing at a rapid rate.  One of the most notable needs is the industry agreement for the development of proper NDI methods and implementation of non-destructive testing (NDT) for product acceptance, as well as its use for repeatable production capability. Basic physical properties must be understood and measured. This will provide the NDT engineer with the knowledge to select the methods parameters with confidence and known expectations. These parameters should be identified to support the proper technique development for the determination of flaws.  The lack of detection of defects can have a detrimental effect of the part’s service life.

Companies are developing the AM process using proprietary or restricted parts. Due to this, the sharing of NDI samples is most limited.  Designing a sample or samples which provide the needed characterization elements is necessary.
  
As additive manufacturing production processes gain industry popularity the need to perform non-destructive inspection of additive manufactured parts is essential.  For an Air Force systems program office or Air Force Sustainment Center complex to transition and implement additive manufactured airworthiness or critical parts in their weapon systems of responsibility, a reliable nondestructive testing inspection in-process and final inspection must be in place:
- Include the development of a physics-based model that correlates the data collected with changes in the NDI response to a defect in the AM test parts.
- Validate models through additional test coupons, followed by destructive testing and metallography.
- Perform limited probability of detection (POD) study.

Traditional NDI methods can be used on the finished parts, but more often than not, it is not possible to get 100-percent coverage in these inspections due to the complexity of geometry of finished AM produced parts.  Final inspection of an AM part with one or more nondestructive, non-contact inspections that can be done concurrent with the AM build process is needed.  In-process inspection of a part as it is being manufactured will reduce the amount of material that needs to be inspected and could even enable immediate correction of manufacturing defects while it is manufactured.

PHASE I: Research and develop proof of concept for proposed manufacturing in-process NDI to detect and quantify possible AM process-induced defects that demonstrate meeting the above requirements.  The Phase I final report should provide an approach in a Phase II effort to demonstrate with selected parts or coupon designed to validate results.

PHASE II: Construct a prototype NDI system and collect inspection data during the AM process based on the concept from Phase I. Demonstrate affectivity of the inspection system and ability to collect the appropriate data during the AM build to model material properties and defect locations in the part.

PHASE III DUAL USE APPLICATIONS: Enhance system hardware and software to maximize systems’ utility for military complex depot implementation.  Identify limitations of the inspection systems and probabilities of detection for critical defects.  Prepare technology for further military and commercial transition

REFERENCES:
1. T.O. 33B-1-1.

2. T.O. 33B-1-2.

3. NAS 410 Certification and Qualification of NDT Personnel.

4. MIL-HDBK-6870A.

5. AMS 2658C.

KEYWORDS: NDI. NDT, non-destructive testing inspection, magnetic particle inspection, penetrant testing inspection, additive manufacturing, porosity, defects, nondestructive testing inspection, nondestructive inspection


	AF161-022
	TITLE: Installed Systems Near Field Antenna Pattern Measurment System



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Identify concept for probing the electromagnetic near field of electrically large test items for the purpose of installed system far field antenna radiation pattern characterization.

DESCRIPTION: Antenna performance characteristics change when installed on a platform.  These changes can be measured and/or modeled, but limitations currently exist that prohibit cost effective and accurate results.  In order to achieve accurate measured results to validate models, far field measurements can be taken.  However, to achieve reliable results the far field distance approximation calculation requires using the largest physical dimension of the platform, which in the case of an aircraft easily results in a far field distances of thousands of meters.  The preferred method to relax this far field requirement is to systematically probe the near field of the radiation pattern, and then mathematically calculate the resulting far field radiation pattern.  

Although near field antenna ranges are well understood, a portable and repeatable method to implement in a large anechoic chamber, or open air, over an electrically very large and heavy platform, such as a full scale fighter aircraft, is not well understood. 

The goal of this topic is to research and develop an automated, portable, wide-band, large-scale near field antenna scanning system for the purpose of installed antenna far field antenna radiation pattern characterization suitable for use in large anechoic chambers, as well as open air applications.

PHASE I: In nine months, deliver a report showing a portable scanning system capable of large scale near field sampling of systems under test over a frequency range of at least 100 MHz to 18 GHz.  Define/develop antennas, probes, measurement equipment, and far field transform algorithms, and calibration procedures.  Quantify sample space, scan time, and far field calculation errors and trade-offs.

PHASE II: Build, deliver, and demonstrate system identified in Phase I.

PHASE III DUAL USE APPLICATIONS: Applicable for all DoD-installed RF systems for mitigation of electromagnetic interference between RF systems, performance assessment of electronic warfare systems and performance confirmation of safety-of-flight RF systems.  Commercial FAA and automotive applications are identical.

REFERENCES:
1. Balanis, Constantine A. (2012). "Advanced Engineering Electromagnetics (2nd Edition)." Wiley.

2. American National Standards Institute. (2008). "IEEE Standard Test Procedures for Antennas Std 149-1979 (R2008)." Retrieved from IEEE Standards Online.

KEYWORDS: near field antenna pattern, electrically large, far field transform, installed system testing


	AF161-023
	TITLE: Avian Collision Deterrents for Reflective Surfaces



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Research and develop innovative avian deterrent materials for solar photovoltaic panels, building glazing and other reflective surfaces. Research may also consider deterrents for wind turbines, power lines, and other sources of avian collision.

DESCRIPTION: The Migratory Bird Treaty Act prohibits take of migratory birds unless specifically permitted by the Secretary of the Interior. Proposed actions involving utility-scale solar are being scrutinized for possible “special purpose” take permits in the event of migratory bird fatalities. At the current time, mitigation is reactive and focuses upon collection of bird carcasses and fatality data by trained biologists and field personnel.

Approximately 800 million birds are killed each year as a result of collision with buildings, power lines, communication towers, wind turbines, and solar power plants. While the majority of avian fatality is associated with building collision, a growing number of birds are killed through collision with solar photovoltaic panels and mirrors installed at solar thermal plants. The numbers of birds killed in this manner are conservative, as not all installed solar facilities have active bird collection programs in place. As evidenced by recent reports, regulatory agencies, including the California Energy Commission, the U.S. Fish and Wildlife Service, the Department of the Interior, and the Department of Energy, as well as the National Renewable Energy Laboratory and the Argonne National Laboratory, are interested in causes of avian collision with reflective surfaces. Some reviewers speculate birds, particularly water birds, such as the Yuma clapper rail (Rallus longirostris yumanensis), mistake ground-mounted reflective surfaces for water and attempt landing. However, further study must be accomplished in order fully understand the causes of these avian fatalities and to propose solutions.

This topic calls for research and development of methods of deterring avian collision with existing and future solar photovoltaic facilities, buildings, and other reflective surfaces. A number of utility-scale solar photovoltaic plants are under construction or are currently in operation in southwestern deserts in the United States. Proposed California Senate Bill 350 is under consideration and, if approved, the current Renewables Portfolio Standard (RPS) of 33% will be increased to 50% and will drive additional renewable energy and solar photovoltaic development. While increasing the California RPS is encouraging to the market for renewable energy and plans to reduce greenhouse gases, migratory bird fatalities as a result of additional solar facilities are likely to grow without further research into causes and implementation of successful mitigation. 

If successful, this project will result in retrofit solutions for existing solar facilities and manufactured solutions for future solar facilities. Further, if causes of avian collision with solar infrastructure are similar to causes of avian collision with buildings, this project will result in solutions for existing buildings - the primary source of avian collision fatality.

PHASE I: Research in this phase should focus on causes of avian collision and validation of research outcomes. Sources of avian attraction to reflective surfaces should be examined and compared to existing theories such as polarized light pollution. If validated, results of this phase will be used as the foundation for methods developed in Phase II.

PHASE II: Phase II requires a prototype developed from validated Phase I outcomes. Development of methods and solutions tailored to retrofit of existing facilities should include installation methodology and troubleshooting options for installers. Phase II also requires prototype development and testing of one or more manufactured solution(s).

PHASE III DUAL USE APPLICATIONS: Military Application: Solutions developed could be used on any military structures or towers with reflective surfaces including solar photovoltaic projects.  Commercial Application: Solutions developed would be useful to builders of office structures as well as to renewable energy developers.
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	AF161-024
	TITLE: Prediction of Boundary Layer Transition on Hypersonic Vehicles in Large-Scale Wind Tunnels and Flight



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 computational tools and methodologies to predict boundary layer transition in large-scale hypersonic wind tunnels and include relevant physics to allow the extrapolation of ground test measurements to flight conditions.

DESCRIPTION: Historical correlations[1] used for predicting boundary layer transition (BLT) in large-scale hypersonic wind tunnels are only applicable to specific geometries such as sharp cones and cannot be used for flight prediction.  Recent experiments[2,3] and analysis have shown that the onset of 2nd mode BLT on sharp cones can be predicted in the Arnold Engineering Development Center's Tunnel 9 over a wide range of unit Reynolds numbers and angles of attack. The new prediction methodology uses Linear Stability Theory (LST), a receptivity correlation (linking the tunnel noise to the initial 2nd mode amplitudes) and a breakdown amplitude correlation (linking the 2nd mode breakdown amplitudes to the edge Mach number).  Accounting for the environmental disturbances (tunnel noise power spectral density, or PSD) is critical as strictly using LST without accounting for tunnel noise gives the wrong trends for the effect of angle-of-attack on sharp cone boundary layer transition[2].

Additional transition mechanisms such as crossflow[4] and transient growth[5] are required to provide a methodology applicable to arbitrary geometries and large angles of attack. These mechanisms are needed at high angles of attack where transition can be crossflow dominated[4] and for blunted vehicles where modal growth (1st or 2nd mode) is not observed[3,5].  Advanced tools such as linear and nonlinear parabolized stability equation solvers (PSE and NPSE) are also promising as PSE can account for curvature and nonparallel effects and NPSE can also account for nonlinearities which dominate the later stages of transition.

The goal is development and validation of computational tools and methodologies for BLT prediction in hypersonic ground test facilities. The methodology needs to include the effect of the environmental disturbances (tunnel noise PSD) and the relevant physics of BLT such as receptivity and breakdown to minimize empiricism.  The computational tools and methodology must be applicable to free stream Mach numbers between 6 and 18 for cold flow and flight relevant enthalpies at altitudes between 15 and 45 kilometers. The methodology must also include the physics relevant to sharp and blunt slender vehicles at arbitrary angles of attack. The tools should also enable extrapolation to flight by accounting for high enthalpy and wall temperature ratio effects, and reduced environmental disturbances in flight. The methodology can rely on the use of expensive computations such as Direct Numerical Simulations (DNS) to validate LST and PSE computations and/or built databases needed for BLT prediction. The methodology can involve LST, PSE, NPSE and/or DNS and the Phase I effort should include the effect of the mean flow and free stream fluctuations (tunnel noise PSD) on the receptivity process, 2nd mode initial amplitudes and breakdown amplitudes. Phase II should develop and validate a computer modeling code that includes other relevant transition mechanics such as crossflow and transient growth.  The model should estimate the length of the transition region based on 2nd mode breakdown physics.

PHASE I: Develop the algorithms to predict the onset of 2nd mode dominated BLT in large scale hypersonic wind tunnels and include relevant physics to allow extrapolation to flight.

PHASE II: Develop a computational model to predict boundary layer transition in large scale hypersonic wind tunnels and extrapolate ground test measurements to flight conditions, and validate the model against existing ground test measurements.

PHASE III DUAL USE APPLICATIONS: The modeling code can be marketed as a tool for planning BLT ground tests and perform BLT flight predictions to reduce technical risks of hypersonic programs for military and commercial systems.
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	AF161-025
	TITLE: Micro-Climate Automated Recorder



TECHNOLOGY AREA(S): Chemical/Biological Defense

OBJECTIVE: Research and develop an innovative micro-meteorological recorder that can be deployed to many surface and subsurface locations (e.g., under and next to a large solar panel farm) or in burrows or other hard to reach locations.

DESCRIPTION: The purpose of this topic is to develop a micro-meteorological device that can be deployed to many surface and subsurface locations or in burrows or other hard to reach locations.  The device should have sensors to detect biological, chemical and environmental parameters (preferably motion detector-IR camera, humidity, O2, ammonia, CO2, temperature, wind direction/speed, etc.). Second, it should be “ruggedized” to work in hostile conditions for a minimum of two weeks unattended.  Third, it is to be operated as a “swarm-like” sensor or array with remote communication capability.  The device should also collect GPS locational data, date and time code information. If successful this device will provide environmental management data currently not available.  For example, the first effects of climate change will display at the micro climate level.  This level of detail has historically not been recorded due to technical and manpower issues.  This data will support compliance with environmental laws (Endangered Species Act, Migratory Bird Treaty Act, National Environmental Policy Act, Air Force Instruction (AFI) 32-7064, etc.) allowing for better and more effective decisions that support the Air Force mission, but also supports all land managing agencies.

PHASE I: Research in this phase should focus on innovative research and development of a sensor array that must be compact with an ability to move short distances, have a power source that will support operations for a minimum of two weeks, and can withstand harsh conditions, both “dry and hot” to “wet and cold.”  There is no requirement to work under water.

PHASE II: Research in Phase II should incorporate the best of the current knowledge and Phase I success(es) to develop a robust and affordable solution. Detailed demonstration of the strategy and testing of a prototype should be included in the effort. Detailed documentation should be developed continuously, to include lessons learned, technology used, materials, developed hardware and software as needed.

PHASE III DUAL USE APPLICATIONS: Military Application: This technology will provide new data and capabilities leading to better management decisions and compliance with environmental laws.  Commercial Application: Supports all federal and most state land management agencies and has application to renewable energy developments.
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	AF161-026
	TITLE: Real-Time Parameterized Reduced-Order-Model (ROM)-Based Aeroservoelastic Simulator



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Adapt reduced order modeling (ROM) techniques to develop a flight simulation and real time simulator capable of predicting aircraft aeroservoelastic response for pilot-in-the-loop simulations or from surface positions provided by a live flight test.

DESCRIPTION: Currently predictive analysis for flutter and loads testing is accomplished using full order models that are expensive and time consuming to perform. Consequently the "as flown" flight data is compared to the "as planned" predictive analysis.  This source of error adds to the other sources of error inherent in this type of testing resulting in tight tolerances and added test points.  In addition simulators used to prepare pilots and engineers often do not directly implement the aeroelastic effects into their algorithms limiting the effectiveness of these training sessions.  A real-time predictive analysis capability that can be run during a flight test sortie in order to compare flight test results to "as flown" predictive analysis results would help expedite test and improve safety by providing a better understanding of the aircraft being tested. The same real time technology could also be used in a pilot-in-the-loop simulator to improve the effectiveness of mission rehearsals.

The purpose of this topic is to research and develop innovative methods to adapt ROM techniques to rapidly solve the aeroservoelastic equations of motion for six degrees of freedom (6DOF) and flexible modes much faster than real time, given stick and rudder or surface deflections, and aircraft states (Mach number or airspeed, pressure altitude, initial side slip and angle of attack, etc.).  The simulation should output 6DOF flight path, the deformation history at pre-specified points (arbitrary points specified prior to ROM creation) on the aircraft, aircraft load state histories at specified stations, and time histories of aircraft state parameters.  The resulting technology is to be operated in three capacities.  First, it is to operate as a predictive tool to estimate aeroelastic/aeroservoelastic stability and aerodynamic loads prior to testing.  Second, it is to operate as a real time system that utilizes surface deflections and state parameters from live flight testing to provide an analytical estimate of aeroelastic/aeroservoelastic stability and aerodynamic loads for the maneuver as flown to be compared to flight test data.  Third, it is to be operated as a pilot-in-the-loop aeroservoelastic/aeroelastic simulator.  It is highly desirable that educational scenarios be developed for the pilot-in-the-loop simulator from mild onset flutter to sudden flutter onset.  The tool should be capable of implementing an arbitrarily complex control system and it is also highly desirable that the tool be capable of using flight test data to update the ROM in a way that will improve the accuracy for subsequent simulations. 

If successful this research will not only provide a key analysis capability to enable future test programs to execute structures testing more efficiently, but will also provide the bases for training both discipline engineers as well as Test Pilot School students.

Because of proprietary issues the government will not be able to provide models or data to aid this research.  There are models and data in the public domain that are appropriate for this research.

PHASE I: Research in this phase should focus on development and validation of the core ROM technology, assure that the technology is robust across a realistic range of flight conditions and inputs/surface deflections.  ROM should be validated against a full aircraft configurations and flight test data from subsonic through supersonic flight regimes to demonstrate readiness for Phase II.

PHASE II: Focus shall be on applications outlined above and working out the interfaces for predictive analysis, manned simulator and live flight test; the difference being the predictive analysis being more of a batch mode with assumed inputs, manned simulator would start with stick and rudder inputs with control system implementation to get surface deflections, and live flight test would have actual surface deflections that can be used.  Phase II should also see the development of educational scenarios.

PHASE III DUAL USE APPLICATIONS: Military Application: This technology has the potential to provide better situational awareness and system understanding for aircraft systems under test. It will also be useful as a training tool for engineers and test pilots.  Commercial Application:  Equally useful for commercial aircraft testing
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	AF161-027
	TITLE: Millimeter-Wave Micro-SAR (MMW uSAR)



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: To design and develop a miniature (<5 lbs. & .5 cubic foot) dual-pol high-res MMW SAR sensor and demonstrate operation, data collection and post processing imaging capability on an aircraft (manned/unmanned) such as Scan Eagle, Penguin B or Cessna.

DESCRIPTION: A need exists to perform high-resolution, dual-polarized, instrumentation-grade Ka (34-36 GHz.) and W-Band (94-96 GHz.) synthetic aperture radar (SAR) measurements from ground and airborne platforms with a miniaturized sensor. The sensor(s) and signature data are needed to develop modeling and simulation (M&S) and test and evaluation (T&E) capabilities for millimeter-wave (MMW) smart weapon systems (primarily seekers/sensors) and associated automatic target recognition (ATR) algorithms. The SAR sensor needs to be of instrumentation grade (meaning it is capable of performing calibrated radar cross section [RCS] measurements) and dual-polarized (either linear H,V or circular RHC.LHC) to support polarization transformation of RCS measurements from either linear to circular or vice-versa. Actual target/background/clutter RCS data are required to develop digital models for both digital and hardware-in-the-loop T&E of MMW seekers/sensors.

The SAR sensor transceiver needs to be <5 lbs (modular, replaceable), designed for multi-use (both airborne- and ground-based SAR/ISAR applications/platforms) with a required resolution (range & cross-range) of 4-6 inches with a dynamic range of at least 60dB. Typical operating parameters for this type of sensor is for measurement slant ranges of .1-10 Km at altitudes of 0-10,000 ft. Prime power (DC) for the sensor package should be approx. 80-100W range.

The technology to design and develop miniature SINGLE POLARIZATION, X (8-12 GHz) and Ku Band (16-18 GHz.) SAR sensors has been demonstrated by Sandia National Labs (see 'miniSAR' references) and further miniaturization has been realized by systems such as the IMSAR 'NanoSAR' (C & X-Band). This effort is unique in developing and demonstrating the capability to perform dual-polarized, high-resolution SAR measurements at Ka (34-36 GHz.) and W-Bands (94-96 GHz.) with a miniaturized transceiver module and to calibrate the system for RCS measurements. The technical challenges will be in developing planar dual-polarized antenna(s) as well as miniature Ka & W-Band transmitter/receiver components. Higher frequency MMW sensors provide increased gain for the same size lower frequency antenna and need less RF power to achieve the required performance. Dual-pol antennas also provide additional capability to discriminate man-made objects from clutter (ATR). Developing both features advances current state-of-the-art for MMW seeker/sensor systems. SAR algorithms, digital signal processing and data collection software/hardware can be leveraged from existing miniSAR and NanoSAR types of systems and adapted for required motion compensation and image focusing.

PHASE I: Feasibility design for miniaturization of MMW SAR (primarily antennas and transceiver components) and methods to adapt current C, X and Ku-Band, single polarization SAR sensor technologies specific to development/demonstration of a dual-polarized MMW (Ka & W-Band) miniature SAR sensor(s) including design trade-offs (cost, weight, power, resolution, data processing, imagery, etc.).

PHASE II: Design and develop miniature MMW SAR sensors. Demonstration of MMW SAR/ISAR imaging capability (Ka & W bands) and data collection.

Delivery of prototype MMW Sensor hardware and data collection system with quick-look imaging capability.

Phase II measurement platforms for a miniature MMW SAR Sensor should include both airborne- (manned and unmanned) and ground-based (such as boom-lifts, fixed towers, linear rails and cable systems) to meet T&E requirements.

PHASE III DUAL USE APPLICATIONS: Military: Ka and W Band SAR/ISAR sensors for tgt/background/clutter measurements for smart weapons (i.e., SDB-2, JAGM, ARGUS) and tactical ISR on light-weight, low-cost UAV/UAS. 
Advances MMW ATR algorithm dev. Commercial: Remote sensing, SAR imaging, environmental monitoring (crops, spills, etc.}.
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	AF161-028
	TITLE: Cryo-Vacuum FTS using COTS Parts for Sensor Responsivity Measurements



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Develop a cryo-vacuum rated Fourier Transform Spectrometer (FTS) system for use as a narrow-line infrared source for imaging sensor responsivity measurement characterization in space simulation test facilities.

DESCRIPTION: Determination of the spectral response of space- and air-borne imaging systems is critical to understanding the performance of systems designed for missions involving the discrimination of thermal targets.  Narrow-line infrared radiometric source technology is needed to provide a sufficient spectral resolution test capability for use in cryo-vacuum space simulation facilities where space-borne and air-borne imaging systems are tested.  This capability is also needed for on-board calibration validation for flight hardware.  Instruments using monochromators or circular variable filters have issues with sufficient resolution, spectral continuity (require multiple gratings or filter segments), cost, size, and/or complexity of moving parts.  These issues can create size, weight, and power (SWAP) impacts to the detriment of the low radiometric background of a LWIR calibration facility.

Innovative solutions are needed that can package existing Fourier transform spectrometer technology into a compact cryo-vacuum configuration that makes use of commercial off-the-shelf (COTS) hardware.  The integration of these components should be accomplished in a manner such that modification and repair (hardware, software, firmware, etc.) can be accomplished by the user in a straightforward manner without removal of the device.  The system must operate in a step-scan mode in sync with the system under test (SUT), and operate over the spectral range from 1 to 20 µm with a spectral resolution of 4 cm-1. The system should use external input/output signals such as:  TTL signal indication that stable mirror position conditions are met (i.e., ready for SUT data acquisition status), TTL input signal to trigger movement to the next mirror position, TTL output signal indicating completion of a scan.

The prototype system should have the capability of scanning small regions about the interferogram centerburst to allow for SUT integration level checks.   The prototype needs to communicate with the test facility control system and record instrument status change events (aperture setting, interferometer mirror position, etc.) correlated to the facility provided IRIG-B timing signal. The internal light source should be properly shielded to prevent stray light leakage into the test space chamber.  The system should be equipped with either remote or autonomous interferometer alignment.  The relative spectral irradiance across the output beam cross section should be uniform.  The total band pass integrated output power should be 5 mW with the FTS configured for 4 cm-1 spectral resolution. Spectral stability must be greater than 0.5 percent (one Sigma).  The Phase I should demonstrate 8 cm-1 spectral resolution from 1 to 14 µm with a minimum output spectral power of 0.1 µW/cm-1 across the spectral region of 2 to 14 microns.  The system design must be user-serviceable and operate in a cryo-vacuum environment at 20 K and 10-6 Torr. The Phase II should demonstrate 4 cm-1 spectral resolution from 1 to 20 µm with an output power of 0.2 µW/cm-1 across the spectral region.  The prototype system should be user-serviceable and operate in a cryo-vacuum environment at 30 K and 10-6 Torr. Priority will be given to cryo-vacuum operation and ease of use rather than exactly meeting the resolution, spectral range, equal spectral spacing, and power specifications.

PHASE I: Demonstrate a proof-of-concept narrow-line infrared FTS source as stated in the description.

PHASE II: Develop and demonstrate a prototype narrow-line infrared FTS source as stated in the description.

PHASE III DUAL USE APPLICATIONS: Enhanced spectral test capability for military and commercial airborne and space-borne sensors.
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	AF161-029
	TITLE: High Temperature Superconducting (HTS) Magnets



TECHNOLOGY AREA(S): Weapons

OBJECTIVE: Develop high temperature superconducting (HTS) magnets to replace low temperature superconducting (LTS) magnets to increase performance and reduce operational cost of a supersonic magnetically levitated rocket sled.

DESCRIPTION: The Air Force has developed a magnetically levitated rocket sled system with a sled that traverses a guideway.  The system is known as the Holloman Maglev Track (HMT).  The HMT uses a rocket-propelled sled that carries LTS magnets along copper plates fixed in a concrete guideway to create the levitation forces required to control the flight of the sled.  Sled velocities have been demonstrated up to 900 feet/second and are projected to be supersonic.  The LTS magnets require liquid helium cooling. The cooling process is complex, which drives significant design complexity and adds weight to the HMT system.  Recent advances in technology have the promise of providing HTS magnets (liquid nitrogen cooled) that could replace the LTS magnets with 10 to 40-plus percent improvements in both operational cost and magnet weight.  Somewhat fragile but technologically mature copper-oxide HTS, or robust but technologically immature iron-based HTS may offer material solutions for use in HTS magnets.  Levitation forces should be achievable that would allow system heave and sway restoring forces of approximately 10,000 pounds/inch.  An LTS magnet should be a direct replacement for an HTS magnet allowing testing and subsequent employment on the existing Maglev rocket sled. Use of government equipment, materials and facilities will not be required for this project, but use of government data from HTM testing will be required for this project.

PHASE I: Research advances in superconducting materials in last decade and identify candidates. Develop models of materials and cryogenic environment to assist Phase II work. Material testing may assist in selection. Study exposure of supersonic travel velocity & associated acceleration & vibration level on Maglev test vehicles. Develop plans to integrate materials & cryogenics into a Maglev-style magnet.

PHASE II: Design and fabricate a prototype HTS magnet, including all electrical, mechanical and cryogenic interface and support equipment, for use on an existing HMT sled.

PHASE III DUAL USE APPLICATIONS: Military: Use to levitate rocket sleds at the Holloman Maglev Track.
Commercial:
- Medical industry could use high temperature magnets since operational cost should be significantly lower than magnets currently used in MRIs. 
- Commercial rail system that is less costly than current technology.
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	AF161-030
	TITLE: High Speed Extraction of Hyperspectral Images within a Plume Radiation Database Structure



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 high speed (real-time) techniques to extract hyperspectral images from plume signature databases.

DESCRIPTION: Hyperspectral image databases of plume radiation, derived from physics-based numerical simulations which are combined with empirical measurements, are currently utilized by the DoD sensor community in developing warning sensors and countermeasures and to provide representative scenes for testing operational sensors in hardware-in-the-loop (HWIL) facilities.  Such databases employ image compression techniques to keep the database size tractable.  However, near real-time image extraction is limited to a nearest neighbor method, requiring densely placed database nodes and the related increase in database size, to minimize errors in the extraction process.  Image interpolation techniques, being evaluated for use within the image extraction process are currently formulated to work with uncompressed images, significantly slowing down the image extraction process.

This effort seeks to develop a coupled image compression/image interpolation technique that will allow for the real time extraction and manipulation of hyperspectral images.  Special emphasis is needed to modify/morph the extracted axisymmetric plume imagery to account for angle-of-attack influences that result in plume bending.  Plume bending results in a significantly different signature dependence on aspect angle than plumes with their axis aligned with the missile velocity vector.  Accurately representing this aspect angle dependence and concomitant image appearance is important to missile warning sensor algorithms.  Innovative approaches that use hardware acceleration such as multi-core CPUs and GPUs to enable rapid image extraction with compact databases size are desirable.

PHASE I: Demonstrate the feasibility of image interpolation algorithms in compressed signature imagery database extraction environment.  Develop an approach for morphing axisymmetric imagery to account for plume bending.  Develop a theoretical framework to appropriately account for the influence of angle of attack, Mach number, and altitude on the bent plume appearance.  Extract 256 x 256 images at 50 Hz.

PHASE II: Develop a real time implementation of the algorithms developed under Phase I.  Characterize the performance of modern hardware and assess the accuracy of the algorithm on realistic image databases.  Extract 256 x 256 images at 400 Hz, which means the interpolation process must run at 1,000 Hz.

PHASE III DUAL USE APPLICATIONS: This technology will have utility for a wide array of hyperspectral imagery being used for tactical and strategic scene generation and hardware in the loop simulations.

REFERENCES:
1. Simmons, M.A. “The Integration of CFD Modeling and Simulation into Plume measurement Programs,” AIAA 99-2255, Presented at the 35th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Los Angeles, CA, June 20-24, 1999.

2. Feather, B. K., Fulkerson, S. A., Jones, J.H., Reed, R.A., Simmons, M. A., Swann, D. G., Taylor, W. E., Bernstein, L. S., “Compression Technique for Plume Hyperspectral Images,” SPIE Proceedings Vol. 5806, 1 June 2005.

3. Miles, R.D., Thorwart, M.J. and Taylor, M.W., “Applications of Image Morphing Technology to Exhaust Plume Radiance Maps and Flowfields,” PST TR-112, 33rd JANNAF EPTS, Monterey, CA, December 2012.
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	AF161-031
	TITLE: Rapid Assessment of Structural Vulnerability



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop software to rapidly determine residual strength of damaged aircraft structures and create structural vulnerability probability of kill tables.

DESCRIPTION: In support of Air Force live fire test programs, many pre/post-test analysis damage scenarios are simulated using finite element tools, such as LS-DYNA.  This analysis includes damage from a variety of damage mechanisms including blast, Hydrodynamic Ram (HRAM), fragmentation, thermal (fire, directed energy, laser, etc.), as well as any combination of these mechanisms.  LS-DYNA simulations are also used for design of experiments (DOE), range safety, and test apparatus design before the test; and model validation and simulated excursions after the test.  Because of computational time and resource limitations, simulations are frequently limited to partial (cropped) structures and, as a result, it is difficult to load these structures realistically after damaging them to determine residual strength (a key performance parameter).  In LS-DYNA, damage can be accurately determined from complex threats on complex targets but the timescale is on the order of milliseconds.  For a full aircraft wing with fuel, computational runs often require 24-72 hours running on 32-64 processors for each damage and load scenario.  While it is possible to determine residual strength, the time scale for such simulations is seconds.  Completing runs within a reasonable amount of computer resources requires modeling simplifications or assumptions.  For thermal events that occur over minutes, the problem of achieving an effective model simplification is exacerbated. 

Similarly, vulnerability analysis, used by analysis of alternative (AoA) studies for design and by war game (campaign, mission, and engagement) simulations for accurate kill removal assessment, face a similar problem in order to generate useful structural probability of kill (PK) tables.  What is needed is a way to rapidly determine the probability of global failure given local damage at many shotline locations and orientations.  Given a defined aircraft structure, the goal is to assess thousands of shotlines (each with different damage conditions) per day.

Simulation software is needed to rapidly determine the effects of any combination of local damage mechanisms on the global failure of large aircraft structures (wing, fuselage, tail surfaces, control surfaces, etc.).  This topic would develop, implement, and demonstrate software that can convert pre/post -test analysis simulation inputs (e.g., LS-DYNA explicit finite element simulation inputs) to a simpler form and then rapidly determine the residual strength of the structure after damage.  Such software would be able to rapidly apply damage to a variety of locations and determine residual strength, deflection, and generate structural PK tables for vulnerability assessment tools such as the FASTGEN (Fast Shotline Generator) and COVART (Computation of Vulnerable Area and Repair Time).  While execution of this topic does not necessarily require use of Government furnished materials, equipment, data, or facilities, such services may be made available upon contractor request.  Examples include on-base office space with desktop PCs and networking, assess to the DoD Supercomputing Resource Center, and (if available) test data supporting software verification and validation.

PHASE I: After nine months prepare a plan-of-action necessary to develop software capable of rapidly determining residual strength of damaged aircraft structures and creating structural vulnerability probability of kill tables.

PHASE II: Execute the software development plan-of-action.  Design software capable of rapidly determining residual strength of damaged aircraft structures and creating structural vulnerability probability of kill tables.  Prepare and perform software risk reduction.  Verify and validate this software using load-to-failure test data.

PHASE III DUAL USE APPLICATIONS: Military Applications:  Aircraft design, Aircraft testing allowing damaged aircraft performance assessment and test extrapolation, and Aircraft Operations planning.  
Commercial Applications:  Commercial aircraft testing and large engine debris analysis.

REFERENCES:
1. Baker, W. (1973).  Explosions in Air.  Austin and London: University of Texas Press, Livermore Software Technology Corporation (LSTC).   Retrieved from http://lstc.com/download/manuals.

2. Kinney, G. G. (1995).  Explosive Shocks in Air (2nd Edition ed.).  New York: Springer-Verlag. LSTC. (2015).

3. "LS-DYNA Keyword User's Manual”, Volume 1.
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	AF161-032
	TITLE: IRIG Data Recorder Validation



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Research and develop an innovative simplified approach to validate telemetry data recorders in accordance with Range Commanders Council (RCC) Inter-Range Instrumentation Group 106 (IRIG-106), Chapter 10 standards (Ch. 10).

DESCRIPTION: The test and evaluation (T&E) range community needs an innovative simplified software/hardware toolset to verify the performance parameters of digital recorder systems and recorder memory modules to test IRIG compatibility and standard compliance to increase interoperability. 

The purpose of this topic is to develop an innovative simplified validator system that tests any data recorder and recorder memory modules for compliance with Ch.10. Compliance with Ch. 10 should ensure interoperability between different commercial vendors and military users.  The current tools, both hardware and software are limited in capability to test all Ch. 10 paragraphs and are proprietary. 

This will directly supports the interoperability of data recorders across Major Range and Test Facility Base (MRTFB) members and other test and training ranges that subscribe to the RCC standards. This task will benefit all users and vendors.
 
The solutions: 
1.  Will be utilized in a laboratory environment.t 
2.  May include any combination of open-source, non-propriety hardware (microcontroller, microcomputer, single board computers, package on package, etc.), newly developed hardware, or commercial off the shelf (COTS) hardware.
3.  Must be 100 percent open-source software.
4.  May use any operating system software.

The proposer must prove to have a good working knowledge and understanding of IRIG-106, Ch. 10. 

The government will not provide any software, hardware, test equipment or tools to aid in development of the solutions.

PHASE I: Research in this phase should focus on understanding the structure and requirements and develop innovative tools for interoperability compliance of flight test data recorders with IRIG-106. Existing tools (Ch. 10 Validator Toolset, SDS METS-231) should be evaluated and analyzed for strengths and weaknesses.

PHASE II: Research in Phase II should be focused on working out the interfaces for validation including signal generation, format structures, timing, and interfaces.  Phase II should also see the development of the validator architecture based on the requirement documented in Phase I.

PHASE III DUAL USE APPLICATIONS: Military Application:  Data recorder interoperability compliance across test ranges with IRIG-106 for military applications.  Commercial Application: This standard is used commercially as well. Solutions will be equally useful for commercial data recorder vendors.

REFERENCES:
1. Document 106-13, TELEMETRY STANDARDS, (PART 1), JUNE 2013, Prepared by TELEMETRY GROUP, Range Commanders Council, US Army White Sands Missile Range, New Mexico 88002-5110.
http://www.wsmr.army.mil/RCCsite/Pages/default.aspx

2. Document 118-10, TELEMETRY TEST METHODS, RECORDERS AND REPRODUCERS, JUNE 2010, Prepared by TELEMETRY GROUP, Range Commanders Council, US Army White Sands Missile Range, New Mexico 88002-5110. http://www.wsmr.army.mil/RCCsite/Pages/default.aspx

3. Document 123-09, IRIG 106-07 Chapter 10 PROGRAMMERS HANDBOOK, MARCH 2009, Prepared by TELEMETRY GROUP, Range Commanders Council, US Army White Sands Missile Range, New Mexico 88002-5110. http://www.wsmr.army.mil/RCCsite/Pages/default.aspx

4. Synchronized Multi-channel Data Source with Embedded Time (METS 231), Scientific Data Systems LLC) (Las Cruces, NM).  www.sdsnm.com
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	AF161-033
	TITLE: Precise Autonomous Vehicle Velocity Control



TECHNOLOGY AREA(S): Nuclear Technology

OBJECTIVE: Demonstrate a test bed that smoothly and accurately follows a defined acceleration and velocity profile in the forward direction, decelerates to a defined stop point, and reverses direction to return to the original start position.

DESCRIPTION: Next-generation weapons include very accurate navigation systems. The 10-mile long Holloman High Speed Test Track (HHSTT) is aligned within 0.040 inches of a precisely surveyed fiducial reference curve.  The 30,000 feet of the HHSTT includes an array of precisely surveyed optical interrupter blades whose leading and trailing edges are measured to within a 0.004 inches accuracy.  When the sled system is in motion, the data collection timing system time tags the interrupted beam’s position accurately within 10 nanoseconds (ns).  This precise and accurate reference truth is essential to determining the error sources of individual inertial sensor errors.  Multiple forward and reverse accelerations and velocities allow separation and quantification of sensor errors that are highly correlated if only short-duration, unidirectional accelerations are used. 

The current state-of-the-art in guidance systems testing on rocket sleds is to 1) use a set of rockets to launch the sled in the down track/forward direction, decelerate it with water braking and then tow it back to the start point, or 2) use a rocket sled with opposing rocket motors wherein the first set creates forward direction acceleration and the second set fires at the correct position to decelerate the sled and then reverse the motion to produce reverse accelerations and velocities. There are numerous disadvantages to these rocket sled test approaches.  First, rocket sled tests are expensive given all the safety issues and rocket motor costs.  In the first test method, the forward acceleration and velocity adequately resembles a launch condition while water braking does generate deceleration to separate sensor errors.  However, the duration of the test is very short and produces only limited data from which to characterize the inertial sensor errors.  The second method is subject to reliability issues given that both sets of motors must fire at the correct time to create the defined profile.  This method also suffers from an inability to adequately determine the reversal time-position and define the final time and position of the reverse leg of the cycle.  Both methods require the sleds to be removed from the test track to replace the propulsion systems which further degrades the time-position reference truth.

The successful outcome of this topic will provide a test bed that shall:
1) Smoothly accelerate a payload at variable g’s from 0.5g up to 2.5 g’s (thr)/8 g’s (obj) from stationary to 165 km/h (thr)/400 km/h (obj), sustain velocity up to 100 s and smoothly decelerate at the inverse variable g-range to stationary.
2) Accurately repeat the forward and reverse profile up to 20 times in a single test.
3) Minimize angular and translational vibrations for frequencies less than 60 Hz.
4) Operate on the HHSTT without interference with other tests.
5) House an instrumented rack (200kg, 1m x 1m x 1.3m) and accompanying Advanced Digital Antenna Program (ADAP) Controlled Reception Pattern Antenna (CRPA) and Locata system antenna.
6) Provide environmental protection from rain/humidity/dust/etc.
7) Provide environmental control in the form of cooling.

PHASE I: Research technologies and new applications of them to produce the required profiles while meeting the other requirements.  Assemble an analysis of alternatives to rank possible solutions with respect to technical, cost and schedule risk.  Develop a conceptual design of at least one solution worthy of Phase II prototype demonstration.

PHASE II: Design, build and demonstrate some of the system critical technologies on the HHSTT.

PHASE III DUAL USE APPLICATIONS: Military Application: Test items that require a highly accurate reference.
Commercial Application: Energy storage device, propulsion system, regenerative braking system, strong lightweight materials developed & intelligent control systems could be used to improve passenger and freight rail service.

REFERENCES:
1. “RVTV Cans and Cannots,” Norm Ingold, 24 Feb 2015 (Available on request).

2. Ingold, N. L., "Reverse Velocity Rocket Sled Test Bed for Inertial Guidance Systems,” 38th Annual Meeting of the Institute of Navigation, Colorado Spring, Colorado, 15-17 June 1982, (Available on request)

3. Ingold, N. L., "Proposed Use of Retro Rockets for Optimizing Analysis of Inertial Guidance System Errors in 100-G Sled Tests,” Central Inertial Guidance Test Facility, 6585th Test Group (AFSC), Holloman Air Force Base, NM, circa 1980, (Available on request).
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	AF161-034
	TITLE: Fiber Metrology Verification and Validation for High Power Fiber Lasers



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 innovative concepts, metrology methods and technologies for accurately measuring and verifying physical, refractive index and doping profile geometries of optical fibers fabricated for high power fiber lasers.

DESCRIPTION: High energy lasers (HELs) are required for a number of military applications including long-range sensing, target designation and illumination and missile defense. Electric lasers are considered the laser of choice in the long term since the energy supply is rechargeable and clean. The preferred type of electric laser is the semiconductor diode-pumped fiber laser, which integrates well with other sensors and electro-optic elements in an aerospace environment. Directed energy (DE) missions require electrically efficient, compact, scalable architectures leading to kilowatts of power in a diffraction-limited laser beam for precision engagement of hard to kill targets. Fiber lasers and amplifiers have demonstrated efficient optical-to-optical power conversion into diffraction-limited laser beams. The development and demonstration of concepts and hardware which enable high-brightness, high-power scaling of Ytterbium and Thulium fiber lasers/amplifiers are needed to mature components and subsystems for robust system architectures. This topic seeks to develop innovative concepts, metrology methods and technologies for accurately measuring and verifying physical, refractive index and doping profile geometries of optical fibers fabricated for high power fiber lasers. Examples: Ytterbium can efficiently lase between 1030 nanometers and 1080 nm while Thulium can lase between 1850 and 2100 nanometers.  The need to verify, “as drawn,” fiber parameters to an intended design is critical to extending the laser reliability and power scaling beyond current state of the art. Refractive index profile impacts the ability of the fiber optic wave guide to maintain diffraction limited beam quality.  Measurement of refractive index and tolerance of refractive index for typical large mode area rare earth doped fused silica fibers is 1x10e-4, plus or minus 5x10e-5.  Therefore refractive index differences between cores and cladding materials are critical parameters when propagating or combining multiple fiber lasers concurrently and is critical to the implementation of advanced beam control architectures. Additionally, non-destructive approaches must also focus on methods and apparatus that can validate distribution and concentration of the various materials in an optical fiber that have been optimized to operate with high optical efficiency, minimum non-linear effects and minimum high order mode effects.  Measurement by % weight of rare earth dopants in an active fused silica cores needs to be measured to an accuracy of +/- 0.1 percent.

PHASE I: Develop and mature innovative concepts, metrology methods and technologies for accurately measuring and verifying physical, refractive index and doping profile geometries of optical fibers fabricated for high power fiber lasers.  Inspection methods developed should be non-destructive to optical fibers and amenable to fiber endface and lateral inspection approaches.

PHASE II: Demonstrate innovative concepts, metrology methods and technologies for accurately measuring & verifying physical, refractive index & rare earth doping constituent mapping geometries of high power optical fibers. Apparatus for verifying physical, refractive index, rare earth doping constituents must be fabricated & demonstrated to verify fiber geometry, material distribution of singlemode, multimode & novel fibers including, large mode area, photonic crystal and photonic bandgap fibers.

PHASE III DUAL USE APPLICATIONS: Commercialization of apparatus and technologies for accurately measuring and verifying physical, refractive index and rare earth doping constituent mapping geometries of optical fibers fabricated for high power fiber lasers.

REFERENCES:
1. D. Marcuse, Principles of Optical Fiber Measurement, Chapter 4, New York: Academic Press (1981).

2. A. D. Yablon; Jayesh Jasapara; Hyperspectral optical fiber refractive index measurement spanning 2.5 octaves. Proc. SPIE 8601, Fiber Lasers X: Technology, Systems, and Applications, 86011V (February 26, 2013).

3. Y. Zhao, S. Fleming, K. Lyytikainen, and L. Poladian, "Nondestructive Measurement for Arbitrary RIP Distribution of Optical Fiber Preforms," J. Lightwave Technol.  22, 478- (2004).

4. P. Pace, S. Huntington, K. Lyytikäinen, A. Roberts, and J. Love, "Refractive index profiles of Ge-doped optical fibers with nanometer spatial resolution using atomic force microscopy," Opt. Express  12, 1452-1457 (2004).

5. N.M. Dragomir et al., “Three-Dimensional Quantitative Phase Imaging: Current and Future Perspectives,” Proc. SPIE, 6861 (2008).
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	AF161-035
	TITLE: Image Processing that Supports Air-to-Air, High-Bandwidth, Image-Based, Active Tracking



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 image processing that reduces degradation of high-bandwidth, image-based tracking on an aircraft using laser illumination of an airborne target.  The goal is to maintain precision of the track algorithm to below a fifth of a pixel diameter.

DESCRIPTION: Future missions for military and law enforcement aircraft include the use of high energy lasers (HEL) to interdict adversarial/criminal aircraft.  For both military and law-enforcement aircraft, benefits of HEL-employment include a deep magazine, speed-of-light engagement, control of the extent of damage to the target aircraft, and avoidance of collateral damage due to wayward ordinance.

The HEL requires an image-based tracking algorithm that has precision below a fifth of a pixel diameter, given an optical design so that the track camera focal plane array conducts diffraction-limited sampling.  Also, in order to gather imagery of the target that has sufficient SNR, it will be necessary to flood illuminate the target with another laser, the track Illumination laser (TILL).   The reflections of the TILL off the target are focused on the track camera focal plane to obtain an image of the target.  The track algorithm operates on this image of the target, and is typically a correlation algorithm, or an approximation such as the Fitts Correlation track algorithm.

In addition to free-stream atmospheric turbulence, there will also be aero-optic (A-O) disturbances, which are local to the aircraft.  (The speed of the air flow across the beam director aperture will be transonic.)  Both of these disturbances will impart aberrations on the TILL wavefronts that propagate to and from the target.  Regarding the imaging of the return TILL wavefronts, it is expected that the low-order (tilt) component of the TILL wavefront error will be composed of temporal frequency components up to 3kHz.  In order for the tracking system to reject line-of-sight jitter by 50 percent, the -3dB error-rejection bandwidth of the closed-loop control system must be approximately 350Hz with a track camera frame rate (sample rate) of approximately 7kHz.

It is expected that the imaging of the return TILL wavefronts will contain intensity artifacts induced by atmospheric disturbances.  The A-O disturbances affecting the imaging system will be exacerbated by the protrusion of a turret from the aircraft that contains optical components for the imaging system.  The free-stream and A-O disturbances are expected to induce scintillation on the TILL illumination of the target.  In addition, surface roughness of the tracked target is expected to impart speckle in the image of the target.  At a high sample rate of 7kHz, there will be relatively little averaging of the intensity artifacts caused by scintillation, speckle, and sensor noise.  If left unmitigated, these intensity artifacts will likely degrade the performance of the image-based track algorithm.
  
Therefore, the aim of this topic is to develop an image processing scheme that mitigates intensity artifacts in the imagery due to the likely presence of scintillation, speckle, and sensor noise.   The purpose of the mitigation is to prevent degradation of the performance of the image-based track algorithm in high-bandwidth tracking of laser-illuminated targets.  The goal is to maintain precision of the image-based tracking algorithm below a fifth of a pixel diameter.  (The government will provide higher-order disturbances acquired by a turreted aircraft, along with an associated CFD estimate of the tilt disturbance.  The government will also provide a copy of the Fitts track algorithm}.

PHASE I: Develop a wave-optics model to obtain synthetic track camera imagery of an extended target.  Estimate the degrading effect of scintillation, speckle, and sensor noise.  Develop image processing that mitigates these degraders to maintain the precision of an image-based track algorithm to 1/5 of a pixel, for high-bandwidth tracking of laser-illuminated targets.  Evaluate by modeling and simulation.

PHASE II: Integrate the image-processing scheme with an image-based tracking algorithm.  Implement the image processing and track algorithm on hardware, and integrate with a government tracking system at a government facility.  Demonstrate the tracking system's performance at the government facility, which will provide replication of scintillation, speckle, and
aero-optic induced tilt.

PHASE III DUAL USE APPLICATIONS: Test the tracking system in flight.  Develop and execute a plan to market and manufacture to military and law enforcement the product developed in Phase II.  Carry out the necessary engineering, system integration, packaging, and testing to field a robust, reliable system in flight.

REFERENCES:
1. G. P. Perram, S. J. Cusumano, R. L. Hengehold, and S. T. Fiorino, Introduction to Laser Weapon Systems, Directed Energy Professional Society, 2010.

2. P. Merritt, Beam Control for Laser Systems, Directed Energy Professional Society, 2012.

3. L. C. Andrews, R. L. Phillips, and C. Y. Hopen, Laser Beam Scintillation with Applications, SPIE Press, 2001.

4. M. C. Roggeman and B. Welsh, Imaging through Turbulence, CRC Press, Boca Raton (1996).

5. Several articles in “Special Section on Aero-Optics and Adaptive Optics for Aero-Optics,” Optical Engineering, SPIE, Vol. 52, Issue 7, July 2013.
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	AF161-036
	TITLE: Mitigation of Scintillation and Speckle for Tracking Moving Targets



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 methods to reduce negative effects of scintillation and speckle noise that arise in the active illumination of a moving target.  Methods could include image processing algorithms and/or hardware development including laser illuminator.

DESCRIPTION: This topic seeks innovative research leading to the development of illuminators and optical systems for mitigation of the effects of scintillation and speckle.  Imaging systems based on laser illumination can be used to provide high resolution imaging and tracking of moving targets.  A problem that arises from the propagation of the illuminator beam to the target and back to the detector (camera) is atmospherically-induced scintillation.  Additionally, speckle noise from the surface of an extended target profile can occur causing degradation of the tracking image.  The conventional approach to speckle-noise mitigation is multi-measurement averaging wherein several target measurements with independent speckle noise realizations are averaged.  This has the drawback that multiple measurements must be collected during which time the target may be moving and changing aspect angle.  This is particularly deleterious if the output of the illuminator is to be used for high-speed tracking of the target.  Scintillation originates due to the phase distortions of the wave fronts leading to intensity fluctuations at the sensor after the illumination beam has propagated over a distance.  Speckle originates from constructive and destructive interference experienced by a laser beam as it reflects from the surface roughness of an illuminated target.  Scintillation and speckle are considered noise effects in the imagery as a target is tracked.  Scintillation has a deleterious effect on active tracking algorithms in that the algorithms tend to track the scintillation rather than the target. It would be advantageous to separate out the negative effects of scintillation and speckle using optical and electronic components and system hardware (and software) design.  Developing laser illuminators to decrease speckle and scintillation using methods to reduce laser coherence or using multiple sources and/or wavelengths could be approaches to consider.  Additionally speckle noise may be reduced by use of an illuminator with low coherence such as an array of multi-mode diode lasers.  However such low coherence, direct-diode illuminators usually have a divergence of 50-100 times the diffraction limit requiring large transmitter apertures in order to maintain a high illuminator energy density on a distant target.  Example approaches might be multi-wavelength lasers, de-phased laser arrays, or arrays of multi-mode lasers with an optical coupling scheme to reduce divergence.  Another approach might be to incorporate into the system a glass or fused silica waveguide fabricated to reduce speckle through multiple total internal reflections.  Other examples of possible solutions are distributed illuminator transmitter apertures and adaptive scintillation prediction algorithms incorporated into the tracker.  The range for consideration is around 20 km for a tactical scenario.  The aperture for a complete illuminator system should not exceed 25 cm in diameter.

PHASE I: Generate a preliminary design for a target tracking system that is able to reduce/eliminate scintillation and speckle in the target images.  Demonstrate feasibility and assess practical applicability in a laboratory environment.  The Phase I products are the design of a tracking system for moving targets based on active illumination, the final report, and a Phase II proposal (if requested).

PHASE II: The selected company will fabricate the prototype system based on the final plan established in Phase I.  A field test using a laser illuminator will be conducted to assess the reduction in scintillation and speckle effects in tracking resulting from the developed system.  The products of Phase II should include the prototype hardware system including the optical, electronic, mechanical, and electronic subsystems, the software and algorithms used, and the final report.

PHASE III DUAL USE APPLICATIONS: Develop and execute a plan to market and manufacture the product system.  Carry out the necessary engineering, system integration, packaging, and testing to field a robust, reliable system.  Assist transition of technology to industry for marketing to defense community and commercial sector.

REFERENCES:
1. D. Dayton, J. Gonglewski, “Laser speckle and atmospheric scintillation dependence on laser spectral bandwidth,” Optics in Atmospheric Propagation and Adaptive Systems XII, SPIE Vol. 7476 (September, 2009).

2. D. Dayton, S. Browne, J. Gonglewski, et. al., “Long-range laser illuminated imaging: analysis and experimental demonstrations,” Opt. Eng., vol. 40, no. 6, pp. 1001-1009 (2001).

3. D. Dayton, J. Gonglewski, “Least squares blind deconvolution of air to ground imaging,” SPIE Vol. 5981, Optics in Atmospheric Propagation VIII (Oct. 2005).

4. Martin Laurenzis, Yves Lutz, Frank Christnacher, Alexis Matwyschuk, Jean-Michel Poyet, “Homogeneous and speckle-free laser illumination for range-gated imaging and active polarimetry,” Optical Engineering, vol. 51, no. 6, 061302, June, 2012.

5. Goodman, Joseph W. "Speckle Phenomena," Roberts and Co., 2010.
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	AF161-037
	TITLE: Compact Optical Inertial Reference Unit for High Energy Laser System Line-of-Sight Stabilization



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 compact optical inertial reference for aircraft-based, tactical, high energy laser (HEL) weapon systems, including unmanned aerial vehicles. This device provides the optical source for line-of-sight stabilization within the optical train.

DESCRIPTION: Narrow-beam HEL systems require near diffraction limited line-of-sight (LOS) stabilization to be effective. Laser systems hosted on aircraft platforms pose an additional challenge due to the harsh vibrational environments. A key element of the stabilization system is the optical inertial reference unit (OIRU). The OIRU provides a stable optical reference beam (ORB) that is transmitted down the length of the optical beam path. The LOS stabilization control system then locks itself to the stable ORB. The OIRU, if equipped as a traditional IRU, with a complement of gyros, can also be the reference for open-loop pointing to the target. For tactical systems it is anticipated that this function will be provided by the gimbal with enough accuracy for acquisition in a wide field-of-view (FOV) sensor which is incorporated into a course track loop. Given the noisy vibrational aircraft environment in which it will operate, the OIRU should have low sensitivity to linear vibration. Current state-of-the-art OIRUs are too large for tactical use and typically demonstrate large sensitivity to linear vibration which is detrimental to system operation. There is a near term need for a compact OIRU that can fulfill both roles, having low drift, for precise attitude determination, and good high frequency characteristics, along with a guide beam to mitigate optical train jitter.

Generally each application and platform brings its own requirements and thus suggests a unique design, or at least a modification of existing designs. The focus of this solicitation is for an OIRU that can address the requirements of multiple platform-based high energy laser systems, such as the F-15 and UAV platforms.  

An OIRU with the following SWaP and performance goals is desired: 
• OIRU envelope goal: 1.5 inch dia. x 3 inches long
• OIRU weight goal: Less than 24 oz.
• Inertial attitude knowledge (IAK) minimal (3 milliradians rms in 0-1 Hz, 1-axis, 1-sigma)
• Residual platform (optical reference beam) jitter, less than 500 nanoradians, 2-1000 Hz
• Greater than 40 dB of angular base disturbance rejection at all frequencies between 1-1,000 Hz, with greater than 60 dB rejection below 1 Hz and above 1 kHz
• 2 milliradian of throw between the stable platform and the base and provide at least 1 micro-radian precision relative position feedback to the optical gimbal control system
• Laser alignment beam diameter and a 2-5 mm reference beam with user-selectable wavelength
• Capable of handling slew rates of at least 2 rad/s
• Linear and angular base motion power spectral densities (PSD) to be provided by the government 
• Isolation to produce minimal coupling of linear vibration into residual angular motion of the reference beam

Although specifically targeted for implementation in future high energy laser systems for tactical air platforms, the same technology would undoubtedly provide benefits to ground and sea based high energy lasers and programs in all the services for applications such as target designation, laser radar and laser countermeasure systems.  Operation in a military environment will be essential for future applications; therefore the OIRU must survive the shock, vibration, and temperature environments of a deployed device.  Finally, the resultant OIRU must be designed to take advantage of current state-of-the-art high volume manufacturing practices in the industry (i.e., cost competitive on a $/rejected jitter basis with current technology) with a LRIP cost goal of $150,000.

PHASE I: Develop a preliminary OIRU design.  Model/simulate/analyze the design to demonstrate an understanding of the physical principles, performance potential, scaling laws, etc. Demonstrate performance and SWaP advantages over existing technologies.  Proof-of-concept hardware, including any subscale or risk reduction activities, is highly desirable. Develop plans to further develop this technology.

PHASE II: Complete critical design of the OIRU including supporting modeling, simulation and analysis (MS&A). Build an engineering demonstration unit (EDU) and perform characterization testing to show level of performance achieved compared to existing technology.  Document comparisons between simulation predictions and test results and determine reasons for deviations from modeling, simulation, and analysis predictions. Deliver EDU for further testing. It is highly desirable for proposer to develop working relationships with beam control system providers.

PHASE III DUAL USE APPLICATIONS: Transition technology into various laser weapon programs on multiple air platforms where beam stabilization aided by an OIRU is required for a laser system to be effective. Develop a plan to scale up from low rate initial production (LRIP) to eventual mass production of the OIRU.

REFERENCES:
1. Merritt, P. (2011). Beam Control for Laser Systems.  Directed Energy Professional Society, Albuquerque, NM.

2. Gilmore, J.P., Luniewicz, M.F., Sargent, D.G., “Enhanced Precision Pointing Jitter Suppression System,” Proceedings of SPIE Vol. 4632, Laser and Beam Control Technologies, San Diego, CA, January, 2002. http://www.deps.org/store/merchandise/TOCs/BeamControlLaserSystemsTOC.html
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	AF161-038
	TITLE: Generation of High Rep-rate/High Average Power USPL Sources



TECHNOLOGY AREA(S): 

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 the efficiencies of USPL systems and sub-systems to either increase the available repetition rate and/or the peak energy per pulse.

DESCRIPTION: Ultra-short pulse laser (USPL) sources are pulsed laser systems operating below 1 nanosecond pulse durations (often at picosecond or femtosecond pulsewidths).  Typically these sources operate at 800 nm or 1.06 um wavelengths, but others are becoming more available.  The pulse widths are so short for these sources, that even though the pulse energies are only in the tens to hundreds of millijoule (typically), the peak powers produced are in the terawatt (TW) to petawatt (PW) range.  Operation at these powers in the atmosphere allows propagation of the laser beam above the critical energy in air, a level at which non-linear effects take over and simple diffraction is not sufficient to describe the beam propagation.

An additional factor that makes USPL sources useful is the wide bandwidth of the pulse, a requirement of the uncertainty principle, which allows rearrangement and stretching of the frequency components in the pulse so that propagation through the atmosphere tends to shorten the pulse duration and increase the intensity of the laser beam.  The total action is to allow the pulse to be focused at a greater distance away from the source than would be possible with simple optics.  Regardless of these advantages, many potential applications (both for DoD, the commercial sector and the medical field) require higher powers than those currently achievable. Examples of applications include USPL-generated radiation sources for compact radiation treatment facilities in the medical field and laser-assisted manufacturing in the commercial sector.   Note that this average power parameter could be increased by increasing the pulse repetition frequency (PRF) of the laser or the total energy per pulse, or both.  For many of the highest power laser systems, thermal issues in the lasing media limit operation to sub-Hz repetition rates (several minutes of cool-down time being required between pulses). Current high energy systems are limited in PRF between 0.1 Hz to 10 Hz whereas systems with high PRF (greater than kHz), the energy per pulse is not exceeding 15-20 mJ. Limitations in the available laser pump energy limit both the maximum PRF of the overall system as well as individual pulse energies available.  Improvements in these characteristics involve addressing the increased thermal requirements of the lasing/amplifying media, as well as pump laser sources and optical sub-systems. A factor of greater than 10 increase in PRF for high energy systems and a factor greater than 2 increase in energy of high PRF systems is desired, or both, relative to the state of the art.

It is expected that solutions offered could encompass novel lasing media (rare-earth doped fibers, for instance), more efficient pump-laser sub-systems or architectures for enhanced repetition rates, or improved mounting and cooling assemblies for laser crystals in the various amplifier stages.

PHASE I: Review options for increasing the pulse energy and/or pulse repetition rate in a USPL system.  Compare the most feasible options available in the near-term to achieve maximum average power for the system.

PHASE II: Down-select from Phase I and develop a prototype USPL system to demonstrate the high rep-rate/high average power capability.

PHASE III DUAL USE APPLICATIONS: Identify large commercial partners and transition to DoD and industrial customers.

REFERENCES:
1. http://www.industrial-lasers.com/articles/2014/04/ultrashort-pulse-laser-micromachining-history-and-future-opportunities.html.

2. http://www.rp-photonics.com/ultrafast_lasers.html.

3. http://www.sciencedirect.com/science/article/pii/S0375960108000856.
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	AF161-039
	TITLE: Game-Based Combat Rescue Helicopter Aircrew Mission Training and Rehearsal



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop a deployable, realistic, high fidelity environment for next-generation Combat Rescue Helicopter (CRH) aircrew training and rehearsal.

DESCRIPTION: One of the most difficult and critical activities associated with combat rescue is realistically training in the anti-access area denial operational scenarios we expect combat rescue aircraft and systems to accomplish in the field.  Further, our increasingly cost-constrained environment, constant deployments, and reduced access to training at home station create a need to identify an alternative training solution.  The growing breadth and depth of game-based environments makes them plausible, potential contributors to support the System Training Process KPP from the program’s Capability Development Document (CDD).  This effort will directly support both the training program and seasoning of operational personnel recovery crews performing sophisticated tasks considered critical to the development of an effective military capability making a significant contribution to the future Joint Force mandated in the referenced KPP.

This topic will evaluate alternative approaches for the development and demonstration of a low-cost, high fidelity, deployable mission training and rehearsal environment for the new CRH in support of the CDD’s Enabling Capabilities in the Concept of Operations which mandates the use of DMO and simulation to prepare for PR tasks from disparate locations.  While game-based environments possess considerable flexibility and fidelity, these environments are not routinely viewed as plausible training exercise or rehearsal environments because they lack:

a. A mechanism for scenario design
b. Support tools to deliver a single scenario or a group of scenarios as instructional events
c. A means of systematic data collection on the players while in the game
d. Warehousing of event data for after action review. 

This effort seeks to expand on current capability by developing a high fidelity, game-based environment with methods and tools to permit instructionally valid individual and team training.  The proposed environment will necessarily interoperate with virtual and constructive entities and support a variety of tactical scenarios and missions requiring the higher order thinking skills of synthesis and evaluation normally accomplished with live-fly training.

PHASE I: Conduct a detailed analysis of training candidates using the mission training task list from the 2015 Aircrew Training System Requirements Analysis to identify content, develop criteria and examine alternative hardware and software approaches and technologies.  Develop specifications and a proof-of-concept training exemplar to be fully developed in the Phase II effort.

PHASE II: Prioritize missions for scenario and content development.  Develop, refine, test and evaluate the full hardware software environment and its relevance for realistic integrated training and rehearsal for mission training at home station and in deployed contexts.  Quantify training effectiveness and mission readiness enhancement resulting from the environment.  Assess training transfer potential to live-fly exercises.

PHASE III DUAL USE APPLICATIONS: Assess commercial potential and dual use potential for game and training environments supporting a range of credible instructional scenarios and learner assessments generalizable to other contexts.

REFERENCES:
1. Bradley, D. R., and Abelson, S. B. (1995). Desktop flight simulators: Simulation fidelity and pilot performance. Behavior Research Methods, Instruments, & Computers, 27(2), 152-159.

2. Burgeson, J.C., et al., (1996). Natural effects in military models and simulations: Part III – Analysis of requirements versus capabilities. Report No., STC-TR-2970, PL-TR-96-2039, (AD-A317 289), 48 p., Aug.

3. Distributed interactive simulation systems for simulation and training in the aerospace environment. Proceedings of the Conference, Orlando, Fl, Apr 19-20, 1995. Clarke, T. L., ED. Society of Photo-Optical Instrumentation Engineers (Critical Reviews of Optical Science and Technology, vol. CR 58) 338p.

4. Lockheed Martin Global Training and Logistics, (2011) FY11 Training Situation Analysis (TSA) Training Transformation for the UH-1N and HH-60G Training Systems
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	AF161-040
	TITLE: Wearable Head Tracker System (WHTS)



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop wearable head tracker system (WHTS) for use with dismounted operator digital vision devices.  Approach should enable symbol placement conformal to the real world without perceptible lag or artifacts.

DESCRIPTION: There are currently multiple key system attribute requirements for AFSOC to improve day and night vision devices for dismounted Battlefield Airmen (BA). These devices include day-capable head mounted displays (HMD) and digital night vision goggles (DNVG).  A lightweight, low latency head-tracker is needed to provide projected head position and orientation to the body-worn image generation system so that computer generated information (symbology, synthetic imagery) can be aligned with the real-world scene as the operator moves.  Because dismounts often move quickly (head only or whole body) and because gear worn on the torso moves somewhat independently of the head, viable solutions will most likely require that the key tracker components (sensors, processors) are mounted on the helmet or head.  Achievement of this capability will increase the ability of dismounted operators to operate head-up, and allow confirmation of points of interest from existing head-down map displays with the real-world scene. BA operators will also benefit from head-up display of participating aircraft while conducting terminal control of assault zones as well as 3D audio to assist in managing the workload of multiple aircraft. 

The impact of the tracker space, mass, mass-distribution, and power on the integration of total head/helmet optoelectronics systems must be minimized.  The WHTS must incorporate sensors that determine the orientation of the head relative to world and the earth coordinate system.  The WHTS must incorporate, or accept inputs from, one or more navigation systems providing latitude, longitude, and altitude along with their 1st and 2nd derivatives.   Such navigation systems could include, but are not limited to:  (a) satellite-based global positioning system (GPS) receivers, (b) inertial systems, (c) computer vision techniques (cameras plus DTED), or (d) a micro-inertial navigation system, such as the Chip-Scale Combinatorial Atomic Navigator (C-SCAN). 

The WHTS must enable symbology or synthetic imagery to be mapped from the world coordinate system to the helmet coordinate system for presentation on the near-to-eye (NTE) display so that it is perceived by the operator to register accurately to the real-world outside the digital vision system (DVS).   Predictive algorithms must be used to ascertain instantaneous head coordinates relative to the real world so that geo-registered symbols can be placed accurately.  

The WHTS must be able to operate within the radio-frequency (RF) environment of the BA soldier without adversely impacting use of body-worn equipment.  Standard Battlefield Air Operations (BAO) soldier equipment currently includes a number of radios and other electronic components. 

Required performance parameters: accommodate peak head slew rates and accelerations of 300º/sec and 5000º/sec**2, respectively, to minimize delays and artifacts; icon placement to a threshold (objective) accuracy of 10 mrad (5 mrad) with jitter less than 0.5 mrad (0.2 mrad); and latency less than 16 ms (5 ms)—of which just less than 3.3 ms (less than 1 ms) may be available to the tracker update step.

PHASE I: Design a WHTS with size, weight, and power (SWaP) consistent with head-worn implementation.  Estimate latency, accuracy, and jitter via laboratory experiments and analyses.  Develop a system architecture for WHTS integration into the dismounted BAO Kit.  Develop a system implementation plan for evaluating WHTS operating performance in combat environments, including GPS-denied and urban.

PHASE II: Fabricate a prototype WHTS.  Develop a test plan.  Evaluate the prototype in a laboratory environment. Demonstrate WHTS mechanical and electrical interfaces for integration into the BAO Kit.  Provide special test equipment, support operator testing, and refine prototype performance based on feedback.  Deliver prototype WHTS optimized for SWaP performance, reliability, and ruggedization consistent with dismounted warfighter operations. Create a roadmap to mature the technology.

PHASE III DUAL USE APPLICATIONS: Develop WHTS pre-production product and integrate with the BAO Kit and an HMD that requires head-tracking information. Provide a pre-production WHTS bill of materials. By the end of Phase III, the WHTS should be capable of all-weather operation worldwide.  Develop commercial applications.

REFERENCES:
1. Fact Sheets:  (a) Combat Controllers (18 Aug 2010); (b) Guardian Angel (18 Mar 2013).  Available at http://www.af.mil/AboutUs/FactSheets.

2. DARPA Chip-Scale Combinatorial Atomic Navigation (C-SCAN) Program: (a) NEW SENSOR SOUGHT TO ENABLE MILITARY MISSIONS IN GPS-DENIED AREAS (16 Apr 2012); (b) DARPA-Funded Atomic Clock Sets Record for Stability (29 Aug 2013).  Available at www.darpa.mil.

3. Computer vision research, technologies, and applications:  (a) review available at “Computer vision,” http://en.wikipedia.org/wiki/Computer_vision (accessed 20 Mar 2014); (b) David C. Roberts, Stephen Snarski, Todd Sherrill, et al., "Soldier-worn augmented reality system for tactical icon.visualization", Proc. SPIE 8383, paper 838305 (2012); © David C. Roberts, Alberico Menozzi, James Cook, et al., "Testing and evaluation of a wearable augmented reality system for natural outdoor environments," Proc. SPIE 8735, paper 87350A (2013); and (d) Visual Navigation, Ed. Yiannis Aloimonos, 432 pages (Psychology Press, 2013).
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5. D. N. Jarrett, Cockpit Engineering, 410 pp (2005); (b) Fred F. Mulholland, "Helmet-mounted display accuracy in the aircraft cockpit," Proc. SPIE 4711, pp 145- (2002).
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	AF161-041
	TITLE: Software Architecture Evaluation Tool for Evaluating Offeror Proposals



TECHNOLOGY AREA(S): Information Systems

OBJECTIVE: Develop, validate and demonstrate a tool to analyze software architecture to understand propagation cost and core size of the software. Such insights will enable acquisition managers to mitigate risk and improve financial and operational performance.

DESCRIPTION: Members of the acquisitions corps must often make source selection decisions, sometimes for multi-decade, multi-billion dollar systems, based solely on written information provided by offerors about their software (in this context software is weapon systems agnostic, could be for avionics, IT, simulators, etc.).   For example, many offerors assert their software to be easily sustainable because it employs an open or modular architecture.  However, there is no easy way for these assertions to be verified. Consequently, this current method of software analysis and selection is highly fallible because there is no means to validate the veracity of the offeror’s claims or to identify potential problems within software.

A growing body of research demonstrates that a software code base is analyzable without the burden of a priori operational knowledge of the entire code base[1–3].  At the most basic form, this method employs a commercial-off-the-shelf (COTS) software call extractor to identify the dependencies within lines of code, which are then arranged in an adjacency matrix or a design structure matrix for further analysis.  Once direct dependencies are identified within a matrix, indirect dependencies are calculated through matrix multiplication until full transitive closure of dependencies is understood. This fully extended matrix is then clustered according to a matrix partitioning algorithm. In this final form of the software architecture, it is possible to understand both the propagation cost and core size of the examined software[4].  Research has shown that these two software metrics can shed light on the cost of long-term sustainability of the software (in terms of both cost to sustain and time) and the veracity of the offeror’s original architecture claims.

PHASE I: Develop a prototype software tool capable of analyzing software architecture to: understand both the propagation cost and core size of the software; provide insights to the sustainability cost; and enable improvements to risk mitigation, financial planning and operational performance.  Demonstrate viability by performing an analysis on an open-source Department of Defense code bases.

PHASE II: Finalize and validate the software tool developed in Phase I and demonstrate using an Air Force provided code base.  Demonstrate the finalized solution meets security requirements for fielding on the Department of Defense’s Non-secure Internet Protocol Router (NIPR) network.

PHASE III DUAL USE APPLICATIONS: A licensable software tool or package capable of being fielded and operated throughout Air Force Materiel Command.  This is a dual-use technology with applications to both military and commercial software.

REFERENCES:
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	AF161-042
	TITLE: Simplified Aero Model Development and Validation Environment



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: Create a high-fidelity, instrumented environment for rapidly developing and verifying models to improve simulator fidelity.

DESCRIPTION: Increasing simulator fidelity, coupled with advancements in networking technology, has enabled more aircrew training objectives to be “offloaded” from having to be performed on aircraft and onto simulators.  One area where these advances have the potential to generate a large cost savings is in the area of aerial refueling as an example development case.

Today aircrews are trained to perform aerial refueling using real aircraft.  This continues to be very expensive as a way to do this kind of training.  In the live aircraft training, both a tanker and a receiver aircraft must be scheduled along with their crews.  This large commitment of resources is expensive and requires close coordination between different organizations in order to maximally utilize the air time.  Classically, there are two ways to train aircrew.  The first method is to provide a highly realistic environment where the aircrew member.  The aircrew member learns though repeat exposure to the realistic environment while performing the task.  For on aircraft aerial refueling training, this is typically done through the use of repeated dry hook ups and actual refueling events.  A second method for improving aircrew performance is to provide training in a manner that is more stressing yet analogous to the actual task.  An example of this type of training is strength conditioning for runners where they carry additional weight on their backs during training.  This makes the training somewhat unrealistic (and more difficult), yet yields performance benefits during an actual race.  Anecdotally, C-17 aerial refueling training in the legacy Air Refueling Procedure Part Task Trainer was akin to this method.

Aircrews did not find the training device realistic but they found that it developed aircrew skills in such a way that made actual aerial refueling seem less difficult.

A virtual aerial refueling (VAR) capability has the potential to greatly reduce cost and increase training opportunities.  Simulators are at least an order of magnitude less expensive than aircraft to operate.  Aircrew can be sourced from across the network to accomplish training, removing the need to geographically meet as is needed for on aircraft refueling training. However one of the biggest hurdles in moving to a virtual training capability is the relative fidelity of the models of the aircraft in the simulation used for the training.  Today the aero models for all the players must be developed and validated using the real aircraft for this as well.  One key reason today’s simulation environments are not used more directly for this model development for training is that the fidelity of the simulations as a mechanism for such developing and validating models is not sufficient.  Further, they are not instrumented in a way to make this model development and validation more accurate, expeditious, and cost effective compared to real aircraft validation.

This effort will develop a high-fidelity, instrumented environment for aero model development and validation in order to improve performance on a specific task, such as aerial refueling.  Providing a highly realistic virtual environment is what is currently being pursued in the virtual world to support VAR training. Developing a less expensive aero model development capability is preferred.  However, all options should be considered for their efficacy and cost effectiveness.

PHASE I: Identify and evaluate alternative approaches to non-live aircraft aero model development, improvement and validation.  Based on the evaluation develop a design specification for a model development environment and develop an initial environment exemplar for a proof-of-concept demonstration.

PHASE II: Extend and validate the exemplar and conduct iterative model development and validation demonstrations.  Integrate and evaluate models developed in the exemplar environment into actual simulation environments and conduct training and model effectiveness evaluations and comparative evaluations of models with existing flight test data.

PHASE III DUAL USE APPLICATIONS: This effort will further refined the exemplar and will provide a prototype to an operationally relevant domain for extensive test and evaluation. The results of this effort will provide a commercialized solution to eliminate the necessity for aeromodel development and validation.

REFERENCES:
1. Business Case Analysis:  MAF Distributed Mission Operations: C-17/KC-10/KC-135 (Revision 2.0), Mar 2012.

2. MAF DMO Aerial Refueling Study (MARS) Phase 1 Final Report, 17 Sep 2012.
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	AF161-043
	TITLE: PED Operational Domain (POD)



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Leverage technologies to create efficiencies in Phase I processing, exploitation, and dissemination (PED) of full-motion video (FMV).  Increase PED capabilities at current manning or maintain capabilities with less manning.

DESCRIPTION: Aligned with AFSOC’s PED 2020 vision and roadmap, AFSOC would like to engage with research and development organizations to develop prototypes and/or production systems to improve the human performance of FMV analysts.  Today’s technology landscape is providing enhanced capabilities in touch screen, voice recognition, human gesture control, object recognition, data fusion, and collaboration.  An analyst surrounded by these technologies can take charge of their environment by focusing on high priority analytical reasoning tasks and allow the system to assist them in tasks that are routine and secondary to the primary task of analysis.  Systems within the intelligence community are increasingly providing more and more data for analysis. 

Innovative selection and integration of technologies can create efficiencies within the PED Phase 1 process.   Most of the technologies are readily available but lack integration into a human to computer environment.  It’s operationally sound to develop an integrated human to computer environment and pursue additional technologies that will enhance our PED integrated capabilities.  All candidates should consider all layers of the Open Systems Interconnection (OSI) model.  In laymen’s terms, consider each component of the solution from the hardware, cabling, network, systems, communications, ergonomics, and security when designing and building this capability.  Components should be state of the art, leading edge.  While considering current fielded capabilities, the POD should be an open architecture “build to” environment allowing for use of current and future plug and play systems and applications.

Each POD should have a suite of collaboration tools.  These tools should allow for communications with RPA sensor operators and forward ITC analysts.  Collaboration would be in the form of radio communications, telestration, virtual presence, chat, groupware, and electronic meetings.

The goal of this POD would be to improve processes and reduce the number of tasks performed by human intervention and enable rapid correlation/manipulation of data for decision making. 

Example Use Case: With their eyes analysts can change focus to the screen or window of interest and with their hands move and manage the workspace.  Voice commands will optimize and expedite processes by executing activities normally done from a keyboard or mouse.  An example would be verbalizing callouts without having to type or make log entries.  Each analyst should sit in their own POD surrounded by easily assessable technologies to improve time-in-motion and situation awareness.

PHASE I: Gather POD requirements from AFSOC and develop a POD systems design with schematics, drawings, and specifications.  Work with AFSOC to develop use cases on how the analyst would interact with the POD when performing routine computer tasks such as logins, applications launching, screen management, etc.  Provide an estimated Phase II schedule and/or project plan.

PHASE II: Develop an initial prototype system or subsystem to demonstrate the human to computer interface capabilities of the POD using a targeted set of FMV and office applications.  Technical assessment will be performed by AFSOC.  Provide an estimated Phase III schedule and/or project plan.

PHASE III DUAL USE APPLICATIONS: Transition the POD to an AFSOC FMV PED environment.  The POD has the potential to evolve into an Intelligence, Surveillance, and Recognizance (ISR) cockpit for use beyond Phase I PED, as well as by other intelligence analysts within the Joint Forces community.

REFERENCES:
1. AFI 14-135, 22 May 2014, Intelligence.es.

2. FPD 14-2, Intelligence Rules and Procedure.

3. AFSOCCI 14-2 DCGS-SOF Volume 1-3, Intelligence.
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5. Walker, Geoff (August 2012). "A review of technologies for sensing contact location on the surface of a display." Journal of the Society for Information Display.
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	AF161-044
	TITLE: Finite Element Model of the F-35 Ejection Seat



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Development of a finite element (FE) computer model of an F-35 ejection seat with human occupant for prediction of spinal injury risk to the full range of pilots during a wide range of ejection conditions.

DESCRIPTION: The F-35 aircraft has a wide range of capabilities and an expanded flight envelop which could lead to pilots ejecting under extreme conditions.  The US16E ejection seat has been selected for the F-35, and has undergone extensive rocket sled testing with instrumented manikins.  However, conducting rocket sled qualification testing of ejection seats with instrumented manikins cannot accurately simulate human response in some critical areas, such as pre-ejection bracing and neck flexion.  Also, current spinal injury models were designed for legacy ejection seats and current neck injury criteria are based on automotive injury curves, so these also do not provide adequate prediction of ejection injury under conditions that will be experienced by the F-35.  Therefore, a validated FE model of a human occupant in an actual ejection seat is needed to address these deficiencies since this model could provide simulations of various ejection conditions not simulated by manikin rocket sled qualification tests, and not predicted by current injury criteria.  Research has narrowed the factors that increase injury rates to a few primary causes; however, due to limited resources, the dependencies and coupling of the factors are unknown.  FE modeling has potential to provide insight into this complex problem by identifying the critical variables in the F-35 seat that contribute to increased injury rates under a wide range of ejection conditions that are not addressed in qualification tests.

The proposed effort will focus on development of a Finite Element computer model using off-the-shelf, non-proprietary modeling software (e.g., LS Dyna), that can simulate the dynamic response of a human crewmember ejecting in the F-35 ejection seat.  The model should incorporate small female (approximately 103 lbs), mid-male (approximately 170 lbs), and large male (approximately 245 lbs) variations.  The Air Force will provide biodynamic response data collected from both human and instrumented manikin tests conducted on a Vertical Deceleration Tower (VDT) and Horizontal Impulse Accelerator (HIA) in an actual US16E ejection seat which can be used to validate methodologies, as well as code from human response and ejection models originally developed by AFRL (e.g., ATB, Easy5) for legacy platforms.  The model development will also include a graphical user interface to allow the user to set the initial seat and environmental parameters of a simulated ejection.

PHASE I: Design the concept of developing a FE computer model and graphical user interface capable of simulating the dynamic response of a small female, mid-male, and large male pilot ejecting from an F-35 aircraft.  Give rationale for selection of the modeling software and identify what is needed to validate the model.  Provide an illustration of the proposed graphical user interface.

PHASE II: Develop the computer model and graphical user interface (GUI) described in Phase I.  Demonstrate with simulations how the model can simulate the dynamic response of a small female, mid-male, and large male during an F-35 ejection.  Show how the GUI is used to set the pre-ejection parameters (e.g., restraint tensions, headrest position, seat cushion type, etc.).  Provide details on software structure, file architecture, model run times, system requirements, and licensing.

PHASE III DUAL USE APPLICATIONS: Validate the computer model with injury statistics of ejections with similar seats provided by the Air Force, and conduct a comparison to F-35 rocket sled tests conducted with instrumented manikins.  Identify practical areas of model customization not identified by GUI parameters.
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	TITLE: Information Fusion to Enable Shared Perception between Humans and Machines



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Establish an approach to interface design that incorporates how humans fuse information in order to create shared perception and shared understanding between humans and machines.

DESCRIPTION: In autonomous systems, humans and machines require common understanding and shared perception to maximize benefits of the human-machine team.  In data fusion systems, machines are relied upon to integrate information from multiple sources and time periods through various statistical and mathematical techniques to obtain meaningful information. They rely on algorithms that assess and associate different pieces of data based on the likelihood that they represent the same or related events, people, and objects[1].  In the fusion process, one of the human’s main roles is to perform as a hybrid computer, supporting automated reasoning techniques by using visual and aural pattern recognition and semantic reasoning[2]. A complete data fusion system consists of computers that combine information from multiple sources, an interface to present the combined information along with additional information, and a human who must perceive, encode, and interpret the information to make a decision. To optimize this human-machine team, the machine should represent the information in an optimal way to enable the human to form associations, reason, and make effective decisions. An approach is needed for interface design that incorporates the understanding of how both machines and humans fuse information in a way that allows the human and machine to form a shared perception and shared understanding of the environment.

PHASE I: Design a concept for an interface design that enables shared perception and shared understanding between the human and machine, taking into account the way in which humans fuse information. This concept should be applicable to a variety of autonomous systems. Provide a plan for the practical deployment of the proposed interface design approach.

PHASE II: Develop, test, and validate the interface design concept from Phase I, such that it demonstrates an improvement in the system’s ability to help the human fuse information so that both human and machine can establish shared perception and shared understanding. Phase II deliverables will include interface design concepts and how to implement those concepts in an interface for autonomous systems.

PHASE III DUAL USE APPLICATIONS: A scientifically justifiable method or guidance for interface design to improve human-machine teams’ ability to fuse information can be used to build system interfaces in defense or commercial human-machine teams or can be transitioned to independent interface design teams of autonomous systems.

REFERENCES:
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	TITLE: Inexpensive Haptic Devices and 3D Medical Game for the Interosseous Infusion Procedure



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: Development of an inexpensive, serious, 3D, medical, computer-video game for the intraosseous infusion (IO) procedure. Verify an improved mathematical model for serious 3D computer medical games.

DESCRIPTION: New, inexpensive gaming technologies are providing greater realism in computer video gaming that can simulate 3D training environments.  Current haptic training devices are expensive and due to expense, limit the number of trainees that can utilize them.  In military schoolhouses, the intraosseous infusion procedure is trained using animal tissue/bone specimens.  While this method is relatively inexpensive, the anatomy is not the same, it costs something to store the tissue and dispose of it properly, clean the tools, and purchase the IO kits for the training.  Not all the areas that can be infused can be trained; generally, the tibia insertion point is trained.  When 7,000 students pass through training each month, there is a great deal of animal tissue for a training program to deal with.  Thus an inexpensive, game-based trainer could eliminate the need for tissue training models.  However, the physiological and mathematical models currently underlying 3D training have been developed for use with more expensive haptic input devices.  In order for inexpensive 3D training games to be of value, the models would need to be adapted.  In addition, the haptic input devices, replicating the form/fit function of the IO needles, various drill devices in use by the military, and tubing would have to be developed such that they respond within parameters to avoid negative training, provide a level of realism, as well as training feedback related to visual, auditory, tactile, resistive feedback, and other cues.

These devices must provide game-rendered feedback when normal parameters are violated such as shock-wave, and visual, auditory, physiological responses when violations result in a physiological response.  These parameters may include but are not limited to speed, force-in-Newtons, boundary limits such as skin or muscle thickness, geometric space, and resistive feedback which simulate visual, auditory, somatosensory, or vestibular perceptions similar to real-world perceptions for the medical procedure.  The overarching goal is to create an inexpensive video game that provides all the training components and realism of performing the procedure on an actual human patient in a real-world emergency or combat casualty environments.

PHASE I: Identify the current 3D training games under development by the military and private sector to understand what has been done in the field to date and then develop the haptic devices and physiological and mathematical models they relate to and interact with to create training fidelity which is the long pole in the tent.

PHASE II: Training scenario development begins in Phase II. User-friendliness studies should be conducted with small groups, and user feedback shall be incorporated to ensure user acceptance. Expand the envelope of current models through experimentation to increase the number and quality of possible simulations and animations. Move the model from an initial demonstration prototype to a final prototype ready for validation and testing by schoolhouse participants.

PHASE III DUAL USE APPLICATIONS: Transition the model through widespread commercialization and government acquisition.  Deliver the final product for the government and private sector market.  Applications should be ready military schoolhouses, training communities, and the commercial sector.
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	TITLE: Cognition Biomarker Measurement in Sweat as an Index of Human Performance



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 and use non-invasive devices to monitor warfighter status through cognition biomarkers in sweat.

DESCRIPTION: Intense workloads and short deadlines place a great deal of stress on warfighters and affect human operator's ability to perform the mission. Human sweat shows promise as a biomarker-rich fluid that can be measured non-invasively. Non-invasive, real-time devices to measure cognition biomarkers in sweat could enable local or remote monitoring of human operator function. These devices must include adequate sweat collection, biomarker sensing, and electronics to wirelessly transmit biomarker data. Importantly, cognition biomarkers are expected to have significantly more variance in sweat from individual to individual, compared to lesser variance in blood, and the proposer should strongly address this expected challenge. Additionally, the new sensor devices must minimize interference with the warfighter's ability to perform the mission. For example, the sensors cannot require excessive apparatus or a lengthy calibration training period.

PHASE I: Design systems that can non-invasively monitor warfighter status through real-time assessment of cognition biomarkers in sweat. Design a sensor system including sweat collection, biomarker sensors, and wireless electronics and provide proof-of-concept supporting data on the ability of said design to accurately assess the cognitive state of operators during test activities.

PHASE II: Working prototype and small scale in-vivo test: Prototype the designed sensor system into wearable and manufacturable format, demonstrate that sensor information monitors human operator cognitive state assessment, and develop prototype mobile application to facilitate the cognitive state assessment in operational environments.

PHASE III DUAL USE APPLICATIONS: Fully developed cognitive state assessment systems have numerous applications relevant to the Department of Defense, especially where fatigue or information overload are responsible for elevated error rates. Industry applications include operation and safety in transportation, energy and medicine.
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	AF161-048
	TITLE: Microdosimetry of High Amplitude Ultrashort RF and Electric Fields



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop a technique and device for measuring electric fields while experimenting with cells and groups of cells in a microscopic environment.

DESCRIPTION: This system should be able to make these measurements very rapidly (sub-nanosecond) during only a single field application, not relying on many averages.  Additionally, the measurement should be non-perturbing to the field and be used in the presence of a biological target.   This technology will advance the state-of-the-art by allowing single point dosimetry of electric fields under microscopy thus eliminating system specific errors from bioelectric measurements of dose.  Such data is paramount to biophysical determination of biological response to electric fields.

Throughout both neuroscience and bioelectrics, the application of fields to biological systems is ubiquitous.   Unfortunately, the field delivered to the biological system, or parts of the biological system, is rarely known and typically quantified by modeling based on output signals measured from the entire system.  This leads to high levels of uncertainty in the actual dose required to impact biological systems as the exposure geometry, materials, and orientation all become part of the system.  This becomes very troubling in establishing safe limits of exposure to high intensity ultrashort electric fields for both military and civilian safety standards.  What is needed is a system for micro-dosimetry of intense electric fields (greater than 1MVm) on a cell level scale (um) that will enable direct measurement of the field at a precise location allowing for field mapping at the micron scale.

PHASE I: A concept addressing the requirements should be demonstrated on an appropriate scale using laboratory level instrumentation.

PHASE II: A robust system should be engineered with integrated software and hardware suitable for multiple microscope-based measurements.

PHASE III DUAL USE APPLICATIONS: Design and fabricate a microdosimetry system that will be built which will target the biomedical academic and commercial research markets.
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	TITLE: Multi-modal Synthetic Sensor Data Generator with Real-World Environmental Effects and Sensor Physics



TECHNOLOGY AREA(S): Human Systems

OBJECTIVE: Develop a software application that generates synthetic multimodal non-EO/IR (electro-optical/infra-red) sensor returns for human activities, with mathematically modeled sensor physics and real-world environment effects.

DESCRIPTION: Current human activity detection and recognition rely largely on traditional EO/IR imagery data.  However, there are inherent limitations and complexities in analyzing human-related EO/IR data and models.  The emerging technology advancements of non-EO/IR sensors, such as LIDAR (Light Detection and Ranging)[1, 2] and (SAR) Synthetic Aperture Radar[3], may open new ways to help address limits in EO/IR data.  When fused together, the multimodal sensor systems could revolutionize the detection and recognition of human activities.  On the other hand, current research on the analytical algorithms for these non-traditional sensor data is limited by the availability of synchronized and registered imagery baselines, particularly when human activities are concerned.  They are often single modal, inaccessible, and/or limited to the condition and configuration at the time of data collection. Moreover, they are expensive to acquire and thus extremely difficult to produce a human-focused baseline dataset with a full range of human shape deformations and adjustable sensor and environmental conditions.  Therefore, a multi-modal synthetic sensor data generator with real-world human environment modeling and physics could be a fast and cost-effective approach to help address this data gap and facilitate data exploitation and analytical algorithm development.  

The fidelity of simulated sensor imagery depends on the realism and soundness of physics for both the sensor and the environment models.  Recently, there have been attempts to develop physics-based sensor models for RADAR[3], LIDAR[4] and hyperspectral imaging[5].  However, compared to EO/IR, these non-traditional modalities are much less researched with respect to human effects in which occlusion and freeform shape deformation are prominent and skin and clothing effects are complicated.  Moreover, the lack of integration among the various modalities limits their value for exploring sensor data fusion, which is important in discerning human attributes and intentions.  On the environment construction side, although current 3D graphics simulation technology allows for the rapid creation of background scenes, buildings, vegetation, machines, and human avatars, the resulting virtual models tend to be void of environmental physics, such as the effects of atmospheric conditions, illumination, surface materials, and various sources of noise.  

The Air Force is seeking innovative and scientifically rigorous software solutions to generate and synchronize synthetic sensor data of human activities with adjustable sensor and environmental parameters based on sensor physics and mathematical models.  The integration of a variety of sensor types is desired, including but not limited to RADAR, LIDAR, SAR, and/or hyperspectral imaging.  The sensor models should, at the minimum, consider spatial, spectral, and radiometric effects.  In addition, modeling sensor detector properties, based on widely-used commercial sensor systems, is desirable.  The environmental models should comprise atmospheric and illumination effects, noise/clutter, common surface effects of ground, buildings, vehicles, plants, and humans.  It is assumed that sequences of geometric models of 3D scenes, with an emphasis on the fidelity of human activities, are readily available in standard graphics formats and can be imported through an application programing interface (API) developed through this effort. The software should adopt a scalable architecture such that future expansion of sensing modalities and environmental properties can be made easily.  The final product should also include a front-end graphical user interface, user-accessible back-end property libraries, and visualization and output utilities for the synthetic sensor data.

PHASE I: Develop or survey initial mathematical models to simulate sensor and environment effects. Provide in-depth analysis on the best technical development path, component technology choice, system architecture, data management, and potential risks and negation strategies. Conduct a preliminary proof of concept using a limited set of sensor and environment configurations.

PHASE II: Develop all aspects of the technology into a functional prototype software tool with multimodal capability and an emphasis on human effect.  Integrate all components into the prototype via a user-friendly GUI and backend system. Demonstrate and partially validate the software’s effectiveness and accuracy through publicly available real-world sensor data or laboratory experiments.

PHASE III DUAL USE APPLICATIONS: The technology will allow the military to generate realistic and physically sound sensor imagery data from virtual 3D scenes, expanding capabilities of ISR applications.  The technology would also be useful in other arenas such as analytical technology development for homeland security applications.
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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: Using sensors on micro-unmanned aerial vehicles (UAVs), develop real-time, micro-scale weather models in urban environments.

DESCRIPTION: Wind modeling in urban environments has been an ongoing and difficult challenge.   The standard large-scale weather prediction models cannot properly resolve urban wind fields due to the models’ course resolutions and the nature of urban terrain.  The Air Force, in conjunction with the Army Research Lab (ARL), has developed a high-resolution micro-scale urban wind model called, "Three Dimensional Wind Field" (3DWF).  The 3DWF application is a fast running and efficient wind field model designed specifically for urban and complex terrain environments with the ability to model mean wind flow around barriers and individual buildings. It also produces turbulent kinetic energy (TKE) 3D profiles to warn of shear conditions in complex spaces.  The model output is generally displayed in planar or cross section views with color-coded wind speeds. The model has been used operationally with grid-spacing of 2 to 100-m resolutions. One of the model signature strengths for operational environments is the very fast (2–10 min) processing times, making it a powerful tool for real-time mission support.  It is considered central to current development work on a 24/7 airborne hazard monitoring capability.

The accuracy of the model is highly dependent upon the accuracy of the initialization data.   Models such as this require data taken at high sampling rates over the entire area of interest in order to create realistic and representative initial conditions.  Often, multiple wind profiles are needed to account for the flow fields generated by the land surface heterogeneity.  In the past, the 3DWF models have been initialized using data gathered from upwind physical sensors or output from the Air Force and Army’s mesoscale modeling systems, with varying results.  Past initialization research has included of building arrays of multiple-level micrometerogological (micro-met) masts that provided both horizontal and vertical spatial coverage spanning the 3DWF model’s computational area of simulation and using dual Doppler lidar wind measuring systems.  It has been determined that data gathered by local sensors provides superior model results to those initialized from mesoscale model output.  However, gathering real world wind data in an urban environment offers its own set of challenges.  Traditional fixed and deployable weather sensing systems are not practical to transport and install through dense urban settings, as they require significant infrastructure and manpower to support.

This topic will explore using micro-UAVs capable of being deployed in a dense swarm within a high value target area.  The UAVs need to be capable of carrying appropriate weather sensors and provide the gathered data to initialize the 3DWF models.  Additionally, the UAVs need to be small enough to navigate complex environments while being sturdy enough to survive urban weather conditions.  This program would be tied to Army operations, as Air Force Weather does not currently support forward deployed forecast systems.

PHASE I: Develop proof-of-concept platform. This would include comparing available micro-UAV systems and weather sensors in order to identify hard solution(s) capable of acquiring the needed wind data.  In addition, explore swarm and urban path planning algorithms in preparation for Phase II.  Develop safety requirements for micro-UAV use within a populated area.  The output from Phase I is a final report.

PHASE II: Develop data gathering and control algorithms to deal with the large number of source points within the swarm. Develop urban environment simulations to test swarm, control and planning algorithms. Using the chosen hardware platforms, develop a path forward to integrate sensor data into the 3DWM models using the 3DWM interface specifications.

PHASE III DUAL USE APPLICATIONS: Harden both the hardware and software systems through rigorous live and simulated testing. Integrate wind data feeds from active swarm into the 3DWM models for system initialization.
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TECHNOLOGY AREA(S): Battlespace

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 high spectrum efficient technologies for airborne battle-space communications.

DESCRIPTION: Airborne gateways represent the future of military communications to support aerial and ground forces. Aerial platforms increase the communication range by providing long-range visibility to ground forces, and enhance command and control (C2) communication capabilities. In order to serve as a communication backbone and support the future needs of military communications, aerial gateways have to support significantly higher data rates than currently possible. Innovative technologies are needed to sustain these high rates by exploiting possible degrees of freedom and diversity across time, frequency, and space dimensions. To achieve this goal, it is desirable that new protocol design across the network stack is supported by efficient utilization of radio characteristics with supporting waveforms, and antenna characteristics that exploit multiple input/output (MIMO) and other spectrum-enhancing/throughput-enhancing RF systems. It is also desirable to identify innovative methods in a unifying framework that applies to air-to-ground, ground-to-air and air-to-air communications, each with unique propagation characteristics (e.g., multipath).

High fidelity test and evaluation enabled by realistic radio implementation play critical roles in validating the design, and verifying the promised improvement of airborne technologies under development. For instance, with programmable/configurable setup, software defined radios (SDR) allow users to develop different applications on the same hardware, which has made rapid prototyping of concept or functional radios a reality. With the advances in field programmable gate arrays (FPGAs) and analog front-ends, the capabilities of SDRs are expected to increase significantly. Furthermore, testing with high fidelity simulation or emulation environments can significantly reduce the costs associated with actual field-testing and allow for fast prototyping of spectrum efficient airborne communication technologies.

This topic seeks innovations in improving the data rates of air-to-ground, ground-to-air and air-to-air communications utilizing advanced technologies across network stack and with novel radio and antenna communication design relative to a single antenna system. In determining the spectrum efficiency gains in airborne communications, the performer is expected to consider practical aspects such as mutual interference, communication overhead, as well as size, weight, power and cost (SWAP-C) constraints; implement a hardware-in-the-loop prototype; and perform test and evaluation in a realistic wireless environment.

PHASE I: Generate the system design of an airborne communication system that can significantly improve the data rates with extended coverage. Quantify the benefits using analysis and simulations, accounting for practical implementation constraints. Provide recommendations for advanced uses of available spectrum.

PHASE II: Implement the technology in a hardware environment and demonstrate the gains with actual radio elements. Present a path toward optimizing SWAP-C. Show compatibilty among demonstrator systems and legacy (in-use systems), either through IP connectivity or compatible waveforms or modes of operation.

PHASE III DUAL USE APPLICATIONS: Demonstrate a field-ready transceiver system in relevant environment. The high spectrum efficiency technologies can benefit the commercial telecommunications world.
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3. T. Schug,C. Dee, N. Harshman, R. Merrell, “Air Force aerial layer networking transformation initiatives,” IEEE Military Communications Conference, Nov. 2011.
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	TITLE: Cognitive Airborne Communications with RF Interference Mitigation and Anti-jam Capabilities (RIMA)



TECHNOLOGY AREA(S): Electronics

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 RF interference mitigation and anti-jam technologies to support spectrum-efficient airborne networking.

DESCRIPTION: Airborne communication is subject to different levels of RF interference effects and jamming attacks either at airborne relays or at communication subscribers. In such contested congested environments, it is essential to manage interference between users and mitigate any external effects especially deliberate jamming attacks. A unified solution is needed to detect/classify interference/jamming signals and mitigate their effect via advanced solutions that should span the entire protocol stack.

Cognitive techniques are shown to be useful to increase situation awareness in RF environment and operate with high data rate communication by finding available spectrum opportunities. Spectrum sensing, channel and interference power estimation are essential components to enable advanced interference mitigation and anti-jam techniques including frequency and power adaptation and spread-spectrum communications. Such techniques are further supported by the emergence of novel PHY solutions with MIMO and directional or beam-forming and beam-nulling antenna systems. Higher layer techniques such as routing, network coding and transport control need to adapt to these cognitive solutions for reliable end-to-end operation by carefully balancing the effects of interference and congestion to be observed at airborne relays and communication subscribers.

Once cognitive interference management techniques developed, another aspect sought in this solicitation is to implement them on real radios and demonstrate the performance in a realistic RF environment. Of particular interest is to verify the success of interference mitigation with high fidelity emulation tests using real radios and cognitive and selective jammers.

This topic seeks innovative technologies that provide effective cognitive communication techniques to sustain high rates and situational awareness in contested, congested environments subject to RF interference and jamming effects. The following areas are of particular interest for this solicitation: 1) Designing RF interference mitigation and anti-jam capabilities at both airborne relays and communication subscribers, 2) designing protocols across the entire protocol stack by accounting for realistic RF interference and cognitive jammer effects, 3) implementing RF interference mitigation and anti-jam techniques on radio platforms, 4) quantifying the level of interference cancellation and achievable rates along with overhead and assessing improvements with respect to spectral efficiency, and 6) experimental evaluation of novel implementations that quantify the actual gains achievable with real radios in a high fidelity emulation environment.

PHASE I: Generate the system design of RF interference mitigation and ant-jam technologies that can significantly improve spectral efficiency. Quantify the benefits using analysis and simulations, accounting for practical implementation constraints.

PHASE II: Implement the technology in a hardware environment and demonstrate the gains with actual radio elements. Demonstrate the performance gains by RF interference mitigation and ant-jam technologies in contested, congested airborne network environments. Demonstrate conclusively how the hardware produced for this topic interoperates with existing tactical radio systems.  Where operations are incompatible, validate reasons why and develop mitigation strategies to allow use of diverse systems.

PHASE III DUAL USE APPLICATIONS: Demonstrate a field-ready radio system with mature protocol stack in relevant environment, including robust system requirements comparable or exceeding currently fielded systems. As in Phase II, demonstrate interoperability with other transceivers in the aerial network.

REFERENCES:
1. L. Fu, H. Kim, J. Huang, S. C. Liew, and M. Chiang, "Energy conservation and interference mitigation: From decoupling property to win win strategy," IEEE Transactions on Communications, November 2011.

2. D.  Gesbert, G. Oien, S. Kiani, A. Gjendemsjo, "Adaptation, Coordination and Distributed Resource Allocation in Interference-Limited Wireless Networks," Proceeding of the IEEE, December 2007.

3. P. von Rickenbach, R. P. Wattenhofer and A.Zollinger, “Algorithmic Models of Interference in Wireless Ad Hoc and Sensor Networks,” IEEE/ACM Transactions on Networking, February 2009.

4. K. Hosseini, W. Yu, and R. S. Adve, “Large-Scale MIMO versus Network MIMO for Multicell Interference Mitigation,” IEEE Journal on Selected Topics in Signal Processing, Special Issue on Large-Scale MIMO Communications, vol. 8, no. 5, pp.930-941, October 2014.

5. T. Chiu-Yam Ng and W. Yu, “Joint Optimization of Relay Strategies and Resource Allocations in a Cooperative Cellular Network,” IEEE Journal on Selected Areas in Communications, vol. 25, no. 2, pp. 328-339, February 2007.
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	TITLE: Airborne Cloud for the Tactical Edge User (ABC)



TECHNOLOGY AREA(S): Information 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: Provide experimental instantiations of the managed aerial layer network employing dynamic cloud capabilities that do not rely solely on SATCOM or ground entry points, but may operate for up to seven days without intervention.

DESCRIPTION: Cloud services bring many benefits, among them:  Accessible from anywhere; increase/decrease number of machines based on user-defined parameters; shared pool of configurable computing resources; resizable compute capacity for unlimited growth; and utility computing, pay for what you use, and more services are rapidly provisioned.  JPL experts and others have examined mobile cloud computing and, particularly, airborne layer network cloud computing.  The field of study is very young and untested, and Air Force warfighters need to contend with the conditions on hand.  In any campaign, resources for the aerial layer cloud will vary until the Joint Aerial Layer Network (JALN) concept matures.

The vendor will work with a small Air Force team still defining the Cloud, understanding that the Cloud needs to be a part of a “Networks of Networks” that are "highly adaptable." Networks of Networks will be characterized by legacy/advanced information links working together, IP-based and legacy protocols working together, and inter-service, inert-alliance operations. “Highly adaptable” will be characterized by semi-automated, dynamic networks, where mission plans/priorities help guide automated services. 

This topic will provide the opportunity to build the aerial cloud in one or more instantiations.

PHASE I: Using current DISA and Service guidance, design a conceptual architectural construct of an airborne Cloud computing environment.  This must support resilient and secure tactical operations within a high-capacity backbone aerial layer networking topology.  This effort must deliver a laboratory instantiation of the cloud serving the tactical edge user, and other temporary and permanent users.

PHASE II: Continuation of Phase I with a construct and demonstration of the aerial layer cloud.  Introduce simulated/actual loss of connectivity among airborne and surface nodes, adapting to delays, interruptions, jamming effects, varying throughputs throughout the aerial cloud based on proximity of the nodes, varying channel strength and waveforms, delivering basic IP content through translation and conversion.  Assume a consistently diverse array of systems being employed within the aerial layer cloud.

PHASE III DUAL USE APPLICATIONS: Propose commercial variants of the aerial layer network cloud philosophy.

REFERENCES:
1. Xiaojie Tu, Beihang Univ., Beijing, China; Qiao Li, Mingyan Kou, Changxiao Zhao, "Management of dynamic airborne network using cloud computing," Digital Avionics Systems Conference (DASC), 2012 IEEE/AIAA 31st, Oct 2012.

2. Law, Emily, "Cloud Computing @ JPL Science Data Systems," NASA Jet Propulsion Laboratory, California Institute of Technology.

3. Marks, Eric A., "Executive's Guide to Cloud Computing," ACM Digital Library.
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	TITLE: Survivable, Secure and Dependable Wireless Communications



TECHNOLOGY AREA(S): Nuclear Technology

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 secure wireless communications systems that is dependable, survivable, and jam resistant, with low probability of detection, interception, and exploitation.

DESCRIPTION: Wireless communications for Weapon System Command and Control (WSC2) systems are not new, but for some applications, they have not been implemented due to the sensitivity and criticality of the information being transmitted and susceptibility to intercept and exploitation. Novel approaches are being sought for applications where previously wireless communications would not have been considered.

The communications methods must support a data rate of at least 1 MBPS, have a minimum range of 50 miles, and a bit error rate (BER) of less than 1E-12 with a jitter of 1500 ps. Preference will be given to operating within 335-500 MHZ. Proposed systems must show better performance in terms of jam resistance and probabilities of detection, interception, and exploitation than currently available technologies. Specific metrics are to be proposed by the researchers and agreed to by the government. The communication system must be able to support both based stations to mobile distributed (i.e., mobile to mobile) communications.  The technologies that are employed must survive EMP and nuclear explosion events. Systems should not include or rely on external systems which are unlikely to survive an EMP or nuclear explosion i.e. cell phone towers and Internet. Proposed hardware / software must be available from approved supply chains.  The mobile devices (including power supplies and antennas) must be transportable on a High Mobility Multi-Wheeled Vehicle (HMMWV crew cab truck with 2.5 ton payload capacity) class vehicles and be compatible with the electric power supplies on such vehicles without degrading mission requirements, i.e., removal of all other equipment to locate the new communications gear. The items must have a minimum mean time between critical failure (MTBCF) of 10 years for permanent failures (caused by hardware or software) and a failure rate of a minimum of one year for software failures that can be resolved by restart.  The transmitter/receiver units must have interfaces compatible with industry standards such as, but not limited to, Ethernet, USB, and RS 422.  The units must meet standards for anti-tamper, ruggedness, and EMC/EMI.  They must also meet all relevant personnel safety standards.

Government furnished information / equipment required to address the topic may include specific nuclear hardness, ruggedness, safety, maintainability, and anti-tamper specifications as required.

The expected outcome of the effort is a computer based model of a WSC2 laydown with strengths and limitations identified and investigated, and prototype hardware and software solutions with supporting test data addressing limitations identified by the government for additional investigation. Prototypes should support reasonable expectations a final device shall meet power, weight, and reliability requirements specified above.

PHASE I: Perform a technology feasibility assessment of multiple potential wireless communication schema. Identify all nodes/associated equipment/data types (data, video, voice, etc,)/data description (size, rate, etc.)/WSC2 to external hardware interfaces. Identify limitations and threat susceptibility with each schema and supporting equipment. Propose limitations to be further investigated in Phase II.

PHASE II: Develop/deliver computer based model using an industry standard M&S tool (i.e., MATLAB, simulink, etc.) of the proposed system(s). Model will show system impact due to multiple node degradation/loss. Provide specific limitations of current & developing capabilities; potential solutions; and technical areas requiring additional research & development supporting the potential solutions.
Develop/test/deliver prototype hardware/software addressing system limitations. Deliver test procedures/results.

PHASE III DUAL USE APPLICATIONS: Commercial: Provide enhanced security wireless systems. Anti-jam schemes have the potential to improve interoperability and efficiency within a specified portion of spectrum.  Military: Provide a secure survivable alternative to land-based fixed location WSC2 lines and facilities.

REFERENCES:
1. IEEE 802.11.

2. AIR FORCE INSTRUCTION 63-125 NUCLEAR CERTIFICATION PROGRAM.

3. AIR FORCE INSTRUCTION 91-101 AIR FORCE NUCLEAR WEAPONS SURETY PROGRAM.
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	TITLE: Fusion of Multiple Motion Information Sources



TECHNOLOGY AREA(S): Information Systems

OBJECTIVE: Assist intelligence analysts gain understanding of individuals and networks, focused on the activity and transactions associated with an entity, population, or area of interest, by fusion of multiple motion information sources.

DESCRIPTION: Intelligence analysts often are overwhelmed with vast amounts of different data from multiple sources.  The information overload hampers their efforts to do effective and timely intel analysis, resulting in delays of critical decisions at higher levels.  This in turn leads to undesirable consequences such as adversaries getting away, friendly troops not getting air support on time, or worse, getting injured or killed.  

Activity-based intelligence (ABI) offers a likely solution to this problem, but tools are needed for its effective use.  ABI is a discipline of intelligence where analysis and subsequent collection are focused on the activity and transactions associated with an entity, population, or area of interest.  New sensors that provide persistent coverage over large areas enable the capability to continuously observe motion of both dismounts and vehicles.  But the intent of ABI derived from motion data goes beyond simply knowing movement; the objective is to infer and determine the activities and transactions of individuals and networks, including patterns of life. 

ABI requires a shift from the current focus on tracks that arrive and depart from a facility or location (e.g., capabilities such as trip wires and density plotting), to a focus on the underlying activities, relationships, and inferring what is in progress or about to happen.  Additionally, ABI goes beyond single data sources, by integrating knowledge from a wide facet of data providers and sensors. 

However, there numerous challenges to the fusion of multiple sensors (e.g., ground moving target indicator, full-motion video, and wide-area motion imagery) and multiple intelligence sources (communication intelligence, measurement and signals intelligence, open source intelligence, and human intelligence).

ABI tools are needed to gather, fuse, and filter intel data sources; to analyze, integrate, and characterize the data; to alert analysts about activities and transactions of interest; and to generate requests for information and recommendations for additional data sources.  An essential capability required is to extract objects of interest from full-motion video on the fly, search/retrieve likenesses from unstructured archives, and correlate the objects with all-source data in near-real time.

Integration and fusion of multiple sources will require technologies that manage resources and data (including historical and forensic data), combine disparate sources, identify dynamic and evolving patterns, activities, and transactions, aid the analysts with the appropriate amount of automation, and request needed data and information, in both near real time and forensic applications. The focus of these tools is to develop understanding of human activity and the underlying intent of individuals and networks.

PHASE I: Investigate existing technologies and methods that support ABI, with a focus on multiple source fusion and integration. Develop and apply activity detection and characterization methodologies for a defined set of data and products. Evaluate the performance and viability of these methods using realistic data sets (simulated or collected) (demonstrate feasibility).

PHASE II: Implement algorithm prototypes in a realistic environment that enables thorough testing of algorithms. Incorporate applications to support testing, e.g., operator displays, decision support systems. Demonstrate and validate algorithm(s) effectiveness. Deliver an algorithm description document, engineering code and test cases. Explore and document other potential methodologies identified in Ph I.

PHASE III DUAL USE APPLICATIONS: Develop and mature the technology for use within the Intelligence Community and Homeland Security.

REFERENCES:
1. Air Strike Targets Terrorist Safe Haven in Husaybah, www.defenselink.mil/.

2. Activity Based Intelligence, Technology Track GEOINT 2010, Nov 2010.

3. GMTI-tracking and information fusion for ground surveillance, Koch, W. FGANFKIE,Wachtberg, Germany Journal:   Proceedings of the SPIE - The International Society for Optical Engineering Conference Title: Proc. SPIE - Int. Soc. Opt. Eng. (USA) vol.4473 p.381-925.
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	TITLE: Secure and Survivable Antennas for Communication in a Nuclear Environment



TECHNOLOGY AREA(S): Nuclear Technology

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: Design, simulate, and develop prototype of a secure and survivable antenna for communication in a nuclear environment providing coverage over frequency bands of interest.

DESCRIPTION: To ensure the survivability of our nation in the event of a catastrophic nuclear attack, critical nuclear command, control and communication (NC3) systems must be unhindered by the resulting environment and able to survive the primary effects of a nuclear blast. Nuclear hardened and survivable antennas for future geosynchronous V and W-Band satellite communications systems are desired to allow unimpeded and uninterrupted NC3 in pre-, trans-, and post-nuclear attack environments. Additionally, these nuclear hardened and survivable antennas shall be adaptable to local RF communications. The antennas should meet nuclear requirements and incorporate LPD/LPE/LPI/LPJ (Low Probability of Detection/Exploitation/Interception/Jamming). Throughout this effort, a multitude of concepts are expected to be explored and subsequently narrowed down to a few top contenders, which should be modeled to examine survivability in various environments and against various nuclear effects. The top concept should then enter the design phase and a prototype should be developed and tested to ensure secure and survivable communications in a nuclear environment.

PHASE I: Phase I would entail the identification and evaluation of concepts for nuclear secure and survivable antennas, analysis and modeling of top concepts, and would provide a written plan for development of the top concept based on modeling results.

PHASE II: Phase II would entail the development and testing of the prototype antenna. Deliverables would include the design specifications, testing results, and recommendations for improvement should the design turn out to be less effective than expected.

PHASE III DUAL USE APPLICATIONS: Commercial Application:  Commercial space vehicle communications. 
Military Application: Secure and survivable communications in pre-, trans-, and post-nuclear attack environments.

REFERENCES:
1. Pratt, T., Bostian, C., Allnutt, J., Satellite Communications, 2nd edition, John Wiley & Sons, 2003.

2. De Fina, S., Ruggieri, M., Bosisio, A.V.,"Exploitation of the W-band for high capacity satellite communications," IEEE Transactions on Aerospace and Electronic Systems, Vol. 39, Issue 1, pp. 82 93, 2003.

3. Perrotta, G., Jebril, A., Ruggieri, M.,"Early Experiments with W-band Satellite Links," 2006 IEEE Aerospace Conference, pp. 11, 2006.

4. “The Nuclear Matters Handbook”, Appendix G, Nuclear Survivability. http://www.acq.osd.mil/ncbdp/nm/nm_book_5_11/appendix_G.htm.

5. AIR FORCE INSTRUCTION 63-125 NUCLEAR CERTIFICATION PROGRAM and AIR FORCE INSTRUCTION 91-101 AIR FORCE NUCLEAR WEAPONS SURETY PROGRAM.
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	TITLE: Modular, Secure and Affordable Design for NextGen ADS-B Integration



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 a modular, secure, and affordable solution for Automatic Dependent Surveillance Broadcast (ADS-B) for Air Force platforms.

DESCRIPTION: NextGen is an umbrella term for the ongoing transformation of the National Airspace System (NAS). At its most basic level, NextGen represents a transition from a ground-based radar system of air traffic control to a satellite-based system of air traffic management. At the heart of NextGen is Automatic Dependent Surveillance Broadcast (ADS-B). ADS-B is a surveillance technology for tracking aircraft. ADS-B enhances safety by making an aircraft visible, real-time, to ATC and to other appropriately equipped ADS-B aircraft with position, velocity, and identification data transmissions. ADS-B Out enables transponders to broadcast aircraft position upon interrogation and provides accurate positional information to the ground and to aircraft equipped with ADS-B In terminals. The FAA has mandated ADS-B Out in all U.S. airspace where transponders are currently required by January 1, 2020, and the system must meet strict latency and accuracy requirements (Ref 1).

While ADS-B will play an essential role in the future of air traffic control, the inherent lack of security measures in the ADS-B protocol is a reason for concern.  The problem has recently been widely reported in the press and at hacker conventions. Academic researchers, too, proved the ease of compromising the security of ADS-B with current off-the-shelf hard- and software (Ref 2). It has also been estimated that it will cost billions of dollars to retrofit all DoD aircraft with ADS-B technology. Given these numbers and the looming ADS-B Out FY 2020 mandate, it is readily apparent that there is a need for a practical, secure and affordable solution to transitioning NextGen technology into the DoD/civilian fleet of aircraft.

The expected results of this effort include an enterprise level strategy and approach to satisfying air domain equipage mandates in new modular ways.  The goal is to not only achieve mandates as prescribed by both combat and civil authorities, but to also look at modular equipage as a method to dramatically increase capability, improve safety, and slash costs.

PHASE I: Design a laboratory scale concept for a modular, secure, and affordable solution for ADS-B integration (ADS-B Out and ADS-B In) on Air Force platforms. Develop a test plan for assessing modularity, level of security, and affordability of developed solution.

PHASE II: Construct the ADS-B system developed in Phase I and demonstrate that the developed solution meets all FAA criteria for ADS-B Out. Demonstration will be accomplished using real flight testing with the ADS-B Out signal being received by a certified FAA ADS-B ground station.

PHASE III DUAL USE APPLICATIONS: A modular, secure, and affordable solution for ADS-B that meets FAA guidelines and certification requirements for ADS-B. This dual-use technology applies to both military and commercial aircraft concerned with meeting the ADS-B mandate.

REFERENCES:
1. AC 20-165A - Airworthiness Approval of Automatic Dependent Surveillance--Broadcast 
(ADS-B) Out Systems. (n.d.). Retrieved June 8, 2015, from https://www.faa.gov/regulations_policies/advisory_circulars/index.cfm/go/document.information/documentID/1020472.

2. Strohmeier, M., Lenders, V., & Ivan Martinovic, I. (2014). On the Security of the Automatic Dependent Surveillance-Broadcast Protocol. Retrieved June 1, 2015, from http://arxiv.org/pdf/1307.3664.pdf.
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	TITLE: Event Recognition for Space Situational Awareness



TECHNOLOGY AREA(S): Information 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 means and methods in leveraging the available multi-INT data to understand currently evolving space situations as a means to provide indications and warnings (I&W) left of the event.

DESCRIPTION: Space situational awareness (SSA) involves the knowledge and understanding of the resident space object population with an emphasis on leveraging this knowledge to protect U.S. space-borne assets.  To this point, SSA has focused on two specific threads, namely the characterization of space objects and the identification of specific events of interest.  Unfortunately, for many space-based activities, the identification of specific, discernably threatening events may occur too late to allow for appropriate responses to be initiated.  One means to combat this issue to leverage the available multi-INT data to understand currently evolving situations in space as a means to provide indications and warnings (I&W) left of these singular events.  The understanding of situations as opposed to events represents a paradigm shift in current SSA operations.  Because space situations are ever evolving, approaches should leverage robust technologies, such as extensible ontologies, to incorporate derived or newly observed information into the understanding.  Further, since SSA data is limited in quantity, there is a requirement to leverage and fuse multi-source, multi-INT data as part of a flexible architecture.  The resulting technology will enable advanced SSA by allowing a fuller understanding of the space operational picture and supporting I&W to provide tactical protection of U.S. space assets.

Developing such capabilities requires addressing several challenges including:
• Detection, correlation and fusion of complex sequences of mult-INT events associated with evolving threat situations
• Higher level fusion and decision making for improved situation understanding and complex event recognition
• Reliable prediction of threat events within the context of complex evolving situations

PHASE I: Design an event recognition SSA prototype system that leverages/fuses multi-source, multi-INT data as part of a flexible architecture. The event recognition SSA design should be formed with the above objective in mind.

PHASE II: Development of a prototype system that implements the Phase I design, and demonstrates/validates the prototypes performance using a representative multi-INT dataset.

PHASE III DUAL USE APPLICATIONS: The resulting system will support SSA, which has both military and commercial applicability.

REFERENCES:
1. B. Rhodes, et al., “Anomaly Detection and Behavior Prediction: Higher-Level Fusion Based on Computational Neuroscientific Principles,” in Sensor and Data Fusion, pp 490, February 2009.

2. C. L. Davis, “The Systems Integration of Autonomous Behavior Analysis to Create a Maritime Smart Environment for the Enhancement of Maritime Domain Awareness.” Master’s Thesis, Naval, Post Graduate School.

3. E. Blasch and S. Isreal, "Situation/Threat Context Assessment."  July 2015, 18th International Conference on Information Fusion, Washington DC.

4. R. Fujimaki, “An Approach to Spacecraft Anomaly Detection Using Kernel Feature Space,” Proc. PAKDD-2005: Ninth Pacific-Asia Conference on Knowledge Discovery and Data Mining.
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TECHNOLOGY AREA(S): Information 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: This topic seeks to apply the concepts of anti-fragility[1] to the domain of software for the purposes of survival and recovery during and after a system compromise.

DESCRIPTION: Software bugs, however minor, can often result in cascading system failures regardless of the scale of the overall system.[2] The common approach taken by software development teams and quality assurance engineers is to find and eliminate as many bugs as possible within the enterprise scale software systems they are building.[2] The anti-fragility approaches to software development would augment the current mindset of simply attempting to eliminate errors during development to one of finding a means to learn and improve from errors during operation. By learning and improving from errors, software is able to become more resilient over time due to the inevitable occurrences of errors in production systems running in enterprise environments.

There is a need to explore the application of the anti-fragility approach as applied to software and the software engineering process.[2] Anti-fragility has the potential to result in software which is significantly more resilient in the face of compromise or when faced with system errors and bad data. Proposers should first consider the application of anti-fragility to software systems and the constraints and challenges of such a system. Methods for randomly injecting faults and errors should also be pursued to inject and induce systems errors[2,3] into mission critical systems or from virtualized servers. The application of antifragility concepts should be explored from the perspective of virtualized hosts to benefit from the existing resiliency technologies within the cloud architecture.

Consideration will be given to solutions that 1) can learn, adapt, and recover in a stronger state as a result of software errors; 2) can function within the constraints of enterprise network without major changes to existing infrastructure; and 3) result in persistent improvements and increased resiliency as errors are encountered.

PHASE I: Research and design the overall application of antifragility to software and the software development process. Define the types of data that can be collected for metrics and concepts for antifragility operations. Ideally at the end of Phase I performers will be able to provide a proof-of-concept demonstration.

PHASE II: Develop the capability and test against representative enterprise networks and environments.

PHASE III DUAL USE APPLICATIONS: Work with the DoD to demonstrate that the prototype developed during Phase II can also be applied to DoD systems and software. Further demonstrate and deploy the capability within diverse environments.

REFERENCES:
1. Taleb, N. N. (2012). Antifragile: Things that gain from disorder (Vol. 3). Random House Incorporated.

2. Monperrus, M. (2014). Principles of Antifragile Software. arXiv preprint arXiv:1404.3056.

3. The Netflix Simian Army, http://techblog.netflix.com/2011/07/netflix-simian-army.html.

KEYWORDS: anti-fragility, software systems, virtualization, resilient systems


	AF161-061
	TITLE: Object Based Production (OBP) for Satellite Characterization



TECHNOLOGY AREA(S): Information 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: The goal of this effort is to create algorithms which quickly identify, catalog and exploit collected space data and fuse it with other satellite information and satellite tracking data collected across the DoD.

DESCRIPTION: Satellites are vital to our national and economic security.  Assurance that U.S. space assets, both commercial and non-commercial, will be available when needed depends on improved space situational awareness.  The amount and variety of objects orbiting the earth continues to expand, as more and more countries position assets in space.  Current technology is able to track space objects (SOs), but does not efficiently characterize them.  A capability which not only tracks SOs, but provides simultaneous information on object type, function, country of origin, and whether it is a known satellite or object following its intended course; known satellite or object no longer following its assigned orbit; new object never before tracked but of identifiable type; non-threatening minor debris; threatening major debris, etc. is required for improving necessary space situation awareness.  Of further consideration is the fact that U.S. and foreign satellite data is collected by over a dozen organizations.  Much of this data is unclassified and available online or by subscription.  The rest of the data is military specific and collected by a number of agencies.

Data collected by the usual collection platforms is rarely exploited, and after 90 days is discarded.  Valuable information and exploitation opportunities are lost along with the derived knowledge.  The result is a degradation of timely and informed offensive and defensive decision making.  The goal of this effort is to create algorithms which quickly identify, catalog and exploit this data and fuse it with other satellite information and satellite tracking data.  The desired outcome is a complete characterization of objects in space as well as associated activity and potential threat activity.
 
Research of technologies which provide for rapid correlation of available information for complete object characterization, including ability to assign attribution to hostile activity, increases U.S. ability to take defensive action, reduces U.S. asset vulnerability and acts as a deterrent to those adversaries who may consider interference with U.S. satellites.

Research should focus on the following areas: 
•  Improvement of object characterization from data types/sets available from current sensor suites
•  Development of algorithms which identify signal  satellite of origin and correlate that data against known space vehicles, establish country of origin and allow for fusion of data to determine the purpose of the space vehicle and determine potential threats to Blue Force assets
•  Development of architectures which support real-time/near real-time processing of sensor data for object characterization and automatic cataloging of satellite data

PHASE I: Design architectures which support real-time/near real-time processing of sensor data for object characterization and automatic cataloging of satellite data.

PHASE II: Develop a prototype system that implements the Phase I designs, and demonstrates/validates the prototypes performance using representative SIG-INT datasets.

PHASE III DUAL USE APPLICATIONS: The resulting system will support space situation awareness, which has both military and commercial applicability.

REFERENCES:
1. D. Torrieri, "Statistical Theory of Passive Location Systems," IEEE Transactions on Aerospace and Electronic Systems, vol. AES-20, no. 2, pp. 183-198, 1984.

2. Linares, R; Crassidis, J.; Jah, M, “Space object characterization via Multiple Model Adaptive Estimation”, 17th International Conference on Information Fusion, 2014.
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TECHNOLOGY AREA(S): Information 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: New design techniques needed to improve manufacturability of TWTs for high frequency, VW/E-band, high data rate RF communications. High power amplification needed with improved efficiency to reduce operation power requirements, improve reliability.

DESCRIPTION: Traveling Wave Tube Amplifiers (TWTA) are a well-established technology at low and even mid-range RF frequencies. Design and development becomes difficult at VW band frequencies due to the nature scaling of design dimensions with the higher frequencies.  Helix based designs, for example, do not scale well and place extremely demanding tolerance requirements on the mechanical design.  Slow wave based designs typically have reduced tolerance requirements.
Recently, some advances have been made in slow wave based designs such as coupled cavity designs.  Still, improvements are needed in efficiency, impedance matching, small signal gain and overall output power level performance.

This topic seeks an innovative TWT architecture that achieves high output powers with high efficiency while minimizing the unit cost and complexity. The developed solutions will need to meet the performance requirements of military standards for environmental ruggedness.

PHASE I: Perform trade space analyses of candidate technologies. Identify and design innovative TWT architectures and prototype proof-of-concept devices to give an indication of success of Phase II.

PHASE II: Perform detailed design and implementation of an innovative TWT architecture developed during Phase I. Develop prototypes for demonstrating proof of performance and achievable output power levels, both pulsed and CW.  The prototype performance will be verified through extensive testing of the design developed during Phase II with hardware in a relevant environment.  Characterize the prototype for possible Phase III transition.

PHASE III DUAL USE APPLICATIONS: The proposer will develop an innovative TWT for military/commercial aircraft and other platforms. Affordability will be a key focus for this application. A partnering with a commercial supplier can be established to ensure the transition.

REFERENCES:
1. Smith, Matthew, C.; Dunleavy, Lawrence P., “Comparison of Solid State, MPM, and TWT Based Transmitters for Spaceborne Applications,” IEEE, 1998.

2. Trew, R.J.; Shin, M.W.; and Gatto, V., “Wide Bandgap Semiconductor Electronic Devices for High Frequency Applications,” IEEE GaAs IC Symposium, 1996, pp 6-9.
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TECHNOLOGY AREA(S): Information 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: Software prototype that derives and visualizes assets through mission-level impact of space-based threats and spawns collection req., in form of differentiating events, to enable analyst to discern projected state is progressing toward fruition.

DESCRIPTION: The United States’ pivot to Asia introduces a paradigm shift in the way the U.S. military must now think about and prepare for potential conflict in the Pacific region.  In an anti-access/area of denial (A2/AD) environment, the space domain will be highly contested and will also serve as the United States’ primary means through which ISR data will be collected. Given the United States’ anticipated dependence on space-based assets, it will be paramount that the space operational picture (SOP) be robust, great advances have been made in space situational awareness (SSA). It will be equally important for our analysts to be able to translate what they see in that operational picture into how each situation will impact our assets and our ability to prosecute missions that are reliant upon those assets. Given the expectation that we will not be able to protect all of our assets, the need also exists to be able to project which of our assets will be targeted in a timely enough manner as to enable our analysts to prescribe courses of action that will afford the highest probability of survivability.  Design and develop a software prototype that derives and visualizes asset through mission level impact of space-based threats and spawns collection requirements, in the form of differentiating events, to enable the analyst to discern which projected state is progressing toward fruition.

PHASE I: Design a system capable of projecting which blue space assets are vulnerable to attack in a timely enough manner as to enable a prescribed courses of action to afford the highest probability of survivability to assets.

PHASE II: Develop a prototype system that implements the Phase I design, and demonstrates/validates the prototype's performance.

PHASE III DUAL USE APPLICATIONS: Both military and civilian to determine space awareness and threat to missions, facilitate orbital decisions and understanding of the consequences of courses-of-action and spacecraft design.

REFERENCES:
1. C. L. Davis, “Space Dependence – A Critical Vulnerability of the Net-Centric Operational Commander," Naval War College Thesis.

2. M. Jiang, et. al., “A Scalable Visualization System for Improving Space Situational Awareness, “Proceedings of the Advanced Maui Optical and Space Surveillance Technologies Conference, 2010.

3. G.K. Rao, “Study on the Sustainability of Satellite Communication Systems Under Hostile Jamming Environment,” 2011 Annual IEEE India Conference (INDICON).
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TECHNOLOGY AREA(S): Information 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 and demonstrate an IT data mapping and archival system for the Robotic Laser Coating Removal Mapping System (RLCRMS) that preferably leverages an Air Force NIPRNET accredited system to offer greater decision-making ability for Air Force.

DESCRIPTION: As the largest portion of an aircraft, maintenance and sustainment (M&S) operations offer an ability to drive efficiencies, reduce costs, and increase aircraft availability (AA).  Currently, system program offices (SPOs) use a variety of tools to aid in their decision-making associated with M&S activities and timelines.  While some of these systems offer insight into the state of the aircraft, most are not coordinated or considered to be a holistic set of data or snapshot of the complete aircraft.  This often results in segmented or multiple rework M&S activities.  As the Air Force enterprise moves toward greater focus on automated IT (AIT) and drives toward reliability-centered maintenance (RCM) and condition-based maintenance plus (CBM-plus) environments, the capability to cross-reference and coordinate data is critical.  This topic concept focuses on developing and demonstrating a 3D visualization mapping and archival capability for the RLCRMS, preferably using tools that currently exist and which are approved for deployment across the USAF IT network.   By providing this mapping capability to the RLCRMS via the Air Force network, it will allow SPOs to gain access to streamlined data and drive enhanced M&S decisions based on actual conditions of aircraft.  This will also serve as a test case for piloting 3D visualization mapping capability across other systems used to maintain aircraft.

The RLCRMS is used to strip paint and coatings from aircraft during programmed depot maintenance (PDM) cycles. The RLCRMS uses a system of highly precise laser ablations to selectively remove coatings. This results in far less pollutants and generated wastes than conventional chemical and media stripping methods. Since the Air Force is moving to a CBM-plus strategy for aircraft and fleet management, there is a long-term desire to only strip coatings on aircraft in areas that require maintenance. To realize this goal, the Air Force needs to 3D map and archive areas that have been stripped and non-stripped per asset. Storing this information will also enable the Air Force to track and trend these locations over time and across PDM cycles. 

The preferable use of existing technologies/systems that are already approved for deployment across the Air Force IT network would make the RLCRMS data mapping and storing capabilities more powerful.  This will allow any active and archived information to flow between and within SPOs and maintenance organizations.  Ultimately, this will provide greater decision-making ability and more asset and aircraft condition awareness while promoting predictive diagnostics and analysis.

PHASE I: Conduct initial assessment to determine how RLCRMS data can be visually mapped and archived.  This technical review will include the IT architecture, file formats, import/export capability, linking systems, etc.  Phase I shall conclude with a report that includes details related to this assessment and how (if) these capabilities can be built and integrated with RLCRMS and the proposed time line.

PHASE II: During Phase II, development of necessary code to visually 3D map and archive RLCRMS data shall be performed. Middleware code development may be required for linking systems. Phase II shall conclude with a proof of concept showing the data mapping and archival capability with any IT links. The final deliverable for Phase II shall be a proof-of-concept report that details the activities completed what the expected Air Force operation improvements will look like for the RLCRMS once in use.

PHASE III DUAL USE APPLICATIONS: The collaborative tool kit resulting from Phase II shall be demonstrated in a working environment.  A SPO sponsor must be engaged and the tool kit shall operate for at least six months. Functionality, ease of operation, and generated data applicability shall be assessed with SPO personnel.

REFERENCES:
1. http://www.nrec.ri.cmu.edu/projects/ctc/.

2. IEEE Transactions on Geospatial and Remote Sensing, April 2015, pp. 2137-2145.
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TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop information synthesis algorithms that increase unmanned aircraft systems (UAS) situational awareness during SAA activities in the terminal airspace (TA).

DESCRIPTION: The Air Force is currently interested in algorithms that will enable seamless UAS integration into the national and military airspace. Terminal Airspace (TA), where the pilot is in contact with either tower control, approach control, or departure control, is an especially congested environment for aircraft. Operations in the TA are time critical, detail sensitive and conducive to task saturation. Increased automation has the potential to reduce operator workload and improve UAS response time, making it possible for UAS to perform more like manned aircraft. Thus, the development of embedded real-time algorithms that increase UAS situational awareness in the TA is critical for successful integration of manned and unmanned systems.

Current airborne SAA systems under development at AFRL are not designed to work in the congested TA. The onboard electro-optical and RADAR sensors have a limited field of regard that prevents them from capturing the complete picture of aircraft around them. There are many common situations in the TA that would inappropriately trigger an avoidance maneuver in today’s SAA systems. Additionally, onboard sensors, for example RADAR, may be less useful at lower altitudes where ground clutter may cause false alarms. Preliminary research shows that some changes and additions to current algorithms will be necessary for UAS to perform SAA in the TA.

One such addition is the ability for a UAS to synthesize information from information sources outside its own sensor suite. There is a wide variety of information that can be used for this function including, but not limited to, air traffic control communications, airport ground radars, automatic terminal information service (ATIS), notices to airmen (NOTAMS), ground-based SAA  (GBSAA) systems, weather reports, or information from airborne warning systems.

There are significant challenges to be overcome in this research. Synthesizing information from non-redundant sources may be a challenge when the information is conflicting, provided in different formats, and issued on different schedules. It is imperative that the system can determine which data is valid at any given time, which may change based on phase of flight/altitude and environmental conditions such as day/night, and weather. Additionally, using the synthesized information in a meaningful way to enhance the SAA operational capability and safety is a challenge.

Successful information synthesis will use information from one or more off board sources combined with onboard sensor data to provide the UAS SAA system with a snapshot of the current situation that will enable safe and efficient operation in the terminal airspace.

PHASE I: Research, develop and demonstrate the feasibility of information synthesis (IS) algorithms for providing increased situational awareness in the TA. Use transcribed ATC communications to demonstrate enhanced SAA in the TA. The IS system should provide the operator with a snapshot of the status of other aircraft in the TA. Demonstration should consist of computer modeling, analysis and simulation.

PHASE II: In this phase, the information synthesis algorithms developed in Phase I will be further developed and may be expanded to include other types of off-board data. In phase II, data uncertainties and conflicting information should also be considered.  A Phase II demonstration should be conducted in hardware-in-the-loop simulation.

PHASE III DUAL USE APPLICATIONS: For both military and commercial, manned and unmanned aircraft, the information synthesis algorithms enable increased situational awareness for the pilot/operator as well as increased safety during terminal operations.

REFERENCES:
1. UAS Task Force, Airspace Integration Integrated Product Team, "Department of Defense Unmanned Aircraft Airspace Integration Plan," March 2011.

2. Stottler, Richard, Schwartz, Bonnie, and Jensen, Randy, "Intelligent Pilot Intent Analysis System Using Artificial Intelligence Techniques," AIAA InfoTech@Aerospace 2012 Conference Proceedings, Garden Grove CA, June 2012.

3. Wei, Jerome, "Autonomous Control of UAS Ground Operations in the Terminal Area," AUVSI Unmanned Systems 2015 Conference Proceedings, Atlanta GA, May 2015.
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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 and implement new methods for rapid and reliable forensic investigation and identification of counterfeit electronic components.

DESCRIPTION: Among the most serious and urgent issues for the defense and intelligence communities are the presence in the supply chain of counterfeit electronic components, some of which are used in mission-critical applications. Despite numerous concepts and strategies to reliably detect these components that have been pursued, a proven, practical and streamlined solution to the problem still remains elusive. 

In general, methodologies exclusively based on electrical characterization lack the required throughput, while those mainly relying on visual screens typically fail to provide the required level of certainty. Moreover, other technologies that have involved embedding features within the component to prove its authenticity when interrogated tend to reduce component performance. This topic, thus, seeks new innovative methods to identify counterfeit electronic components that would overcome the limitations of prior and current methods. The selection of methodologies should result in: a) high confidence in identification of counterfeits; b) low capital equipment and operational costs; and c) high throughput.

PHASE I: Identify one or more concepts or approaches to identify counterfeit components, and compare the attributes of the approaches with existing methods and capabilities. Down-select a subset of the approaches and show a rudimentary proof of concept on one or more case studies. Approaches should be focused on, but not limited to, identification of counterfeit integrated
circuits/circuit boards.

PHASE II: Further develop the chosen concept and demonstrate its practicality in a prototype trial, and optimize the technology from the aspects of speed of use, accuracy, versatility, cost, deployability, and minimal adverse effect on the components future performance.

PHASE III DUAL USE APPLICATIONS: Military and other industries are similarly affected. Auto industry, commercial aircraft manufacturers; domestic retail would benefit from being able to weed out counterfeit parts quickly and accurately.

REFERENCES:
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OBJECTIVE: Develop and demonstrate a high performance (greater than 200 Wh/kg), fail-safe, multifunctional battery integrated into small arms protective insert (SAPI) hard body armor plate for improved weight reduction on the dismounted soldier.

DESCRIPTION: This project supports multiple key performance parameter (KPP) and key system attribute (KSA) requirements from the battlefield air operations (BAO) kit's capability description document (CDD), with a focus on providing AFSOC battlefield airmen (BA) with improved power sources for dismounted missions.  A significant number of military assets, including multiple types of soldier-worn systems, rely heavily on power provided by rechargeable batteries.  As the capabilities of these systems increase, there is an ever-increasing need for batteries with more electrical energy/power.  Along with the increasing need for additional batteries to support these growing energy demands comes added weight and mounting space limits and restricted body movement for the dismounted soldier.  The BA can carry in excess of 30 lbs. of batteries, including BB-2590s, to support a single mission.  The DoD is currently developing conformal batteries that seek to address the space limitations and operator ergonomics, but which offer reduced ballistics protection when combined with soft armor kevlar packaging that has limited stopping protection.  Instead, the BA opt to use Small Arms Protective Insert (SAPI) plates because of their greater ballistics protection.  To further enhance the safety and protection of the warfighter, while seeking to provide further advancements in weight and space reduction without sacrificing energy storage, a more closely coupled solution is needed.   

An approach to meet this need is to design the rechargeable multifunctional battery (MFB) so that it becomes inserted and part of the hard SAPI body armor plates which provides the ballistics protection.  The batteries developed under this topic are expected to have shape-conformal characteristics or embedded into the body armor plating, with the design allowing the battery to be removable and replaced as necessary.  The MFB armor shall fit within the existing integrated SAPI pockets within the plate carriers used by BA without customization.  In addition, the safety characteristics shall be of utmost concern as this is a body-worn device, and shall include temperature control and fail-safe capabilities should a ballistics event occur.   

A safe and reliable charge/discharge capability shall be included with the battery design.  The MFB should be designed as a high performance energy storage module, providing a specific energy density greater than 200 Wh/kg and power density greater than 300 W/kg.  Successful demonstration will show a significant weight and space reduction on the soldier.  

Global environmental conditions must be considered, operating under a wide temperature range (-30 to +60 degrees C) and humidity conditions (0 to 100 percent).  Please note this topic is focused on development of a safe multifunctional battery, as well as the detachable integration with a hard SAPI body armor, not development on new hard SAPI body armor.  The technology should be applicable for use with new or existing hard SAPI body armor plates in Air Force and DoD inventory.  Integration with the side or back SAPI plates shall be explored in the design.  The connector type shall be the same as the BB-2590 since this is a potential replacement technology (i.e., female floating type per U.S. Army DWG # SC-C-179495), and battery technology compatible with new or existing BA power manager devices.

PHASE I: Design armored MFB that can provide high-performance (200 Wh/kg) ballistics protection.  Define performance parameters/integration constraints.  Demonstrate feasibility that the system has sufficient fail-safe capabilities, structural robustness, and energy/power efficiency to meet design metrics.

PHASE II: Develop prototype MFBs with a focus on integration and packaging as a multifunctional body armor battery. Optimize the technology for weight, volume, reliability and ruggedization supporting dismounted BA operations in the specified environmental conditions. Demonstrate and validate the ability to meet required performance and safety metrics. Ballistic testing shall be performed in accordance with MIL-STD-3027. Prototype batteries shall be delivered at conclusion of effort to TPOC for analysis.

PHASE III DUAL USE APPLICATIONS: Develop pre-production product capable of use with current BA electrical equipment and plate carriers.  The multifunctional battery shall successfully pass MIL-STD testing (e.g., high/low temperature, water immersion), demonstrating sufficient safety and technology readiness level for transition.

REFERENCES:
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OBJECTIVE: Develop electrical conductor that has >50% higher electrical conductivity per mass than comparably rated copper (Cu) or aluminum (Al) wires, with improved operability at higher temperatures (~500 to 600 degrees F) and superior mechanical properties.

DESCRIPTION: Electric wires and cables constitute by far the largest weight portion of aircraft electrical power systems, as well as a large fraction of an entire aircraft weight. Development of lighter weight conductors could substantially reduce this weight to improve aircraft performance. There may also be interest in improving performance at higher operation temperatures of 500 degrees F (for legacy aircraft) and up to 600 degrees F, since these temperatures can be typical for enclosed environments.

Traditional Cu or Al conductors may have limitations for some applications, such as very poor cycling fatigue and greater than 100 percent lower electrical conductivity as the operation temperature increases to greater than 400 degrees F. However, recent development of carbon-based conductors have shown promise and superior properties to Cu or Al, and especially up to 80 percent higher electrical conductivity at temperatures of 200-400 degrees F, and greatly superior mechanical properties[1-4]. Short length samples of 4-5 layer graphene doped with FeCl3 have achieved electrical conductivities approx. 9x10^7 S/m which is almost to the level predicted by theory (approx. 1x10^8 S/m) and 50 percent higher than Cu, while being 4.5x lighter than Cu [1]. These properties were reduced for longer piece length, e.g., four-layer graphene conductors have been manufactured in 100-meter lengths with electrical conductivity approx. 3x10^7 S/m which is almost the same as for Al, however is still about 30 percent lighter than Al [2].  In another approach, carbon-nanotube (CNT) forests were metalized with approx. 40-50 Vol% of Cu layers, and the composite conductivity-per-mass was 30-40 percent higher than Cu at room temperature and greater than 100 percent higher at approx. 200-400 degrees F[3]. Properties of CNTs are improving every year, however the electrical conductivities are still about 7-8x lower than Cu[4]. These approaches are providing impressive properties in lab-scale samples, however must also be achieved in conductors for km-lengths and high cross-section areas, to enable transmission of higher currents of up to 200 amps. Other approaches are of interest, if they can achieve improved properties. For any approach proposed, the technical and scientific issues of mechanically handling and bundling ultra-small or ultrathin conductors into high-amperage conductors can be a significant difficulty which must be addressed.

In addition to electrical conductivity, new conductors must have other useful properties, including high strength, pliability, and very low alternating current (ac) loss characteristics at low and high frequencies are desired for some applications. Successful concepts must ensure that wires are reliable and rugged enough for challenging environments and issues from prolonged use such as corrosion, wear and tear caused by chafing, wire fatigue, vibrations, rough handling, and other factors. Safety/health issues such as arc fires during failure are also important. Also, volume density must be considered, as a non-traditional wire could be lighter with equal resistivity but have larger diameter or cross section compared to Cu, which can increase the electrical insulation coating weight and support structures on aircraft such as conduit housings. For this topic, wire conductors less than 200 amps are of interest.

Demonstrate feasibility to deliver wire products with the best combined properties for Air Force applications. Properties of interest include temperature dependent electrical conductivity, flexibility, mechanical strength, conductor stability over time, wire fatigue, maintainability, and affordable life-cycle acquisition cost for present or eventual prototype-scale manufacturing. Teaming/collaboration with prime contractors/OEMs is encouraged to facilitate transition.

PHASE I: Using lab-scale processes, make samples of novel conductors less than 200 A and length at least 10 cm length that have higher mass-specific electrical conductivity than Cu or Al wire. Develop suitable metric and methods of measurements for reliable and objective comparison of the novel conductors to standard metal conductors (Cu, Al).  Develop business case/transition plan.

PHASE II: Design and fabricate prototype-scale equipment for long-length conductor manufacturing, and provide deliverables of conductors 1-10 meters long rated for current in the range less than 200 amps. Evaluate properties such as mechanical, uniformity as a function of length, fatigue and time-stability of such conductors, and determine whether they can meet military specifications. Refine business case/transition plan.

PHASE III DUAL USE APPLICATIONS: A multitude of aerospace vehicles will benefit from reliable, light-weight conductors that will improve fuel efficiency and increase payload capability. Other potential civilian users include law enforcement, rescue crews, and others who typically have to carry electronic equipment to do their jobs.
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	AF161-069
	TITLE: Physics-based airframe stress calculations at flow-separation dominated flight conditions for aircraft operational clearance, life prediction and inspection scheduling



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: More accurately predict performance, remaining life and inspection intervals for an aircraft by converting actual usage data at flow-separation dominated flight conditions into stresses on the structure via physics-based, aeroservoelastic simulations

DESCRIPTION: The process of determining initial or remaining aircraft structure life has not significantly changed in 50 years. It is still a highly manual and labor intensive process, individual steps are not easily integrated together, and the advantages of high performance computing have not been fully utilized. Recently, the Air Force Research Laboratory has produced a long-term vision, called Airframe Digital Twin[1], that is beginning to address these issues. This project will be one of the crucial early steps toward the Airframe Digital Twin vision. 

Several twin-tail fighter aircraft (past and present) have been angle-of-attack (AoA) limited in their early operational stages, due to either narrow- or broad-band buffet loads excitation on the vertical tails. Due to highly separated flows at larger AoAs, buffet loads require a Navier-Stokes fidelity computational fluid dynamics (CFD) simulation for the steady-state loads, followed by an Euler fidelity CFD simulation for the dynamic loads. In addition, many U.S. military aircraft (e.g., F-16, F-15, C-5, and A-10) are reaching or are already beyond their originally designed, fatigue lives. To identify their residual fatigue life or extend their fatigue life by retrofit, accurate loads spectra to perform fatigue analyses or ground fatigue tests on these aircraft is required. Physics-based models of crack formation and growth are also required, since empirical models based on a large database of historical crack formation and growth are helpful in detecting cracks, but lack understanding of, and insight to, the physics of how cracks are formed.

Aircraft life prediction and inspection intervals have traditionally been generated using empirical models applied to a single, standard aircraft usage profile for the entire fleet. These models are expensive to generate and update. The transition from event-based to real-time flight data recorders on individual fleet members provides Aircraft Structural Integrity Program (ASIP) managers with powerful new information to transition to individual life predictions and inspection intervals. However, ASIP managers currently lack a toolset and process to re-evaluate life and inspection intervals for an individual aircraft, flown by a unique pilot, carrying a particular payload configuration, and burning fuel throughout.

This toolset and process should receive the recorded flight data (e.g., aircraft states, control surface deflections, fuel level, stores configuration) as inputs. The real-time aeroservoelastic simulation must be physics based and capable of incorporating variation in pilot, vehicle mass/inertia, manufacture, and repair history. The process should produce an updated life prediction and inspection interval based on damage tolerance analysis which utilizes the more realistic and accurate dynamic loadings obtained from simulation.

PHASE I: Demonstrate feasibility for quantifying the impact of dynamic aeroelastic loads at flow-separation dominated flight conditions. The dynamic loads include both 1) surface pressures on the air vehicle and 2) big bone/component loads such as wing root bending. This task can be accomplished with a finite element model and an aerodynamics model derived from an outer moldline. Develop transition plan.

PHASE II: Integrate the capability developed in Phase I into a relevant 6-DOF vehicle simulation environment. Identify critical maneuvers/flight conditions via enhanced 6-DOF simulation and application of the resulting loads spectra to the air vehicle finite element model (AV FEM). Identify critical stress regions within the AV FEM. Establish correlation between these global hot spots and an individual structural component (e.g., vertical tail component) damage tolerance model. Refine transition plan.

PHASE III DUAL USE APPLICATIONS: The resulting capability has applications in both 1) prototype development activities and 2) service life extension programs.
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	AF161-070
	TITLE: Advanced Circuit Technologies for Reliable, Low-Cost, High-Temperature Electronic 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 conceptual designs and approaches that reduce the cost and increase the reliability of printed wiring boards (PWBs) and circuit subassemblies used for high-temperature electronic control assemblies in aerospace and engine applications.

DESCRIPTION: The thermal environment for advanced turbine engine controls, with ongoing capability improvements, is becoming more severe. High-speed propulsion, distributed power, and integrated high-power systems in development pose a difficult thermal challenge for electronic controls. Commercial wind power turbines, hybrid electric automotive, and integrated industrial motor component controls also face increasing thermal challenges. Research in high-temperature integrated circuits and discreet semiconductor devices that operate at 225 degrees C silicon on insulator (SOI) and up to 300 degrees C (SiC) are maturing in terms of capability and reliability for aerospace and commercial alternative energy and power control applications.  However, significant challenges to future implementation of high temperature electronics into new designs are subsystem are circuit board materials, fabrication, packaging and passive devices issues that result in high cost, low reliability, and poor durability of the system.  State-of-the-art (SOA) electronics employ PWBs that are fabricated with 130 degrees C glass-epoxy materials, eutectic solders, and lead free solders. Higher temperature 250 degrees C polyimide PWBs are not completely viable due to high moisture absorption.  Operation at 225 degrees C and above stretches the ability of the materials, assembly, and passive components to perform reliably over expected military system lifetimes.  Above 225 degrees C, non-standard alloys and materials are required.   SOA PWB fabrication for advanced 85 to 100 degrees C electronics depends on surface mount technology (SMT).   Use of large area through-hole component fabrication, large semiconductor packages, and ceramic PWBs for higher temperatures are current methodologies with acceptable performance, but have exceptionally high cost and potential reliability issues in the military environment.  Advancements in using high and low temperature co-fired ceramics are technologies that offer potential for electronic PWBs.  Passive methods that improve thermal stability are a technology that can also address high-temperature electronics.  Recent developments in solder less technology, additive manufacturing, and understanding of new material systems for electronic packaging will enable new approaches to reduce the cost and improve the reliability of high temperature electronics used in relatively low volume military applications. Investigation of approaches such as Occam (developed in 2007) can eliminate problematic solder interconnections, simplify routing designs, and improve thermal performance to achieve high reliability and cost-effectiveness.   Investigation of new materials, features, passive components, and additive manufacturing (AM) techniques is appropriate. Investigation of components and assembly techniques that can accommodate polymer, metal, and ceramic materials in building a solderless PWB assembly that employs high temperature materials in a cost-effective manner compared with conventional fully ceramic or hybrid (ceramic filled polymer) PWBs is desired.  Use of AM techniques in the process offer advantages in low volume military applications.  The developed techniques must be applicable to high temperature semiconductor devices/components, such as SOI and SiC that operate at 225 degrees C junction temperatures or above.  Accommodation of vibration and cyclic temperature excursions must be considered in the approach as well as the ability to outperform exiting SMT and TH approaches in the temperature and vibration environment.  Teaming/collaboration with OEMs/prime contractors in order to facilitate transition.

PHASE I: Demonstrate feasibility of applying advanced materials, components, and PWB assembly techniques to design, modeling, and fabrication of high temp PWBs for electronic controls technology including FADEC, fuel control, and aircraft power converter/control. Evaluate the improvements over the current SOA. Develop transition plan/business case analysis.

PHASE II: Develop a fully functional high temperature printed circuit board assembly with high-temperature semiconductors, passive components and related materials.  Select a relevant aircraft or engine component such as the FADEC, inverter/converter control, or fuel control system.  Demonstrate the technology in a relevant engine/aircraft rig under suitable environmental conditions. Refine transition plan/business case analysis.

PHASE III DUAL USE APPLICATIONS: Fabricate ground engine test electronic hardware for demonstration in relevant turbine engines or other aerospace vehicle application.
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	AF161-071
	TITLE: High-Speed Measurements of Flame-Stabilization Processes in Vitiated Augmentor Environments for Understanding Screech, Rumble, and Blowoff



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 a high-repetition rate technique to measure velocity fields (three-velocity components and all nine-strain rate components) in bluff-body flames with sufficient temporal and spatial resolution for understanding flame stabilization processes.

DESCRIPTION: Combustion instabilities such as screech[1-3], rumble[1-3], and blowoff[4] are critical engineering challenges in augmentor design and operation. These transient processes are coupled sensitively to the flame anchoring physics which can be controlled by flame-propagation or auto-ignition[5]. There is currently minimal understanding of the coupling of these two critical combustion mechanisms which may be a sensitive function of augmentor operating conditions particularly during intermittent transient events such as ignition, transition to screech, or blowoff. Furthermore, predictive modeling and simulation of these events require detailed understanding of the localized flame anchoring physics. Currently, quantitative high-speed measurement techniques for capturing flame anchoring processes have insufficient spatial resolution and dimensionality for fully capturing the temporally and spatially evolving processes. Therefore, augmentor design practices, operability, and sustainability will benefit significantly from advances in high-resolution measurement capabilities for quantifying flame anchoring mechanisms.

In particular, it has been shown that flame propagation is dependent on the velocity field in the vicinity of the flame, the fluid dynamic strain-rate, and the dynamics of turbulence. In addition to the velocity field, the proposed effort will require spatial and temporal determination of the fluid dynamic strain-rate tensor, which necessitates measuring how all three-velocity components vary in all three spatial dimensions. The proposed effort should develop and apply a technique for high-speed measurements of the three dimensional, three-component velocity field (3D3C). For small measurement volumes, tomographic particle image velocimetry (PIV) is well suited for this measurement[6]. However, for larger domains (> 10 mm per side) sufficient illumination of the measurement volume becomes challenging while the smallest resolvable spatial scales are severely limited at the high repetition rates required (10 to 100 kHz). Stereoscopic PIV provides a planar measurement of the three-component velocity field, but cannot capture the out of plane velocity derivatives required in this effort. Other velocimetry techniques could be employed including “seedless” measurements such as molecular tagging velocimetry although extension to three dimensions and three components is required. However, the proposed technique must be capable of implementation in time-varying combusting flows without influencing the flame physics[7].

The proposed technique should be demonstrated in a vitiated augmentor combustion rig of practical interest (2200-3500 F), with spatio-temporally resolved measurements of the three-component velocity vector field. Accurate resolution of relevant temporal and spatial scales must be demonstrated for understanding the influence of flame anchoring physics on transient augmentor processes including blowoff, screech, and rumble. These measurements will lead to a physics-based understanding of dominant flame stabilization modes over a range of operating conditions. The results of this program will be an improvement to the diagnostics available for such measurements, and flame anchoring physics analyses that would be valuable to augmentor designers for enhancing operability, reliability, and sustainability.

Teaming/collaboration with a prime contractor/original equipment manufacturer (OEM) is encouraged to facilitate transition.

PHASE I: Demonstrate three-dimensional, three-component velocity measurements (3D3C) in an atmospheric-pressure lab-scale reacting flow (2200-3500 F). Demonstrate sufficient temporal and spatial resolution and dimensionality for quantifying the influence of flame anchoring mechanisms on transient processes including blowoff, screech, and rumble. Develop business case/transition plan.

PHASE II: Further develop and apply the technology demonstration in Phase I to a vitiated bluff-body stabilized flame test rig of practical interest and relevance to augmentors. Develop, apply, and deliver hardware and advanced physics-based data analysis tools for understanding screech, rumble and blowoff in vitiated augmentor environments.

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

REFERENCES:
1. Smith, D.A., and Zukoski, E.E., "Combustion Instability Sustained By Unsteady Vortex Combustion," AIAA/SAE/ASME/ASEE Joint Propulsion ConferenceMonterey, CA (1985)

2. 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).

3. Soteriou, M.C., and Ghoniem, A.F., "The Vorticity Dynamics of an Exothermic, Spatially Developing, Forced Reacting Shear Layer," Proceedings of the Combustion Institute, Vol. 25, pp. 1265-1272 (1994).

4. Shanbhogue, S.J., Husain, S., and Lieuwen, T., "Lean blowoff of bluff body stabilized flames: Scaling and dynamics," Progress in Energy and Combustion Science, Vol. 35, pp. 98–120 (2009).

5. Lieuwen, T.C., "Unsteady Combustor Physics," Cambridge University Press (2012).

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

7. 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: thermoacoustic instabilities, lean blowoff, tomographic particle image velocimetry, high-speed combustion diagnostics


	AF161-072
	TITLE: Structurally Embedded Heat Exchanger



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: Demonstrate feasibility of combining a heat exchanger and structural wall of an aircraft propulsion inlet, fan and/or auxiliary fan stream case to reduce overall system weight and cold flow pressure losses while satisfying cooling requirements.

DESCRIPTION: Ongoing efforts are taking place to improve aircraft propulsion system performance with goals such as decreased fuel consumption, longer range and/or sustained high-speed flight.  To accomplish these goals, higher turbine temperatures and rotating shaft speeds, among other things, are necessary to reach required cycle efficiencies and thrust-to-weight ratios.  To obtain the necessary high temperatures, cooling of turbine blades beyond internal blade cooling is often required to maintain structural integrity. An approach to accomplish this is to provide cooled cooling air (CCA) into the first few stages of the high-pressure turbine (HPT).  To provide the cooling air for the HPT, CCA system heat exchangers are employed. Temperature control of various subsystems for both the propulsion system and aircraft are also prevalent within air platforms, most of which utilize heat exchangers.  The potential for providing heat exchangers for the aircraft’s power and thermal management system (PTMS) within the engine’s fan and/or auxiliary fan stream opens opportunities for increased cooing capability beyond current systems.

Available space for various accessories for both the aircraft and propulsion system is typically at a premium.  In addition, the weight of the accessories often comes at a penalty to system weight goals. Great measures are taken to find ways to reduce both size and weight, while providing the desired performance.  Heat exchangers typically attached to or within the engine, are no exception.  As there are numerous heat exchangers (e.g., air/air, fuel/air and fuel/oil) associated with the propulsion system and aircraft, reductions in weight can lead to overall system weight reduction.  One potential approach to accomplishing this is to combine a heat exchanger(s) with the engine structure. This means that the heat exchanger becomes a structural member and provides the heat transfer necessary to meet cooling requirements in the range of 30kW to 1mW, material temperatures range from 300 to 1600 degrees F and pressure losses of less than five to ten percent.  To become a structural member, the heat exchanger must be able to withstand structural loads, thermal and structural stresses, cycle fatigue, life, pressures, and temperatures required of typical engine casing.  The design must also cost effectively address reliability, maintainability and safety.  Material selection will be a key factor in the heat exchanger design, both structurally and manufacturability, in addition to having the appropriate heat transfer characteristics, such as thermal conductivity, fluid compatibility and similar coefficient of thermal expansion as the surrounding structure material.  From a heat exchanger performance viewpoint, having high volumetric effectiveness and appropriate level of heat rejection capability will be paramount. Other performance factors that come into play are surface area, heat transfer coefficients, flow rates and pressure losses that meet cooling requirements, as a minimum.  Additional considerations for heat exchanger design to be considered, but not limited to are, overall effectiveness, attachment mechanisms, plumbing connections, accessibility, maintainability, reliability, repairability, manufacturability, and cost.  Potential risks and mitigation approaches should be identified.

Coordination and/or partnership with an original equipment manufacturer (OEM), first tier subsystem company and/or weapons system company (WSC) in order to gain insight into realistic operational requirements (such as heat transfer medium(s), flow rates, temperatures, pressures, effectiveness, structural requirements, life, reliability, etc.) and constraints (size, weight, costs, potential installation locations, attachment methods, material compatibility, etc.) is highly encouraged.

PHASE I: Determine feasibility of an aircraft propulsion inlet, fan duct, and/or third stream fan case structurally embedded heat exchanger. As a minimum, identification of design features and properties (materials, structural needs, etc.) are an expected outcome. Develop business case/transition plan, and preliminary design with analytical details describing path forward.

PHASE II: Use Phase I results to develop a detailed design leading to the construction, test, and pre- and post-test result analysis of a sub- or full scale structural embeddable heat exchanger prototype. Identify methods to minimize size and weight while ensuring robustness and reliability for potential application in aircraft propulsion systems. In addition, identify development efforts required to advance the technology to Technology Readiness Level 6. Refine business case/transition plan.

PHASE III DUAL USE APPLICATIONS: Military application: Weapon systems that currently have propulsion system fan duct heat exchangers, and new weapon systems needing additional vehicle, subsystem and/or propulsion system cooling. Commercial application: Commercial aircraft, trucks and/or autos needing more cooling with little space.
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	AF161-073
	TITLE: Online Chemical Diagnostics for Fuel System Flows



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop diagnostic techniques and analytical instrumentation capable of characterizing the changing chemical composition of flowing jet fuels in thermally stressed environments representative of next-generation aircraft energy management systems.

DESCRIPTION: In advanced high-performance military aircraft, the fuel not only serves as the source of energy for the combustion process, but also serves as the primary coolant for all on-board heat sources.  As such, the fuel can experience heat loads and temperatures that result in oxidative, or under extreme conditions, pyrolytic decomposition. Such conditions result in compositional changes to the fuel and in the formation of gums, tars, and soot, all of which can lead to system degradation and poor performance, increase maintenance costs, and reduced system availability directly impacting force readiness.  As one of the primary tools for fuel chemistry research and technology demonstration, the Air Force Research Laboratory (AFRL) at Wright-Patterson AFB, OH, has been operating an Advanced Reduced Scale Fuel System Simulator (ARSFSS). As the name suggests, this rig simulates the engine and airframe fuel systems for an advanced aircraft. The ARSFSS is currently configured to simulate an advanced military fighter-type aircraft at 1/72 scale.  The ARSFSS is a unique system that permits evaluation of fuels and additives under real-world aircraft operational conditions. Not only is the ARSFSS capable of realistically simulating the flow, temperature, pressure and residence time profiles for a real aircraft fuel system, but it is capable of imposing these conditions on system hardware in real time with changes to flow, pressure, and temperature conditions following a pre-established mission profile.  In this way, the ARSFSS can "fly" missions sequentially over time.

The Air Force is interested in new, novel, and advanced diagnostics and instrumentation that can measure the compositional properties of aviation fuels under the real world conditions utilized in the ARSFSS rig or in actual modern high-performance military aircraft. Specifically, the diagnostic methods and instrumentation developed under this topic should measure the composition or specification of thermally-stressed kerosene-based fuels flowing through the rig or through an aircraft fuel system at elevated temperatures and pressures, and be capable of identifying relative changes in the fuel chemical composition as a function of time and/or temperature.

The current state-of-the-art (SOTA) for fuel composition measurement utilizes a wide variety of analytical techniques for detection of bulk and trace species.  Specific organic molecules (e.g., n-octane, cyclooctane, 2-methyl-heptane) in the bulk are often identified via chromatography and/or mass spectrometry, while classes of organic compounds (e.g., alkanes, alkenes, aromatics) can be measured with vibrational spectroscopy (infrared or Raman) via the detection of characteristic functional groups. Trace species, such as metals and dissolved O2, are frequently detected using electrochemical sensors.  Metals can also be detected via atomic absorption- or emission-based measurements. These analytical techniques have reached a high level of maturity for bench-level chemical analysis.
  
To go beyond the SOTA requires methods, diagnostics, or instrumentation capable of functioning in a high-temperature, high-pressure, flowing, chemically reacting environment. This is difficult for two reasons. First, while many analytical techniques are available off-the-shelf, this topic is only interested in methods that are adapted to make measurements in or from the harsh, high-temperature, high-pressure environment represented in the ARSFSS. Second, comprehensive characterization of fuel composition can involve compounds (or classes of compounds) that are present in large concentration, as well as, trace impurities (or classes of impurities) that drive important chemistry upon thermal stressing.  Examples of the latter include oxygenates formed from dissolved O2, reactive sulfur-containing compounds, and dissolved metals. No single analytical method may be sufficient to track both bulk composition and the various trace impurities.  Nevertheless, bulk and trace species are both of interest.

While not the only application for the desired technologies, the ARSFSS provides an excellent test-bed environment with realistic fuel system conditions that should be targeted in the research and development process.  Specifically, nominal conditions for the fuel flow are: 15-170 lb/hr flow rate through 1/4 inch OD and 3/8 inch OD tubing, at fuel temperatures between 250-500 degrees F, and with pressures between 400-500 psia.  Note: experiments are initiated with fuel temperatures near ambient with such conditions potentially serving as baseline conditions.  Measurements should not change the composition or properties of the main fuel flow.  However, diversion of a very small fraction of the flow (0.1 percent of the total) for sampling could be considered.  Solutions that rely upon optical access to the flowing fuel are also acceptable provided that the optical interface developed is compatible with the nominal operating conditions of the ARSFSS as noted above.  Desired time resolution for the measurements is one fuel composition measurement per minute or faster.

At this stage of research and development, size and mass of the diagnostic system is not a critical parameter; however, future application to actual aircraft systems will have strict size and weight requirements. Technologies that have no chance of miniaturization, while not excluded, will be considered less likely to support long range goals.
 
Offerors may request to participate in the installation and/or demonstration of prototype hardware in the ARSFSS located at Wright-Patterson AFB. The installation and demonstration of prototype hardware in the ARSFSS will be facilitated by AFRL personnel, and there is no charge to proposers for ARSFSS operations during the Phase II effort.

PHASE I: Phase I is a proof of concept demonstration of advanced diagnostic techniques and analytical instrumentation to measure the composition or specification of thermally-stressed kerosene-based fuels.  Demonstration of the concept at elevated temperatures and pressures that are relevant to next generation air platforms is expected (e.g., fuel flows at 250 to 500 degrees F and 400 to 500 psia).

PHASE II: Phase II is a further development with a prototype demonstration of the diagnostic under realistic ARSFSS or high-performance military aircraft fuel system conditions.  Deliverables include the instrumentation developed, schematics, operating manuals and instructions, and report documentation for the overall research effort.  Demonstration of the prototype’s capabilities in other areas of application that suggest successful application within an aircraft fuel system would be considered.

PHASE III DUAL USE APPLICATIONS: Phase III is a full-scale prototype demonstration of the advanced diagnostic techniques and analytical instrumentation.  Ground demonstration of the full scale prototype in a Government/industry facility that is used to research and develop aircraft subsystem components is expected.
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1. Robert W. Morris, Jr., et.al., "Evaluation of the Impact of Kerojet Aquarious Water Scavenger Additive on the Thermal Stability of Jet A Fuels," Defense Technical Information Center,  AFRL-RQ-WP-TR-2015-0014.
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	AF161-074
	TITLE: Durable Pre-cooling Heat Exchangers for High Mach Flight



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: Enable turbomachinery operation in excess of Mach 4 by pre-cooling the incoming air. Utilize modern materials, manufacturing, and design processes to design a durable pre-cooling heat exchanger.

DESCRIPTION: Throughout the past 50 years, there have been multiple efforts to develop a single air-breathing engine that is capable of thrust from takeoff up to Mach 4 speeds and faster. A major challenge in developing this capability is the hot air that is ingested at high Mach speeds. There have been attempts dating back to the 1960s to solve this problem by using a pre-cooler heat exchanger in front of the air compressor face to reduce the temperature of the incoming air. It is expected that high Mach flight will be growing in importance for the Air Force to execute its five core missions and that precooled propulsion could be an enabler for new platform capabilities. The objective of this topic is to mature the technology for a lightweight and compact pre-cooler heat exchanger for high Mach propulsion that uses turbomachinery.

No pre-cooling heat exchanger has ever been flown. The biggest difficulty is getting the heat exchanger light weight and compact enough to be practical for flight. In many industries, modern manufacturing has allowed for lighter weight components and unique geometries to be built.  This topic will leverage modern manufacturing techniques (e.g., additive manufacturing, friction stir welding, C&C milling, etc.) to develop a pre-cooler heat exchanger that is practical to be used in a propulsion system on a high Mach flight system. At the end of the Phase II, it is expected to fabricate a scaled prototype of the heat exchanger and conduct initial evaluation testing. Throughout this topic, it is important to address thermal integration for the necessary systems involving the heat exchanger.

Important attributes of pre-cooler heat exchangers (of roughly equal importance) that need to be addressed include durability, affordability, ability to integrate with propulsion and flight systems, scalability, manufacturability, impact on ground operations, material and manufacturing maturity, amount of pressure drop across the heat exchanger, and maintainability. The pre-cooler should be able to cool incoming freestream air to about 500 degrees F or cooler for flight conditions at altitudes above 55,000 feet. It is also expected the heat exchanger to be developed will have a specific power of at least 15kW/lbm.

Both Phase I and Phase II will consist of an appropriate level of design and systems engineering efforts to understand what it will take to fully develop the proposed solution. These efforts should address all issues but focus on the demonstrations that will be performed in Phase II. Modeling of the heat exchanger’s performance and its integration is needed throughout both phases to understand its potential. Recommend developing one or more reference vehicle platform designs for one or more Air Force core missions to show how the heat exchanger could enable that capability.

A letter of endorsement from a Versatile Affordable Advanced Turbine Engines (VAATE) participant is highly encouraged.

Commercialization of the pre-cooler heat exchanger involves integration of the pre-cooler into high-speed propulsion systems for DoD and/or commercial needs such as point to point cargo and access to space.  Commercialization of the heat exchanger can also be used for propulsion thermal management and terrestrial applications.

Remote access to the DoD Supercomputing Resource Center (DSRC) to cleared personnel will be made available if needed.

PHASE I: Conduct initial design of the pre-cooler heat exchanger with an emphasis on its integration and manufacturing.  Based on higher level platform requirements, derive requirements for the heat exchanger components that have early verification and validation. Develop plans for the Phase II fabrication and testing.

PHASE II: Fabricate a scaled prototype of the heat exchanger utilizing the proposed manufacturing approach. Conduct testing in a relevant laboratory environment. Develop and validate performance and lifting models based on the testing. Utilize this information to increase the understanding of how the heat exchanger integrates into a platform or platforms.

PHASE III DUAL USE APPLICATIONS: Phase III will focus on maturing the heat exchanger and beginning to integrate it into a full propulsion system and a vehicle platform.   Additional Phase III activities can consist of applying the heat exchanger and its manufacturing to other defense and commercial domains.

REFERENCES:
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	AF161-075
	TITLE: Automated Synthesis of Propulsion-Power-Thermal Architectures



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Establish a methodology to synthesize innovative architectures to explore and evaluate the full design space of next-generation aerospace propulsion systems.  This methodology should highly integrate propulsion, power, and thermal components.

DESCRIPTION: Next-generation military aerospace systems are difficult to design, with requirements (e.g., faster speeds, longer ranges, cost effectiveness) often driving solutions that include compromises for propulsion and vehicle systems.  Propulsion architectures have historically been dominated by the traditional assumptions (e.g., turbine engine Brayton cycle). Breaking this trend and developing alternative configurations of propulsion, power, and thermal components may be essential to solve challenges and meet future flight needs.  It is hypothesized that alternative configurations of propulsion, power, and thermal components can be formulated; constituting an unconventional architecture that may help solve these challenges (a simple example is inter-turbine burning).  The goal of this topic is to develop a software tool to conceptually optimize a propulsion architecture minimizing user assumptions.

Other engineering disciplines, such as the electronic industry, have shown the ability to aggressively seek innovative ideas and concepts through improved architecture development as shown in Refs. 4 and 5. This topic looks to leverage modern computing resources, optimization algorithms, and modeling techniques to synthesize propulsion, power, and thermal architectures, analogous to the electronic industry. At the end of Phase II, a design and analysis software tool for engineers is expected.

Inputs to the synthesis method must include user requirements, design objectives, and constraints.  These inputs include the context of the vehicle to be designed.  The method should be able to sort through many different combinations of architectures and find which best meet the defined problem.  The sorting process should be sufficiently broad to include architecture combinations that are infeasible.  It is desired that the method developed under this topic be used in conceptual design studies for future platforms for defense and commercial applications.
A main goal of these methods is to be able to search through architectures that may not be intuitive to designers.  This will include trading off different architecture components (e.g., compressors, heat exchangers, etc.) and the way they are laid out.  Allowing the user flexibility to define component parameters (e.g. compressor maps) is important to maximize the flexibility.  Integration effects with the vehicle shape and other internal systems need to be considered.  These can be based on simplified relationships but should allow the user to input additional data and relationships.

Important attributes (of roughly equal importance) of the synthesis method includes the ability to conduct automated trade studies, flexibility with defining a particular problem, portability between operating systems, ability to add in user defined models and data, ease of the graphical user interface, ability to be wrapped in modeling/design/analysis frameworks (e.g., Modelcenter, AML, etc.), and ease of interface to visualization methods.

There are many different propulsion, power, and thermal modeling tools available that could be leveraged for this topic.  Some example tools are the Numerical Propulsion System Simulation (NPSS) tool and NASA’s Generalized Fluid System Simulation Program (GFSSP). These current tools require a user to define the propulsion/power/thermal architecture.

The methods developed in this topic are to be put together into a design and analysis software tool.  This software should be able to run on a desktop high performance workstation and it is desired to be compatible across platforms (e.g., Windows, Linux).  The software should analyze at least 10 different propulsion architectures per minute with an objective of 100 per minute (assuming 2 processors).  The software needs to be designed to allow for a user with a background in aerospace propulsion to easily learn to use.

Commercialization opportunities of this topic include using the tool for aerospace design and technology development programs.  Other opportunities include commercial sales of the software tool to various aerospace companies, universities, and government agency.

PHASE I: Phase I will survey user needs to develop a set of requirements for the synthesis methods.  Using that information, an initial prototype of the synthesis method will be developed followed by initial testing for early requirements validation and verification.  To get to an initial prototype, it is expected that some trades studies will be conducted to ensure the best approach is being used.

PHASE II: The objective of Phase II is to have a completed tool based on the developed synthesis methods.  This will include using lessons learned from Phase I, further requirements refinement, and testing of the method.  The contractor should work with users to develop test cases for various types of military missions.

PHASE III DUAL USE APPLICATIONS: Phase III can consist of improvement to the synthesis methods and use of the methods in Air Force/DoD technology and concept development programs.  Phase III can also consist of commercial sales of the tool developed to use in commercial aerospace propulsion development.

REFERENCES:
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	AF161-076
	TITLE: Probabilistic Design of Fuel Thermal Management Systems



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: The objective of this research is to accommodate the variability and uncertainty of jet fuel properties during the design of next-generation thermal management systems for tactical aircraft.

DESCRIPTION: Propulsion-integrated thermal management solutions have emerged as a primary driver within the aerospace community.  The thermal management needs for next-generation air platforms are generally considered to be an order of magnitude higher than today's advanced systems, and the manner in which fuel is used as a heat sink within air platforms is expected to fundamentally change as the community moves forward.

The underlying reason for this foundational shift reflects a combination of factors that are simultaneously converging:  i) at least a 10X increase in the amount of thermal energy content to actively manage; ii) thermal management system approaches that are heavily-dependent on fuels and also require fuel temperatures in excess of 300 degrees F; iii) Air Force utilization of commercial-grade fuels which have a broader specification window than military-grade fuels such as JP-8; and iv) legacy design practices that assume perfect fuels and neglect real-world fuel-to-fuel variability in fuel properties and system performance.  This topic addresses factors (iii) and (iv) where current state-of-the-art (SOTA) modeling and simulation tools supporting system-level modeling and performance prediction, often utilized in performance phase-space trade studies, do not currently account for the real world variability of the jet fuel properties.  To extend beyond the SOTA, this topic is interested in modeling and simulation tools that are adaptable to the system performance studies, and provide for variability in important fuel properties and performance behaviors.  The fuel-to-fuel variation in constant pressure specific heat (Cp) is particularly troublesome from a thermal management perspective, as the measured variability across a range of Jet A fuel samples has been shown to exceed 15 percent.  This level of variability directly translates to a 15 percent uncertainty in thermal energy transfers and/or component temperatures in fuel thermal management systems, and at the present time, the community does not account for this variability in the design process.  Typical Cp values for a Jet A fuel are 2.0 kJ/kgK at 20 degrees C to 2.65 kJ/kgK at 180 degrees C (Aviation Fuel Properties, Coordinating Research Council, Inc., 1988).

The objective of this research is to accommodate the variability and uncertainty of jet fuel properties during the design of next-generation thermal management systems for tactical aircraft.  The development and validation of modeling and simulation capabilities that incorporate key fuel parameters is an integral part of the research effort.  Demonstration of the modeling and simulation capabilities to perform design space exploration of conceptual thermal management systems is required.  Evaluation of both the static and dynamic responses of highly-integrated thermal management systems to fuel property variation is also required.  The establishment of critical design parameters and guidelines for adoption within the community, and in particular the Government/industry partnership of Versatile Affordable Advanced Turbine Engines (VAATE), is strongly desired.

To successfully perform the work described in this topic area, offerors may request to participate in the installation and/or demonstration of prototype hardware in the Advanced Reduced Scale Fuel Systems Simulator (ARSFSS) located at Wright-Patterson Air Force Base, OH.  The installation and demonstration of prototype hardware in the ARSFSS will be facilitated by Air Force Research Laboratory (AFRL) personnel.  There is no charge for ARSFSS operations during the Phase II effort.

PHASE I: Phase I is a proof-of-concept demonstration of a modeling and simulation approach.  The ability to vary any combination of fuel properties (such as constant pressure specific heat) across a range of values within, and exceeding, specification limits is required within a representative thermodynamic model of a tactical aircraft thermal management system.

PHASE II: Phase II is a validation of the modeling and simulation approach.  A configuration description and experimental data for the ARSFSS will be provided during Phase II. It is expected that the modeling and simulation approach will be configured to simulate ARSFSS hardware and components, and a comparison of simulated and measured changes in fuel system performance attributable to fuel properties will be performed.

PHASE III DUAL USE APPLICATIONS: Phase III is a validation of the modeling and simulation approach at full scale conditions for both steady state and transient/dynamic modes of operation.  The utilization of government/industry facility data that is used to research and develop aircraft subsystem components is expected.

REFERENCES:
1. Robert W. Morris, Jr., et al., "Evaluation of the Impact of Kerojet Aquarious Water Scavenger Additive on the Thermal Stability of Jet A Fuels," Defense Technical Information Center, AFRL-RQ-WP-TR-2015-0014.
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	AF161-077
	TITLE: Fast Valve for Starting Hypersonic Wind Tunnels



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop a full-bore valve for air that is capable of opening quickly, sealing well against pressure, and with long fatigue life.

DESCRIPTION: The state of the boundary layer and where and when it transitions, can play a critical role in the survivability and controllability of hypersonic precision strike vehicles. Understanding the physics leading to transition will enable better prediction of boundary layer transition for strike vehicles.  This will enhance their survivability and may also reduce the amount of thermal protection needed, thereby increasing the payload mass.

Flight tests are often prohibitively expensive, so the majority of hypersonic boundary-layer transition research is conducted in ground test facilities. To best simulate hypersonic atmospheric flight and study boundary-layer transition in an affordable manner, uniform, hypersonic flow must be established quickly. One increasingly popular design for cost-effective, high-speed, super- and hypersonic wind tunnels is a Ludwieg tube. In this type of facility, a long tube is filled with pressurized gas. This gas is typically isolated from downstream, low-pressure components by means of a burst diaphragm(s) or a valve. To initiate the high-speed flow, the diaphragm(s) is ruptured, or the valve is opened. This allows the high-pressure gas to expand through the nozzle and accelerate to the desired speed. After the gas pressure in the low-pressure end of the tunnel rises sufficiently, the high-speed flow stops and only subsonic flow continues.

Although diaphragms facilitate a rapid startup of the tunnel, they can be costly and time-consuming since a new diaphragm must be installed before each run. Several Ludwieg tubes utilize a fast plug valve design to avoid diaphragms[1-3]. In this case, a plug located near the area of minimum cross-section is used to separate the high- and low-pressure regions. To operate the tunnel, the valve is retracted. Gas flows around the plug and expands and accelerates to the desired speed in the nozzle. A significant drawback to this design is that both the plug and the support hardware shed wakes that can disturb the downstream flow. A full-bore ball valve has been used to start at least one hypersonic wind tunnel[4]. This is a viable option only because that tunnel has sufficient vacuum volume to accommodate the slow actuation of the ball valve. Starting with a slow ball valve is undesirable because it leads to flow with continuously changing conditions, rather than providing step changes in steady conditions.

This topic seeks proposals to develop a full-bore, quick-opening valve suitable for starting high-speed Ludwieg tube wind tunnels. A candidate valve should open completely in 50 ms or less, be able to seal against 600 psi air at 450 degrees F, and have a lifetime of at least 50,000 cycles. The design effort should also include a finite element analysis of the valve components to ensure proper design and stress management. Dynamic analysis of the valve opening process should be conducted to ensure that the valve opening time is adequate and that the design is structurally sound.

Additional references may be available in the SBIR Interactive Topic Information System (SITIS).

PHASE I: Design and fully analyze a valve with a full bore unobstructed diameter of 10.0 inches, conforming to the above specifications. Construct a prototype and bench-test to demonstrate system operability and conformance to requirements. Deliver to the Air Force Research Laboratory for testing in its Mach-6 Ludwieg tube. The flanges should be 10-inch Class 600, and the actuator type can be whatever is desired.

PHASE II: Scale the design of the Phase I valve up to a 24-inch-diameter valve conforming to the above specifications. Analyze, fabricate, test, and deliver this valve for testing in the anticipated University of Notre Dame Mach-6 quiet wind tunnel. The flanges should be 24-inch Class 300, and the actuator should be pneumatic.

PHASE III DUAL USE APPLICATIONS: It is anticipated that other high-speed wind tunnels will desire such valves for operations. The design would also have application to gas guns and blast testing.  Additional demand may be found in the oil and gas industries where fast-closing valves can be useful for containment of explosions.

REFERENCES:
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	AF161-078
	TITLE: Integration of "Cold Atom" Technologies into Prototype for Use in Heavy Aircraft



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: Design and demonstrate a prototype compact "cold atom"-based guidance system (GPS-unaided) to be used in typical Air Force heavy aircraft environments.

DESCRIPTION: The military relies heavily on the Global Positioning System (GPS) for positioning, navigation, and timing (PNT), but GPS access is easily blocked by methods such as jamming. In addition, many environments in which our military operates (inside buildings, in urban canyons, under dense foliage, underwater, and underground) have limited or no GPS access. To mitigate these issues, various technologies were evaluated.  Cold Atom, recognized as a key technology in Defense Science Board’s report, “Technology and Innovation enablers for Superiority in 2030” (October 2013), showed potential in providing navigation guidance without external aids, at an accuracy greater than GPS. The Precision Inertial Navigation Systems (PINS) program developed an IMU that uses cold atom interferometry for high-precision navigation without dependence on external fixes for long periods of time. Atom interferometry involves measuring the relative acceleration and rotation of a cloud of atoms within a sensor case, with potentially far greater accuracy than today’s state-of-the-art IMUs. The remaining tasks are to ruggedize and miniaturize the system. While miniaturization is not necessary on heavy aircraft, it would provide a platform for early operation demonstration.

Cold atom uses a Bose-Einstein condensate and associated electronics to measure angular accelerations as the heart of an inertial navigation system. This is potentially useful in situations where Global Positioning System (GPS) satellite signals are not available or not usable. To achieve the condensate state, both physical cooling of the chamber and laser cooling of the atoms are required.  Current technology is too large and too heavy for use of cold atom in aircraft.  The Air Force and Navy have funded several efforts to improve and miniaturize components of the system. Note that the cold atom system must demonstrate accuracy at least equal to current GPS-aided inertial navigation systems. (Guidance accuracy includes bias instability, bias error, scale factor error, and noise.) 

Example requirements are bias stability of 1 micro deg/hr, angular random walk of greater than 10 micro deg/hr^(1/2), acceleration of 10 ng/Hz^(1/2) and sizes less than 10 liter in volume.  Solutions can be close to these notional requirements and trades can be performed.

PHASE I: Based on given requirements and the technologies already funded, design a cold atom system for use on heavy aircraft that will be at least as accurate as current GPS-aided inertial navigation systems. Prepare a functional diagram and identify all the interfaces. Prepare a bill of materials for the prototype device and identify the supplier of each component. Prepare a test plan for the system..

PHASE II: Build the prototype designed in Phase I. (Prototype may be developed with a representative software, but must be in a configuration that can demonstrate the operation and functionality of the key elements of the product.) Using the test plan from Phase I, show the prototype meets the requirements. Prepare a test report. Prepare a manufacturing plan and a preliminary bill of materials for an engineering unit/brass board that could be tested in one or more aircraft in a potential Phase III.

PHASE III DUAL USE APPLICATIONS: Manufacture a pilot production set of units that could be tested in one or more aircraft.  Also, explore the commercial uses of cold atom for missions such as highly sensitive quantum detectors, optic clocks, and/or meeting current and future mandates from the FAA.

REFERENCES:
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	AF161-079
	TITLE: Embedded Computing Cyber Testing and Assessment Methods



TECHNOLOGY AREA(S): Nuclear Technology

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 toolsets and metrics for cyber-security testing and vulnerability evaluations of embedded real-time computing systems.

DESCRIPTION: The Department of Defense (DoD) continually designs, acquires, and deploys best in class, highly complex and capable embedded systems.  Due to their often high cost, low-density, long development timelines, and the mission criticality of the services they may provide, DoD-embedded systems present highly attractive targets to our adversaries.  As the Air Force has embraced enhanced embedded system computing capabilities, in most aspects it has become increasingly vulnerable to multiple types of cyber-attack.  Recent studies have shown that legacy embedded software may not be assured to high enough degrees for its mission application.  In essence, software produced has historically demonstrated significant weaknesses in (or non-existence of) security and assurance requirements, possessed vulnerable implementations, and exhibited minimal verifiability.

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.

While vast resources have been invested towards preventing or identifying intrusions and anomalous behavior within our networked enterprise architectures, comparatively little has been done to enhance the mission assurance properties of our nation’s embedded computing systems, even as they operate in increasingly cyber-contested environments.  These embedded systems are subject to customized attack types for which classical signature and heuristic based malware detection approaches afford no meaningful protection.  Furthermore, even less attention has been paid to the development of toolsets and metrics for cyber-security testing and vulnerability evaluations of these embedded real-time computing systems.  State-of-the-art techniques of embedded computing cyber testing focus on software requirements traceability, tracking and executing software test cases to ensure requirements have been satisfied.  In some instances, limited amounts of automation have been employed to enhance this traceability by linking requirements to artifacts including test cases and source code.  These legacy techniques are necessary but insufficient for rigorous vulnerability identification in embedded software and computing systems.

Credible and accurate methods for cyber testing and evaluation of embedded software, devices, and associated embedded computing systems are necessary to guide mitigation investments and risk management.  The focus of this topic is to develop usable, provable, and repeatable toolsets and associated metrics for cyber-security testing and vulnerability evaluations, within the context of embedded, real-time computing systems in a segregated classified environment.  Architectural, specification, or implementation vulnerability or weakness metrics must account for not only the technological characteristics of the system but also their assessment relative to the cyber threat spectrum they face across their lifecycle.  Government-furnished information (GFI) will include system-specific cyber threat assessments and details of current embedded system cyber vulnerability assessment techniques. This toolset will advance the state-of-the-art by instilling rigor in the provability, correctness, and vulnerability identification and mitigation of embedded computing applications.

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

PHASE I: Develop a proof-of-concept for a cyber-security testing and vulnerability evaluation toolset and associated metrics, within the context of a selected real-time embedded system.  As a capstone deliverable, demonstrate the evaluation toolset on an embedded computing system prototype development board.

PHASE II: Mature and optimize the cyber-security testing and vulnerability evaluation toolset and associated metrics 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 evaluation toolset against the provided embedded computing environment.

PHASE III DUAL USE APPLICATIONS: Utilize the toolset and metrics to conduct a cyber-security testing and vulnerability evaluation against an assigned embedded computing system.  Provide toolset engineering support to a government-led RED team cyber assessment against an assigned embedded computing system.

REFERENCES:
1. MacDonald, Douglas G. et al. “CYBER/PHYSICAL SECURITY VULNERABILITY ASSESSMENT INTEGRATION.” United States: INMM, Deerfield, IL, United States (US)., 2011. Print.

2. AIR FORCE INSTRUCTION 63-125 NUCLEAR CERTIFICATION PROGRAM.

3. AIR FORCE INSTRUCTION 91-101 AIR FORCE NUCLEAR WEAPONS SURETY PROGRAM.

KEYWORDS: cyber vulnerability assessment, dynamic analysis, static analysis, binary analysis tools, software assurance, embedded system cyber security, cyber resiliency, cyber vulnerability mitigation, symbolic analysis, trace analysis


	AF161-080
	TITLE: Additive Manufacturing Techniques



TECHNOLOGY AREA(S): Nuclear Technology

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: Identify cost effective additive manufacturing techniques sufficient to prototype and produce future components supporting current and future ICBM programs.

DESCRIPTION: Additive manufacturing (AM) is a process where parts are “printed” a single layer at a time in an additive process rather than traditional subtractive machining process.  This additive process makes it easier to manufacture complex parts, especially those that have internal channels or other complex internal geometries.  It also results in less material waste since material is added to parts in a near net-shape fashion rather than removed from an initial material billet as is done with milling processes.  As a result significant cost savings can be achieved by reducing fabrication costs for complex parts and by reducing material waste.

The concept of additive manufacturing is not new.  Historically, AM has not been used for high rate production, but has been very effective in some prototyping programs.   However, it has not been until recently that the field has undergone a series of major advances in materials and manufacturing processes to the point where many fabrication machines and processes have become commercial products purchasable by most people.  The drawback of most systems available today for Air Force use is that they do not produce materials and parts with satisfactory materials or material properties demanded by weapon systems.

Benefits of additive manufacturing are many fold with benefits to the DoD community. Additive manufacturing would allow for the production of spares, many of which are no longer manufactured, in a cost effective manor on an "on-demand" basis. AM also provides the ability for combined parts manufacture or the ability to include additional functionality into parts.  For example, parts could be fabricated with high-Z materials to improve the radiation tolerance of the system without required add mass for shielding. Finally, parts can be fabricated as a single unit as opposed to multiple pieces/materials which require assembly. Complete single component end item manufacturing provides savings by reducing labor and materials costs while offering operational benefits by reducing maintenance through lower parts count, easier acquisition of spares, and reduced system weight.

The goal of this solicitation is to identify and develop cost effective additive manufacturing materials, processes, and techniques sufficient to prototype and produce future components supporting current and future ICBM programs.  Specific areas to address for maximum future benefit include reducing the cost to manufacture structural parts, reducing the mass or fabrication cost of complex components, or creating an in-house capability for depots and maintenance personnel to manufacture spares on-demand.  Also of interest are concepts for adding extra functionality to existing parts such as printed circuit boards with integrated shielding with the end goal of creating production parts which are inherently hardened without a requirement for additional external shielding to reduce parts count, material, and mass.

Regardless of the material, approach, or component proposed for improvement, the final product must meet or exceed all of the technical specifications of the current component or system i.e. structural loads, operating/survival temperature, radiation shielding, EMI/EMC, vacuum compatibility, launch/flight loads, storage requirements, etc.  In addition, the proposed approach must be able to comply with the Air Force Instructions provided in the Reference Section.  Demonstrating full compliance with these instructions is not required for the Phase I or II efforts, however, all materials, processes, and approaches must be compatible with these instructions.

PHASE I: During the Phase I effort, proposers shall identify current/future additive manufacturing capabilities and processes for multi-material components and/or additive materials offering RF/EMI/EMP shielding capability. Under Phase I, proposers shall develop approaches compatible with low-volume production and spare part fabrication. Hardware demos for proof-of-concept are preferred but not required.

PHASE II: Under Phase II, proposers will advance and mature concepts developed and/or demonstrated under Phase I with specific emphasis on manufacturing the identified parts, components, or subsystems.  Parts produced under the Phase II will be tested for comparison to existing parts to verify they meet the same standards as the replacement parts. Hardware delivery of the additively manufactured parts/components is expected at the end of Phase II.

PHASE III DUAL USE APPLICATIONS: Commercial: Many possible applications including printed circuit boards in electronics and structural components and spares for automobiles and aircraft.  Military: Build EMP-hardened hardware substantially cheaper than currently available and provide for long terms parts availability.

REFERENCES:
1. Gu Dongdong, Hongqiao Wang, and Donghua Dai. "Laser Additive Manufacturing of Novel Aluminum Based Nanocomposite Parts: Tailored Forming of Multiple Materials." Journal of Manufacturing Science and Engineering (2015).

2. AIR FORCE INSTRUCTION 63-125 NUCLEAR CERTIFICATION PROGRAM.

3. AIR FORCE INSTRUCTION 91-101 AIR FORCE NUCLEAR WEAPONS SURETY PROGRAM.
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OBJECTIVE: Support communications, imaging, and space weather missions with development of medium-length, high precision spacecraft booms with compact packaging and deployment with low-cost mechanisms.

DESCRIPTION: Several technologies supporting communications, imaging, and space weather missions require dimensionally stable booms in a size and precision range currently unaddressed by off the shelf products.  Low-precision booms are available in a wide range of lengths and offer favorable packing ratios.  High precision booms are available up to 40 meters but require larger packaging footprints and more costly deployment mechanisms.  Medium length, high precision booms that package compactly and deploy with low cost mechanisms are needed. These booms are needed to deploy and stabilize electrical field probes as part of a space weather suite or to support a tensioned phased array antenna as a compression column member.  The mission applications include ionosphere characterization, global gap-filler communications, and deep space radio frequency imaging from a Low Earth Orbit small spacecraft (10-100 kg class).  These boom elements are anticipated to be a significant cost to such missions. Therefore new low-complexity deployable boom concepts are needed that can be deployed reliable and repeatable on-orbit using minimal mechanisms and can be tested on the ground using straightforward approaches[1,2,3].

This opportunity is for a precision, dimensionally stable boom at least 10 meters in length that packages within a volume no larger than 10 cm x10 cm x 10 cm.  The boom must include provision for multiple shielded conductors for potential tip-supported instruments.  The preference is for embedded conductors, although other novel approaches are acceptable if kept to low cost and high reliability.  Also very attractive if technically feasible would be including a conductor along the boom length to function as an antenna without experiencing RF interference from the boom structure.  For a cantilevered configuration, all deformations including thermally-induced bending deformations must be kept within 1/10th of a degree tip deflection for temperatures plus/minus100 degrees C.  Also in a cantilevered configuration, the boom should be capable of supporting tip masses up to 100 grams while maintaining a fundamental frequency over 0.5Hz.  Boom performance should be compared to current state of practice using metrics such as the bending index[1].  System-level solutions are sought that include both the boom structure and the required deployment mechanisms.

PHASE I: The Phase I work should identify a boom architecture and prove the stiffness, deployment functionality, deployed precision, and estimated dimensional stability, and packaged volume feasibility of the concept. Hardware testing is encouraged.  Proposers should also begin to form partnerships with payload or prime contractors that have potential to transition into military satellite systems.

PHASE II: Refine and implement design from Phase I. Conduct comprehensive testing and analysis with focus on representative environmental and deployment testing and analysis/measurement to prove stiffness, deployment functionality, deployed precision, dimensional stability, and packaged volume. Include flight qualifiable aspects to the boom design where possible. Form strong partnerships with payload or prime contractors that have potential to transition into military satellite systems.

PHASE III DUAL USE APPLICATIONS: Supply the instrument booms for military nanosatellites. The tech developed with enable low cost and low SWAP deployables on many missions   Commercial: The system can be adapted for dipole antennas, antenna array structures, and instrument booms for commercial and academic nanosatellites.

REFERENCES:
1. Murphey, T., Booms and Trusses, Jenkins, C. (Ed.), Recent Advances in Gossamer Spacecraft, pp.1-43, Reston, VA, American Institute of Aeronautics and Astronautics, 2006.

2. Puig, L., Barton, A., and Rando, N., "A review on large deployable structures for astrophysics missions," Acta Astronautica, Vol. 67, 2010, pp.12-26.

3. Murphey, T., Francis, W., Davis, B., Mejia-Ariza, J., Santer, M., Footdale, J., Schmid, K., Soykasap, O., Guidanean, K., Warren, P., "High Strain Composites," 2nd AIAA Spacecraft Structures Conference, Kissimmee, Florida, AIAA 2015-0942, 5-9 January, 2015.
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OBJECTIVE: Develop a space-qualified L-band analog-to-digital converter.

DESCRIPTION: Satcom signals are presently digitized only over the frequency channel of use.  These channels are substantially narrower than the allowed frequency bandwidth.  When frequency hopping is activated to prevent jamming, frequency de-hopping capability must be available at each receive terminal.  The capability to digitize the entire frequency bandwidth will enable the frequency de-hopping capability to be activated at a centralized location.  Frequency hopping/de-hopping capability is a critical capability that, when placed in a forward deployed unit, can jeopardize the security of the system. Analog-to-digital (A/D) converters are needed for the downlink receive ground terminals. Digital-to-analog (D/A) converters are needed for the uplink ground terminal transmitters.  The dynamic range to mitigate the effects of jamming requires the Effective Number of Bits (ENOB) be 12.  The A/D sampling rate should have a minimum of 2.4Gsps at 3W with a SFDR of -70dBFS. The D/A should have a 4.8Gsps minimum conversion rate at 2.5W and a broadband NRP at -15dB. The devices must meet the DoD directive for trusted manufacturing. Additionally the devices should have a path to become radiation hardened.

PHASE I: Propose and model designs for an L-band A/D converter and D/A converter to meet the performance goals mentioned in the description.  Recommend a design for both an A/D and D/A converter to fabricate in Phase II, provide rationales for the recommended designs, and provide analyses to predict the A/D and D/A converter performances.

PHASE II: Fabricate and test the recommended A/D and D/A converter designs from Phase I.  Reiterate the design, fabrication and test of the A/D and D/A converters, if needed, to meet performance goals.

PHASE III DUAL USE APPLICATIONS: Digitization of the full Intermediate Frequency (I/F) bandwidth will enable remote processing, eliminating potential security concerns for forward deployed units using local processing.  A digitized bandwidth will result in improved data signal quality compared to present analog signals.

REFERENCES:
1. A.J. Vigil and Jarvis Hicks, “The Case for an All-Digital Military Satellite Communications Earth Terminal”, Military Communications Conference 2009, pp18-21, Oct. 2009.

2. Herald Beljour, Rich Hoffmann, Gerald Michael, Wayne Schoonveld, Joseph Shields, Imrul Sumit, Carl Swenson, and Andrew Wilson, “Proof of Concept Effort for Demonstrating an All-Digital Satellite Communications Earth Terminal”, the 2010 Military Communications Conference pp 2248-2252, 2010.

3. Todor Cooklev, Robert Normoyle, and David Clendenen, “The VITA49 Analog RF-Digital Interface”, IEEE Circuits and Systems Magazine pp21-32, 4th Quarter 2012.
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OBJECTIVE: Develop a ground-based GNSS Jammer Location capability utilizing a single GNSS receiver capable of estimating the position of a GNSS jammer within 100 meters, and estimating jammer position within 10 meters when networked with other sensors.

DESCRIPTION: Detecting and locating Global Navigation Satellite System (GNSS) jammers is a vital part of navigation warfare (Navwar), comprising the major thrust of Navwar Electronic Support (ES).  Effective jammer detection and location 1) enables alternative means to mitigate jamming (such as kinetic attack), 2) supports mission planning, and 3) increases situational awareness.

Although many effective techniques exist, they primarily rely on airborne equipment, using either high demand, low density assets or dedicated aircraft such as unmanned aerial vehicles (UAVs).  To enhance the future Navwar capabilities of DoD, a ground-based capability that can operate in urban canyons or mountainous terrain will provide a significant improvement to overarching Navwar capability.  In some cases, jammers may be deployed on mobile ground vehicles in an urban environment, making them difficult to detect and track.

Although the multiple signal replicas caused by GNSS multipath degrade position, navigation, and timing (PNT) accuracy, the effects of jammer multipath can be exploited to improve emitter localization.  Some recent research postulates that a single receiver can achieve a high degree of localization accuracy.  When multiple receivers are networked together, accurate tracking of a mobile jammer may be attainable.

This topic will apply multipath exploitation techniques to the problem of GNSS jammer detection and location.  The capabilities of a receiver both with and without a Controlled Radiation Pattern Antenna (CRPA) should be evaluated, as well as enhancements provided by networking two or more receivers together.  Expected performance in an urban canyon scenario should be evaluated, along with the required hardware and software necessary to implement multipath exploitation.  For purposes of this topic, the threat is a single 100-W mobile jammer located within 10 km of the user and radiating uniformly in the horizontal plane.  Furthermore, assume the mobile jammer uses blanking techniques to decrease its probability of localization.

Four alternatives should be evaluated:  1) a single GNSS receiver without a CRPA, 2) a single GNSS receiver with a CRPA, 3) two or more networked receivers without a CRPA, and 4) two or more GNSS receivers with a CRPA.  For each alternative, assess the location accuracy, cost (both recurring and nonrecurring), and suitability for integrating in a ground vehicle.

Proposers should clearly indicate in their proposals what government furnished property or information are required for effort success. Requests for other-DoD contractor intellectual property will be rejected.

PHASE I: Develop multipath exploitation techniques for GNSS jammer location utilizing both a single receiver (greater than 100 m accuracy) and networked receivers (greater than 3 m accuracy).  Assess the performance, cost, and suitability.

PHASE II: The selected proposer will design and build a brassboard prototype GNSS jammer locator using multipath exploitation for testing in laboratory and controlled field environments.

PHASE III DUAL USE APPLICATIONS: The selected proposer will integrate a prototype GNSS jammer locator into a representative ground vehicle. Military application: GPS user equipment segment.  Commercial application: Civilian (FAA) user equipment and FCC jammer/interference location.

REFERENCES:
1. O’Connor, P. Setlur, and N. Devroye, “Single-sensor RF Emitter Localization based on Multipath Exploitation,” IEEE Transactions on Aerospace and Electronic Systems, 10/28/2013.

2. Kupershtein, E.; Wax, M.; Cohen, I., "Single-Site Emitter Localization via Multipath Fingerprinting," Signal Processing, IEEE Transactions on , vol.61, no.1, pp.10,21, Jan.1, 2013.

3. S.D. Coutts, “Passive Localization of Moving Emitters Using Out-of-Plane Multipath,” MIT Lincoln Laboratory Technical Report 1046, 30 September 1998.
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OBJECTIVE: Develop advanced VHF/UHF inter-satellite radio network utilizing dynamic spectrum access and non-directional antennas to achieve 1-2 Mbps average data rates, providing GPS autonomous navigation and near real-time command and control (C2).

DESCRIPTION: Crosslinks have been an integral part of GPS satellites since the early days of the program.  With the Block IIR satellite, the role of the GPS crosslinks expanded to include an Autonomous Navigation (Autonav) capability.  By using crosslink ranging and onboard computation of ephemeris and clock states, the Block IIR satellites have the ability to maintain accuracy for a specified period of time after loss of contact with the GPS control segment. Original plans for GPS III included directional crosslinks at a much higher frequency to support new capabilities.  A fully populated GPS III crosslink network would have provided control of the constellation from a single Continental United States (CONUS) ground antenna, zero age of data availability with a single upload, and near real-time command and control.  Due to the high Size, Weight, Power, and Cost (SWAP-C) of the directional crosslinks, this capability was deferred from the first ten GPS III satellites.

The current UHF/VHF crosslinks have a few advantageous features, such as low SWAP-C and non-directional antennas that simplify the network architecture.  The primary disadvantage of UHF/VHF is the crowded spectrum, where GPS is a secondary user that must operate on a non-interference basis. New techniques in cognitive radio and Dynamic Spectrum Access (DSA) may permit reconsideration of UHF/VHF for enhanced GPS crosslinks.  Fortunately, research into utilizing the television “white space” as permitted by the Federal Communications Commission (FCC) may yield applicable techniques and technologies that can be exploited for GPS crosslinks.

This topic is focused on assessing the feasibility of enhanced UHF/VHF crosslinks for GPS using cognitive radio and DSA.  The objective is to provide a 1-2 Mbps average data rate while ensuring that GPS crosslinks do not interfere with other users in the band.  Using the existing crosslink antennas on GPS, the crosslink architecture should include spectrum sensing and Dynamic Frequency Selection (DFS) to utilize the band on a non-cooperative basis with other users of the band.

PHASE I: Create a model of existing UHF/VHF spectrum utilization in the Medium Earth Orbit (MEO) environment.  Develop an architecture, operational concept, and preliminary design for enhanced GPS UHF/VHF crosslinks, to include DSA technologies, network architecture, spectrum sensing, and information assurance.

PHASE II: Demonstrate enhanced UHF/VHF crosslinks with brassboard hardware and simulated interference environment.

PHASE III DUAL USE APPLICATIONS: Develop prototype UHF/VHF crosslink payload, suitable for flight experiment testing.  Commercial:  Application to commercial satellites and/or terrestrial use.

REFERENCES:
1. P. Brodie, “Evolution of the GPS Navigation Payload – A Historical Journey,” Stanford Center for Position, Navigation & Time (SCPNT), October 2009.

2. Sonntag, Henry E., "Block IIR UHF Crosslink Enhancements Study," Proceedings of the 1997 National Technical Meeting of The Institute of Navigation, Santa Monica, CA, January 1997, pp. 819-828.

3. Shellhammer, S.J.; Sadek, A.K.; Wenyi Zhang, "Technical challenges for cognitive radio in the TV white space spectrum," Information Theory and Applications Workshop, 2009, pp. 323,333, 8-13 Feb. 2009.
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OBJECTIVE: Develop algorithms to enable rapid cataloging and characterization of space objects in support of space system threat indications and warning.

DESCRIPTION: Effective space control and situational awareness require continuous and accurate tracking of space objects with a limited number of sensing platforms. The Air Force Space Surveillance Network (SSN) is a critical foundation of U.S. space operations. It is a network of sensors scattered across the globe which provide both tracking and identification data on objects in Earth orbits. The SSN provides the information to the Joint Space Operations Center (JSpOC), which has the mission to detect, track, identify, and catalog all man-made objects in Earth orbits. Approximately 500,000 individual observations are collected each day by the SSN. The SSN observations are used to maintain the satellite catalog, predict atmospheric re-entry of space objects, catalog new launches, detect satellite maneuvers, and safeguard important satellites, such as the International Space Station. Due to uncertainties in position determination and the inability to track objects continuously the problem of maintaining situational awareness of all space orbiting objects is challenging. 

Improved methods to process both catalog and raw sensor data for enhanced threat indications and warning are needed. On a daily basis observed objects must be correlated with objects within the space catalog, accurately characterized, and potential threats identified. Due to orbital decay, maneuvers, and the generation of new objects there is a high degree of uncertainty in the characterization of space objects and a need exists for the timely and accurate cataloging of objects. A number of algorithmic techniques are used to correlate observed objects with catalog objects and provide catalog updates. Due to uncertainties the processing of uncorrelated targets is a time consuming and challenging problem. With the rise of multi-sensor fusion and exploitation techniques an opportunity exists for obtaining improved comprehensive and continuous space domain awareness of activities, systems, and the environment. There is growing demand for the development as well as the verification and validation of the emerging decision support algorithms and systems toward space catalog processing which will lead to enhanced situational awareness. To compound the technical challenges, any uncertainties in sensor models, object identification templates, or object motion models may cause significant degradation in the tracking accuracy of the existing state-of-the-art methods such as Joint Probabilistic Data Association Filter (Joint PDAF), Joint-Belief PDAF, and Interactive Multiple Model PDAF. 

The focus of this topic solicitation is to address the problem of cataloging and processing of satellite objects with an interest in improved space event indication and warning. Improved algorithms and methodologies are sought which will improve correlation of observed objects with cataloged objects. Innovative solutions are sought for efficient filtering implementation for both cataloged and raw sensor data and determine space systems threats along with their probability of detection.  Solutions which fuse observation data with intelligence community data and environmental data will be of particular interest.  In addition algorithms that derive warnings from indications will be considered.  Fused output should factor in confidence levels and their associated timeliness.

PHASE I: Using representative space catalog and raw sensor data develop and demonstrate a set of algorithms that would provide rapid correlation of observed objects for improved threat indications and warning. Techniques should demo improvements in uncertainty and demonstrate scalability. Demonstrate a proof-of-concept within the JSpOC Mission System (JMS) ARCADE testbed.

PHASE II: Using an array of space catalog and raw sensor data, develop and demonstrate a set of algorithms within the JMS environment that would provide rapid correlation of space threat indications and warning. Techniques should demonstrate improvements in uncertainty and demonstrate scalability. Demonstrate a robust proof-of-concept within the JMS ARCADE environment.

PHASE III DUAL USE APPLICATIONS: Targeted technologies would be matured through the Space and Missile Systems Center and Air Force Research Laboratory-led ARCADE effort.

REFERENCES:
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OBJECTIVE: Develop low-cost, low-mass thermal management solutions to address the high heat flux and temperature of next generation GaN power amplifiers or phased arrays.

DESCRIPTION: Current thermal management of solid-state power amplifiers (SSPAs) in space is limited in its ability to spread power densities from the channels of active power amplifier devices to the large area thermal radiators required for ultimate rejection of heat to space. Current power densities at the bottom of the power amplifier device can exceed 62 W/cm2 and are expected to climb to values greater than 1400 W/cm2 in the next five to six years.  At these extreme heat fluxes and temperatures, it is apparent that a new generation of thermal management is required to bridge the gap between future requirements and the capabilities of our current systems.

The introduction of GaN power amplifiers affects the thermal control system from source-to-sink, and innovative tech solutions at any point in the thermal control system will be considered. GaN technology provides a number of system level benefits (e.g., reduced volume/mass) if the thermal subsystem design can take advantage of the increased operating powers and temperatures.

Future GaN power amplifier devices will operate at temperatures in excess of 150 degrees C and will exceed power densities of 1400 W/cm2 (600W over 0.635 cm x 0.635 cm). Current spacecraft thermal management systems are not currently able to handle these extreme temperatures and power densities. Traditional heat transport devices are limited to approx. 6W/cm2 and temperatures below 80 degrees C. Proposed technology solutions should seek to minimize the resultant temperature drop such that the radiator operates at peak efficiency. Due to the biquadratic nature of radiation heat transfer an increase in radiator temperature directly equates to reduced radiator volume and mass.

Proposed tech solutions shall operate in a space environment (vacuum and no gravity), as well as on Earth in any orientation with respect to gravity for ground testability.  The solution must operate over the temperature range of -20 to150 degrees C and must survive a temperature range of -60 to 150 degrees C.  In addition, please be sure to address the thermal induced stress on the tech solution after thermal cycles in a specific application as this will vary depending on the mission.  The solution shall be a passive design, no power required to meet performance requirements.

PHASE I: Develop conceptual designs of the hardware based on preliminary analysis. Demonstrate by analysis and/or test the feasibility of such concepts and that the approach can meet all of the performance requirements stated above in the Phase II development effort.

PHASE II: Demonstrate the technology developed in Phase I. Tasks shall include, but are not limited to, a demonstration of key technical parameters that can be accomplished and a detailed performance analysis of the technology. The culmination of the Phase II effort shall be at least one prototype delivery for validation testing. Teaming with a prime contractor is highly recommended, as it speeds tech transition.

PHASE III DUAL USE APPLICATIONS: Thermal control technologies developed for use aboard DoD satellites are equally applicable for use on commercial satellites, as well as any number of terrestrial electronics.

REFERENCES:
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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 and test candidate front-end exceedance generation processing algorithms which may be employed in the mission data processing of wide field-of-view (WFOV) Overhead Persistent Infrared (OPIR) data.

DESCRIPTION: The Air Force has a WFOV program with a goal of proving out an effective ground mission data processing capability for large format sensor data. Of most importance here is real-time processing of large format image data. Relevant sensor data includes starer data in the SWIR, MWIR, SWIR-STG (see-to-ground), and MWIR-STG bands, as observed from geosynchronous orbit on a 4k x 4k focal plane recorded at less than 10 Hz frame rate.  It's anticipated that mission data will be downlinked and routed to Space and Missile Systems Center's Falcon Shield algorithm research facility for processing on workstation class computing resources with available GPU acceleration. The proposer may offer to build algorithms in one or more areas of the front-end exceedance generation processing:  1) tiling and windowing, 2) noise suppression, 3) jitter suppression, 4) clutter suppression, 5) thresholding and buffering, and/or 6) exceedance formatting. Developed algorithms shall pursue real-time operation on supplied datasets. It's likely that the most successful approaches will demonstrate by direct comparison how to extend/reformulate current state-of-the-art algorithms toward more efficient computational performance when operating on large format datasets.

PHASE I: In this phase, the proposer is asked to prototype algorithms in one or more of the following areas of the front-end exceedance generation processing:  1) tiling and windowing, 2) noise suppression, 3) jitter suppression, 4) clutter suppression, 5) thresholding and buffering, and/or 6) exceedance formatting. Prototypes may be in MATLAB or any other form that can demonstrate processing potential.

PHASE II: In this phase, the algorithm(s) will be inserted into an overall architecture and tested using real-time WFOV data from the space vehicle.  The contractor will program the candidate algorithm(s) in C++ to meet a government furnished API and will participate with a government team in evaluating effectiveness.  Based on results, the team may choose to alter/tune the algorithm(s).

PHASE III DUAL USE APPLICATIONS: Certify and transition algorithms relevant to the operational system into the WFOV Mission Control System (MCS) to be completed in the 2021 timeframe. Adapt algorithms and market as appropriate to commercial ISR satellite operators.

REFERENCES:
1. NGA STANDARDIZATION DOCUMENT, OPIR Level 3 Standard, Representative Return Data Model, 2011-05-03, Version 1.0.  Online at http://www.gwg.nga.mil/documents/ofg/OPIR_Level_3_Rep-return_Data_Model.doc.

2. Commander’s Handbook for Persistent Surveillance, Version 1.0.  Available online at http://www.dtic.mil/doctrine/doctrine/jwfc/surveillance_hbk.pdf.

3. DSP fact sheet. Online at http://www.losangeles.af.mil/library/factsheets/factsheet.asp?id=5323.

4. SBIR fact sheet. Online at http://www.losangeles.af.mil/library/factsheets/factsheet.asp?id=22323
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OBJECTIVE: Develop an integrated code base suite and a tool set that can generate high-performance, hardware platform-specific code.

DESCRIPTION: The Air Force and the space community need a modern space processor for missions in 2020-2030 that processes large volumes of data with sophisticated algorithms.  Overhead Persistent Infrared (OPIR), radar, hyperspectral, and hyper-temporal concepts being studied today envision real-time computer systems for signal and image processing applications.  They typically require low latency and high throughput of application processing, efficient utilization of system resources (compute, memory, bandwidth), low form factors (size, weight, and power demands), affordable software costs (code size, re-use, portability) and high autonomy.  The Next-Generation Space Processor study funded by the Air Force Research Laboratory and NASA has evaluated architecture trades and the Space and Missile Systems Center is currently assessing a processor developed for the National Reconnaissance Office.  Translating high level algorithm descriptions written in MATLAB to high performance and hardware efficient implementation remains challenging.  High Performance Embedded Computing (HPEC) application processing almost always requires iterative rounds of software performance optimization to attain required application latency and throughput performance.  Consequently, progress has been slow and comparison between architectures has been ambiguous, and this has precluded an informed decision to commit the considerable resources needed for design, qualification, and implementation of a particular architecture.  This topic requests the development of a tool that accepts C-language code for a suite of algorithms and outputs optimized code that can be compiled for a selected device.  In addition to making it easy and quick to port algorithms across different platforms for comparing the performance of different architectures, the tool should also allow software developers to concentrate on algorithmic advances rather than processor architecture peculiarities.  Goals of 10X productivity improvement (e.g., through high-level abstraction). Performance speed-up based on platform tuning (e.g., cache re-sizing, core availability, internal bus performance, etc.) are also desired.

PHASE I: Identify/define hardware-aware optimization capes for likely future compute architectures (e.g., RADSPEED, MAESTRO [Tilera], ARM, GPU, FPGA and X86 64). Define exemplar data sets used to V&V implementation. Establish methodologies that support rapid platform-agnostic code generation capable of efficiently mapping algorithms to platform-specific features and exploiting available optimizations.

PHASE II: Create consolidated and integrated OPIR algorithm test suite from existing constituent algorithms; map high-level MATLAB algorithm specifications to related kernel and processing functional block implementations.  Demonstrate ability to generate hardware platform-aware code using the consolidated and integrated OPIR algorithm test suite, execute the generated code on one or more of the likely future computer processor hardware platforms using the representative data sets.

PHASE III DUAL USE APPLICATIONS: Space qualify selected processor in 2020 timeframe.

REFERENCES:
1. John Keller, The future of high-performance embedded computing, August 11, 2014.  Available online at http://www.militaryaerospace.com/articles/print/volume-25/issue-8/technology-focus/the-future-of-high-performance-embedded-computing.html.

2. Commander’s Handbook for Persistent Surveillance, Version 1.0.  Available online at http://www.dtic.mil/doctrine/doctrine/jwfc/surveillance_hbk.pdf.

3. DSP fact sheet. Online at http://www.losangeles.af.mil/library/factsheets/factsheet.asp?id=532.

4. SBIRS fact sheet. Online at http://www.losangeles.af.mil/library/factsheets/factsheet.asp?id=22323


KEYWORDS: processor, efficient, processing, design, tool, HPEC, OPIR


	AF161-089
	TITLE: Development of Flat Lens Technology



TECHNOLOGY AREA(S): Materials/Processes
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OBJECTIVE: Develop an ultra thin, flat lens that will focus light in the visible region, without the discontinuities imparted by a Fresnel lens.

DESCRIPTION: A flat lens focuses light by imparting an instantaneous phase shift to the light instead of working like a conventional lens by changing the distance traveled through a higher index of refraction material.  Such a lens offers numerous advantages over conventional lens.  It does not impart aberrations upon the light including spherical aberration, astigmatism, and coma.  Additionally, wide-angle lens will not exhibit the fish-eye effect that occurs with conventional wide-angle lens.  The resulting image or signal will not require complex corrective techniques.  Such a lens will exhibit a large reduction in weight, greater than 90 percent depending upon the diameter and focal length.  Additionally, this lighter weight lens would only need lighter weight holders, and weight savings for the holder is estimated to be greater than 50 percent.  This would have a large reduction in the weight of optical and infrared sensors and would require less delta v for satellites utilizing such sensors.  Fresnel Lens are a type of flat lens, but suffer from serious deficiencies in the image quality due to varying width of the rings that make up the lens.  A flat lens would not experience such deficiencies as the phase shift is instantaneous.  Recently it was reported by Aieta et al. (2015) that a multi-color flat lens was demonstrated in the laboratory.

PHASE I: Assess the feasibility of developing a flat lens that works across a broader region of the spectrum than around a particular laser wavelength.  Investigate methods of color correction for such flat lenses.

PHASE II: Build and test that a flat lens that will focus light and has reduced aberrations compared to conventional lenses.

PHASE III DUAL USE APPLICATIONS: Numerous potential applications exist. Any optical device could be made much lighter. Military devices include ultra light optics for: cameras (satellites, drones), binoculars, and lasers. Commercial applications include telecom, camera lenses, prescription glasses, or optical implants.

REFERENCES:
1. Aieta, F., et. al. "Aberration-Free Ultra thin Flat Lenses and Axicons at Telecom Wavelengths Based on Plasmonic Metasurfaces," dx.doi.org/10.1021/nl302516v, Nano Letters, 2012, 12, 4932-4936.

2. Aieta, F., A. Kats, M. A., Genevet, P., and Capasso, F.  Multiwavelength achromatic metasurfaces by dispersive phase compensation.  Science 20 March 2015:  347 (6228), 1342-1345.Published online 19 February 2015 [DOI:10.1126/science.aaa2494].
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OBJECTIVE: Develop scalable, flexible lower SWaP-C GPS crosslink capability that allows future operational systems to forego significant dependence upon ground clock and ephemeris refresh with concurrent support of real-time command and control and age of data.

DESCRIPTION: Global Positioning System (GPS) space segment is currently comprised of 31 satellites in MEO at an approximate altitude of 20,200km (radius approx. 27,600km). The nominal space segment for GPS space consists of 24 space vehicles (SVs) in six orbital planes. Each GPS orbital plane nominally contains four satellites at a 55-degree inclination each (tilt relative to the equator).

GPS satellites receive updates from dedicated ground antennas located at Cape Canaveral, Ascension Island, Diego Garcia, and Kwajalein, as well as the Air Force Space Control Network (AFSCN). The purpose of these updates is to synchronize the atomic clocks on board the satellites, update ephemeris data onboard the satellite, and provide command and control of satellite functions, to include critical data and capabilities needed by U.S. and allied forces in theaters of operation. Each satellite is normally updated once per day, resulting in an average age of data of 11 hours and 58 minutes. Between these updates, as the age of the ephemeris and clock data increases, positioning and timing errors experienced also increase.

GPS Blocks IIR and IIF utilize UHF crosslinks (260 MHz to 290 MHz). This band is allocated on a primary basis to the mobile and fixed services. The Navy UHF Follow-On program has priority for the use of this band, and several other primary users such as paging services limit the utility of this band. Furthermore, the current UHF antenna is omnidirectional, which increases the interference potential. The GPS Directorate has considered other bands such as Ka Band (22.55-23.55 GHz) and V-Band (59.3-64.0 GHz) with directional antennas, but the large size, weight, and cost of this system hindered further development.

To minimize reliance on ground uploads to individual satellites; it is desirable to have GPS satellites communicate via reliable crosslinks at high rates to all assets that minimizes the age of clock and ephemeris.  The implementation of this high data rate crosslink provides ephemeris and clock updates across the constellation from a single ground to SV upload with the remaining SVs obtaining updates via the crosslinks.  (Updated data transmitted are currently relayed via the crosslinks.)  A realistic approach to understanding the viability of these high rate crosslinks is to design and develop capabilities to synchronize clocks and to generate onboard ephemeris via inter-satellite range determination on the crosslinks and geo-location from a crosslink ring with a specific focus on reduced SWaP-C.

Peak data rates per crosslink initially are expected to be approximately 1.5 - 3 Mbps and average data rates will be approximately 200-700 kbps.

Any relevant proposal should clearly indicate how the intended effort conclusion result will improve the GPS system's capabilities via a validation and verification plan.

Proposers are highly encouraged to work with relevant PNT system prime contractors to help ensure applicability of their efforts and the initiation of technology transition design and development.

Proposers should clearly indicate in their proposals what government furnished property or information are required for the success of the effort. Requests for other-DoD contractor intellectual property will be rejected.

PHASE I: Design and develop an innovative concept, which includes a preliminary design for a low SWaP-C space based crosslink system for GPS that meets or exceeds government-specified application requirements.

PHASE II: The selected proposer will design and build an EDU for the GPS crosslink system ground test and evaluation.  Phase II efforts should ensure compatibility with component interface descriptions which support overall payload and space vehicle reference designs as part of their commercialization effort. Interface descriptions will be supplied to Phase I awardees invited to propose for Phase II.

PHASE III DUAL USE APPLICATIONS: Military application: GPS space and MilSatcom constellations. Commercial application: Wide Area Augmentation System (WAAS).  Commercialization of the proposed innovation through a Phase III should motivate partnerships with other GPS system contractors.

REFERENCES:
1. "On-Orbit Validation of GPS IIR Autonomous Navigation," John A Rajan, Matthew Orr, and Paul Wang (ITT), Proceedings of the Institute of Navigation 59th Annual Meeting, 23-25 June 2003, pp. 411-419.

2. "The Future of the Global Positioning System," Defense Science Board, October 2005, p. 44 - 45.

3. "National Positioning, Navigation, and Timing Architecture Study Final Report," National Security Space Office, September 2008.

4. "Alternative Architectures for Reduced Age of Data," Ranwa Haddad, John R. Berg, Bernard B. Yoo, Proceedings of the 22nd International Meeting of the Satellite Division of the Institute of Navigation, Sept 22-25 2009, pp 1519 - 1529.

5. “GPS Modernization: GPD III On the Road to the Future”, Dr. Keoki Jackson (Lockheed Martin Space Systems Company), Stanford PNT Symposium, November 13-14, 2012.

6. “Laser Cross-link Systems and Technology,” D.L. Begley, IEEE Communications Magazine, 06 August 2002, pp. 126-132.

7. “Free-Space Optical Communications for Next-generation Military Networks,” J.C. Juarez, A. Dwivedi, A.R. Hammons, and S.D. Jones, IEEE Communications Magazine, 20 November 2006, pp. 46-51.
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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 Low Probability of Intercept (LPI) Position, Navigation, and Timing (PNT) augmentation network to provide secure PNT with less than 10 meters horizontal accuracy to ground users in a GPS-denied environment.

DESCRIPTION: Since the inception of Navigation Warfare (Navwar) in the mid-1990s, the concept of pseudo-satellites (pseudolites) has been evaluated as a means of providing precision navigation in the face of threats where GPS is denied by an adversary.   Although most concepts have focused on broadcasting GPS-like signals while leveraging the proximity of ground or airborne transmitters to overcome jamming, there has been very little research in the application of ultra-wideband (UWB) or other LPI techniques to provide PNT.  The proliferation of digital radio networks illustrates that a hybrid approach may be suitable, one which provides tactical communications in conjunction with PNT.

A hybrid network provides many advantages.  The communications capability can be used to distribute critical GPS data, including Zero Age of Data from the GPS Operational Control Segment, as well as time transfer to enable direct acquisition of the military signal.  A tactical network can also provide black key distribution and support rapid key supersession.  The PNT feature enables time synchronization of the digital network, and can provide Position & Location Information (PLI) to enable blue force tracking of U.S. and Allied forces.

This topic will develop a concept for a PNT augmentation network utilizing LPI techniques.  By PNT augmentation, it is assumed that GPS and other satellite systems, such as GLONASS, are sometimes available, and that other PNT capabilities may be available, such as Inertial Measurement Units (IMUs), Chip-Scale Atomic Clocks (CSACs), and other radio networks.  The purpose of the LPI PNT augmentation is to provide a wartime reserve capability that delivers at least 10 meters of horizontal accuracy while avoiding jamming altogether through low detection.  In addition to providing ranging capability, this network should provide GPS clock and ephemeris data, GPS almanac data, GPS keys, Navwar situational awareness (such as known jammers/spoofers).  Time transfer with accuracy of 1 ms or less should be available for initial synchronization of GPS receivers.  Advanced concepts such as virtual arrays created by networked receivers may be explored to enhance the performance and accuracy.

For the proposed concept, the effectiveness, associated Concept of Operations (CONOPS), cost (both non-recurring and recurring), and operational suitability should be evaluated.  Application to non-DoD users such as law enforcement should also be evaluated.

PHASE I: Develop a concept for an advanced LPI PNT augmentation and evaluate cost, performance, and suitability.

PHASE II: Design and implement a prototype brassboard system to be tested in a laboratory environment.

PHASE III DUAL USE APPLICATIONS: Develop prototype system to be integrated in multiple ground vehicles/tested in GPS-denied environment, military GPS user equipment and commercial (FAA) user equipment. Commercialization of proposed innovation through a Phase III should motivate partnerships with other GPS system contractors.

REFERENCES:
1. Chia-Chin Chong; Watanabe, F.; Inamura, H., "Potential of UWB Technology for the Next Generation Wireless Communications," Spread Spectrum Techniques and Applications, 2006 IEEE Ninth International Symposium on, pp. 422,429, 28-31 Aug. 2006.

2. "Ultra Wideband Technology for High Precision Ranging and Location,” Centre Tecnolo`gic de Telecomunicacions de Catalunya – CTTC, 2007, http://www.cttc.es/wp-content/uploads/2007/07/100303-uland-white-paper-29713.pdf, Accessed 7 December 2013.

3. Fleming, Robert et al.; "Low-Power, Miniature, Distributed Position Location and Communication Devices Using Ultra-Wideband, Nonsinusoidal Communication Technology", Semi-Annual Technical Report, Contract J-FBI-94-058, Prepared for Advanced ResearchProjects Agency; Federal Bureau of Investigation, Wireless, Adaptive, Mobile Information Systems Principal Investigators Meeting, Jul. 1995.

4. He Yi, Zhang Yani, Han Binxia, Wu Sen; “A novel Cognitive Ultra Wideband MAVCOM”, Microwave and Millimeter Wave Technology (ICMMT), IEEE, vol. 4, pp 1-4, May 2012.
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OBJECTIVE: Develop a hypersonic materials testbed for characterization of multiple types of novel reentry materials.

DESCRIPTION: This topic seeks to develop a testbed for characterization of novel materials for use on orbital or sub-orbital reentry vehicles. Of particular interest are self-healing materials, which may include (but are not limited to) carbon/ceramic matrix materials, embedded microcapsules, materials with changeable geometries and/or chemistries to allow changing ablation rates and variable luminescence, and the ability to control air domain velocity to facilitate ablative response. Approaches for designing this testbed may include the use of novel materials, reentry test platforms with variable geometries, or other innovative methods.

PHASE I: Develop preliminary design for a novel reentry material testbed. Simulate expected self-healing properties or novel signatures under ballistic re-entry conditions (3000C+, high dynamic force, and dissociated air), thermodynamic material models of the ceramic/composite ablation process, or self-healing tailorable/controllable ablation materials (compatible with extant computational fluid codes).

PHASE II: Build, test, and deliver a prototype reentry material testbed. Demonstrate self-healing properties or novel signatures under ballistic re-entry conditions (3000C or above, high dynamic force, mega Joule heating rates and dissociated air), thermodynamic material models for the ablation process of ultrahigh temperature ceramics, ceramic composite materials and self-healing materials, and/or materials that allow for tailorable/controllable ablation.

PHASE III DUAL USE APPLICATIONS: Technology developed under this topic can advance both military and civilian atmospheric reentry systems. Possible applications of this technology include hypervelocity vehicle research, human space crew rescue, and next-generation reusable launch vehicles.

REFERENCES:
1. Raj, Sai V., Singh, Mrityunjay, & Bhatt, Ramakrishna T.: “High Temperature Lightweight Self-Healing Ceramic Composites for Aircraft Engine Applications,” NASA Glenn Research Center; Cleveland, OH United States.

2. Mühlratzer, A. and Pfeiffer, H. (2002) CMC Body Flaps for the X-38 Experimental Space Vehicle, in 26th Annual Conference on Composites, Advanced Ceramics, Materials, and Structures: A: Ceramic  Engineering and Science Proceedings, Volume 23, Issue 3 (eds H.-T. Lin and M. Singh), John Wiley & Sons, Inc., Hoboken, NJ, USA.
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OBJECTIVE: Develop a multi-material additive manufacturing approach using space compatible materials to produce spacecraft components or systems that offer improvements in mass, cost, schedule, and/or performance.

DESCRIPTION: Recently, the field of additive manufacturing has advanced quickly where many systems are being used in personal, commercial, and operational settings.  The majority of research efforts are currently focusing on the development and advancement of systems and processes for single-class material systems such as systems for metals, thermoplastics, or conductive inks.  These systems are rapidly improving in their ability to produce consistent, high-quality parts using a single material class and have demonstrated mass saving through part optimization beyond the capability of traditional subtractive fabrication approaches as well as significant cost savings by reducing material waste, fabrication time, and engineering design time.

In addition, the focus of most research efforts has been on material systems suitable for terrestrial or aeronautical applications with minimal work directed toward space-compatible material systems. Little work has been conducted to develop systems and processes capable of producing components that require multiple material classes to optimize functionality.  This is especially true with respect to material systems that are compatible with the space environment.

This solicitation is seeking multi-material-class additive manufacturing concepts and approaches using structurally relevant materials (such as carbon fiber reinforced polymers [CFRP], titanium, high performance thermoplastics, or other applicable material system) for producing spacecraft components or systems.  An example would be a structural panel or electronics enclosure with integrated antennas, wiring, sensors (i.e., strain gauges, temperature sensors, etc.), and/or heater elements.  The emphasis is not on a specific component/concept but rather the ability to produce multiple material class systems using additive manufacturing as well as to use materials that are appropriate with the space environment—compatible with high vacuum, UV, radiation, atomic oxygen, and high launch loads.

Regardless of the approach or concept, the proposed approaches must be able to accommodate temperature extremes ranging between -60 C and 80 C; provide a stiffness-to-weight ratio within 80% of traditional spacecraft structures (threshold) or exceeding 100 percent (objective), specifically aluminum or CFRP honeycomb or isogrid structures; and provide a multifunctional aspect that reduces cost, schedule, mass and/or improves system performance. Improvement in any aspect of multi-material additive manufacturing will be considered under this topic.

PHASE I: Develop conceptual designs of the approach based on preliminary analysis. Demonstrate by analysis and/or test the feasibility of such concepts and that the approach can meet all of the performance requirements stated above in the Phase II development effort.

PHASE II: Demonstrate the technology developed in Phase I.  Tasks shall include, but are not limited to, a demonstration of key technical parameters that can be accomplished and a detailed performance analysis of the technology.  The culmination of the Phase II effort shall be at least one prototype unit delivery for validation testing.

PHASE III DUAL USE APPLICATIONS: Commercial: Structural health monitoring/sensing and reduce installation time for wiring in automtive and aerospace applications. Military: Embedding extra functionality for sensing, thermal control, wiring and communication for improving DoD systems in aerospace, naval and terrestrial applications.

REFERENCES:
1. Gutierrez, Cassie, et al. "CubeSat fabrication through additive manufacturing and micro-dispensing." Proceedings from the International Microelectronics Assembly and Packaging Society Symposium. 2011.
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3. D. Espalin, D.W. Muse, F. Medina, E. MacDonald, R.B. Wicker, "3D Printing Multi-Functionality: Structures with Electronics," International Journal of Advanced Manufacturing Technology, Volume 72, Issues 5-8, 2014, pages 963-978 (doi: 10.1007/s00170-014-5717-7).

4. Siggard, Erik J., et al. "Structurally embedded electrical systems using ultrasonic consolidation (UC)." Proceedings of the 17th solid freeform fabrication symposium. 2006.

5. Love, Lonnie J., et al. "The importance of carbon fiber to polymer additive manufacturing." Journal of Materials Research 29.17 (2014): 1893-1898.
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OBJECTIVE: Spacecraft solar arrays represent a large target for potential adversarial action.  Technologies are sought which have the potential to provide enhanced solar array resilience with minimal impact to overall array performance metrics.

DESCRIPTION: Spacecraft solar arrays provide critical electrical power for spacecraft operations.  These systems have been designed to be robust to natural environmental challenges (thermal cycling, vacuum, UV, atomic oxygen, radiation, etc.)  however, it is important to consider how these systems may respond to man made threats.  This solicitation is looking for modifications to solar array materials and designs that have the potential to provide improved resilience to man made threats, without reducing the overall array performance metrics (ie, $/W, W/kg, W/m3, etc.).

Regarding materials, it may be appropriate to consider which solar array materials may be most vulnerable to a particular threat (ex. high temperature excursions) and to identify alternate materials that could be substituted and thereby provide an improvement to overall resilience.  Alternatively, the vulnerability identified may be mitigated via changes to overall array design.  The technologies proposed should be capable of successfully being qualified via standards such as AIAA S-111 and AIAA S-112 for solar cells and solar panels, respectively.

PHASE I: Phase I should identify a potential vulnerability (ie weak link) in state of the art solar arrays as well as multiple potential approaches to reducing or eliminating the vulnerability.  Analysis and/or preliminary testing should be performed to assess the viability of the proposed solutions, with a potential down select.

PHASE II: Phase II builds upon the analysis and testing performed in Phase I to further refine the technology(ies) of interest.  Identified technologies should be evaluated for their performance impacts on nominal array performance metrics.  In addition, demonstration of enhanced resilience through breadboard prototype testing and/or analysis should be performed.

PHASE III DUAL USE APPLICATIONS: Phase III further matures the technology developed in Phase II and should result in a solar technology which is ready to enter qualification testing (ie. AIAA S-111 and/or AIAA S-112).
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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 robust structural health monitoring technologies to rapidly assess health of spacecraft with minimal risk from environmental hazards preventing functionality. Demonstrate hardware in simulated environments (thermal, charging, radiation, etc.)

DESCRIPTION: The Air Force is actively pursuing the capability to monitor the assembly, checkout, and launch of a satellite for tracking changes that may impact the system's performance on orbit and provide information during anomalous events to quickly identify sources of the problem to be hardware or software specific. Such a responsive space capability will provide our forces with an asymmetric edge in future conflicts or mission disruption as the ground station will be able to expeditiously asses the problem. Further benefit can be obtained by integrating the processing of raw measurement data on-board to give first order information to the system avionics such that basic software decision making routines can be put into place should communications with the ground be temporarily out of order. 

While terrestrial applications have been under development for other DoD systems with regards to utilizing Structural Health Monitoring (SHM) for eliminating schedule based maintenance and providing real time evaluations of the platform for defining remaining useful life, these technologies are not suitable for long term space utilization. Space hardware is exposed to a diverse spectrum of EM energies that change from LEO to GEO orbits. Hardware must be able to function in these environments without experiencing damaging latch-ups that may prevent its functionality or damage the satellite. Thermal management of equipment requires conductive approaches to spread heat from high performing circuits. Energetic particles can penetrate the structure and deposit large potentials on internal dielectrics that can possibly discharge resulting in unknown upsets.  

Several schemes have been proposed for the implementation of SHM on space vehicles; ranging from centralized to distributed sensing networks, piezo to FBG sensors, embedded to surface mounted integration. Any approach is of interest that has the potential to monitor the system for changes in thermal conductance, structural stiffness, MMOD characterization, and EM characterization. Of critical importance is the technology required to make such monitoring hardware resilient to the hazards of long term space operation such that they can be reliably called to function during an anomalous event. The primary orbit of interest is GEO and MEO orbits. The environmental limits pertaining to temperature, radiation, charging, etc., will be highly dependent on the proposed approach and any submissions should focus on understanding the environmental conditions their technology solution will be vulnerable to and how they plan on protecting from it. Ideally, a proposed approach will specify environmental limits that it can fundamentally withstand with respect to temperature, radiated fluxes, and charge build up, prior to material or electrical failure of the design. 

Resilient satellites need a low SWAP-C solution for quickly assessing the structural health of their satellites. Such a Structural Health Monitoring (SHM) capability should be able to determine the integrity of the satellite’s structural components, as well as assess if electrical and mechanical connections are properly interfaced. If an error or damage exists, the SHM scheme shall determine the location and severity of the anomaly, so that technicians can quickly address the problem, or determine that the satellite structure has sufficient margin for continued operations.

PHASE I: Assess current state-of-the-art approach to meet space environmental conditions and identify methods of improving hardware robustness to mitigate operational risks. Determine cost, weight, power reqs, limits on performance for SHM design on representative 500-kg satellite. Small-scale hardware (H/W) demo encouraged

PHASE II: Refine Phase I design. Develop prototype for testing. Prototype to include at least three structural members connected in at least two different configs. Demo ability to detect sim damage. Damage of interest includes stiffness change, surface contact change and cracking in composites. Provide report detailing limits on design (damage size, delta torque values of mechanical fasteners, etc.) & H/W testing results. Design SHM scheme for resilient satellite including in-line sensor data processing.

PHASE III DUAL USE APPLICATIONS: Adapt technology to relevant space system and integrate during assembly phase. Evaluate technology impacts on program cost, schedule, and risk
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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, test, and evaluate innovative measurement methods for calibration and performance characterization of on-orbit imaging sensors designed to detect temporal phenomena in the short-wave infrared.

DESCRIPTION: The Air Force is increasingly using space-based sensors in modes that exploit temporal phenomenology to detect and characterize a wide range of events.  In order to further advance research on temporal signatures, the Air Force Research Laboratory (AFRL) is seeking state-of-the-art measurement techniques for on-orbit calibration of staring imaging sensors that collect data in the SWIR.  Of particular interest are sensors in geosynchronous orbits that make persistent observations of ground and military relevant events.  These observations in many cases are challenging because the sensor is tasked to temporally resolve a dim, time-fluctuating signal superimposed on a bright atmospheric or terrain background.  The problem is also often compounded by spacecraft jitter-induced clutter and sensor noise.  As a result, AFRL is interested in sensor calibration measurement methods that provide high radiometric and temporal accuracy.  

Proposals are therefore sought that develop, test, and evaluate measurement approaches for on-orbit, high sensitivity sensor calibration and characterization that are based on at least one type of calibration source, such as astronomic objects or ground-truthed objects.  Multiple calibration sources are desirable to enable cross-calibrations for error reduction.  For measurement techniques relying on natural or manmade ground-based calibration sources, a field-deployable approach is sought that allows for the collection of relevant ground truth at multiple locations such that vicarious on-orbit radiometric calibration procedures can be conducted throughout the sensor’s lifetime.  In addition, a strong proposal should demonstrate a system-level approach to calibration data collection and analysis, including the capability to integrate sensor calibrations conducted prior to launch.

PHASE I: Demonstrate feasibility of an innovative method to address radiometric characterization of a high-framing, high dynamic range, SWIR sensor in geo-synchronous orbit. The approach should identify all major components of calibration and should design the required instrumentation or detail the utilization or refurbishment of existing instrumentation capable of radiometric and temporal ground truth.

PHASE II: Test and evaluate calibration approach including ground-truth campaign defined in Phase I.  Produce relevant calibration data products.

PHASE III DUAL USE APPLICATIONS: Evolve the methods, procedures, and instrumentation developed under the first two phases to provide new capability options for DoD and industry to exploit dim, transient events for which changes in absolute intensity are critical to monitoring activities.

REFERENCES:
1. Joe Tansock, Daniel Bancroft, Jim Butler, Changyong Cao, Raju Datla, Scott Hansen, Dennis Helder, Raghu Kacker, Harri Latvakoski, Martin Mlynczak, Tom Murdock, James Peterson, David Pollock, Ray Russell, Deron Scott, John Seamons, Tom Stone, Alan Thurgood, Richard Williams, Xiaoxiong (Jack) Xiong, Howard Yoon, “Guidelines for Radiometric Calibration of Electro-Optical Instruments for Remote Sensing”, http://dx.doi.org/10.6028/NIST.HB.157.

2. Fred E. Nicodemus, George J Zissis, “Methods of Radiometric Calibration,” http://deepblue.lib.umich.edu/handle/2027.42/6821, 1962.

KEYWORDS: on-orbit calibration, temporal imaging


	AF161-097
	TITLE: Novel High Transmittance Curved Surface Laser Eye and Sensor Protection



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: Demonstrate new high transmittance protection technology for large-area, curved and complex-shaped visors and optics. This topic is focused on developing laser and HPM solutions other than dyes and dielectric reflective coatings currently in use.

DESCRIPTION: LEP and sensor protection currently used by the Air Force incorporates cutting-edge technologies (absorptive dyes and/or reflective technologies) to protect against lasers at a variety of wavelengths in the infrared (IR) and visible portions of the electromagnetic (EM) spectrum.  Dyes tend to be broadband absorbers–their absorption at wavelengths other than the desired wavelength(s) frequently reduces overall visible luminous transmittance (VLT) to levels that are not compatible for night use.  Also, dyes tend to decompose at the temperature of molten polycarbonate and can be bleached by solar exposure and exposure to high irradiance levels.  These effects complicate the need to achieve a desired level of laser protection, and dye decomposition products can produce unacceptable optical effects.  Dyes can (in principle) be imbibed or coated onto eyewear after it is molded, but the VLT problem remains.

Reflective technologies (dielectric coatings and holograms) are applied after molding and can be made with sharp cutoffs around the wavelength(s) of interest, providing much higher VLT than dyes.  However, only a select few functional reflective coatings have been placed on large or highly curved surfaces, and none have been placed on complex shapes.  Further, protection provided by reflective technologies is dependent upon the angle of incidence of the incoming light.  Narrow protective notches and high incident angles can cause the wavelength against which protection is desired to become uncovered by blue shifting at high angles.

For a highly curved or complex-shaped sensor or seeker optical train or visor, some of the light coming in from any direction will always be at a high incidence angle.  So even if reflective technologies could be put onto large, complex surfaces, their usefulness is by no means certain.  Because reflective technologies can be complex and time consuming to manufacture, the resulting eyewear or optical elements often very expensive to produce.  Finally, because they reflect light, these technologies have been found to produce distracting (and sometimes obscuring) nuisance reflections in the visual field, so visual compatibility of the laser protection with the avionics display on the inside surface of a visor can be problematic.

This topic will focus on the design, fabrication, and validation of a solution that for seeker/sensor and LEP technologies not currently in use.  The resulting visor/eyeware/optics will provide a minimum optical density (OD) of 4 (OD6 desired) in the near IR (700 to 1550 nm) but be transparent to visible light between 400 and 700 nm and free from internal reflections.  Ideally, the LEP technology solution will create a passive barrier that protects against both continuous wave (CW) and pulsed laser threats, will be compatible with incorporation into a large platform polycarbonate visor.

The LEP solution performance should not be angularly dependent.  The technology must be compatible with, and must not degrade the ballistic protection properties of, polycarbonate and other commercial optical polymer substrates and not be hygroscopic for long term submersion or high humidity environment degradation.

The proposed technology must provide high VLT (minimum of 70 percent-greater than 80 percent desired) and be color neutral in the visible range.  This technology must also be compatible with new narrow band dye technology.  In terms of optical quality, it is paramount that negative factors such as haze, distortion, aberration, prism, and artifacts are minimized so as not to impair visual performance or create distractions in the visual field.

The proposed solution should be compatible with military sensor/seeker/aircraft environments and be process application suitable for current military optical components in a manufacturing environment.  It desired that the proposed solution also provide a high level of rejection for both laser threats and high powered microwave emissions as well.

PHASE I: Perform a technology feasibility assessment, and deliver a model of the conceptual solution, develop optical data and proof-of-principle devices to support the feasibility of the proposed solution, and a Phase II technology development plan. Show path to 80 percent broadband transmittance from visible and laser/high powered microwave protection greater than OD4, with OD6 desired.

PHASE II: Demonstrate the proposed solution by delivering seeker, sensor, eyewear and visor solutions incorporating the proposed technology with supporting performance data. Demonstrate in actual prototypes with on and off axis illumination against threats.  Show performance over wide range of military environmental conditions and the manufacturability compatible with current military sensor/seeker/eyewear manufacturing processes.  Provide a manufacturing transition plan/readiness assessment.

PHASE III DUAL USE APPLICATIONS: Air Force, Army and Navy have requirements for LEP for personnel. Potentially any field that uses lasers or laser eye protection-commercial aviation, medical/dental laser surgery, lab technicians, welding, manufacturing, laser research, consumer eye protection).  Demonstrate the manufacturability.
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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: This topic seeks an innovative solution for a small aircraft engine to be capable of reliable self-start and high altitude operation after in in-flight dispense from a carrier aircraft.

DESCRIPTION: The Air Force has interest in developing a class of unmanned aerial vehicles (UAV) and munitions which are dispensed from parent aircraft.  These UAVs are typically stored in a launch tube with surfaces folded into a minimum volume, and example of which is the Common Launch Tube (CLT).  Once safely separated from the parent aircraft, the UAV deploys surfaces and activates its propulsion system to regain controlled flight and proceeds with its mission.

A common denominator has surfaced in recent programs where the majority of UAVs launching from such systems rely solely on battery powered electric propulsion (EP).  The choice of EP is frequently driven by the inherent high reliability of such systems, although other factors such as lower vibration and temperature come into play. However, in-flight dispense of UAVs requires that the propulsion system activate without any user intervention and thus have high reliability.

A major failing of EP is the reduced system energy density as compared to hydrocarbon fueled internal combustion engines (ICE). An additional failing is that EP vehicles typically retain all their mass throughout flight as compared to fueled aircraft which shed weight as fuel burns down, becoming more efficient as they do so.  These two effects combine to severely limit range, endurance, and payload of EP aircraft as compared to similarly sized aircraft running on ICEs.

It would be desirable for in-flight dispensed UAVs to be powered by ICEs, and the hobby industry has numerous well-engineered engines in a wide range of sizes and designs.  Furthermore, systems have been developed for onboard starting and power generation, however the majority of products are for larger engines, for example 100 cc and above. There are also fuel injected and supercharged options available, also for the larger engines.  Last, many of the larger engines are capable of running on gasoline, have internal lubrication, and are available in 2 or 4 stroke options.

The class of vehicles dispensed from the CLT typically employ electric powerplants equivalent to a 7-15 cc ICE.  The commercially available ICE's of this size typically run on a diesel glow fuel and are almost uniformly hand started, carburated and naturally aspirated.  These engines are also notoriously difficult to start and require careful tuning of the carburetor and fuel for stable running.  The small size of these engines render self-starting, power generation, and mixture sensing and control particularly difficult, limiting their ability to fly much outside of the altitude range they are tuned for.

This topic aims to explore innovative solutions to allow small ICE's to fulfill the propulsion needs of compressed carriage dispense with a high reliability such as a 95% successful start in less than 60 seconds similar to that which EP currently provides, while still maintaining a significant system energy density advantage over EP's and operation over a large altitude range.  UAV's carried in the CLT are of particular interest to this topic, and propulsion solutions should be in this size range.  The intended outcome is the development of an appropriately sized ICE capable of reliable self-starting and operation from sea level to at least 8,000 ft ASL, and preferably above.

PHASE I: Perform studies to determine limitations in reliable self-starting and altitude operation of existing small aircraft ICE's.  Evaluate how added complexity and mass will affect ICE system energy density. Organize a plan to develop a reliable self start system and a methodology for enabling altitude operation, as well as developing testing concepts.

PHASE II: Perform trade study to determine best approach to design.  Perform detailed development of mechanical structures.  Fabricate prototypes and test self-starting ICEs in the desired range to characterize reliability, altitude capability, and system energy density.  Iterate on design to increase reliability and decrease weight.

PHASE III DUAL USE APPLICATIONS: The results of this effort will be directly applicable to existing UAVs being dispensed from the SCLT.  The Phase III will integrate the engine onto a platform and assess its feasibility compared to EP.

REFERENCES:
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OBJECTIVE: Develop real-time 3D laser radar system for use in mapping and collision avoidance for Group 1 (1-20 lbs) and Group 2 (21-55 lbs) small hand-launched and rail-launched remote piloted air vehicles.

DESCRIPTION: The AF is increasingly using more small unmanned aerial systems (SUAS) to perform a variety of missions, but often there are technological barriers to their application.  One such case is in doing mobility/roadability assessments, airfield surveys and obstacle assessments in remote areas, where placement of a large survey team and their equipment is not possible.

The goal of this project is to develop a micro-LADAR sensor exploiting innovations in the sensor, transmitter, scanner, and optics of traditional laser radar sensors.  An order of magnitude improvement is needed in order to improve the imaging rate and field of view (FOV), reduce cost, and provide lower size, weight, and power (SWaP) on SUAS platforms similar to PUMA and small rotary wing SUAS platforms, like quadcopters.  This, in turn, will make it possible to use SUAS in missions that so far have been unachievable.

SWAP for employing on a SUAS needs to be less than 1 to 2 lbs to be compatible with current sensor payloads.  This tremendous reduction in SWAP will only be accomplished with innovations in the key system element.  Examples of new technologies that may contribute include vibration resistant chip-scale, non-mechanical laser scanners; replacing traditional high-power laser transceivers with new technologies like high peak power laser diode transceivers; and improving the detector noise performance for longer range with lower transmitter power.  From prior research, it is apparent that severe vibration environment, weight, and field of view concerns may be accommodated with new technologies, such as a non-mechanical beam steering (NMBS) device.

Applications for short range, laser-scanned transceivers for SUAS include:  collision avoidance/situational awareness; docking/refueling/recovery; landing assistance; terrain-following; target detection; wire detection; and others.  Altitude ranges in excess of 100 Meters are desired, with 1000 meters as a goal.  Single pass 100-meter wide swath mapping is desired with 3 inch or better resolution.  Wire, pipe, nets, and cable detection or classification is desired.

 For low altitude terrain-following, forward and down-looking modes drives the scan rate and pulse repetition rate requirements.  For collision avoidance and docking, longer ranges/larger apertures are required with 360 degree in elevation coverage and 270 degrees in azimuth (forward and either side).  For terrain following/target recognition applications, less than 6 inch spot size is required with less than 3 inch desired.  From 300 meters altitude, at least 3 inch pixels should be generated for a vehicle-sized target.  Eye-safe operation is desired to facilitate ease in deployment for hand launch applications.

Signal processing should provide for scan nonlinearity due to platform motion, multiple returns from tree canopies or camouflage, and pulse stretching due to clouds or aerosols.  The system should discriminate either first or last pulse in the sensor electronics.  The microladar should have an interface to both common UAS autopilot systems and to telemetry data links for compressed “imagery” transmission and reporting.

Non-mechanical steering approaches may be the key for the high SUAS vibration environment as they will allow highly efficient and accurate steering, and wide fields of view.  They can also make a major impact on future optical systems by increasing pointing speed, providing random access pointing, reducing costs and complexity, and increasing reliability.

Non-mechanical steering systems are ideal candidates for providing these capabilities at high speeds with low SWaP and could be installed on a SUAS to allow the existing designators and imagers to operate, while providing off-boresight situational awareness and tracking capability for multiple target engagements.  NMBS devices can provide true random access, enabling selective scanning of a FOV for structured targets, potentially reducing the data transmitted for ISR-type missions.

Ideal goals for a developed compact microlaser system would include:
• 100 meter swath at low altitude
•  Eyesafe at altitude
•  1 pass mapping to 3 inch resolution
•  Raven/Puma/Stalker/Quadcopter compatibility with current onboard sensors
•  Collision Avoidance, Fuzing, Targeting  in complex terrain/urban settings and tunnels
•  Less than 1 to 2 pounds  and 9 cu inches (Puma Bay)
• 12 Volt/24 volt operation
•  Quick mode-low density pan and scan for fast look into buildings
•  Less than 40 knots to over 150 knots max airspeed at low altitude
•  Eye-safe operation
•  Real time output via telemetry to remote operator over tactical radios.  Overlay of and georegistration of acquired data on Government portable/tablet based GIS systems. Demonstrate ability to achieve resolution and detection goals, telemetry tasks and derive georegistered coordinates, slope/grade and obstruction mapping. The goal is better that 1% accuracy of surface slope and grade.

PHASE I: Investigate critical component technologies leading to a prototype microlaser radar system. Through laboratory and/or field experiment, demonstrate critical components in a breadboard with simulations of applications discussed above.  Show maturity of component concepts and system design needed to field a successful prototype in Phase II.

PHASE II: Develop and demonstrate a system capability for a microladar. Demonstrate integrated brassboard in tower and surrogate flight tests for intended applications. Prototype fieldable versions for in-situ functional performance verification. Collect and analyze return data for multiple SUAS flight scenarios, tree canopy, LZ survey, road following and target imaging. Demonstrate processing requirements in conjunction with imaging and onboard navigation systems to provide real-time operator feedback.

PHASE III DUAL USE APPLICATIONS: The brassboard prototype will be redesigned to fit in the SWaP constraints of an operational hand-launched SUAS.  The system will be flown and evaluated for military mobility applications and commercial surveying applications.
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OBJECTIVE: Develop a line-of-sight stabilized miniature gimbal for a nose-mount application in a small weapon/unmanned air vehicle (UAV) that can precisely point a laser rangefinder, laser jammer or designator beam via Coude’ Path across all three gimbal axes.

DESCRIPTION: The technologies associated with small weapons and small Intelligence, Surveillance, and Reconnaissance (ISR) UAVs and miniaturization of laser radars and laser target markers/designators has progressed rapidly. However, the higher powered versions of these lasers are generally too large to be packaged as a payload component in the small multi-axis gimbals on loitering weapons or small UAVs. This is especially true when considering that the stabilized payload generally contains one or more imaging systems, laser rangefinders, or other components and has severe thermal constraints.

In order to minimize aerodynamic drag and to provide the required field of regard (FOR), the use of a nose-mounted, three-axis gimbal is been determined to be the preferred configuration(roll, pitch, yaw) with a “fourth” or half axis referring to beam stabilization.  In this configuration the outer gimbal axis would be aligned with the roll axis of the UAV; the middle gimbal axis would be elevation, with the inner axis being cross-elevation.

This would facilitate a required FOR relative to the air vehicle of at least +30 degree / -135 degree elevation, ± 135 azimuth (larger desired). For the particular class of vehicles, the maximum outside diameter of the gimbal would be about five and one-half inches. To enable laser marking/designation capability from a laser that is too large to fit within the payload, but able to be packaged within a 5-inch cylinder, the beam must be projected through the gimbal crossing all three axes via Coude’ Path. Packaging the laser outside the inner gimbal also facilitates a better thermal management solution which is a critical element for extended operation of these small weapon applications.

The types of lasers used in these applications typically have a center wavelength between 1 and 1.5 micrometer, beam diameters of approximately 4 millimeters, beam divergences of approximately one-half milliradian with pulsed energies in excess of 50 millijoules (mJ) (1/2 megawatt to megawatt peak).  Masking of the airframe and wings must be accomplished based on gimbal angle and airspace management for eye-safety of aircrews.

A multifocal or zoom optics approach is desirable but recognized to have performance challenges. Thus, the optical elements used to steer the laser beam must be able to withstand these energy densities, and must be kept free of debris and contaminants and environmental issues (condensation) that would degrade performance. The challenges associated with providing the precise alignments to route the laser path through the gimbal, and providing the electrical power and digital signal paths up to1.5 Gb/s for each video stream across the axes in the tight package is formidable.

In conjunction with these packaging challenges, the payload must be stabilized to less than 100 µrad RMS jitter. This stabilization performance must be achieved on UAVs with operating speeds of 100 KTS (weapons with speeds up to 300 KTS), and angular motion rates in excess of 100 degrees per second in gusty environments, in addition to high frequency vibration from the motor and propeller.  As in all small platforms weight, power, and cost are critical elements of consideration for endurance, cost, and platform performance (drag, center of gravity, etc.).

The objective is to incorporate an optical and sensor payload with the 1064 nm or other lasers to acquire, track, and illuminate a specific point on the target at slant ranges over 3 kilometers. The optical payload must acquire and precisely track the target and resolve under 0.5 meter aim-point on moving targets day or night.

The target tracker must hold the laser spot aim-point on a particular point of a target,  once operator designated,  regardless of target motion, change of orientation, and in the presence of background contrast changes and clutter.  The tracker must be predictive so that target transition behind and through structures and trees or clouds will adjust anticipated re-acquire point and open search window to identify target by "memory" of characteristics for scenarios with many movers.  Closed loop spot position imaging and management with in band sensors target acquisition with IR and other imaging sensors is envisioned.

System weight of 5 pounds for the larger gimbals and 2 pounds for the small gimbal are design goals, and 80 G launch loads, with 8 to 10 G peak to peak -100 Hz vibration from reciprocating engine propulsion.  Air speeds for operation range from 40knots to 250knots with altitudes from sea level to greater than 20,000 feet AGL.  Temperature ranges in carriage can exceed -40 degrees C to 70 degrees C.

PHASE I: Design a 3+ axis gimbal concept that can steer a high-energy pulsed or CW laser beam & stabilize it with an on-payload imaging systems to less than 100 µrad RMS jitter for small weapons and UAS environments. Show ability to achieve the stabilization & steer the payload & laser over the required FOR, within a diameter of 3 to 5 inches. Demonstrate critical components in lab/field demonstrations.

PHASE II: Carry the concept from Phase I into a form-fit-function prototype. Design, build, integrate and test the prototype with a suitable laser to demonstrate conformance to requirements. Through hardware in the loop and tower/ surrogate flight testing on SUAS or other fixed wing platforms show the pointing and tracking capability to maintain track on moving targets is sufficient to hold the laser spot on the designated point.

PHASE III DUAL USE APPLICATIONS: Transition into numerous DoD applications and use for laser point to point communications, astronomical, and police applications requiring helicopter and small aircraft precision tracking.

REFERENCES:
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	TITLE: Fiber Optic Networking Technology for Advanced Payload Integration on F-35 and Other Platforms



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: Address the current and future needs of weapon systems' increasing demand for new data communication speed and flexibility. Wavelength division multiplexing (WDM) will provide high speed digital information channels to new weapons and weapon systems.

DESCRIPTION: Information throughput capacity and available information paths for optimal operation of weapon and sensor payloads at platform store stations are limited in the current MIL-STD-1760 (1760) aircraft/store electrical interface.  The recent addition of a coaxial cable based Fibre Channel data path to the MIL-STD-1760E revision provides some enhancement to the legacy MIL-STD-1553 data bus capability (which is very slow by today’s standards), but still does not fully satisfy projected long term needs.  It has been recognized that two reserved fiber optic contact spaces in the 1760 connector could provide a long term solution to this limitation, using such techniques as WDM to provide a number of high speed digital and wide band analog information channels over the two available physical fiber paths.  This would facilitate much closer coupling of weapons and sensors mounted on wing and internal bay store stations with platform avionics, allowing for greater information fusion and enhanced mission capabilities.  Improved and/or dedicated processing capabilities for supporting advanced mission capabilities could also be feasibly incorporated into store station mounted devices (weapons, sensors, or pods), alleviating the need for corresponding (and highly expensive and operationally disruptive) platform modifications to take timely advantage of emerging weapon and sensor technology advancements over the platform lifespan.

Some currently ongoing technology development efforts and standardization initiatives are addressing basic definition of a fiber optic interface for future versions of MIL-STD-1760 at the interface level.  Effort under this topic would conduct further research into WDM and high speed networking techniques, and develop and demonstrate technology based on such techniques that would provide an underlying technical basis for future implementation of an overall fiber optic network architecture and communication scheme to facilitate efficient and cost effective integration of technically advanced payloads with high information throughput requirements on platform store stations.

PHASE I: The underlying technology for an overall network architecture and signal transfer scheme capable of efficiently supporting the emerging 1760 fiber optic interface definition would be defined and documented through relevant technical research and technology concept development under the Phase I effort.

PHASE II: Laboratory demonstration of a corresponding prototype system (or certain key technology elements of such a system) based on the defined technology concepts would be accomplished in a Phase II follow-on effort.

PHASE III DUAL USE APPLICATIONS: Phase III efforts would focus on implementing this technology on the existing F-35. Possibly in time to effect Block 5.

REFERENCES:
1. M. Flanegan, K. LaBel, “Small Explorer Data System MIL-STD-1773 Fiber Optic Bus,” NASA Technical Paper 3227, June 1992.
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3. G.L. Jackson, K.A. LaBel, C.J. Marshall, J.L. Barth, J. Kolasinski, C.M. Seidleck, P.W. Marshall, “Preliminary Flight Results of the Microelectronics and Photonic Test Bed (MPTB) NASA Dual Rate 1773 (DR1773) fiber Optic Data Bus,” GOMAC Conference, 1997.

KEYWORDS: weapons, integration, networking, interfaces


	AF161-102
	TITLE: High Fidelity Algorithm to Model the Statistical Variations of Ground Target Signatures in Scene Generator Systems



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: Investigate and identify innovative techniques to represent statistical variation of target signature in visible, infrared (including both mid-wave and long-wave infrared), and millimeter wave spectra.

DESCRIPTION: Ground targets like a T-72 tank have signature variations from one version to another due to manufacturing differences, production line variations, and operational usage. The Joint Air Force/Navy weapon programs, such as the Small Diameter Bomb (SDB II), and the Joint Army/Navy Joint Common missile (JCM) use high fidelity scene based target models for infrared and radar applications to facilitate seeker algorithm development, pre-flight and post-flight analysis, and to determine specification performance compliance. While these target models are extremely high fidelity compared to statistical or empirical modeling and simulation techniques, they are currently deterministic in nature and don’t necessarily represent the variations observed in reality.

The Air Force is seeking to investigate and identify innovative techniques to represent the statistical variation of ground target signatures for visible, infrared (including both mid-wave and long-wave infrared), and millimeter wave spectra applications. This would ensure that the algorithms are performing across the expected variation of a ground target rather than a single "finger printed" version of that target. The causes of the statistical variations are likely to be missing or added components, component articulation differences, paint variations, and dents, rust and holes. These variations may result in either local or global changes in the target signatures. It is recommended that the developed tools will provide for the ability to vary the computed signatures in both a local and global manner consistent with the expected variations. The extent of the expected variations should be analyzed by comparing measured and/or computed signatures to the amount feasible. These comparisons need to match expected results within 10% for the passive signatures and 3dB for the radar signatures. The modeling approach used for this effort needs a flexible application programming interface (API) allowing the product to be integrated into high-level scene generation and simulation frameworks. These scene generation and simulation frameworks include the Army’s Common Scene Generator (CSG) simulation, the Air Force’s Fast Line-of-sight Imagery for Targets and Exhaust Signatures (FLITES) simulation, the Air Force’s Irma simulation, and the Army Missile Research Development Engineering Center (AMRDEC) Virtual Target Center (VTC) predictive target models. The government will provide these scene generation and simulation frameworks as needed to assist with integration. The design of the statistically variable target signatures developed by this topic should minimize modifications needed to existing scene generation and simulation frameworks capability, but if changes/upgrades are required to the capabilities to provide efficient interoperability, then the proposer should describe in detail any new interfaces needed to support this effort.

PHASE I: Develop and demonstrate a statistical algorithm of a target model with a well-defined API that would facilitate integration with government owned scene generator systems. The specific target model, for example T-72, should include appropriate statistical variations of the target signature. Recommend a method to validate the proposed algorithm.

PHASE II: Finalize and validate the design through more testing over tanks (T-72, ZSU-23-4, BMP) and battlefield wheeled vehicles (BM-21, URAL-375). Developed models and software must be made available to the prime contractor for SDB-II and/or JCM in support of the validated concept.

PHASE III DUAL USE APPLICATIONS: Expand the development of statistical variation of target signatures to include both military and civilian applications. Results should be transitionable to all DoD services, as well as their supporting contractors.
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	TITLE: Low Signal to Noise Ratio Radar Technology Investigation



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: Investigate and develop innovative compact long-range, multi-mode, high frequency, low transmitted signal-to-noise (S/N) ratio radar system concepts that will enhance performance, robustness, and survivability of precision terminal guided weapons,

DESCRIPTION: The problems associated with precision terminal guidance of autonomous lock-on-after-launch weapons for military and civilian targets, both stationary and mobile, in high clutter backgrounds, under adverse weather conditions, day/night, and low-light conditions, are some of the outstanding challenges facing the tactical weapons development community today.  A radar-based seeker is a good candidate and excellent selection for the stationary and moving target acquisition, track, and aim-point selection for precision terminal guidance applications.  Development of a light, compact, high frequency, low energy consumption (low transmitted power), low S/N ratio and low cost radar sensor with high range and Doppler resolutions is a challenging problem for today's radar technology.  These interesting radar systems concepts should have a multi-mode (SAR, GMTI, and HRR) radar operational capabilities to search, acquire, and track single and multiple targets.  This type of radar sensor will provide a new ability for radar system design and will find a number of applications for weapon seekers and commercial navigation collision avoidance. Optimal reception of coherent (pulsed or CW) radar signals and pulse compression technique are the principles forming the basis of the modern radar design.  The antenna and radar waveform designs along with operational bandwidth and signal processing are critical in designing radar systems for a specific radar application, such as smart weapons.   

To begin this effort, a trade-off study of various radar concepts will be conducted. A complete innovative radar system concept will be selected, developed, simulated, demonstrated, and compared with conventional radar in term of antenna peak-to-side-lobe ratio, waveform characteristics, transmit power/operational range, average power, range/ Doppler resolution, probability of target detection, and target tracking capabilities.

PHASE I: Survey, develop, and assess a feasibility of innovative radar technology concepts for a range of 5 to 10 km operation with low transmitted power and low S/N. Proposer shall conduct a concept study of potential new compact low cost wideband multi-mode (SAR, GMTI, and HRR) capability and low S/N radar technology that is feasible for precision terminal seeker and weapon network centric development.

PHASE II: Develop a radar system simulation based on the Phase I results.  Select an optimal radar system architecture that meets all objective requirements.  Radar architecture will be proposed and simulations of the selected full radar system will be used to compare the proposed innovative radar concepts to more traditional radar approaches.  A complete radar system prototype based on the simulation outcome will be developed, evaluated and demonstrated in laboratory and outdoor environments.

PHASE III DUAL USE APPLICATIONS: Design and fabricate a low cost and lightweight/compact full function innovative radar system for a realistic field test and flight demonstration. Transition into Air Force weapon/UAV and commercial (UAV navigation collision avoidance, weather radar, altimeter, etc.) applications.

REFERENCES:
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2. James D. Taylor, Ultra wideband Radar Applications and Design, CRC Press 2012.
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	AF161-105
	TITLE: Sensors for Remote Airfield Assessment



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 small form factor lightweight sensor(s) that can work with satellite or RPA survey to rapidly assess the the load bearing capability of soil, roads, and runways and clearances, grade, and obstructions to support aircraft operations.

DESCRIPTION: Develop and prove accuracy of a technology or group of technologies to replace the need for hammer driven-dynamic cone penetrometer (DCP) assessment of runways or unimproved runways for aircraft and unmanned aerial vehicle (UAV) operations.

The goal of this research is a lightweight sensor or set of sensors (array) that can provide the equivalent soil shear strength, moisture content and associated factors to determine the ground or pavement load bearing capacity.  The entire sensor and processing suite must fit in less than a small rucksack or pack, be battery operated and require two or less person operation.

Low/no acoustic footprint or other emissions are of prime consideration.  The goal is for a two person survey team to determine the soil shear capacity for up to 30 points over a 2,000-foot-long runway in under 2 hours.  It is envisioned this sensor (or array of sensors) would be hand carried or droppable from aircraft or small UAS (or quad-copter).

An improved or unimproved runway survey assesses the structural suitability or load bearing capability of an airfield to support aircraft landing, taxi, and takeoff.  The survey approach also addresses other factors including the geometric characteristics of an airfield such as: runway length and width, grade, and airfield and airspace obstruction clearances.

The numbers and locations of soil strength tests and samples will vary with the type of airfield, size of airfield, proposed mission of the airfield, number of features, and time available for conducting the tests. Test locations must be chosen wisely and should accurately cover each feature or aspect of the airfield, yet may need to be minimized due to aircraft operations or time constraints. Soil conditions are extremely variable; therefore, as many tests as time and circumstance will permit should be taken.

The California Bearing Ratio (CBR) test is the test most commonly used in road and runway design all over the world. There are many methods for estimating CBR from the soil and site-specific parameters (Dave, 1997).  The Dynamic Cone Penetrometer (DCP) value is being used extensively in several countries for reliable estimation of subgrade CBR value. This test can be used for rapid measurement of in situ strength of pavement layers and subgrades and has been successfully employed for this purpose in South Africa. The DCP was initially developed in South Africa as an in situ pavement evaluation technique for continuous measurement with the depth of pavement layers and subgrade soil parameters. Since, then this device has been used extensively in South Africa, the United Kingdom, the United States, Australia, and many other countries, because it is simple, economical, and less time consuming than most other available methods.  One- and two-man DCP kits have been fielded with costs from $2 to 3K per kit.   It takes 10 to 15 minutes per sample for dirt runways, much longer for paved surfaces, with 20 or more points for runways plus overrun and taxiways.  The goal is to reduce a typical 4-hour survey to one hour of less.

Shearing resistance is one of the most important properties that a soil possesses. A soil’s shearing resistance under given conditions is related to its ability to withstand a load. The shearing resistance is especially important in its relation to the supporting strength or bearing capacity of a soil used as a base or subgrade beneath airfield pavements. For military pavement applications, the California Bearing Ratio (CBR) value of a soil is used as a measure of soil strength.

Currently, CBR is determined using a Dynamic Cone Penetrometer (DCP) which is an impact device.  This large unit represents many operational and logistic challenges.  The DCP consists of a 16-mm-diameter stainless steel rod with a cone attached to one end which is driven into the soil by means of an 8 kg sliding hammer which is dropped from a height of 575 mm. The angle of the cone is 60 degrees and the diameter of the base of the cone is 20 mm.  Units that test both paved and semi-prepared airfields use 50-inch-long rods, but 36-inch-long rods are available and are adequate for semi-prepared airfield evaluations. Loaded aircraft may affect the soil to depths of 36 inches or more; therefore, it is recommended that DCP tests be conducted to the full depth of the rod.  Use of the DCP is a multi-person activity and requires moving the unit up and down every 200 feet (minimum) of the road or runway and back and forth across it to get a useful distribution of points.

PHASE I: Investigate novel sensor technologies for non-impact/noiseless technologies to rapidly determine the geospatial, geotechnical, and grade of improved and unimproved areas to determine suitability for aircraft operation.  Demonstrate critical component technology suitability with laboratory or field demonstration.

PHASE II: Develop and demonstrate-hand or SUAS deployed sensor array to rapidly assess soil shear strength for CBR down to at least 36 inches with desired goal of 48 inches and soil surface and soil depth moisture content.  In laboratory and field demonstration, show direct traceability to traditional DCP or other Air Force-approved survey approaches.

PHASE III DUAL USE APPLICATIONS: Transition to commercial highway and runway construction, Air Force civil engineering support, Army and Marine Corp mobility and amphibious landing support.

REFERENCES:
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	TITLE: Compact SWIR DFOV Optics



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 a near infrared (NIR) and short-wave IR (SWIR) dual-field-of-view (DFOV) optical system compatible with small unmanned aerial system (UAS) gimbals to support day/night imaging and targeting of ground targets.

DESCRIPTION: Small, stabilized gimbals are being developed for emerging small pursuit weapons and air-launched UAS.  These 3-to-5-inch diameter gimbals place severe limits on the size and weight of any optical imaging system.  Past demonstrations with air-launched air vehicles and weapon sights have used single-FOV lenses, leading to a trade between operator situational awareness and magnification required for positive identification. Mechanical design, weight, and poor MTF plague current COTS optics.

A dual-field-of-view optical system would provide an operator with good situational awareness in a wide-field-of-view (WFOV) and high resolution for target identification in a narrow-field-of-view (NFOV).  Zoom lenses have been evaluated in prior program but have issues through the zoom range and have weight and size impacts.

Most standard lenses have been designed for 20-25 micron pixel pitch, and relatively few are available even in single FOV designs for recently-developed small pitch focal plane arrays with 12.5 to 5 micrometer (micron or um) pixels.

Production cost is an important factor since the small, air-launched UAS and weapons are designed for a one/few-time use in an operational setting but may be re-used many times in a CONUS training environment.

The optical system requires full-field resolution of greater 80 cycles/mm and an MTF greater than 50 percent at 40 cycles per millimeter. The optical system is needed for low light capability and needs high (80 percent objective) transmission for visible through SWIR 0.4 – 1.9 micrometers wavelengths.

The optical system needs to accommodate at least two mechanically-switchable spectral filters (IR cut and laser passband).  The format should accommodate an image format supporting current 640 x 512  pixel SWIR InGaAs focal planes and the new 1280 x 1024 pixels (or larger 1920 x 1080 HD format) focal planes.

Pixel pitches from 10 micron down to 5 micron for SWIR are anticipated and as small as 2 to 3 micron in the visible.  The lens needs at least two selectable fields of view, with an narrow field of view (NFOV) focal length of 50 mm or longer and a wide field of view (WFOV) focal length of one half to one third of the NFOV. The distortion shall be 0.5 percent or better over the full field of view with no vignetting. The band-average spectral transmission shall be 80 percent or higher at f-number 1.4 or faster.

Multiple sensor ports for color-visible/SWIR focal planes will be an option to accommodate focus variations, if the size and weight impact can be minimized. The goal is to not require operator-initiated refocusing to maintain image quality upon field-of-view switch or filter selection, and provide for operator-adjustable (motorized) focus. The lens should provide positive mechanical stops or locks at each FOV and filter position and provide FOV/filter position feedback indications to the weapon of small UAS control system.  FOV and filter switching time should be 0.5 seconds or faster.

The design must include optical anti-glare coatings and baffles to prevent objectionable stray light artifacts from natural or man-made light sources outside the FOV.

A variable iris (f/1.4 – f/16) is desirable for weapon mounted sights to accommodate the wide range of conditions from daylight to night operations.

The optical system should be no larger than 42 x 50 mm (W x L) to fit in the smaller gimbals. The optical system has to survive the shock loads present in deployment from a Common Launch Tube (CLT) of approximately 80g and it is desired to have higher shock survival for weapon mounted applications. The lens must operate over an altitude range of 0 to 20,000 feet above sea level. 

For gimbal and weapon balance considerations, lightweight approaches are critical.  A goal of under 200 grams is ideal for hand launched systems where the entire gimbal payload is under 900 grams including sensors.   The lens system environment goal is operation over -40 to +70 degrees C of gimbal interior temperature is required with a goal of -20 to 70 degrees C. The optical system has to operate in the vibration environment of a small propeller-driven UAS with up to 8G peak to peak 0 to 100Hz and operate in rail mounted gun sight applications for full automatic fire with small arms (5.56mm/7.62mm).

PHASE I: Develop a preliminary optical, mechanical and electrical designs. Thermal, electrical and vibration specs will be finalized between the government, the gimbal developer, and lens designers. One proof-of-concept laboratory lens (performance not required in a vibration/g-shock environment or at temperature or altitude extremes) mechanical models are desired for performance evaluation.

PHASE II: Develop, integrate and deliver one engineering qualification prototype and five fully-qualified units. Provide an interface control document and source data to support safety-of-flight requirements. The Phase I and II optics may not utilize any hazardous glasses, substrates or coatings. The prototype unit shall be tested over the temperature and vibration limits to be finalized in Phase I.  Provide optical test data (MTF, transmission, distortion etc.) for all six lenses.

PHASE III DUAL USE APPLICATIONS: Manufacture low-cost dual FOV lenses for rugged weapon, missile, and small UAS application.  Apply in manufacturing for machine vision, medical imaging, hostile fire detection, and astronomical/navigation applications.

REFERENCES:
1. http://www.clearalign.com/SWIRlenses.html downloaded on 28 April 2014.

2. http://www.navitar.com/pdf/swir_mtf.pdf downloaded on 28 April 2014.

3. http://www.sensorsinc.com/downloads/SU640CSX.pdf downloaded on 1 May 2014.

4. Dual Resolution Imaging for Metrology Applications, Harding and Gray, SPIE 8839, 883905

5. Low profile optic design for mobile camera using dual freeform reflective lenses, SPIE 6288, 628808.
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OBJECTIVE: Design and implement an EPIC Hydroocde module in the Modular Effectiveness Vulnerability Assessment (MEVA) code. The two codes should be fully linked under the Endgame Framework architecture.

DESCRIPTION: Current lethality tools make use of empirical models that are the result of fitting data to sub-scale test data. This approach is not only expensive but provides for a simplified approach to modeling the lethal effects of munitions that exclude important physical effects. The full ranges of lethal effects are therefore not modeled, thus underestimating the performance of weapons. Until recently it was not possible to integrate more accurate tools into the lethality codes to provide better estimates of the actual weapon effects. However, this is changing. Recent advances in computing speed of desk side computers are now enabling more accurate and detailed calculations to be performed. The calculations that were once performed on the fastest Cray supercomputer 20 years ago can now be performed ten times faster on a modern multi-core PC class computer. This trend shows no sign of abating. There is a desire to take advantage of this modern computing power and increase the fidelity of the models currently used in the Air Force’s Modular Effectiveness Vulnerability Assessment (MEVA) code. Currently, the MEVA lethality and vulnerability software application is used to perform lethality and vulnerability analysis to estimate the effectiveness of Air Force weapon systems. MEVA is built with the Endgame Framework simulation architecture, a 3D modeling and simulation computer application. Currently, when the scenario involves a penetrating warhead, MEVA calls a module that implements empirical relations to estimate the performance of the penetrating warhead. However, the empirical relations that are currently used require extensive test data to calibrate and can only model rigid solid bodies. The EPIC hydrocode has the ability to perform detailed simulations of hard target penetrators and includes non-rigid bodies and the ability to model internal structures, such as the fuze, fuze mount, and explosive fill. A more accurate estimate of probability of kill can be obtained by using more accurate codes such as EPIC. EPIC is an elastic-plastic finite-element based code and with the proper material constitutive models can accurately simulate penetrators to a much more accurately and completely that the current modules in MEVA. 

The purpose of the topic is to develop and implement a means to include EPIC as a module in MEVA and other Endgame Framework based applications. The EPIC module must accept inputs from MEVA and then compute the penetrator trajectory and survivability and return these results to MEVA. The EPIC model shall be able to use the target and warhead geometry entered by a use in MEVA and then automatically creates an input deck to run EPIC, which will be packaged in a wrapper and added as a module according to the Endgame Framework development API. Software changes to both MEVA and EPIC may be required to facilitate the integration of the two software applications. The goal is to allow a user to use the more accurate, but more time consuming, EPIC module as a substitute for the less accurate but faster empirical relations when performing lethality and vulnerability calculations in MEVA, or other applications built with the Endgame Framework.

PHASE I: Develop overall software integration design that includes a detailed description of the necessary software components necessary to link EPIC with Endgame Framework for penetration scenarios.

PHASE II: Develop and demonstrate a fully integrated prototype system that allows realistic EPIC penetration calculations to be performed as part of MEVA lethality calculations.

PHASE III DUAL USE APPLICATIONS: Develop and demonstrate integrating other types of warhead analysis with Endgame framework and MEVA. These may include EFPs, blast warheads, and fragmenting warheads for examples.

REFERENCES:
1. Endgame Framework (http://www.endgameframework.com/).

2. Numerical Algorithms in a Lagrangian Hydrocode, WL-TR-1997-7039 (www.dtic.mil).
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OBJECTIVE: Investigate low-cost alternatives to steerable antennas for the munitions application.

DESCRIPTION: The performance enhancements afforded by electronically steerable antennas is of high interest to the radar seeker community. Traditionally phase array antennas require beam forming networks with distributed phase shifters or time delay mechanisms and additional control circuits, to perform beam steering that lead to expensive and complicated circuitry not economically feasible for use in small missile radar seekers. Recent breakthroughs in engineered electronic and electromagnetic materials and continuous transverse stub arrays have made agile, reconfigurable apertures possible where the beam-forming function is integrated in to the aperture. These technologies are opening avenues to provide new levels of real-time control of the aperture and performance as well as affordability.

There is a need to investigate innovative beam steering schemes that eliminate traditional beam forming networks and lead to digitally controllable RF apertures for radar seeker. Minimal figures of merit and functionality are frequency control and agility (17 GHz +/- 10 percent or 35GHz +/- 10 percent), wide bandwidth (600 MHz to 1.2GHz) and instantaneous pattern control. Instantaneous Field of View (IFOV) of approximately 7 degrees, Field of Regard (FOR) of approximately +/- 35 degrees in azimuth and elevation with a gain greater than 21dBi and nominal aperture of six inches.  An antenna that can possibly meet these requirements and is able to work at 17 GHz in addition to 34 GHz is also of interest but not required. The techniques should be implementable in a small, lightweight package and, at minimum, allow for classical sum and difference mono-pulse beam forming. The technique should be evaluated against factors such as beam forming capability, gain, Size, Weight, Power and Cost (SWAP-C) and radiation characteristics such as FOR, IFOV, beam width, etc.

PHASE I: Study the feasibility of innovative beam-steering techniques and implementation for use in a small radar seeker. Requirements for several antenna concepts should be considered and translated into design specifications. Trade-off analysis and simulation of critical performance parameters is expected during Phase I.

PHASE II: Develop and demonstrate the technique through a breadboard antenna and relevant drive electronics. It is expected for AFRL to perform testing of the prototype.

PHASE III DUAL USE APPLICATIONS: Develop and demonstrate in KHILS anechoic chamber a full-up antenna array with beam-forming network.

REFERENCES:
1. Lee, Jar J.;  Wilkinson, Steven R.;  Rosen, Robert A.;  Krikorian, Kapriel V.;  Newberg, Irwin L.,  "MMW ELECTRONICALLY SCANNED ANTENNA," Patent No. 7061443.

2. Sikina, T.; McKay, D.; Komisarek, K.; Porter, B., "Variably inclined continuous transverse stub-2 antenna," Phased Array Systems and Technology, 2003. IEEE International Symposium on, pp.435,440, 14-17 Oct. 2003.

3. Balanis, Constantine A., “Introduction to Smart Antennas,” Morgan & Claypool Publishers, 2007.

4. Hall, P.S.; Gardner, P.; Faraone, A., "Antenna Requirements for Software Defined and Cognitive Radios," Proceedings of the IEEE , vol.100, no.7, pp.2262,2270, July 2012.

5. Ehsan, Negar, “Broadband Microwave Lithographic 3D Components,” Ph.D. dissertation, Dept. of Electrical, Computer, and Energy Engineering, University of Colorado, 2010.
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OBJECTIVE: Develop innovative models that simulate urban target cumulative structural damage caused by multiple weapons.

DESCRIPTION: This topic is in support of today’s next-generation munitions that will attack their target at the same location or at multiple locations in an effort to destroy or functionally kill an urban structure.  The objective is to develop an innovative High-Fidelity Physics-Based (HFPB) Fast-Running Model (FRM) that predicts cumulative damage to the structural components of urban targets impacted by multiple weapons. The requirement is to be able to assess the incremental damage to an urban target and its components when subjected to multiple strikes with consideration to airblast, gas pressure, weapon fragment and structural debris loadings, time dependent variable venting, and weapon detonation intervals. Desired FRM outputs include structural component damage (deflection, spall, breach, and/or failure), structural debris mass & velocity distributions, subsequent residual strength (residual capacity), and Collateral Damage Estimation (CDE) data.  An incremental definition of component damage to include residual capacity is extremely important for weaponeering multi-layered targets for progressive collapse, and could be exceptionally helpful in planning protection from sequenced terrorist attacks. This new FRM must be tightly integrated with AFRL’s Modular Effectiveness Vulnerability Assessment (MEVA) code to provide seamless transitions between the existing single-strike FRMs and new progressive-damage methodology.

Current requirements specify the need for FRMs that predict the structural damage to Urban Framed and Mass constructed structures subjected to multiple weapon detonations with an overall accuracy of 80 percent or better when compared to actual test data. Blast and fragment loads from current and future weapons are of particular interest. Current single weapon models include the quantification of modeling uncertainty and a representation of the models’ predictive accuracy based on that uncertainty. In cumulative damage models, modeling uncertainty is expected to grow with cumulative damage from multiple weapons. Thus, the cumulative damage models should also reflect cumulative uncertainty when assessing their predictive accuracy.

One of the options for defeating urban structures is collapse due to sequential damage from multiple weapons at multiple locations. Walls, columns, beams, and slabs not completely destroyed during a strike could be sufficiently damaged during subsequent strikes to promote structural collapse.  The residual capacity of the structural components under repeated weapon loading, including impulse loading from structural debris and secondary airblast, is of interest here. These residual capacity outputs will be fed into a progressive collapse model to determine the structural integrity of the building.

These FRM(s) should address both air-backed and soil-backed walls, roofs, floors, columns, and beams including soil-structure interaction effects.  In addition, the FRM(s) should be able to handle the different room configurations typically found in urban-type structures. The resulting FRM(s) will need to be integrated into the AFRL MEVA architecture and have execution times similar to current FRM(s).  The multiple weapon loads (blast and fragment), location, orientation, detonation timing, along with the structural component information will be provided as input from MEVA to the FRM(s).  In addition, the proposer should propose a limited set of test experiments that can be performed to validate proposer's algorithms.  If necessary, government test facilities and or test data will be provided if requested and within the government’s funding constraints.  If required, government HPC facilities will be provided to the proposer upon request.

PHASE I: Demonstrate the feasibility of using HFPB models to simulate the effects of multiple weapon detonations in one room of a typical RC framed structure with masonry walls and multiple weapon detonations in multiple rooms of a RC framed structure with masonry walls.  Demonstrate the feasibility of developing FRMs that capture the important characteristics of the problem.

PHASE II: Using HFPB models that can simulate the effects of multiple weapon detonations on the structural components of urban structures, develop innovative FRM(s) that capture the important characteristics of the problem for the desired parameter space. Validate the HFPB models with experimental data and quantify the accuracy of the FRMs. Implement FRMs in AFRL’s MEVA and standalone codes, and support code verification efforts.

PHASE III DUAL USE APPLICATIONS: Finish development of the FRM(s) covering the parameter space not covered in this development.  Adapt the FRMs for use by other services and for use in anti-terrorism activities where model predictions must be survival conservative as opposed to kill conservative for weaponeering solutions.

REFERENCES:
1. Krawinkler, H., and Nassar, A., 1992. Seismic design based on ductility and cumulative damage demands and capacities, Nonlinear Seismic Analysis and Design of Reinforced Concrete Buildings, edited by H. Krawinkler and P.  Fajfar, Elsevier Applied Science, pp. 95-104.

2. Crawford, J.E., and H.J. Choi, "Development of Methods and Tools  Pertaining to Reducing the Risks of Building Collapse," Proceedings of the International Workshop on Structures Response to Impact and Blast, November 2009, Haifa, Israel.

3. Lloyd, G.L., T. Hasselman, and J.M. Magallanes, "Fast Running Model for the Residual Capacity of Bomb-Damaged Steel Columns," Proceedings of the 80th DDESB Explosives Safety Seminar, Palm Springs, CA, August 12-14th, 2008.

4. Anderson, Mark C., W. Gan, and T. K. Hasselman, "Statistical Analysis of Modeling Uncertainty and Predictive Accuracy for Nonlinear Finite Element Models," Proceedings of the 69th S & V Symposium, Minneapolis/St. Paul, 
Minnesota, October 12-16, 1998.
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OBJECTIVE: Design ultra-wideband structurally integrated antennas suitable for the next generation of radar seekers. These seekers will require a very large field of regard while maintaining beam-shaping capabilities.

DESCRIPTION: Future radar seekers will be software defined and capable of performing multiple missions. These seekers will be expected to operate cooperatively in hostile environments and meet the demanding cost, size, weight and power (C-SWaP) constraints of weapons for fifth- and sixth-generation platforms.  

As the need for engaging targets in difficult environments grows, ultra-wideband and structurally integrated antenna architectures have gained interest.  However, these antenna architectures must conform to the limited size and overall outer-mold line of the weapon platforms.  Next-generation seekers must perform frequency agile radar and communication waveforms, which will require ultra-wideband apertures. These structurally integrated and conformal antenna arrays may also allow for an extended field of regard as compared to traditional nose mounted seekers. Also, by utilizing the surface area, which would typically be larger than the missile cross-sectional area, for the conformal aperture could allow for additional antenna gain and thereby longer acquisition ranges. 

To address the challenges of these antenna architectures, it is of interest to study novel conformal ultra-wideband antenna elements as integrated directly into the munition structure.

PHASE I: The Phase I effort will look at the feasibility and attainable performance of an ultra-wideband structurally integrated architecture for use in a small radar seeker.  Identification of technology barriers, trade-off analysis and simulation of critical performance parameters is expected during Phase I.

PHASE II: Demonstrate the antenna architecture through simulation and develop representative breadboard.  It is expected for the Air Force Research Laboratory (AFRL) to obtain delivery of the breadboard for independent assessment.

PHASE III DUAL USE APPLICATIONS: Mature and develop a brassboard prototype.  It is expected for AFRL to obtain delivery of the prototype for independent assessment.

REFERENCES:
1. Hansen, R. C., et al. "Conformal antenna array design handbook." NASA STI/Recon Technical Report N 82 (1981): 21483.

2. Josefsson, Lars, and Patrik Persson. Conformal array antenna theory and design. Vol. 29. John wiley & sons, 2006.
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OBJECTIVE: Maturation and transition of a highly-integrated monolithic exploding foil initiator (EFI) which focuses on enhanced performance, survivability and manufacturability, while complimenting long-life, high-G, and high reliability requirements

DESCRIPTION: Conventionally, most slapper detonators are based on a non-integrated design where a pre-fabricated EFI/slapper chip is sandwiched between a chip spacer and a barrel. This assembly is then soldered onto a header with a 2-pin feed-through. A problem associated with such modular slapper detonators is the potential for unreliable operation due to failure of the electrical connections between the EFI/slapper chip and the header. Conventionally, electrical connections are formed by soldering. However, it is important to perform this soldering at low temperature to avoid degradation of the dielectric overcoat from which the flyer is generated by the vaporization of the bridge of the EFI. Failure of the solder connections due to materials aging and/or manufacturing defects can lead to unreliable operation of conventional slapper-detonator designs. 

There is a need for a new approach to slapper detonator design that avoids such problems. A monolithic slapper detonator (monolithic exploding foil initiator) can be expected to yield greater reliability of operation and higher yields of devices meeting performance specifications compared to previous modular designs. An additional benefit of a monolithic device is that it represents a configuration that is more readily survivable in high-g-force environments.

As a solution to the need described above, Direct Header Deposition Slapper (DHD) technology has been developed by the Department of Energy (DoE), via Sandia National Laboratory (SNL). The DHD, a type of monolithic exploding foil initiator, is an adaptation of a chip slapper which focuses on enhanced manufacturability while complimenting long-life, high-G, and high reliability requirements. Upon completion of prototyping, DHD shows considerable promise, but further development is needed in order to mature the technology and also enable reduction in the manufacturing process.

The intent of this topic is to address the need to mature the manufacturing processes and technology prototyped with the DHD, and consider other technology to produce a monolithic EFI that is highly integrated with enhanced high-g survivability that may be implemented into DoD weapon systems.

Proposers are encouraged to demonstrate how their technology and processes can address enhanced manufacturability of a highly-integrated monolithic EFI, while meeting EFI performance and high-G survivability requirements. The ideal candidate should have expertise in all domains. Technologies and processes proposed should be able to show significant gains in manufacturability over existing solutions. A highly integrated solution is desired. Proposers should leverage existing technologies with minimal risk while optimizing performance. Ideally the deliverable should be able to transition as a drop in replacement for existing systems and support legacy systems, as well as emerging ones.

PHASE I: Demonstrate an improved process utilizing DHD technology to manufacture monolithic EFIs that are readily integrated into DoD weapons. Define materials, manufacturing steps, and production costs. Use a standard fireset and PDV to characterize the performance of prototype EFIs with the same bridge specification as a conventional EFI.

PHASE II: Refine the improved manufacturing process developed in Phase I and demonstrate its performance at larger (production) scale. Use a standard fireset and PDV to validate the performance of a statistically significant sample of EFIs produced using the new processes. Conduct and report the results of an explosive threshold test series on a standard material. Conduct high-G shock loading experiments to assess survivability at relevant conditions. Quantify cost savings and reliability improvements.

PHASE III DUAL USE APPLICATIONS: Mature and demonstrate the ability to fabricate prototypes that meet all performance and environmental requirements in order to transition as a drop in replacement for existing systems and support legacy systems, as well as emerging ones.

REFERENCES:
1. Welle, E., et al. (2012). U.S. Patent No. 8,291,824.  Washington, DC: U.S.

2. Nance, C. (2009). U.S. Patent No. 7,571,679.  Washington, DC: U.S.

KEYWORDS: exploding foil initiator, monolithic exploding foil initiator, EFI, direct header deposition, DHD, chip slapper


	AF161-112
	TITLE: Armament Life-cycle Status Monitoring Device



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: External non-invasive collection of environmental data on armament without modification.  Self-powered RFID-like system with status sensor/analysis suite, memory/reader feeding logistics databases.  Max G loading, min/max temperature data desirable.

DESCRIPTION: Most armament, both bomb and missile systems, are acquired as "wooden" rounds, intended to be stored indefinitely until retrieved for use. Though many have the capability to have a built-in-test performed to determine system status, few have any environmental monitoring capability to determine the number of hours spent in storage, on the flightline, on the aircraft, or in the air. This topic is looking for solutions to non-invasively collect this data without system modification. An RFID like system that is self-powered, has a sensor/analysis suite sophisticated enough to determine the status, and memory/reader system capable of feeding that information into the maintenance/logistics database, is sought. In addition to status information, additional information such as max G loading, min/max temperature, and such, would be useful in determining RM&A and life-cycle risks. 

The technical challenges are threefold: 1) packaging the device small enough to be non-invasive from an aerodynamic and human factors perspective, 2) be robust enough to last the entire lifecycle of the weapon being monitored, and 3) require low enough power requirements for its operation to be self-sufficient. Ideally the device should be capable of storing the entire environmental history in on-board memory. Due to the varied geometries of the armament on which the device could be placed, it would be desirable for the device to be flexible enough to conform to various shapes. MEMS-based circuits, capable of sensing the vibrational environment, are expected for the sensor portion of the device though other concepts would be entertained. The analysis portion of the system should be capable of processing the sensor data and determining system status such as in storage, in flight, active/open-air storage, and ground handling. On-board data logs should include the amount of time spent in each status with a desired accuracy to within 10 minutes. Maximum and minimum values (such as the mentioned G-load, temperature) during defined events should be logged as well. Desired performance includes recording events with differing classes of G-loads, such as distinction between low loads/impacts (e.g., less than 2G), intermediate loads/impacts (e.g. greater than 2G, less than 10G), and high loads/impacts (e.g. great then 10G) with a false call rate of less than 5 percent.  Desired accuracy for temperature measurements should be within 1 degree F. Ideally the data could be down loaded wirelessly similar to data from RFID tags. While no specific format has been specified for the data from the sensors, it must be readily configurable into a generic format that is readable by any data capture system.  RMA requirements will be driven by the need to ensure the device is not destroyed during normal operational use, including the storage, maintenance, and flight environments. The goal is to ensure risks for weapons that are that are carried multiple times are identified and managed.

PHASE I: Determine options for self-contained, self-powered external sensor suite to meet desired performance. Primary sensor is expected to use vibrational environment to determine operational system state. Ancillary sensors pertinent to system reliability, e.g. thermal sensors, are of interest. Report should describe potential hardware modules, on-board analysis algorithms, and data management approach.

PHASE II: Primary objective of phase is to produce and demonstrate a working prototype. Sensors and analysis package should be able to determine when a weapon is in storage, transportation/maintenance, or airborne.  Memory management and data transfer into a maintenance device should be demonstrated. Cost strategy for incorporation into weapons maintenance concepts should be presented.

PHASE III DUAL USE APPLICATIONS: Identification of fielding and application paths, to include program sponsors, should be identified. Clear user requirements should be developed and fielding courses of action generated. Finalization of design for sponsor applications accomplished. Verify design operational performance.

REFERENCES:
1. An electroformed CMOS integrated angular rate sensor, S. Chang, M. Chia, P. Castillo-Borelley, W. Higdon, Q. Jiang, J. Johnson, L. Obedier, M. Putty, Q. Shi, D. Sparks, S. Zarabadi, Sensors and Actuators A: Physical Volume 229, 15 June 2015.

2. A 0.5 mm2 integrated capacitive vibration sensor with sub-10 zF/rt-Hz noise floor, S.V. Iyer, Hasnain Lakdawala, R.S. Sinh, E.J. Zacher, D.M. Gauge, IC Mech. Inc., Pittsburgh, PA, USA DOI: 10.1109/CICC.2005.1568616 Conference: Custom Integrated Circuits Conference, 2005. Proceedings of the IEEE 2005
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OBJECTIVE: Develop sensors and monitoring systems for direct detection of coating protection system breakdown for aircraft structures.

DESCRIPTION: An embedded corrosion monitoring system suitable for aircraft would ideally be capable of detecting the loss of barrier and inhibiting properties of coatings (MIL-PRF-23377, MIL-PRF-85285) at airframe structural joints. The prototype would demonstrate feasibility of the basic measurement technique using a simple aluminum alloy test assembly to simulate a lap joint with an aircraft coating (primer MIL-PRF-23377, Class C2, and topcoat MIL-PRF-85285) tested in accelerated atmospheric corrosion test (ASTM G85-A5, or similar). 

The direct measurement system should measure coating system condition and the onset of coating degradation within multi-layered aircraft structures. The breadboard prototype fabricated in Phase I system should detect coating system condition, and should be able of measuring percent inhibitor loss of 20 percent with a threshold of 20 percent with an accuracy of 10 percent of actual value, and capable of detecting a 5 mm long scribe or coating crack along a lap joint. The embedded corrosion monitoring system will need to be primarily compatible with conventional coatings and aluminum alloy structures, but future extensibility to specialty materials and composite structures of more advanced aircraft would be advantageous. The measurement system will produce direct measurements of coating condition and corrosion rate at coating defects. System intelligence will be built in to automate data processing for generation of actionable information indicating the extent and location of coating breakdown. The system will support automated coating condition diagnostics for anticipating inspection and maintenance actions. The system must be highly reliable and not create new inherent failure points on the structure. It must not present an additional maintenance burden, nor result in an unacceptable level of false positives. 

The system should be designed to eventually integrate with maintenance or health monitoring network systems, to support Condition Based Maintenance Plus (CBM+).  CBM+ is the application and integration of appropriate processes, technologies, and knowledge-based capabilities to achieve the target availability, reliability, and operation and support costs of DoD systems and components across their life cycle. Ideally, the system will not require aircraft power for long-term operation (5 - 8 years), and will support wireless data transmission. The embedded corrosion monitoring system including sensors, supporting electronics, power sources, and physical and electrical interfaces will be lightweight, small size, and cost effective to meet qualification and cost/benefit requirements.

PHASE I: Establish a preliminary design and build a prototype embedded corrosion measurement system for aircraft structures. Measurement system should be able to detect a seeded preexisting coating defect and an applied defect including coating crack and scribe. The system should be capable of measuring inhibitor loss and detecting scribes and coating cracks as per description.

PHASE II: Complete a prototype sensor and monitoring system for aircraft applications. Establish physical, electrical, and network communication interfaces needed for aircraft integration. Develop the data acquisition system, data processing algorithms, and user interface to demonstrate system performance in long-term accelerated corrosion tests and outdoor exposures using simulated air force structural component. Deliver prototype system for use in AFRL testing in accelerated corrosion test chamber.

PHASE III DUAL USE APPLICATIONS: Identification of fielding and application paths, to include program sponsors, should be identified. Clear user requirements should be developed and fielding courses of action generated. Finalization of design for sponsor applications accomplished.

REFERENCES:
1. Herzberg, E. Cost of Corrosion to DoD. (2010).  http://www.sae.org/events/dod/presentations/2010/B3EricHerzberg.pdf.

2. M.E. Ibrahim, C.M. Scala, A.R. Wilson, V-T. Truong, and D.P. Edwards, Advanced Applications of Smart Materials Research for the Enhancement of Australian Defence Capability, 2009. http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA515424.

3. Qing, X. P. et al. Advanced Self-Sufficient Structural Health Monitoring. In Structural Health Monitoring 2006: Proceedings of the Third European Workshop (DEStech Publications, Inc, 2006).

4. Demo, J., Friedersdorf, F., Andrews, C. & Putic, M. Wireless corrosion monitoring for evaluation of aircraft structural health. In Aerospace Conference, 2012 IEEE 1–10 (2012).  <http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6187362>.

5. Andrade, C., Martinez, I. & Castellote, M. Feasibility of determining corrosion rates by means of stray current-induced polarisation. Journal of applied electrochemistry 38, 1467–1476 (2008).
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	AF161-114
	TITLE: Alternative Nondestructive Testing Inspection Method of In-service Aircraft Bolts and Wheels



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop and establish alternative and effective non-destructive inspection (NDI) methods for in-service bolt and wheels currently inspected by magnetic particle (MT) and penetrant testing (PT) methods.

DESCRIPTION: All in-service Air Force aircraft wheels and steel wheel bolts are to be inspected using MT and PT NDI methods when they are rebuilt or when required by any maintenance actions.  The wheels and wheel bolts of critical support equipment wheels and bolts also require periodic inspections with these NDI methods also.  

MT is the most currently the most common methods used for the inspection of aircraft wheel bolts.  There are thousands of wheel bolts inspected daily in Air Force NDI labs, aerospace and industry.  PT is the method most commonly used for inspecting in-service aircraft and critical support equipment wheels.  The major drawback for each of these methods is the generation of hazardous waste and the inspection process is associated with costly equipment, maintenance hours, and support.  Another main disadvantage of MT testing is the interpretation of results due to the accumulation of particles in the thread sections.  An additional problem associated with PT testing is the improper stripping and cleaning of the wheels.  This causes difficulty in removing excess penetrant and generates false calls.

MT and PT have been traditionally used as the NDI methods for in-service wheels and steel bolts.  The complex geometry and the improper stripping discussed above dictate that better NDI methods should be developed and established.  The proposed method should eliminate the generation of hazardous waste and by extension the expensive equipment used in MT and PT inspection systems.  Initial research efforts showed there could be existing alternative methods, Processed Compensation Resonance Testing (PRCT) and Sonic Infrared (SIR), for this inspection.  Current inspections rely on a hit/ miss analysis.  The proposed method would follow the same pattern.  For the proposed effort representative examples for wheels and wheel bolts can be used; however, if necessary, discarded examples could be provide to assist in the development and preliminary evaluation of these new methods.

PHASE I: Determine potential candidate methods and perform a feasibility demonstration showing the proposed method is capable of detecting damage.  If applicable, a lab-grade breadboard prototype would be sufficient.

PHASE II: Continue development of feasibility demonstration from Phase I toward creation of prototype system.  Through a proof-of-concept demonstration show that the capability can be meet when taking into account system throughput.

PHASE III DUAL USE APPLICATIONS: Prepare technology for military and commercial transition including hardening of beta system from Phase II to meet depot and field requirements.

REFERENCES:
1. T.O. 33B-1-1.

2. T.O. 33B-1-2.

3. NAS 410 Certification and Qualification of NDT Personnel.

4. MIL-HDBK-6870A.
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	AF161-115
	TITLE: Direct Measurement of Bondline Temperature During Composite Repair/Fabrication



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop improved methods to measure bond-line temperature during composite material repair or fabrication without introducing critical flaws or unduly increasing the burden/time to the repair technician.

DESCRIPTION: A better method is needed for assuring adhesives and pre-impregnated composites are fully cured during repair.  Current methods for predicting if adhesives in composite materials are properly processed require the placement of multiple thermocouples around the repair site but external to the material being cured in order to avoid the introduction of a structural flaw. Even with multiple thermocouples around the repair it is difficult and sometimes impossible to assure the temperature requirements have been met at the bonding surface of the patch. 

Because of the risk of failure to meet the required processing temperature, many repairs that could otherwise be managed in the field, must be returned to the depot, thereby denying access to the warfighter. Better methods are needed to measure the temperature in critical locations that are not easily verified by the current temperature measurement methods. 

A solution is sought where temperature sensors could be placed at critical locations within the repair without creating a critical flaw in the repair or undue hardship on the repair technician. Further, the solution must not have any external wires or other components protruding from the repair bondline, and must be capable of providing output/feedback to monitor and control the heating of the repair in real-time. For example, one possible solution is to use temperature sensors that are small enough to be below the critical flaw size and use a magnetic field to non-destructively interrogate the sensors and provide readouts for interfacing with the hot bonder. It is theoretically possible to use such sensors to greatly improve the confidence in repairs. However, the ability to make such measurements is as yet unproven for the materials and processes required in the depot or field repair environments.

PHASE I: Develop and demonstrate proof-of-concept prototype that can measure bondline temperature of Air Force composite repairs and provide feedback to control the heating of repair. System shall be capable of measuring through glass, carbon, boron, or aramid fibers; measuring ambient temperature to 500 degrees F; wirelessly transmitting from bondline through approximately 0.150 in. of composite material.

PHASE II: Investigate accuracy and precision of the new system and determine if it exceeds current technology. Design and manufacture a working prototype that can interface with current commercial hot bonders, providing feedback for controlling the heating of the repair. Define field test objectives and conduct limited testing using composite structures similar to current aircraft composite structure/substructure. Assess the ability to field the system and its limitations. Perform a cost-benefit analysis.

PHASE III DUAL USE APPLICATIONS: Design and manufacture version ready for commercial sales.  Develop and document procedures for operation, calibration and servicing.

REFERENCES:
1. Clothier, Microwire-Controlled Autoclave and Method, US Patent 8,192,080 B2, June 5 2012.

2. Clothier, Magnetic Element Temperature Sensors, US Patent 7,794,142 B2, Sept. 14 2010.

3. Clothier, Microwire Temperature Sensors Constructed to Eliminate Stress-Related Temperature Measurement Inaccuracies and Method of Manufacturing Said Sensors, US Patent Application 2012/0230365 A1, Sept. 13, 2012.
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	AF161-116
	TITLE: Rapid, Local Characterization of the Fatigue Crack Growth Behavior



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: Develop an experimental method that can rapidly and cost-effectively characterize the local fatigue crack growth behavior in a metallic material to assess the impact of local microstructural variations.

DESCRIPTION: While metallic materials are thought to be homogeneous, they can contain significant variations in the material microstructure that results from variability in upstream processing that significantly impacts material performance. Titanium alloys, for example are prone to the development of microtexture wherein clusters of grains with similar crystallographic orientation persist over millimeter length scales.[1]  These microtextured zones can significantly impact the fatigue crack growth rates – especially under loading conditions containing a tensile dwell period.[2-3]  This phenomenon has contributed to a number of turbine engine incidents over the past 40 years yet a great deal of uncertainty remains. Thus, a more detailed assessment of the impact of material texture and microtexture on material performance is required. 

Current research has concluded that the size, shape and intensity of the microtextured regions contribute to fatigue variability, but models to predict the growth of cracks from these regions will require better data to more accurately predict its effect.[4] Specifically, the degree and intensity of preferred orientation can significantly impact the local threshold stress intensity range for crack growth. Furthermore, the size of microtextured regions can be as large as several millimeters yet the material performance can be impacted by significantly smaller regions.  Microtexture also appears to predominantly impact the plain strain crack growth behavior. The experimental technique(s) that are developed should be able to clearly measure the growth rate in individual regions as small as 0.5 mm. The technique(s) should allow for local, plain strain crack growth and/or crack growth threshold measurements that cannot be determined using conventional fracture mechanics specimens. The approach(es) should allow detailed fractography [3] of the crack path to quantify the mechanisms of crack growth.  It is important that the technique(s) developed are cost effective and are not significantly more expensive than a standard crack growth test. The technique(s) should be able to include relevant loading characteristics that may include: temperature (elevated to cryogenic), atmosphere (e.g., ambient, high vacuum), and loading (constant amplitude–complex mission). The specific requirements could be best identified by a partner company.

It is envisioned that the technique(s) would be applicable to highly loaded, military and commercial aerospace structures.  As such, the inclusion of an OEM partner early in the research will help to identify target applications for the technology and assist in the development of a suitable technology suite for broad applicability.

PHASE I: Develop an approach to rapidly interrogate the local crack growth behavior in a titanium alloy.  Design and build a prototype to assess the feasibility of the methodology. A titanium alloy, e.g., Ti-6Al-4V, with suitable microtexture, up to 20 cubic inches, will be required and sourced either from a partner company or requested from the government TPOC.

PHASE II: Refine the experimental approach and demonstrate the capability of the approach to interrogate the local fatigue crack growth behavior under a range of loading conditions. During Phase II, identify and partner with an original equipment manufacturer that is concerned with the impact of local microstructure in the durability of their product. The contractor will need to verify and validate the cost effective technique approach over the range of loading conditions examined.

PHASE III DUAL USE APPLICATIONS: A rapid method to characterize the local crack growth behavior could find applications in several military and commercial aerospace sectors.  The contractor will have to identify these markets and applications for the technology to develop a commercialization strategy.

REFERENCES:
1. N. Gey, P. Bocher, E. Uta, L. Germain, M. Humbert, “Texture and microtexture variations in a near-a titanium forged disk of bimodal microstructure,” Acta Materialia 60 (2012) 2647–2655.

2. I. Bantounas, T.C. Lindley, D. Rugg, D. Dye, “Effect of microtexture on fatigue cracking in Ti–6Al–4V,” Acta Materialia 55 (2007) 5655–5665.

3. A.L. Pilchak, “Fatigue crack growth rates in alpha titanium: Faceted vs. striation growth,” Scripta Materialia 68 (2013) 277–280.

4. A.L. Pilchak, “A simple model to account for the role of microtexture on fatigue and dwell fatigue lifetimes of titanium alloys,” Scripta Materialia 74 (2014) 68–71.
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	AF161-117
	TITLE: Automated High Speed Grind for- High Pressure Compressor Blade Repair



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop an automated capability to identify/characterize surface damage in high pressure compressor (HPC) blades and apply high speed grinding operations to reliably and repeatably perform blend repairs in an Air Force depot environment.

DESCRIPTION: The Air Force's Air Logistics Complex (ALC) at Tinker AFB, OK, is responsible for the maintenance, repair and overhaul (MRO) of all turbine engines within the Air Force fleet.  Metallic HPC blades are a critical component in all jet engines and can incur erosional and impact damage during normal operation.  During an engine MRO cycle these blades are routinely removed from the engine, cleaned, inspected, and either repaired or replaced based on the type of damage and the repair capability available.  

A common repair technique is the use of high speed grinding to carefully blend out surface damage such as gouges, nicks, etc., primarily located on the leading and trailing edges of the blade. This is a time consuming and labor intensive process, highly reliant on individual operator skill level to accomplish acceptable removal of surface flaws.  Current blend repair cycle times per blade are on the average order of 30 minutes per blemish.  Typically, the ALC will identify and blend repair only several blades per month.  In order to increase the depot's capability to perform blade repair in much higher part volumes, automation solutions will be necessary.

The Air Force Research Laboratory and Air Force Life Cycle Management Center are interested in developing and deploying an automated system to identify/categorize surface defects on HPC blades and then perform high speed grinding blend repairs on these blades based on defect type, size and location.  HPC blade materials of interest include both nickel and titanium alloys, and sizes range from 0.5 to 24 inches.  Basic blade geometry is represented by a twisted airfoil shape attached to a mating, or fir tree, structure at one end.  For this topic, only the airfoil portion of the blade is to be addressed with particular attention paid to leading and trailing edges.  Defects types and sizes are more fully described in Ref. 1 and associated tech orders, but are predominantly scratches, nicks and surface gouges.  

Successful solutions should be able to measure defect dimensions with a repeatable dimensional accuracy that is within 3.0 percent of actuals in order to minimize ground material removal.   Defect identification/characterization can be performed either manually with defect location/type data input by the operator, or automatically using CAD and scanned data and defect analysis software.  However, successful proposers will recognize the AF need to efficiently collect and analyze defect data as part of an overall Digital Thread /Digital Twin strategy.  Additionally, potential proposers must propose and develop a system that could be implemented into the ALC environment at Tinker AFB.  Power, size, cost and integration with existing/emerging depot capabilities are all factors that should be considered in any proposed solution.  Sample HPC blades can be provided as GFP to winning proposers by the Air Force upon award.  The Air Force will also make available representative tech orders and depot guides to blade repair.

PHASE I: Develop and demonstrate the feasibility of critical components of the system concept described above. System designs should include defect id/characterization methodology, automation hardware and software, additional hardware, and all required external interface components.   Identify user facility requirements and high-risk technologies.

PHASE II: Develop, integrate and demonstrate the critical capabilities of the proposed system defined in Phase I to validate system performance against user requirements.  Demonstrations should include a set of representative Air Force parts, environment and set-up of the final solution.  Develop and document prototype system to Manufacturing Readiness Level (MRL) 5-6 maturity as defined at www.dodmrl.com.

PHASE III DUAL USE APPLICATIONS: Continue prototype refinement and MRL maturity (to level 8) of the developed system to meet end user requirements for transition into the Air Force depot environments. End goal of Phase III activity is the delivery of system(s) to the end user for incorporation into their HPC blade repair facility.

REFERENCES:
1. Depot Guide to HPC Blade Blend Repair.

2. MRL Deskbook – www.dodmrl.com.
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	AF161-118
	TITLE: Blade Repair of Integrally Bladed Disks (IBDs)



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: Develop and demonstrate a repair for the blade tips/edges of integrally bladed disks (IBDs).

DESCRIPTION: Integrally bladed disks (IBDs) are highly desirable from a performance perspective and as such are now used in the fan and compressor sections of state-of-the-art military turbine engines.  Unfortunately, they are also large, complex, extremely expensive, long lead items, which are subject to foreign object damage (FoD), making them difficult to maintain cost effectively.  Development of a flexible and economic repair for IBD blade damage (beyond blending of minor nicks) has proven to be elusive.   Efficient sustainment of engines employing IBDs requires that damaged blades can be repaired.

In a typical repair, the damaged blade tip or edge is machined away, a patch is welded on, any required post processing and heat treatment is accomplished, the patch is machined to match the original blade shape, and the repair is non-destructively inspected to ensure that the repair meets specifications.  However, these state-of-the-art processes have yet to be qualified and there are numerous potential variations.

A successful proposal needs to identify a target IBD and the extent of damage that can be repaired.  Alloys of interest are, Ti 6-4, Ti 6-2-4-2, Ti 6-2-4-6.  In Phase I the various repair steps need to be demonstrated.  Validation that the microstructure and properties of the repair are nominally equivalent to that of the parent material to within 10% is key.  A Phase II award will not be made without this validation.  A phase II effort, in addition to maturing and validating the repair, should evaluate the cost of repairs, seek to advance the manufacturing readiness level (MRL), and identify any remaining required qualification testing.

The proposed phase II effort should be gated (i.e. configured with sequential options).  Each portion should have self-contained tasks, evaluation of TRL and MRL status, and specific milestone tests or accomplishments required for program continuation.

Teaming with a turbine engine manufacturer is highly recommended for insight into IBD performance, specifications, qualification testing, NDI requirements, cost estimates, and life management.

PHASE I: Develop and demonstrate the repair and any required post processing on coupons of the appropriate alloy with dimensions generally characteristic of the anticipated blade repair.  Accomplish metallurgical characterization and mechanical testing sufficient to demonstrate that the repair has properties and microstructure that are nominally equivalent to the parent blade metal.

PHASE II: Mature the repair approach as appropriate. Accomplish mechanical characterization of repaired coupons, including HCF.  Since government delivery of an actual IBD asset or sectioned blades cannot be guaranteed, demonstration of the repair, including final machining, may be conducted on, blades sectioned from an IBD, or appropriately machined and processed plate material supplied by the contractor. Accomplish repairs in a commercial facility to demonstrate MRL5.

PHASE III DUAL USE APPLICATIONS: Identify remaining qualification type testing and work with the engine OEM and government customer to accomplish it.  Evaluate licensing and repair location options.

REFERENCES:
1. Navy SBIR N68335-10-C-0046.

2. MCTL DATA SHEET 1.2-6. INTEGRALLY BLADED DISK (IBD) REPAIR.

3. https://ca.dtic.mil/mctl/.
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	AF161-119
	TITLE: Non-Destructive Inspection for Repaired Integrally Bladed Disk Airfoils



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop, demonstrate, and verify a non-destructive inspection (NDI) technique to assess the integrity and microstructure state of repaired integrally bladed disk (IBD) airfoils.

DESCRIPTION: Integrally bladed disks (IBDs) are highly desirable from a performance perspective and as such are now used in the fan and compressor sections of state-of-the-art military turbine engines.  IBDs are unique in their design as the airfoil and the disk which they are attached is of one piece construction.  Unfortunately, they are also large, complex, extremely expensive, long lead items, which are subject to foreign object damage (FoD), making IBDs difficult to maintain affordably.  Efficient sustainment of engines employing IBDs requires that damaged airfoils can be repaired.  Development of a flexible and economical repair for IBD airfoil damage that is beyond blending of minor nicks is under development, and a key need is to also develop, demonstrate, and implement the non-destructive inspection (NDI) technology to assess the integrity of the repaired airfoil.   Specifically, the technique needs to verify that the repaired region has a suitable microstructure, and is free from internal and external flaws.  

In a typical repair, the damaged portion of the airfoil tip or edge is machined away.  If the degree of damage is relatively small, the repair restoration can be accomplished using additive type processing methods.  If the damage is more significant, a patch is welded on.  In both cases, post processing heat treatment is accomplished to restore as much of the original microstructure as possible to minimize mechanical property knock-down.  The repaired region is final machined to restore the original blade shape and then nondestructively inspected to ensure that the repair meets specifications.   The materials of interest for this topic's effort are titanium alloys Ti-64 (Ti-6Al-4V) and Ti-6242 (Ti-6Al-2Sn-4Zr-2Mo).  

This Phase I and Phase II effort is not to develop repair methods.  The technical challenge for this Phase I and Phase II is the NDI method for validation of the repaired microstructure that is perceived to be the more difficult task, although the detection of internal and surface flaws is also important.

The proposed Phase II effort should be gated (i.e., configured with sequential options).  Each portion should have self-contained tasks, evaluation of technology readiness level (TRL) status, and specific milestone tests or accomplishments required for program continuation.

Teaming with a turbine engine manufacturer is highly recommended for insight into IBD specifications, NDI requirements, and life management.  While the solution sought is an NDI solution, it is also recommended the proposer have a strong metallurgical background in general and a deep understanding of titanium alloy materials in particular.

PHASE I: Identify inspection requirements for the selected IBD airfoil repair.  Explore NDI options and their capabilities and limitations.  Develop or tailor the NDI technique as required to demonstrate the feasibility to characterize the microstructure within the repair zone.  Identify technology gaps and uncertainties to achieving accurate microstructure characterization.  Define the Phase II plan.

PHASE II: Mature and optimize the NDI technique, demonstrate ability to accurately characterize the microstructure in the repair zone. Desired metrics to achieve are microstructure property estimation within 10 percent of actual to include bulk and near-surface estimations of grain properties and the presence of internal and surface flaws. Validate the results via metallurgical characterization. Identify remaining technology gaps and uncertainties in signal processing and analysis, equipment and modeling.

PHASE III DUAL USE APPLICATIONS: Develop system prototype inspection system and demonstrate TRL7/MRL7. Perform a reliability assessment first in a relevant environment and then in an operational environment in accordance with MIL-HDBK-1823. The objective is to transition the capability for engine OEM and Air Force depot NDE.

REFERENCES:
1. P.D. Panetta, L.G. Bland, M. Tracy, and W. Hassan, "Ultrasonic Backscattering Measurements of Grain Size in Metal Alloys," TMS 2014 Supplemental Proceedings, 721-730 (2014)

2. A.L. Pilchak, J. Li, and S.I. Rokhlin, "Quantitative Comparison of Microtexture in Near-Alpha Titanium Measured by Ultrasonic Scattering and Electron Backscatter Diffraction," Metallurgical and Materials Transactions A, Volume 45, Issue 10, pp 4679-4697 (2014).

3. S.I. Rokhlin, "Ultrasonic scattering for inverse characterization of complex microstructures," J. Acoust. Soc. Am. 132, 1960 (2012).

4. R.B. Thompson, F.J. Margetan, P. Haldipur, L. Yu, A. Li, P. Panetta, and H. Wasan, "Scattering of elastic waves in simple and complex polycrystals," Wave Motion 45 (5), 655-674 (2008).
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	AF161-120
	TITLE: Development of a High-Temperature Bond Coat for Environmental Barrier Coatings on SiC/SiC Ceramic Matrix Composites (CMCs)



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: Demonstrate bond-coat for environmental barrier coatings (EBC) on silicon carbide fiber-reinforced silicon carbide matrix composites (CMC) that can protect substrate in a combustion environment while maintaining 2700 degrees F at EBC-CMC interface.

DESCRIPTION: Silicon carbide fiber-reinforced silicon carbide ceramic-matrix composites (SiC/SiC CMCs), by virtue of low density and high-temperature capability, are prime candidates for turbine engine hot-section components. However, they are thermodynamically unstable in combustion environments. Not only are they susceptible to oxidation, but the silica oxidation product volatilizes via Si(OH)x in the presence of water vapor at high temperatures and pressures.[1] 

To minimize SiC and SiO2 recession due to volatilization, EBCs have been developed to protect the substrate from the products of combustion and minimize volatilization of silicon hydroxides.[2-4] While minimizing the effects of environmental degradation, it is unknown whether current EBCs are capable of protecting CMCs over their intended design life of approximately 2000 h in the combustion environment of advanced turbine engines, where component surface temperatures are predicted to reach 3000 degrees F. 

Furthermore, EBCs are expected to function as a thermal barrier coating to maintain a 2700 degrees F interface and substrate temperatures for cooled CMC components. One critical aspect of the coating system is the need for a bond coat to ensure strong adhesion of the oxide EBC to the SiC/SiC CMC. State-of-the-art EBC systems rely mainly on a silicon-based alloy as the bond coat; however, the temperature of the EBC-CMC interface is expected to exceed the melting point of these alloys. Innovative materials and process solutions are sought for the development of a bond coat that will ensure survivability of advanced EBC systems on SiC/SiC CMCs for use well above the melting point of silicon. 

The proposer should conduct a detailed literature search to identify key issues associated with the development of advanced EBCs for SiC/SiC CMCs. Selection and processing of a successful bond coat will be strongly influenced by the fiber and matrix constituents of the CMC substrate and the EBC system; therefore, teaming with a CMC manufacturer and turbine engine manufacturer is highly recommended. Commercialization plans and qualification requirements should be established to offer these new techniques to the aerospace industry for evaluation and qualification in Phase III. Government-furnished property will not be provided for this topic.

PHASE I: Identification and proof of concept of a bond coat for an advanced EBC on a SiC/SiC CMC must be demonstrated in a high moisture containing, oxidizing atmosphere (50 percent water, 50 percent air) at 2700 degrees F, which will serve as a representative combustion environment. Demonstration of proof of concept must include thermal cycling to 2700 degrees F.

PHASE II: Demonstration and optimization of a bond coat for an advanced EBC on a SiC/SiC CMC. Demonstration of temperature capability of 2700 degrees F under thermal cycling in simulated combustion environment such as a burner rig or actual turbine engine. Successful bond coat performance will correspond to life times on the order of 200 h at 2700 degrees F.

PHASE III DUAL USE APPLICATIONS: EBC bond coat technology should be made available to the turbine engine companies and CMC industry at large. CMCs are applicable to military engine hot-section components. They are also in development for commercial applications such as for power turbines and commercial aircraft engine components.

REFERENCES:
1. E. J. Opila, “Oxidation and Volatilization of Silica Formers in Water Vapor,” J. Am. Ceram. Soc., 86 [8] 1238-1248 (2003).

2. E. Eaton and G.D. Linsey, “Accelerated Oxidation of SiC CMCs by Water Vapor and Protection via Environmental Barrier Coating Approach,” J. Eur. Ceram. Soc., 22 2741-2747 (2002).

3. I. Spitsberg and J. Steibel, “Thermal and Environmental Barrier Coatings for SiC/SiC CMCs in Aircraft Engine Applications,” Int. J. Appl. Ceram. Technol., 1 [4] 291-301 (2004).

4. K.N. Lee, D.S. Fox, and N.P. Bansal, “Rare-Earth Silicate Environmental Barrier Coatings for SiC/SiC Composites and Si3N4 Ceramics,” J. Eur. Ceram. Soc., 25 1705–1715 (2005).
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	AF161-121
	TITLE: NDI Tool for Heat Damage Detection in Composites



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 correlations of FTIR signature to material property degradation induced by heat damage for BMI 5250-4/IM7. Transition a turn-key BMI composite heat damage detection technology and state-of-the-art reference standards to Air Force and Navy.

DESCRIPTION: Composite structures are becoming more prevalent throughout the Air Force as aircraft designers implement composites to save weight, improve range, and enhance structural integrity. However, heat damage to composites can result in a significant degradation of the material's mechanical properties and in turn jeopardize the structural integrity of the aircraft. Most non-destructive inspection (NDI) methods (specifically ultrasonics) are used to identify structural deficiencies in composites, such as disbonds and delaminations, yet most are insensitive to thermal damage before the formation of delaminations. Fourier transform infrared (FTIR) has shown proof-of-principal potential as a non-destructive method capable of detecting and quantifying heat damage in composites. However, this type of spectroscopy has traditionally been limited to benchtop or bulky devices that are not suitable for on-aircraft inspection. This program would expand the use of FTIR for BMI 5250-4/IM7 composite materials using a portable technology capable for use in depot and field environments.       

BMI 5250-4/IM7 composite panels shall be manufactured (using a 16 ply quasi-isotropic layup composed of tape nominal thickness of approximately 0.096 inces) and exposed for a consistent time for each panel (anywhere from 20 minutes to one hour) to a range of elevated constant temperatures (using two-sided heat exposure methods) with the intent of degrading the BMI resin and therefore material strength properties. Matrix dominant mechanical property testing (such as Short Beam Shear and Unnotched Compression) shall be correlated to FTIR surface measurements to develop reliable and reproducible correlations of FTIR signature to material properties including addressing any variance in signal stability and sensitivity as a function of time and location of the measurement.

PHASE I: Demonstrate the feasibility of FTIR for identification and quantification of heat damage for 5250-4/IM7 using a portable FTIR system. Fabricate BMI panels, perform C-scan UT NDI for QC purposes, & conduct FTIR measurements & some mechanical tests on baseline & limited thermal exposure conditions.  Identify a mechanical test approach & correlation philosophy for detailed correlations in Phase II.

PHASE II: Expose BMI panels to temps from 50 degrees F below Tg to 200 degrees F above Tg. Perform FTIR, UT & mechanical tests on damaged panels. Develop mathematical relationship to reliably/automatically correlate material strength & FTIR signature, include algorithms to establish acceptable limits based on percent correlated strength loss from heat damage. Validate algorithms by exposing BMI panels to wide range of heat damage. Establish statistical estimates of material property correlation accuracy.

PHASE III DUAL USE APPLICATIONS: Develop turn-key methodology for commercially available FTIR system, reference standards, data & training to transition the solution. Establish & document a standard methodology to develop correlations of heat exposure, mechanical properties & FTIR measurements for other composite material systems.

REFERENCES:
1. T. Howie, A. Tracey, D. Pate, J. Morasch, B. Flinn, "The Detection of Composite Thermal Damage with Handheld FTIR," University of Washington, Materials Science and Engineering, Seattle, WA.

2. P.H. Shelley, P. Vahey, G.J. Werner, J. Seelenbinder, "Handheld Infrared Spectroscopy for Composite Non-Destructive Testing," SAMPE Technical Conference Proceedings, Long Beach, CA, May 23-26, 2011, Society for the Advancement of Material and Process Engineering.

3. Z. Olshenske, W. Milan, R.J. Meilunas, "Overview of NAVAIR NDI Programs for Composite Heat Damage Assessment," SAMPE Technical Conference Proceedings: New Materials and Processes for a New Economy, Seattle, WA, May17-20, 2010, Society for the Advancement of Material and Process Engineering.

4. E. Lindgren, J. Welter, S. Shamachary, E. Ripberger, "Detection of Incipient Thermal Damage in Polymer Matrix Composites," AFRL-RX-WP-TP-2008-4043, Wright-Patterson Air Force Base, OH 45433, February 2007.
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	AF161-122
	TITLE: Novel Moderate Temperature Polymeric Absorbing Material



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: Formulate and characterize a novel moderate temperature (upper-bound temperature = 650 degrees F) spray-applied polymeric, absorbing material for hot engine exhaust washed environments.

DESCRIPTION: The maintainability of specialty materials used on advanced fighter and bomber aircraft is the top driver of non-mission capability rates for those platforms, accounting for as much as 30-50 percent of the overall maintenance downtime.  Moderately high service temperature (400-650 degrees F) coatings are one example of these specialty materials.  The performance of these moderately high service temperature specialty materials used on advanced fighter and bomber aircraft has been historically poor. The failures of these materials have resulted in high non-mission capability rates and high maintenance costs to the platforms. 

Recently the Air Force has refined its understanding of the environmental variables for hot engine exhaust wash environments, leading to a better definition of the requirements for specialty materials used in these areas. These revised requirements provide an opportunity for the development of novel moderate temperature polymeric specialty coating that can be spray-applied and cured similarly to other polymeric coatings used on the aircraft outer-mold line.

PHASE I: Develop a polymeric absorbing coating serviceable -65 < T < 650 degrees F. Must be traditional spray applied (~10 mil) to bare composite/Ti substrates with environmental conditions of 60-80°F & 45-65% RH. Preferred cure < 24 h (ambient), or max forced cure < 250°F. ID all required primers/adhesion promoters. Deliver 4 formulations max w/spec sheets, applied to at least 5 1'x1' panels (per formulation).

PHASE II: Extend application EnCon to 50-95 degrees F & 35-85 percent RH. ID cure/property trade-offs. Validate resistance to standard and platform specific fluids (aircraft fuels, hydraulic oils, etc). Demo scalability to batches > 10 gal w/< 10 percent variability in physical properties. Provide an ROI and/or cost benefit analysis. Deliver 2 formulation variations max w/spec sheets, applied to at least 5 2'x2' panels (per variation), ROI, trade-study, cost benefit analysis and detailed scale-up plan.

PHASE III DUAL USE APPLICATIONS: Qualification activities shall be performed. Other activities leading up to a T-2 flight test shall be performed.

REFERENCES:
1. TO 1-1-8.  Technical Manual, “Application and Removal of Organic Coatings, Aerospace and Non-Aerospace Equipment.”  12 JAN 2010 (change 15 – 4 JUL 2015).

2. TO 1-1-691.  Technical Manual, “Cleaning and Corrosion Prevention and Control, Aerospace and Non-Aerospace Equipment.” 9 NOV 2009 (change 10—14 JAN 2015).

KEYWORDS: engine exhaust, OML, polymer resin, sustainment, coating


	AF161-123
	TITLE: MQ-9 Lightweight Anti-Ice/De-Ice Solution



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: Provide an improved understanding of how adverse weather conditions impact the flying conditions for remotely powered aircraft (RPA).  Develop and conclusively demonstrate a lightweight anti-ice/de-ice solution for the MQ-9 RPA.

DESCRIPTION: Due to the urgent need for the combat capability of the MQ-9, the system was fielded without a complete understanding of the mechanism of ice formation at the altitudes flown by the MQ-9.  Due to the lack of this data, the Air Force imposed conservative flight restrictions in order to reduce the risk to the weapons system.  Therefore, an improved understanding of the effects of weather on the flight of the MQ-9 is needed.  From there, an alternate technology will be identified and incorporated onto the MQ-9 to provide the needed anti-icing/deicing capabilities during flight.  While prior Air Force programs have identified possible passive solutions, none have provided the amount of anti-icing required in flight for the MQ-9.  Additionally, current ongoing active anti-icing technology programs require more power to be use that desired by the MQ-9.  Thus, it is desired that this new technology be either passive in nature or have minimal power requirements in flight.

Precipitation adversely affects aircraft performance and reduces visibility. If conditions permit, pilots should minimize exposure to all types of precipitation during all phases of flight. If precipitation cannot be avoided, pilots should maximize climb or descent rate to exit potential or actual icing conditions.[1]

Pilots should not conduct flight into forecast moderate or worse icing and will minimize conduct of flight into known icing conditions to the maximum extent possible. If encountering icing, pilots should maneuver the aircraft to exit the icing conditions. Consideration will be given to turning the EO/IR sensor aft to prevent ice formation on the lens face and thus allow use of the sensors to scan flight surfaces and the visual ice detector for ice build-up.[1]

Based on these restrictions, the MQ-9s experience significant impacts to operations every year.  These weather impacts involve icing conditions as they pertain to the aircraft, the route of flight, and the route of flight for the emergency mission.  The emergency mission is a pre-programmed route of flight that the aircraft will fly in the event that it loses link with its command and control link.  
Over the years, a few capabilities were developed to potentially alleviate these restrictions; however these were unsuccessful as the baseline icing analysis was never completed.  In order to solve this problem, it is first necessary to conduct an analysis of how ice forms on the MQ-9.  Once this analysis is complete, an alternate technology will be identified and incorporated onto test panels/aircraft parts that will prevent/shed the ice to provide the proof of concept for this technology.  Finally, these systems can be integrated into the MQ-9 and tested to demonstrate functionality.

The solution must demonstrate a capability to accomplish this and a clear path to transition this capability onto an MQ-9.  The MQ-9 is operated with zero excess power and weight for stores.  Whenever anything is added to the platform, something must be removed (i.e. fuel, sensors, stores).  Therefore, it is not desirable to have to power down sensors and mission systems in exchange for anti-ice/de-ice systems.  Thus, a passive solution and/or a very low power active one is sought.

PHASE I: Either leverage existing analysis or conduct a new baseline MQ-9 icing characterization and propose a potential solution to the problem.  Part of the output should include technical analysis of icing shapes as they pertain to the MQ-9 airframe and the proposed effect of the solution system. This data will be provided by the MQ-9 Program Office.

PHASE II: Develop a prototype system or subsystem demonstrating the techniques for prevention and/or shedding of ice on the MQ-9. The prototype will be tested in appropriate environments in order to ascertain its utility and viability.

PHASE III DUAL USE APPLICATIONS: Potential customers include Air Force Life Cycle Management Center, Air Combat Command, Air Force Special Operations Command, Special Operations Command, NASA, and U.S. Customs and Border Patrol.

REFERENCES:
1. Air Force Instruction 11-2MQ-1&9, Volume 3 (1 November 2012); 20-21.

14CFR25, Appendix C to Part 25, “Part I—Atmospheric Icing Conditions,” and “Part II—Airframe Ice Accretions for Showing Compliance With Subpart B,” Retrieved from http://frwebgate1.access.gpo.gov/cgi-bin/PDFgate.cgi?WAISdocID=Xzd080/12/2/0&WAISaction=retrieve, 2010.

3. FAA Safety Advisory, “Aircraft Icing,” Weather No. 1, Retrieved from http://www.aopa.org/asf/publications/sa11.pdf, 2008.

4. Aircraft Icing Handbook, Civil Aviation Authority, Version 1, Retrieved from http://www.caa.govt.nz/safety_info/GAPs/Aircraft_Icing_Handbook.pdf, 2000.

KEYWORDS: MQ-9, anti-ice, de-ice, aircraft icing, active deicing, unmanned aircraft vehicles, remotely powered vehicles, active coatings, passive coatings


	AF161-124
	TITLE: Accelerated Adhesive Cure for Nutplate Repair



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Develop a technique that provides a controlled temperature profile to an adhesive bondline (under a nutplate) so as to cure the adhesive in 4hrs while meeting the same requirements as those of the adhesive cured for 24 hours at room temperature.

DESCRIPTION: Nutplates are used on several military aircraft to secure fasteners when there is limited or no access to the backside of the fastener at the time of installation. A bonded nutplate is a metal nut with a base plate attached to which a two-part adhesive is applied to bond the plate to a surface.[1]  When bonded nutplates fail, it can take over 24 hours to affect a repair, in large part due the time it takes to cure the adhesives used in these applications (i.e., two-part epoxy-based systems that require 24 hours to cure at room temperature).   

This 24 hours of curing time is necessary for the adhesive to develop the strength require to hold the nutplate in place while the bolt is then torqued and the two surfaces drawn together (e.g., an access panel reattached to an aircraft).  This wait time can negatively impact the aircraft’s availability for missions and is the driver for this topic.  

What is desired is a technique and/or process that can provide a controlled elevated temperature cure schedule profile to the adhesive bondline (under the nutplate) so as to adequately cure the adhesive in 4 hours or less.  A feedback temperature control mechanism needs to be in place so that the desired temperature profile can be maintained irrespective of underlying substructure which can vary from place to place on the aircraft (targeting under 180 degrees F for the maximum cure temperature with a mechanism in place to insure that the temperature does not exceed 200 degrees F).  Heating methods, for example, may include but are not limited to hot air, electric blankets, induction, etc., but the resulting cured adhesive must meet the same original equipment manufacturer (OEM) requirements (e.g., shear, torque, peel, impact strengths) as those of the adhesive cured for 24 hours at room temperature.  

Reinstalling (i.e., rebonding) nutplates will typically occur on the aircraft, meaning that the ability to remove parts from the aircraft will be limited, therefore in many instances getting access to the surface of the substrate that the nutplate will be bonded to will be challenging (i.e., confined/restricted access), thus any technique developed will have to be able to work within these restrictions.  In addition, as these repairs may be performed on-aircraft, they must be safe to operate under these conditions (e.g., meet explosion proof criteria as jet fuel vapors may be present).  Proposals considering new resin/adhesive chemistry will not be considered due to the high cost of qualifying new adhesives.  Partering with prime contractors/OEMs is highly encouraged to support transition pathways.

PHASE I: Develop a prototype technique/process and demonstrate the feasibility that it has the capability to meet the above requirements.  Mechanical testing on the adhesive could include shear strength, peel strength and impact strength.  Develop business case analysis and transition plan.

PHASE II: Further develop the technique/process and demonstrate in a field (on-aircraft) representative environment or on a simulated aircraft part. Perform testing on bonded nutplates to include pushout and torque out testing. Refine business case analysis and transition plan.

PHASE III DUAL USE APPLICATIONS: Military Application: Production and repair of military aircraft as well as future military air vehicles.  Commericial Application:  Potential pervasive technology that will find utility in both military and commercial aircraft in the joining of composites.

REFERENCES:
1. Clickbond www.clickbond.com.

2. http://www.compositesworld.com/articles/the-craft-of-aircraft-repair.
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	AF161-125
	TITLE: Self-Referencing Positioning System



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: Integrate a novel and innovative, spatial positioning system with an existing, commercially available 3D non-destructive evaluation (NDE) system to provide precisely positioned measurement sets suitable for use in change detection.

DESCRIPTION: A fifth-generation fighter aircraft program has developed a handheld NDE imaging tool for use on aircraft.  A small, light-weight, self-referencing positioning system that can accurately determine its position in space (x, y, z) and orientation (pitch, yaw, roll) is required.  Current state-of-the-art systems provide acceptable positional accuracy, but require unacceptable system bulk, weight, and lack CE/ATEX certification.

The goal of this effort is to meet positional capabilities required to perform the inspection with hardware suitable for a flightline or carrier environment (inside or outside), including size, form, portability, and certification for use around fueled aircraft in day or night. 

The positioning system must have 6-DOF accuracy at < 1mm, update rate minimum of 30 Hz, and be Class I Division 2 and CE/ATEX certified for use around fueled aircraft.  The positioning system is required to operate in areas where vibration is occurring such as on a carrier deck.  The positioning system must continually register the NDE tool in time and space on the outer surface of the aircraft during use, in the aircraft coordinate system.  Information/location processing should be accomplished in near-real time.  A capability to use known locations on a given aircraft to inherently place the system in aircraft coordinates without requiring a separate aircraft alignment step is a preferable optional capability.

The positioning system can be all inclusive to the NDE tool or it may include ancillary equipment not on the NDE tool to assist in determining the spatial, orientation and temporal attitude of the system.  The use of multiple modalities of information such as accelerometers, LIDAR, IMUs, stereo cameras, lasers and optics is acceptable to properly to obtain the required self-referencing information.  A system that does not rely on line-of-sight communication is preferable, or one which can elegantly overcome line-of-sight blockage.  Systems that propose aircraft contact as part of positioning (i.e., targets) are permissible but will be required to demonstrate that the system does not damage the aircraft surface.  Off-aircraft systems such as tripods that require work zones to be set up around the aircraft are unacceptable as they may interfere with high-tempo aircraft sortie operations occurring in limited space environments.

The entire positioning system should be optimized to minimize the number/weight of individual components including shipping and storage containers.  The containers should be designed to allow for a one person lift not to exceed 40 lbs (preferred) or a two person lift not to exceed 75 lbs.  No specialized tools should be used to set up, operate, or maintain the positioning system.  The positioning system must be able to operate and not impede other concurrent aircraft maintenance actions while the handheld NDE tool and the positioning system are employed.  The positioning system must be capable of operation without external power for a 4-hour work shift while maintaining CE/ATEX compliance.

The positioning system must be capable of using alternate aircraft alignment points in case of the area to be inspected coincides with an alignment point.  While the primary application is for a fifth-generation fighter size aircraft, it is desired that the positioning system should also be capable of scaling and integration into multiple platforms.

Use/modification/integration of commercial-off-the-shelf technology to meet these high performance requirements is encouraged.

Collaboration/teaming with prime contractors/OEMs is encouraged to facilitate transition.

PHASE I: Demonstrate a proof-of-concept device to required accuracy or demonstrate plan /path forward to achieve required accuracy.  Develop technology transition plan and business case assessment.  Develop plan for technology integration, test and validation with specified NDE tools.

PHASE II: Demonstrate measurement accuracy in 6-DOF with aircraft coordinates using a prototype in a relevant (preferably operational) environment.  Update transition plan and business case assessment.  Finalize plan for integration, test and validation with specified NDE tools.

PHASE III DUAL USE APPLICATIONS: Finalize ruggedized commercial design and obtain certifications (i.e., UL/CE) required for use in an operational environment.  Complete integration, test and validation with specified NDE tools. Finalize manufacturing/commercialization plan and business case.

REFERENCES:
1. Krzysztof W. Kolodziej, Johan Hjelm, Local Positioning Systems: LBS Applications and Services, CRC Press Taylor & Francis Group, 2006.

2. Masakatsu Kourogi and Takeshi Kurata, “A method of personal positioning based on sensor data fusion of wearable camera and self-contained sensors,” MFI2003, Tokyo, Japan, 2003.

KEYWORDS: nondestructive evaluation, NDE, self referencing, positioning system, non-destructive evaluation


	AF161-126
	TITLE: Structrual High Power Microwave, Nuclear and Electromagnetic Pulse Protection of Organic Matrix Composite and Ceramic Materials for Munitions



TECHNOLOGY AREA(S): Nuclear Technology

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: Novel materials development, scale-up, and demonstration focused on providing protection from Nuclear EMP, Nuclear Particle, HPM effects and thermal management as a form fit replacement of traditional BMI, Epoxy or ceramic structural materials.

DESCRIPTION: New materials concepts for structurally integrated nuclear particle, high power microwave, and nuclear electromagnetic pulse protection organic matrix composites and ceramics subjected to high temperature environments. Materials submitted in this topic should be suitable for use on munitions systems.

New systems will require compliance with MIL-STDs, such as 464, 3023, to meet the ever-changing mission environment. The metrics defined in the unclassified portion of the listed MIL-STDs will be used as evaluation criteria for the Phase I. This topic is to address gaps in current organic matrix composites and ceramics to meet requirements such as those in the MIL-STDs list above. Specific relevant testing can be found in the "The Nuclear Matters Handbook, Expanded Edition" Appendix G4.1.[3] Materials proposed will be need to be producible in large quantities, affordable, maintainable, and sustainable.

Historically, efforts have focused on providing one of the characteristics above, this effort is to provide all simultaneously while maintaining a weight near that of current organic matrix and ceramic materials. While one to two in thick steel could provide the desired shielding and thermal barrier properties; this effort seeks lightweight materials as a part of the engineering trade space with a minimum 50 percent weight reduction required.

Dual-use applications include materials that could be of use in shielding commercial aircraft and commercial spacecraft from cosmic radiation and harsh natural electromagnetic environments.

PHASE I: Propose, develop and demonstrate flat coupons of scientifically relevant size (12 in x 12 in min.) to measure the performance of the organic matrix composite and ceramic matrix composite under neutron, electron, hot x-ray, cold x-ray, thermal load, and electromagnetic environments. A design of experiments with specific materials should be proposed, not just a review of the literature.

PHASE II: Build and demonstrate complex shapes of scientifically relevant size, in representative configurations, to measure the performance of the organic matrix composite and ceramic matrix composite under neutron, electron, hot x-ray, cold x-ray, thermal load, and electromagnetic environments. Material should be a down select from the design of experiment in Phase I. Specific platform based guidance for geometry will be provided in Phase II.

PHASE III DUAL USE APPLICATIONS: Demonstrate the materials from the Phase II in a relevant environment and work with appropriate program office for transition and ground based simulated flight testing. Potential dual-use applications include shielding aircraft and spacecraft from cosmic radiation and electromagnetic environments.

REFERENCES:
1. MIL-STD-464:
http://everyspec.com/MIL-STD/MIL-STD-0300-0499/MIL-STD-464C_28312/.

2. Nuclear Survivability Overview, DTRA:
http://www.dtic.mil/ndia/2011CBRN/Franco.pdf.

3. The Nuclear Matters Handbook, Expanded Edition:
http://www.acq.osd.mil/ncbdp/nm/nm_book_5_11/index.htm.
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	AF161-127
	TITLE: Chromium-Free Flexible Primer



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop replacement for high Volatile Organic Compound (VOC), chromium-containing polysulfide flexible aerospace primer.

DESCRIPTION: The Environmental Protection Agency has issued rigid guidance to reduce, and ultimately eliminate chromium in aerospace protective coatings, with intent to protect the environment and workforce health.  The most effective flexible primer in use on aircraft throughout DoD is a high VOC, chromate polysulfide primer.  Standard epoxy and polyurethane primers provide protection of smaller aircraft, but significant flexure on large aircraft structures leads to coating cracks around the seams and fasteners.  These coating cracks expose the metallic substrates allowing penetration from water and other corrosion causing chemicals. The resulting corrosion damages both the aircraft’s skin and surrounding coating causing significant time and manpower to remove the corrosion, repair any damage, and reapply protective coatings.

A VOC compliant (350 g/L) chromium-free flexible primer will allow for more durable and longer lasting protection for the large aircraft which make up a significant portion of the Air Force fleet.  Further, such a primer would be the final piece in a completely chromium-free outer mold line coating system comprised of a surface pretreatment, flexible primer, and topcoat.  Proposed coatings must be free of chromium and cadmium, capable of enduring 60 percent elongation without cracking before and after 3000 hrs of Xenon-arc exposure, incorporate a proven non-chromate corrosion inhibitor, be compatible with standard Air Force coating equipment, and comply with relevant EPA and OSHA standards for aerospace coatings. The primer must also be combined with a suitable chromium-free pretreatment and top coat, and meet the requirements of MIL-PRF-32239A.

PHASE I: Develop at least one laboratory formulation for a high-flexibility, VOC compliant (350 g/L), chrome-free primer.  Demonstrate that the primer when teamed with a suitable non-chromate pretreatment and topcoat can pass the flexibility and dry time requirements of MIL-PRF-32239A, Type 1, Class 2, Grade 1.

PHASE II: Modify the best formulations from Phase I and demonstrate the primers when teamed with a suitable non-chromate pretreatment and topcoat can pass standard DoD corrosion tests (as described in MIL-PRF-32239A and MIL-PRF-23377) while still passing the requirements from Phase I.

PHASE III DUAL USE APPLICATIONS: Select the best coating systems from Phase II, mature the formulation, and demonstrate performance in a relevant environment.  Generate a five-gallon batch and deliver to the government for further testing.  Develop and deliver plans for scale-up and large-scale production.

REFERENCES:
1. MIL-PRF-32239A, Type 1, Class 2, Grade 1: Contains the requirements the coating system developed under this effort must meet in order to be used on DoD aircraft.

2. T.O. 1-1-8: A general series technical order that authorizes the use of the latest revision of MIL-PRF-32239.

KEYWORDS: flexible, primer, aerospace, coating, corrosion, paint, chrome-free


	AF161-128
	TITLE: Materials Processing for Heterogeneous Integration of Optical Isolators



TECHNOLOGY AREA(S): Materials/Processes

OBJECTIVE: Develop materials processing techniques for heterogeneous integration of high performance magneto-optical materials into integrated optics substrates, such as Silicon and Indium Phosphide.

DESCRIPTION: It is becoming increasing clear that heterogeneous integration of optical materials and devices will be needed in order or integrated optics to achieve the performance desired in DoD systems. There does not exist one material that by itself can perform all the optical processing functions needed, and also be the material of choice as the integration platform. Therefore a toolkit of heterogeneously integrated materials and devices is needed, and one critical device is the optical isolator. 

Optical isolators use the magneto-optic effect to achieve optical isolation, and only a few materials have the necessary magnitude of magneto-optic response, typically they are magneto-optic glasses such as terbium oxide or terbium gallium garnet (TGG). A process is needed for accurate placement within the integrated optical circuit at length scales that are typically in the micron range. Device sizes will most likely be tens of microns, or possibly a few hundred microns, but material dimensions and placement will be on the micron scale due to alignments with small core optical waveguides. Device geometries will have small and precise form factors, therefore large area deposition techniques are typically not desired. A qualitative metric proportional to the magneto-optic coefficient, inversely proportional to linear loss at 1.55 microns wavelength, and qualitatively proportional to processing results will be used. 

Of critical importance will be the placement and choice of the permanent magnets for the DC magnetic field.

PHASE I: Demonstration of machining, milling, fabrication, or any other technique for the creation of optical quality (less than 1 db/cm bulk optical loss) magneto-optic materials with Verdet constant greater than -40 rad/T-m, with dimensions of  less than 300 microns x 50 microns x 10 microns. Develop a plan for integration onto chosen integrated photonics substrate.

PHASE II: Demonstration of an optical isolator device on a silicon, InP, or other integrated optical circuit waveguide. Insertion loss less than 6 db at 1.55 microns wavelength, isolation ratio of 20dB. Although no restrictions are placed on overall device size, compatibility with integrated photonics will be assessed. The permanent magnet will also be a key consideration, at this stage.

PHASE III DUAL USE APPLICATIONS: Insertion into a foundry level process completed at a national facility. Device must have MRL 7 at end of Phase III and be available for use in the photonics community.

REFERENCES:
1. "Magneto-optical isolator with silicon waveguides fabricated by direct bonding," Y. Shoji, T. Mizumoto, H. Yokoi, I-Wei Hsieh, and R. M. Osgood Jr., Appl. Phys. Lett. 92, 071117 (2008).
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	AF161-129
	TITLE: Certification Modeling for Composites with Voids and Wrinkles for Engines and Structures



TECHNOLOGY AREA(S): Air Platform

OBJECTIVE: Model the effects of voids/wrinkles on interlaminar strength and fatigue, detect defect locations, test curved specimens, and develop void/wrinkle generation models for composite structures to improve part integrity and reduce rejection rates.

DESCRIPTION: Voids and wrinkles are pervasive concerns in the processing of composite parts. Thick, curved composite structures present known processing difficulties causing inferior structural integrity and rejection rates. For example, rejection rates as high as 75 percent are occurring in rate production of the F135 polymer matrix composite (PMC) STOVL duct due to the manufacturing defects (voids and wrinkles) in the greater than 0.35 inch-thick, 90-degree curved flange sections. Similarly, a baseline PMC composite stator section of F135 is experiencing wrinkling/void and associated integrity problems, and a metallic replacement if required would cause a very substantial weight penalty. 

Ceramic matrix composite (CMC) parts are often made from PMC materials which are pyrolized, leading to even more severe issues of the same types; coupled with comparatively immature processing science for CMCs, the needs for modeling the generation and structural effects of voids/wrinkles are magnified in CMCs. Best-of-industry CMC materials display wide variabilities in mechanical performance, and unexpected failures have occurred on prominent engine development programs. 

However, the promise of higher turbine engine temperatures and thrust-to-weight ratios available to engines utilizing CMCs, leading to lower specific fuel consumption and greater aircraft range, have led to major investments in CMC technologies by all major aircraft engine manufacturers. The Boeing 787 Dreamliner experienced early production stoppage due to wrinkles in the composite fuselage[1,2]. CMC parts are also targeted for structural applications for hot section areas, especially as next-generation aircraft are considered.

The effects of voids/wrinkles on interlaminar strength may be substantial. There is no consensus on the accept/reject criteria for assessing the effects of porosity on strength and fatigue performance, owing in part from the difference of porosity size, shape and location upon fatigue performance[3-5]. Voids may be generated by reactions associated with the curing process, as well as by air entrapment in the layup process of autoclaved parts, and/or infusion processes of low-temp cure parts. Wrinkles result from a combination of handling and in-cure material instabilities related to, e.g., outgassing of volatiles, the latter also leading to voids if gases cannot escape.

This topic seeks to understand and minimize the generation of void and wrinkling defects, as well as understanding their effects on structural integrity such that useful accept/reject criteria can be developed leading to the minimum conservatism in rejection criteria. This may be accomplished by a combination of theoretical and experimental means, assessing the effects of measured thermodynamic state variables upon void growth and wrinkling coupled with the deformation and ultimately failure of the structure. Due to irregular profile geometries of actual industry parts, as well as assessing the effects of instabilities and load path disturbances due to voids and wrinkles, the capability to capture rotational (large) deformation is advantageous. Algorithmic efficiencies and error monitoring strategies will be assessed within the described context. Due to the observed effects of defect location, size and shape upon structural behavior, modeling of critical discrete defects is preferred, though it may not be possible to model all defects individually.

In Phase II, the contractor will be provided with specimens by the Air Force, to be tested and imaged for representing the location, sizes and shapes of voids and wrinkles, to correlate with structural integrity models. The geometric data will be transferred to CAD/FE mesh-based descriptions for further analysis by the proposer, as well as for related purposes by the Air Force Research Laboratory.

PHASE I: An analysis method capable of modeling effects of composite wrinkling/void generation, growth and motion, air entrapment, as well as static and fatigue integrity in curved parts, will be outlined and preliminary features demonstrated. The method must reflect coupling of: void and wrinkling initiation and growth, thermodynamic state, total deformation.

PHASE II: A modeling/testing program incorporating void and/or wrinkling will assess flaws versus change of strength/fatigue performance of thick, curved composite structures.  Testing should of a scope to provide validation within the program budget and may be limited to void or wrinkle flaws.  The model will be capable of comparing flaw evolution/location to air entrapment/handling causes, quantifiably address uncertainties in properties, and will be used to predict performance of curved test specimens.

PHASE III DUAL USE APPLICATIONS: A technology transition plan shall be addressed focusing on implementing the model into commercial-off-the-shelf finite element analysis tools for further composite process modeling or damage progression predictions.
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	TITLE: Innovative Application and Modifications of Scanning Kelvin Probe Technologies for Measurement of Coating Degradation and Detection of Corrosion



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: Investigate enhancements and augmentations of Scanning Kelvin Probe (SKP)-based techniques as means of characterizing and quantifying the degradation of protective coatings and detecting corrosion.

DESCRIPTION: The Air Force has a recognized need for a nondestructive evaluation tool that assesses the condition of aircraft outer mold line (OML) urethane and epoxy coatings and for detecting corrosion in multi-layer structure.  An ideal technique should be capable of visualizing and mapping degradation and corrosion processes, be quantifiable, and be amenable to development into field-deployable systems.

The SKP is a novel, non-destructive inspection technique that has been used to investigate the electrochemical properties of surfaces, coatings and polymers over the last 20 years. The SKP technique has been used to measure the difference in the work function of polymers adsorbed to solid substrates by using a backing potential to null the current between the sample substrate and a vibrating probe electrically connected to the substrate and positioned close to the sample surface. This difference in work function between the non-contact scanning Kelvin probe and the underlying substrate is defined as the contact potential difference. The utility of the SKP technique in the laboratory to characterize changes in molecular conformation in adsorbed organic layers at the air/solution interface and on solid substrates has been demonstrated, and changes in the alkyl chain lengths of polymers and their terminal groups have also been determined using the SKP technique. 

Additional studies using a SKP have been used to determine the interfacial diffusion of water through epoxy adhesives on iron substrates as a function of the chemical structure/functional groups of polymers within a coating, demonstrating in practice, it is possible to measure the potential differences at very small scales using a SKP technique. For the Air Force application of interest, the correlation of contact potentials with the susceptibility of materials to undergo hydrolysis or reversion before and during the process is highly desirable. The ability to locate and measure the degradation and change in polymer chemistry in a coating in a non-destructive manner prior to its physical change is compelling. This ability would allow the SKP technique to be used as a screening tool for the detection of reversion of the polyurethane in the coating stack up.

While traditional SKP technologies have many positive features including refinements that could enable field-deployable units, the SKP has no or very limited demonstration in terms of quantifying coatings degradation and corrosion.  Additional refinements and augmentations in the underlying SKP instrumentation, techniques, and protocols to would enable an augmented SKP (or hybrid-SKP) capability to demonstrate the ability to detect, quantify, and visualize coating degradation and corrosion processes in multi-layer stack-ups.

Innovative application of SKP-based technology is of primary interest, while innovations are sought in techniques, protocols, methodologies, and augmentations with other techniques to enable the SKP technology to meet the objectives.   

The long-term objective of this topic is to develop and commercialize a rugged, fieldable SKP system for quantitatively assessing the presence and degree of degradation/reversion of outer mold line (MIL SPEC) polyurethane/epoxy coating systems and for detecting corrosion in multi-layer structure.

Specific research questions include:
1. Can we differentiate between a polyurethane coating and an epoxy primer coating using the SKP technique?
2. Can we differentiate between a degraded and non-degraded polyurethane coating, epoxy primer and polyurethane/epoxy primer stack up coating system using the SKP technique?
3. Can we design a portable SKP system that could be used in the field on aircraft OML coatings?
4. Can we design a probe tip array that would enable large areas of a structure to be scanned simultaneously?
5. Can other functional measurements be incorporated into the SKP system?

The probe will be able to identify degraded areas in both horizontal and vertical axes of the coating system stack up on OML coatings over an area of at least 1 m2 in a single measurement scan. Additional Phase II work could include alignment with, and development of, a tool for prediction of degradation/reversion or OML coating systems on aircraft. At the completion of Phase II, the contractor will deliver to the Air Force a prototype SKP system for further evaluation. 

Validation of the SKP based results will be accomplished by comparison with results from other analytical techniques.  Such other techniques will be selected by the vendor to be appropriate to the mass and time scales of the specific degradation or corrosion under investigation.  These results will be used to determine the limits of quantification of coatings degradation and corrosion detection possible with SKP and develop design parameters for a prototype field probe system based on these results.

PHASE I: Demonstrate the feasibility of SKP technology to quantitatively measure coating degradation and detect corrosion in multi-layer structure under laboratory conditions. Validate results and determine achievable detection limits and their uncertainties.

PHASE II: Design, build, and test one prototype field probe system. Report the degree to which the system achieves stated goals.  Validate the detection and quantification levels established based on the laboratory results of Phase I are being met with the prototype system.

PHASE III DUAL USE APPLICATIONS: Successful development and deployment of SKP coating interrogation techniques will serve the non-destructive evaluation needs of commercial and military aircraft engineering and maintenance activities.
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	TITLE: Airborne Graph Analytics Applications for Multi-sensor Fusion and Integration



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 graphic analytic methods to store sensor data and algorithms to support information fusion.

DESCRIPTION: The Air Force is looking at how sensor data and information from a multi-sensor platform can be collected and placed in graphical representations that enable automated fusion on board the platform to support rapid engagement, additional collection while supporting integrated in-flight, and post mission analysis. The resulting low kinematic (location) and classification errors provide high track continuity through move-stop-move motion cycles. In addition, by moving to a graphical storage approach, the hope is to be able to combine the individual graphs with additional data sources to form integrated graphs supporting improved post mission analysis and fusion approaches using Big Data analytics.

The area of graph analytics and the use of graphical database approaches are being investigated for use with data and sources for fusion applications, including detection and identification of mobile and stationary locations of interest. Graph analytics is an emerging area of applied mathematics and data base theory being used for a wide variety of applications from information management to automated machine reasoning based fusion and integration of information. These automated techniques have demonstrated promise to combine disparate data types and pull in related information to bring out features that have been seemingly unrelated in the past and unavailable to the end user.

This effort will develop and implement a graphical data structure for multi-sensor fusion and exploitation. Applications include both real-time implementations for on-board processing and off-board forensic analysis. Data may include geospatial, electronic information, and signatures.

PHASE I: Design a graphical data structure for single and multi-sensor collecting platforms, test and demonstrate using previously collected data how an automated program could be used for onboard integration and fusion as well as post mission analysis.  Develop a test plan to exercise in laboratory and on-board environments.  Identify any required government furnished property needed for testing.

PHASE II: Design and implement in a phased approach graphical data structure and automated fusion algorithms for both single and multiple sensor collection platforms using flight hardware (data processors and data storage) connected to sensors. The initial configuration will be implemented using computers, algorithms, and sensors in a laboratory environment (defined in Phase I) with follow-on application and integration on board actual aircraft based on availability and other external programs.

PHASE III DUAL USE APPLICATIONS: This phase will focus on extended onboard information analysis as well as post mission data integration and fusion capabilities that would enable event replication and further analysis.  Testing will include algorithm performance analysis in extended operating conditions[5].
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	TITLE: Fully-Adaptive Radar Modeling and Simulation Development



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 a radar modeling and simulation environment to address the needs of a fully-adaptive radar.

DESCRIPTION: Due to onerous requirements imposed by anti-access/area denial (A2/AD) environments, it is imperative to develop innovative signal and data processing techniques for delivering sophisticated sensing capabilities to the warfighter. Recent advances pertaining to fully-adaptive and distributed radar hold promise. The understanding of the underlying phenomenology and incorporation of radar signal processing techniques for these approaches require further maturation. Modeling and simulation (M&S) plays a critical role for fully-adaptive radar due to the need for real-time generation of representative scenarios from the standpoint of capturing the dynamically varying statistical and spectral properties of the environment. 

Prior M&S efforts treat the scattering from distributed radar scenarios via a pair-wise approach which employs a Mono-static Bi-static Equivalence Theorem (MBET) approximation. This approximation is valid only for a small range of bi-static angles and fails to capture the broad gamut of scenarios that arise in this context. A sophisticated MATLAB-based distributed radio frequency (RF) scattering model is currently being developed via a Small Business Technology Transfer (STTR) Program to overcome the limitations of the MBET approximation. A key gap in previously developed radar M&S tools, such as the Air Force's Space Time Adaptive Processing, is the lack of a comprehensive distributed radar scenario generation capability. Therefore, the Air Force seeks an M&S capability for fully adaptive radar from a distributed perspective to include multi-fidelity representations such as the radar range equation, true covariance matrix, mean clutter radar cross section (RCS), clutter amplitude statistics, clutter spectral characteristics, and site specific models. 

Additionally, this must permit inclusion of a variety of system and environmental factors such as internal clutter motion, mutual coupling, and antenna errors. The M&S environment must permit experimental validation of signal processing algorithms to include the impact of sensor/platform system effects, allow for incorporation of a priori information, and afford a 3D spatial visualization of scattered clutter, beam patterns, and signal-to-noise ratio (SNR), sensor and target placement, as well as trajectory.

PHASE I: Develop the M&S capability for a scenario generation which lends itself to use in a MATLAB environment for performance of signal processing algorithms for radar. Validation must be carried out using statistical and spectral techniques. Validation will be quantified in terms of statistical goodness of fit test discrepancy indices, mean square error, SNR, detection and false alarm probability.

PHASE II: Continue the validation and maturation for integration of the M&S capability into the Air Force Research Laboratory's M&S tools of choice for this purpose to afford a prediction capability for distributed radar sensing and processing to validate fully adaptive radar concepts and techniques. Validation efforts will be quantified in terms of statistical goodness of fit test discrepancy indices, mean square error, SNR, detection and false alarm probability analysis.

PHASE III DUAL USE APPLICATIONS: Validation of models via experiments in controlled and realistic environments.
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	TITLE: Radar Agnostic, Low Computation Synthetic Aperture Radar (SAR) Automatic Target Recognition (ATR)



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 a reduced feature SAR ATR technique to classify ground vehicles based on simple features in order to simplify/reduce the overhead and logistics of maintaining SAR ATR capability for multiple platforms against evolving target sets.

DESCRIPTION: Automatic target recognition (ATR) algorithms are required to reduce operator workload because ground surveillance systems are reducing onboard and ground-based analysts. Current algorithms require complex features to operate, leading to large overhead and logistics tails to develop and maintain the target database. A reduced feature set will be developed, along with a feature discovery methodology, to reduce collection requirements while maintaining performance; 60 percent database reduction with no worse than 15 percent reduction in probability of correct classification is required. 

Current approaches require each target to be represented within 2 to 5 degrees of the observed sensing depression and aspect angle, and employ both physical and derived features to achieve top performance (typically 90 percent probability of correct identification). Derived features are often specific to both the sensor characteristics collecting the preparatory data and to the mission sensor. Approaches to consider for this effort include: (1) more reliance on physical features that can be estimated more directly from surrogate data and (2) use of features that span classes so that each target need not be represented explicitly.

Additionally, a portable approach for a radar agnostic ATR algorithm is needed to employ with multiple radars with limited code revision. Radar-specific parameters should be encapsulated in a distinct module to provide radar-specific adaptation. This approach enables use of the algorithm and its database for multiple radars.

If successful, this effort will ease collection and training requirements, reduce the need for multiple algorithms, and provide a classification capability for new targets.

PHASE I: Assess the feasibility of using physical features to perform classification of targets in SAR data. Identify the most promising features as well as radar parameters that need to be encapsulated outside of the ATR algorithms to allow use with multiple radars. Provide performance estimates based on feature and sensing options.

PHASE II: Develop reduced feature set SAR target classification techniques and quantify the level of effort needed to sustain and add to the target list. Develop a modular, reduced feature set SAR target classification algorithm and assess performance compared to current approaches.

PHASE III DUAL USE APPLICATIONS: Mature reduced feature set SAR target classification system, including adapting encapsulation module for transition to radar programs of interest. Develop effectiveness measures for transition candidates.
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	TITLE: Low Profile Multiband Airborne Satellite Communications (SATCOM) Antenna



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 a low-profile, low-weight, low-cost active electronically steered array for the X/Ku/Ka/Q-band satellite communications for aircraft and Group 5-sized unmanned air vehicles (UAVs).

DESCRIPTION: Many Air Force aircraft currently have capability gaps for transmitting and receiving BLOS data updates during mission execution. Mission data updates could include lower data rate transmissions of Air Tasking Order (ATO) updates or target positions updates or could include higher data rate updates such as imagery intelligence or streaming video. 

A low profile, multiband active electronically steered array (AESA) antenna is required to provide BLOS connectivity to both commercial Ku/Ka-band satellites and military X/Ka and Q-band satellites antennas. It must support commercial Ku-band operations at 10.95 to 12.2 GHZ receive and 14.0 to 14.5 GHz transmit; commercial Ka-band operations at 17.7 to 20.2 receive and 27.0 to 30 GHz transmit. Must support military satellite X-band operations at 7.25 to 7.75 GHz receive and 7.9 to 8.4 GHz transmit; Ka-band operations at 20.2 to 21.2 GHz receive and 30 to 31 GHz transmit; and Q-band operations at 43 to 45 GHz transmit. 

Antenna should support both right hand circular polarization (RCHP) and left hand circular polarization (LCHP) and provide a scanning coverage of continuous azimuth with an elevation threshold of 20 to 90 degrees threshold and -20 to 95 degrees objective. Equivilent Isotropic Radiated Power (EIRP) should be on the order of 45 to 50 dBw. 

Since many Air Force aircraft will require BLOS communications, even when in contested and denied environments, the contractor should emphasize compatibility with military X/Ka/Q-band satellites that provide protected, jam resistant communications. In particular, interoperability with advanced EHF (AEHF) and wideband global satellite (WGS) military satellite communications is required. The antenna design must meet environmental requirements for operations at altitudes up to 50,000 feet and be capable of operating in temperatures ranging from -54 to 71 degrees C. 

Technical challenges in this technology include size and weight constraints, conformal profiling to the platform, co-site interference, and operations in jammed environments. 

The contractor should also focus on antenna technologies that reduce size, weight, and cost. 

Commercial applications should be considered in addition to military utility.

PHASE I: Propose novel concepts for antenna design and evaluate performance characteristics through models and/or simulation. Perform initial studies to trade size, weight, and cost for technical performance.

PHASE II: Leverage either existing or newly designed technologies/products to build and test prototype low profile, multiband AESA antenna.

PHASE III DUAL USE APPLICATIONS: Low-profile, low-weight multiband AESA SATCOM antennas can support low-to-medium data rate for command and control (C2) applications for many Air Force missions on different aircraft. The technology could also provide higher data rate BLOS communications in support of ISR missions.
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TECHNOLOGY AREA(S): Sensors
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OBJECTIVE: Develop a lightweight infrared (IR) search and track (IRST) system for applications to air-launched, air-recoverable airborne platforms.

DESCRIPTION: The increasing proliferation of radio-frequency (RF) denial techniques will require air platforms to operate in an anti-access/Area-denial (A2AD) environment threatening U.S. air superiority. IRST systems offer a passive alternative to active radar systems for detecting and tracking airborne threats. IRST systems have demonstrated long range detection and tracking of air targets. IRST systems can also prove valuable in applications with homeland security. 

Although highly capable, pod-mounted, gimbaled IRST systems have several distinct disadvantages which limit the platforms on which they can be deployed. The narrow field of view and wide search areas requires short integration times to maintain low system scan periods. Wide area surveillance necessitates the use of large optical apertures and with it large gimbals to meet the needed performance. This has significant size, weight, and power (SWaP) limitations and aircraft integration implications. 

Some of the challenges that should be addressed are detecting and tracking targets with wide field-of-view (WFOV) staring infrared sensors capable of line-of-sight stabilization over the kinematic envelope of a representative unmanned aerial vehicle (UAV). The minimum WFOV requirements are +/- 35 degrees in azimuth and +5/-15 degrees in elevation. Consideration should be given to appropriate IR band selection, line-of-sight stabilization versus sensor instantaneous FOV, performance when looking into clutter, and how available technology can be used to reduce SWaP while maximizing system performance. The host UAV platform is envisioned to be capable of operating from 30 to 35 kft altitude with a flight radius of 300 nmi and a loiter time of 2 hours and have a 30 lb., 400 Watt payload allocation. This solicitation requests a tradeoff, design, construction, and delivery of a prototype lightweight IRST system.

PHASE I: Perform a trade study and develop a concept design that minimizes SWaP using new focal plane array, innovative optical element, and image stabilization technologies for miniaturization of a WFOV staring IRST system.

PHASE II: Refine Phase I design and fabricate a prototype breadboard IRST for evaluation and performance testing from a fixed ground site.

PHASE III DUAL USE APPLICATIONS: Validation of the IRST design through experimentation.

REFERENCES:
1. Koretsky, G.M., Nicoll, J.F., and Taylor, M.S, “A Tutorial on Electro-Optical/Infrared (EO/IR) Theory and Systems,” Institute for Defense Analysis, January 2013.

2. Hintz, R.T, Allen, J, Chen, M, Price, T, and Goetz, G, “UAV Infrared Search and Track (IRST)/Eyesafe Laser Range Finder (ELA) System,” NAVAIR Weapons Division China Lake, CA, October 2005.

3. Infrared Search and Track, Wikipedia.
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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 a lightweight, deployable sensor system to gather meteorological data for the lowest 15,000 feet of the atmosphere.

DESCRIPTION: This topic is looking to develop a lightweight, deployable sensor technology that can sample the atmosphere up to 15,000 feet (objective).  Environmental measurements of the atmosphere in many parts of the world are sparse, degraded or non-existent. This hampers the DoD's ability to provide accurate current data in support of battlespace awareness or to seed weather forecasting models for accurate forecasts in those regions. The research developed under this topic will explore the art of the possible using cutting-edge sensor technology and demonstrate a working prototype delivering this capability.

The current upper air sensor system is the Vaisala DigiCora Sounding System MW31. This is a helium balloon-based solution which presents logistical challenges in deployed environments. The hardware for the MW31 is bulky; making it unsuitable for tactical deployments, as lugging around helium canisters is not practical in most deployed situations. The Air Force needs a replacement sensor system that is easy to ship and able to be configured and deployed quickly.

The Air Force is interested in exploring all relevant sensor options that provide the necessary data, including ground based upper air sensor systems or commodity remotely piloted aircraft (RPA) with lightweight sensor systems.  The main focus is to develop a new sensor suite that does not require the use of a balloon deployment mechanism or helium.  The new system will be used as part of an integrated theater sensing strategy to support service specific and missions and joint operations.

As a replacement for the MW31, this upper air sensing system will need to, at a minimum, sense/derive and record the following atmospheric parameters from the surface up to 15,000 feet: 
- Location and geopotential height
- Temperature
- Dew point 
- Wind direction and speed
- Pressure

Additionally, the system must measure parameters, process, store, and disseminate all required information in standard formats for local use and make the collected data available to command and control centers, operational units, and weather forecasting centers within minutes. 

The system should be configurable to operate in one of three modes: stand-alone (attended but no network connection), locally (attended and on the network), or remotely (unattended but using a remote interface to control the system). Ideally, the final system would have a small footprint, less than one-cubic foot in size, weigh less than 10 pounds, and be both reconfigurable and reusable while in theater.  

The system will need to include its own power source and any transportation packaging associated with the system would need to be reusable. Trade-offs will be considered between system size, power requirements, time on station, turn-around time, precision, and covertness.  Logistical concerns and system supportability while deployed shall also be considered. Systems based on technical approaches that are easy to support while deployed are desired.

PHASE I: Conduct an analysis on available and near-term technologies to identify possible solutions.  Develop one or more designs that explore the trade-off spaces described in the topic description in order to fulfill the data collection and data dissemination requirements. Additionally, describe the procedures that will be used for deployment, data collection, system reuse, and maintenance.

PHASE II: Develop a prototype based upon the Phase I design and Air Force refinement of requirements and continuity of operations. Identify any gaps between the prototype solution and the Air Force requirements and develop a path forward for addressing the gaps. The Phase II system must be able to address any information assurance concerns such that the prototype can achieve an interim authority to test on the Air Force network.

PHASE III DUAL USE APPLICATIONS: Develop an operational version of the prototype that bridges any gaps remaining with the Phase II solution. The resulting system must be able to receive an ATO for disseminating collected weather data to the Air Force network. Demonstrate the proposed solution through exercises and test scenarios.

REFERENCES:
1. “Vaisala DigiCORA Sounding System MW31 for Meteorology & Climatology Datasheet,” http://www.vaisala.com/Vaisala%20Documents/Brochures%20and%20Datasheets/MW31-for-MET-Datasheet-B210361EN-E-LOW.pdf.

2. “DigiCORA III MW31 User’s Guide,” https://www.ncas.ac.uk/index.php/en/documents/amf/manuals/814-sounding-software/file.

3. Wind Profiler - Wikipedia Description https://en.wikipedia.org/wiki/Wind_profiler.
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TECHNOLOGY AREA(S): Information 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: Design and development of dual polarized high frequency (HF) antenna covering 3 to 30 MHz is required. Must support both transmit and receive functions with an instantaneous bandwidth of 10 MHz. Both ground and airborne antenna solutions are sought.

DESCRIPTION: The HF communications are well known for the ability to support very long range communications, including up to around the world under the right ionospheric conditions.  The equipment is affordable and accessible.  The data rates are very low compared to satellite communications.   However, HF communications continue to be employed throughout the world.  Recent technology advancements provide the ability to improve the throughput and increase the reliability of the communication channel.  

The HF communications operates between 3 and 30 MHz.  The HF signal refracts off the ionosphere, supporting communications from short to exceptionally long ranges (depending on the number of bounces off the ionosphere).  The ionosphere has multiple layers (E and F layers) as well as X and O modes within a layer.  The transmitted signal can propagate over multiple paths, and will therefore arrive at the receive site with varying delays.  These delays introduce fading effects.  To reduce the fading, the layers/modes are separated using both multiple input, multiple output (MIMO) techniques as well as dual circular polarization.  In order to integrate this new capability into the HF radio, a new, dual polarized, efficient HF antenna is necessary.  

The desired antenna will be capable of operating over the 3 to 30 MHz bandwidth, with a tunable instantaneous bandwidth of 10 MHz to support ionospheric sounding and frequency selection.  The antenna must support both transmit and receive functions, with the ability to handle up to 200 watts of transmit power.  The HF communication systems are deployed throughout the world.  Therefore the antenna solution must be deployable, rugged in nature, with the ability to sustain both very low temperature as well as very high temperatures.  Both ground and airborne antenna solutions are desired but performance standards for these antennas have not been finalized. Channel separation requirements, size and efficiency requirements are to be determined.

The government can provide data formats but not actual data for test transmission. There are no other planned government-furnished equipment items for Phase I of this contract.

PHASE I: A wideband dual polarized HF antenna design will be designed and simulated (threshold of ground based, with objective to include an airborne antenna).  Performance metrics include polarization isolation, operational bandwidth and instantaneous bandwidth (assuming a VSWR of 3:1), power handing, size, efficiency, ruggedness. A prototype design will be developed and VSWR measurements collected.

PHASE II: Multiple antenna elements will be prototyped, deployed, and characterized through measurements under variable environmental conditions.  Based upon deployed performance, the design will be optimized for sustained deployment.  Alternative variants will be developed including a smaller design for mobile applications as well as an airborne antenna.  .

PHASE III DUAL USE APPLICATIONS: The Global ASNT program will evaluate the antenna for suitability for the Increment 2 fielding. Additionally, HF communications are used throughout DoD, including AFSOC, Navy shipboard, etc. The HF is an affordable communication technique for Arctic communications, both for DoD and commercially.

REFERENCES:
1. "On the Diversity in Multiantenna HF Communications," C. Peco, S. Zazo, I. Perez-Alvarez, and J. Lopez-Perez, Ionospheric Radio System and Techniques, 2009. (IRST 2009). The Institution of Engineering and Technology 11th International Conference on, Year: 2009, Pages 1-4.

2. "An Efficient Electrically Small Antenna at HF Band," A. Gupta, D. Grant, T. Fickenscher, and P. Karstadt, Microwave Conference Proceedings (APMC), 2011 Asia-Pacific, Year: 2011, Pages 856-859.

3. "Crossed Field Antennas," M.C. Hately, F.M. Kabbary, B.G. Stewart, Electrically Small Antennas, IEEE Colloquium on, Year: 1990, Pages 5/1-5/5.
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	TITLE: Cognitive Processing and Exploitation of 3D Laser Imaging Detection and Ranging (LIDAR) Imagery Data



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Develop algorithms that emulate the human cognitive process to analyze 3D LIDAR data to identify areas of interest to cue human analysts for further analysis to reduce the analyst's workload.

DESCRIPTION: The intelligence, reconnaissance, and surveillance (ISR) enterprise has not met its full effectiveness potential due to the massive data flows of ISR-class data produced by existing and emerging sensor suites. Significant efforts are being undertaken to speed the processing, exploitation, and dissemination (PED) of ISR sensor suite data. There is an important need to reduce the data-to-decision timelines. Processing efforts to date have concentrated primarily on passive electro-optical sensor systems that operate in the visible and infrared spectral regions. Both still imagery and full motion video PED has been the focus of research to achieve accelerated processing. The ISR data processing problem can be expected to worsen as such systems as 3D LIDAR wide area surveillance capabilities come on line. The objective of the research is to extend current approaches to image signal processing to include 3D LIDAR data and enable significant acceleration of the PED process for both passive and active electro-optical sensors suites. 

One of the important techniques for future ISR data PED will be the current research efforts underway to develop algorithms that emulate how the human visual path processes imagery. In the human visual path, wide field of view, moderate resolution imagery produced by the eye is processed on the retina and in the early cortex to determine the presence of salient activities within the wide field of view. This processing relies on the spatial, temporal, and color content of the imagery and the definition of the salient features in the human visual path processor. If a sufficient high saliency value is determined the human visual path directs the high resolution fovea of the eye onto those regions and the high resolution data is passed into those regions of cortex which perform recognition. This Cognitive Processing Paradigm has been successfully demonstrated for passive visible and thermal sensors and for both still imagery and full motion video. Further, it has been successfully extended to hyperspectral data processing and exploitation as well. 

The emerging 3D LIDAR imaging technology provides an additional and important dimension for detection and tracking of the full spectrum of targets and target activities of interest. The specific technical objective of this research is the extension of the Cognitive Processing Paradigm to include 3D LIDAR imagery. It is expected that the inclusion of the additional information provided by the 3D LIDAR sensor systems can be used to dramatically improve the accuracy and robustness of detection and tracking processing systems. The direct physical measurement of range to target and high resolution mapping of the 3D structure of candidate targets will enable the emulation of cognitive techniques to more closely approach the performance of the human visual system. By developing techniques for merging 3D LIDAR data with more traditional ISR data classes in an integrated cognitive processing paradigm, future PED capabilities will be significantly enhanced and ISR System effectiveness significantly increased. 

The Air Force is looking for an open technology development that makes use of libraries such as Open Source Computer Vision (OpenCV) and Point Cloud Library (PCL). The proposer should consider implementations that will utilize parallel processing architectures for acceleration so the software will run on commodity central processing units CPU(s) and graphics processing units GPU(s).

PHASE I: Phase I will focus on the development of a technical foundation and algorithms for extending the cognitive processing paradigm to include 3D LIDAR data. The performance of the algorithms in terms of speed and accuracy should be evaluated on publicly available 3D data, and a proof-of-concept software will be delivered.

PHASE II: An integrated ISR sensor processing suite which combines 3D LIDAR with other multi-sensor data such as still imagery, full motion video, and hyperspectral imagery will be constructed. Extensive evaluation of the integrated system performance will be made using ISR data sets provided for this purpose. Results of this extensive evaluation will be used to define an operational integrated system, and a prototype implementation of the software suite will be delivered.

PHASE III DUAL USE APPLICATIONS: Military Application: Target detection and tracking, scene visualization, combat search and rescue. Commercial Application: Mapping and navigation, city development and planning, emergency response.

REFERENCES:
1. Beserra Gomes, Rafael, et al. "Efficient 3D Object Recognition Using Foveated Point Clouds." Computers & Graphics 37.5 (2013): 496-508.

2. Sun, Shaohui, and Salvaggio, Carl. "Aerial 3D Building Detection and Modeling From Airborne LIDAR Point Clouds." Selected Topics in Applied Earth Observations and Remote Sensing, IEEE Journal of 6.3 (2013): 1440-1449.
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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 a low size, weight, and power (SWaP) ATR capability for installation on-board the unmanned aerial system (UAS) or in a pod configuration along with the LIDAR sensor

DESCRIPTION: LIDAR sensors are under investigation for expanded intelligence, surveillance, and reconnaissance (ISR) use with medium altitude UASs or the high altitude U-2. Typical uses include data collection for digital elevation maps and 3-D object definition. However, little work has been done with LIDAR automatic target recognition in near real time. 

This project will develop a low SWaP ATR capability for installation on-board the UAS or in a pod configuration along with the LIDAR sensor. The ATR capability should be able to detect and discriminate objects of interest in near real time and communicate object type and location. Technology algorithm and processing design should be at Technology Readiness Level (TRL) 2 by the end of the Phase I project and TRL 6 by the end of Phase II. There is limited data available upon request.

PHASE I: Investigate ATR algorithms which can be included in an on-board processor for a LIDAR sensor. The algorithms will use Level-3 point clouds (see Ref. 3) from either linear mode or Geiger mode LIDAR sensors with the purpose of classification and identification (to the extent possible) of the 3D objects against a reference database.

PHASE II: Algorithms and database shall be developed for use on Open Systems Architecture hardware and software. The ATR processing will minimize the latency of the data from when the sensor collects the imagery to when the algorithms present their prediction to the aircraft communication systems for real-time distribution.

Additionally, the algorithms shall learn from the object point clouds that do not fit the database and establish new objects to be included in the database.

PHASE III DUAL USE APPLICATIONS: Apply the technology to an operational radar system and demonstrate ATR of targets.

REFERENCES:
1. Beserra Gomes, Rafael, et al. "Efficient 3D Object Recognition Using Foveated Point Clouds." Computers & Graphics 37.5 (2013): 496-508.

2. Sun, Shaohui, and Salvaggio, Carl. "Aerial 3D Building Detection and Modeling From Airborne LiDAR Point Clouds." Selected Topics in Applied Earth Observations and Remote Sensing, IEEE Journal of 6.3 (2013): 1440-1449.

3. National Geospatial-Intelligence Agency. NGA STANDARDIZATION DOCUMENT Light Detection and Ranging (LIDAR) Sensor Model Supporting Precise Geopositioning (2011).
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TECHNOLOGY AREA(S): Electronics

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 and implement integrated circuit (IC) design and analysis techniques for authentication of microelectronics throughout its lifecycle.

DESCRIPTION: As foundry services continue to become increasingly global, the supply chain, both commercially and for government interests, is increasingly less traceable. The growing proliferation of counterfeit electronics highlights a definitive need to invent design methodologies which allow real-time chip authentication, identification, and reliability monitoring. Reliability in complex mixed signal chips is directly related to the function of trustworthiness in operation of the system. The ability to aggregately monitor traits of both authenticity and reliability can provide a substantial increase in confidence of system performance. Innovative techniques are sought that allow for unique chip fingerprinting and authentication with predicative signature capability, based upon design, process, and functional test information in order to prevent safety and security incidents. The methodologies and techniques should attempt to quantitatively measure authenticity, unique identification, and reliability insight versus performance as supply chain risk management (SCRM) technologies.

Literature has provided evidence that digital, analog, analog-mixed-signal (AMS), and radio frequency (RF) circuits may be designed to exhibit unique behavior based on inherent random differences in processing and/or manufacture. Many times these types of behaviors are minimized through design in an effort to maximize yield in a process. These unique behaviors may be used to identify and group circuits of the same pedigree and provide traits for reliability monitoring. Furthermore, fingerprints, such as those found through electromagnetic test, may be able to be exploited for purposes of individual chip authentication.  Current techniques do not exist that allow for trade-offs between state-of-the-art performance and authentication.   

During design and implementation, consideration should be given to sensitivity analysis, properties for characterization that relate circuit behavior to device and material physics, and the development and implementation of metrics to quantify circuit performance, area overhead, power consumptions, cost, and overall risk mitigation.  Techniques are sought that use configurable test state operation, advanced waveform analysis, spectrum monitoring, and built in self-test (BiST) for authentication, identification, and reliability monitoring. Techniques are sought that can provide non-destructive evaluation techniques to determine and monitor evidence of failure or degradation by extracting and monitoring a distinct signature that precedes a failure and investigate integration of on-chip monitoring through test and characterization techniques such as spectrum analysis and radiated electromagnetic (EM) signatures.

Specific circuits of interest include configurable low noise amplifiers (LNAs), voltage controlled oscillators (VCOs), phase lock loops (PLLs), and active mixers.  Techniques are sought that provide less than 20 percent area overhead and less than 15 percent performance drop in key components parameters (e.g., gain, noise figure, phase noise, IIP3, P1dB etc.) as compared with state-of-the-art performance at equal power.  Techniques should provide greater then 90 percent confidence in authenticity and greater than 99 percent unique identification.

PHASE I: Conduct a trade study of mixed-signal circuit topologies that have active & passive structures of particular sensitivity to process nodes. Design components that exploit sensitivity to random process variability with statistically significant difference excluding static variations. Design topology to allow for reconfigurable "test states." Output responses to be identified based on input stimulus.

PHASE II: Design and fabricate mixed-signal test structure component blocks to exploit unique spectral behavior based on process variations. Measure and characterize behavior and prove statistical difference in applied stimulus-response behavior. A subset of outputs will be quantified or quantized fingerprints of the IC. Capture and document effective test structures in a form possible for internet protocol (IP) reuse and insertion into leading commercial electronic design automation (EDA) tool suites.

PHASE III DUAL USE APPLICATIONS: The commercial IC design community is as negatively affected as the military with counterfeits in the supply chain.  The mixed-signal components and techniques developed under the topic will be captured in such a way that the commercial community will be able to easily leverage the capabilities.

REFERENCES:
1. A. Sadeghi and D. Naccache (Eds).  Towards Hardware-Intrinsic Security, Foundations and Practice.  (Springer, Heidelberg, 2010).

2. GAO Report on Counterfeits. February 2012.

3. Nonlinear RF Circuits and Nonlinear Vector Network Analyzers. June 2011. The Cambridge RF and Microwave Engineering Series. Patrick Roblin.

4. Redefine How You Measure & Simulate Nonlinear Devices Using X-Parameters™. IMS 2010.

5. W. Zhao et al. Rigorous Extraction of Process Variations for 65-nm CMOS Design.  IEEE Transactions on Semiconductor Manufacturing, Vol 22, No.1, Feb 2009.
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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: Develop and implement analysis tools and techniques for authentication and end of life prediction of a packaged integrated circuit (IC) at any point in its life cycle.

DESCRIPTION: Die extraction and reassembly (DER) of obsolete die from an undesired package to the required package has promise to provide quick-reaction, low-cost obsolete IC sourcing.  One potential downside is that counterfeit or already used parts could be unintentionally inserted into a DoD weapon system through the DER process. Current methods to detect bad parts include physical inspection (x-ray, scannign electron microscopy (SEM), optical, Raman spectroscopy, die shear, etc.) and electrical inspection (parametric, functional, burn-in) methods which can be time consuming, tedious, and sometimes destructive.

The Air Force seeks to develop novel IC analysis techniques and methodologies to produce fingerprints for authentication and reliability monitoring of the IC die before DER, after DER and while in operation. The approach needs to cover legacy parts and potentially new or more complex part integration including analog, digital, radio frequency (RF) or any combination. The end tool should detect malicious circuitry and give an estimated end of life when the IC is queried. The technology created needs to be adaptable to a variety of electronic packaging technologies including ball grid array (BGA), quad flat no-lead (QFN), small outline integrated circuit (SOIC), plastic quad flat pack (QFP) and low temperature co-fired ceramic (LTCC). Depending on the application the materials could include plastic, ceramic, or newer packaging materials like liquid crystal polymer (LCP).

This research should be based on sound theory of operation and degradation with the appropriate non-destructive sensor apparatus to detect the fingerprint. The characterization will cover the full military temperature range when comparing methodologies to predict counterfeit parts and develop end of life estimations.

No government furnished equipment will be provided.

PHASE I: Demonstrate feasibility through analysis of IC behavior, phenomenology and sensor choice to identify modified/counterfeit/Trojan/used/bad parts. Conduct preliminary analytical modeling and simulation.

PHASE II: Develop and demonstrate tools that non-destructively identify modified/counterfeit/Trojan /used/bad parts and estimates remaining life. The characterization will cover the full military temperature range

PHASE III DUAL USE APPLICATIONS: The commercial IC community is being negatively affected in the same manner as the military with counterfeit components in the supply chain. The techniques developed under the topic will be captured in such a way that the commercial community will be able to easily leverage the capabilities.

REFERENCES:
1. A. Sadeghi and D. Naccache (Eds). Towards Hardware-Intrinsic Security, Foundations and Practice. (Springer, Heidelberg, 2010).

2. GAO Report on Counterfeits. February 2012.

3. Low Cost Universal Reliability System On-A-Chip for Multi-Channel Characterization. Air Force SBIR Topic call AF121-166.

4. U. Guin, K. Huang, D. DiMase, and J. Carulli, Counterfeit Integrated Circuits: A Rising Threat in the Global Semiconductor Supply Chain. 2014 Proceedings of the IEEE | Vol. 102, No. 8, August.
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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: Develop and assess tools/techniques to evaluate performance, lifetime, and safety of integrated circuits re-packaged using DER techniques for suppliers to certify parts for DoD and high-reliability commercial applications.

DESCRIPTION: DoD and extreme-condition commercial applications continually face diminishing manufacturing sources and material shortages for obsolete electronics. As the number of known ICs in the appropriate package goes to zero, the community has few options: new manufacturing of the existing IC (if the design is available and foundry has capability--usually neither is available), reverse engineer the IC function and either emulate the IC with a more current IC (rare, if possible), or fabricate a redesigned IC. Other options include board redesign and worst case, system redesign. Redesigns usually take over a year and can cost several million dollars for each IC design.

Recently, another option has emerged if the needed IC is available but not in the required package. The process is called IC DER. An individual IC is also called a die. Typically, the same IC or die is used in many different packages that are specifically chosen for cost, operation, and environment. The DER process takes an equivalent obsolete die from an undesirable package and reassembles that die into the needed package. The oil drilling industry’s need for high-reliability, high-temperature electronics drove early development of the DER process. The goal was to take parts in low-cost plastic packages, developed for systems with benign operating conditions and environments and re-package them for the drilling industry’s extreme-use and extreme-environments. DoD has similar requirements, but the technique has not been certified for DoD use. Furthermore, the tools, techniques, and knowledge do not exist to certify DER parts. Innovations are sought to develop tools and techniques that will eventually lead to a DoD certification process, similar to MIL-STD-883. Also, innovations are sought to develop the necessary understanding to determine the operating and environmental limits for DER ICs in ground, air, and/or space applications.

There will be no government-furnished equipment.

PHASE I: Feasibility study of DER ICs for DoD use & corresponding T&E for certification. Address operating use, environment, & complexity for analog & digital high performance military and commercial ICs (e.g., radar part). Include techniques to evaluate package yield, IC performance stability & long-term reliability. Statistical accuracy & limitations of the developed techniques should be addressed.

PHASE II: Development and demonstration of the tools, techniques and knowledge identified in Phase I. Lifetimes of pre-DER ICs will be assessed and compared to lifetimes of DER ICs for both MIL-grade and commercial ICs when available. Part performance stability and reliability will be assessed stressing parts for military use.

PHASE III DUAL USE APPLICATIONS: Air Force plans to install DER ICs in some non-flight critical LRUs on some F-16 aircraft to assess their performance and long-term reliability. If successful, the DER process could transition to rest of DoD for use.  Processes will be documented for IC community to leverage.

REFERENCES:
1. Electronic Circuits-Preserving Technique for Decapsulating Plastic Packages, IBM Technical Disclosure Bulletin, vol. 30, No. 6, Nov. 1987, pp. 446-447.

2. United States Patent 6,429,028, 6 August 2002 DPA Labs, Incorporated (Simi Valley, CA).

3. Patented DPEM Process for Die Removal DPA Components International (Simi Valley, CA) http://www.dpaci.com/patented-dpem-process-for-die-removal.html.

4. Global Circuit Innovations Website:  http://www.gci-global.com/Global Circuit Innovations (Colorado Springs, CO).

5. Die Extraction Strategy Solves DMSMS Challenges Global Circuit Innovations (Colorado Springs, CO) http://www.cotsjournalonline.com/articles/view/102446.
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	TITLE: Electronic Image Stabilization for Staring Infrared Search and Track (IRST) Sensors



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 concepts for stabilizing video frame rate imagery in staring (non-scanned) infrared arch and track (IRST) that utilize large format focal plane arrays (FPAs) in the presence of the full aircraft kinematic environment.

DESCRIPTION: Successful implementation of an offensive staring infrared search and track (IRST) system can potentially yield significant benefits when incorporated into a fighter aircraft fire control system.  It is anticipated that this type of passive sensor will yield higher performance in a more compact, lighter weight design with greater installation flexibility.  Advancements in large format two-dimensional FPAs and readout integrated circuits offer potential advantages in clutter rejection, more frequent updates, longer integration times, multi-frame detection techniques, and image stabilization.  It is expected that by exploiting these advantages, an IRST can be developed that supports long range detection and tracking of targets in cluttered environments with a low false alarm rate over a large field-of-view (FOV).

By leveraging advancements in the development of large format two-dimensional FPAs for wide FOV search and track to maximize aircraft installation flexibility and yield the highest performance in the most compact and light weight design, it is preferable to eliminate all mechanical pointing and line of sight stabilization components. This is especially critical for embedded/conformal sensors on highly dynamic aircraft.  It is expected that successful implementation of electronic image stabilization and exploitation of other advantages of large format arrays will result in a novel and innovative IRST.  It is envisioned that such a system can be developed to support long range detection and tracking of targets along clear atmospheric paths and in cluttered environments with low false alarm rates while staring over the system FOV.

The technical focus of this topic is to explore novel techniques and sensor chip assembly design concepts that can provide rapid control of the field of view from the subpixel level to a substantial fraction of the field of view to enable fine line-of-sight stabilization in addition to image motion compensation during aircraft maneuvering. The sensor wavelength bands of interest are midwave (3.0 to 5.0 microns) and longwave (8.0 to 12.0 microns). Stabilization must occur during the integration time of the FPA and requires an appropriate bandwidth input source.

Non-mechanical stabilization techniques such as those implemented in the FPA/readout integrated circuits of the sensor are of primary interest, but other techniques shall be considered.  Mechanical and non-mechanical beam steering approaches are specifically excluded from this solicitation.

Teaming/collaborating with prime contractors to develop transition approaches is encouraged.

PHASE I: Investigate component-level concepts and techniques. Perform initial component prototype development and experiments to validate concepts. Establish system design implementation and provide technical analysis that supports the proposed design and quantify expected performance. Develop business case analysis and transition plan.

PHASE II: Based on Phase I results, construct and test a prototype imaging sensor to demonstrate and evaluate the design concept. Identify and reduce the risk of the component technologies needed to perfect the design and demonstrate the approaches needed for commercialization of a flight-capable instrument. Refine business case and transition plan.

PHASE III DUAL USE APPLICATIONS: Transition the newly demonstrated design to DoD industry partners.  There may be some commercial applications that could benefit from the proposed approach.

REFERENCES:
1. Tyrell, B., et al., "Time Delay Integration and In-Pixel Spatiotemporal Filtering Using a Nanoscale Digital CMOS Focal Plane Readout," IEEE Trans. On Electron Devices, Vol. 56, No. 11, 2516-2523 (2009).

2. Kleinfelder, S., et al., "A 10000 Frames/s CMOS Digital Pixel Sensor," IEEE Journal of Solid-State Circuits, Vol. 36, No. 12, 2049-2059 (2001).
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	TITLE: Continuous High Pulse Repetition Frequency (HPRF) Mode for Anti-Access/Area Denial (A2AD)



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: Research the use of continuous HPRF to improve detection range and other improvements for air-to-air and air-to-ground scenarios.  Also, determine optimum tracking techniques to resolve ambiguities, computational requirements, and cost trade-offs.

DESCRIPTION: In the first look, first kill environment against lower Radar Cross Section (RCS) targets, fourth and fifth generation fighters need to maximize their detection range, range resolution, and velocity resolution. Fighters, surveillance aircraft, and even commercial airliners want to be able to detect and identify targets at lower signal-to-noise ratios (SNR) while minimizing the radar beam dwelling on a target. Commercial aircraft have the problem of locating and avoiding small aircraft or micro unmanned aerial vehicles (UAVs). Being able to accurately determine the range and velocity, and track a target is problematic in many ways and involves non-ideal waveforms. The probability of detection in coherent radar depends on the signal energy contained in the coherent processing interval (CPI) and processing gain. The Doppler (velocity) resolution is improved by increasing the duration of the CPI, which prompts the use of longer coherent train of pulses. The range resolution improves with the bandwidth of the signal, which prompts the use of narrow pulses or modulated longer pulses. Two problems associated with long modulated pulses are extended blind range regions due to eclipsed transmission and reduced Doppler tolerance or resolution of the individual pulses.  

The best technique for increasing the energy in a CPI, while improving range and velocity resolution, can be accomplished by more pulses within a CPI. For a fixed CPI, this implies using a continuous HPRF waveform. HPRF offers many advantages in addition to improved maximum detection range. For example: better exo-clutter performance, improved range resolution, Doppler bins are narrower with decreased filter straddling losses, and more points in FFT for better processing gain. However, the single most significant advantage will be the system's ability to use one continuous PRF and dwell for long periods of time on a single resolution cell to increase detection probability for low RCS targets at longer ranges. 

However, the HPRF waveform, or mode, can suffer multiple unknown range ambiguities that are attributed to the delay of returns from distant targets being longer than the pulse repetition interval (PRI). Currently, one common approach to resolve range ambiguity is the use of several CPIs within a single dwell, where each CPI has a different PRF (i.e., PRF hopping). Resolving true range and Doppler is then performed noncoherently, using an M out of N decision statistic. Where, for example, M is 2 or 3 PRFs, while N could be as large as 8 PRFs. Thus, a 2 out of 8 detection decision implies that in the worst case only 2 out of the possible 8 CPIs contribute energy to the detection process. This is a grossly inefficient use of the transmitter energy which, in turn, reduces the maximum detection range. 

Today processing power and sophisticated tracking techniques could be used to resolve these range ambiguities (i.e., eliminating second time around targets) in high PRF systems.  The Air Force can take advantage of ambiguous pulses more likely producing illogical tracks due to the far-out targets moving through resolution cells slower than near-in targets, in addition to other factors.  Tracking filters, Bayesian logic, and/or track-before-detect techniques could also be used to eliminate these ambiguities. 

Teaming/coordination with prime contractors is encouraged to facilitate transition opportunities.

PHASE I: Develop techniques to resolve range ambiguities in a continuous HPRF mode. Complete trade-off study for various ambiguity reduction techniques such as tracking filters. Evaluate each approach in various air-to-air and air-to-ground scenarios against various targets. Determine SNR, processing gains, resolution improvements, computational requirements, and perform trade-off analysis.

PHASE II: Integrate developed techniques into a real radar or a simulated radar system using real data in a continuous HPRF mode. Determine sampling, data bandwidths, and computational requirements. . Determine performance parameters. Test and evaluate the most promising algorithms to resolve ambiguities using measured data.

PHASE III DUAL USE APPLICATIONS: Construct a prototype system and validate techniques in production representative environment.  Determine performance parameters through experiments and prototype.  Follow-on activities include any customer-unique requirements, training, and operation documentation.

REFERENCES:
1. “Medium PRF for the AN/APG-66 radar,” Proceedings of the IEEE, W. H. Long, and K. A. Harriger, (Feb. 1985), p 301-311.

2. Introduction to Airborne Radar, George W. Stimson, SciTech Publishing, 1998, p 230.

3. “Mitigating Range Ambiguity in High PRF Radar using Inter-Pulse Binary Coding,” Nadav Levanon, Life Fellow, IEEE, Tel Aviv University, 2009.

4. “Particle Filter for HPRF Radar Range Ambiguity Resolving In Clutters,” Tan Shuncheng, Wang Guohong, Guan Chengbin, and Wang Na, China, 2011.

5. Medium PRF Performance, Analysis, S.A. Hovanessian, Senior Member, IEEE, Hughes Aircraft Company, May 1982.
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TECHNOLOGY AREA(S): Electronics

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 compact, wideband aperture for direction finding (DF) with a broad field of view, polarization independence, and an operating bandwidth of 2 to 18 GHz.

DESCRIPTION: Direction finding, or the ability to measure the direction from which a received signal was transmitted, has a variety of applications including navigation, search and rescue, tracking, and signal intelligence. For the Air Force, direction finding on incoming RF energy plays a critical part in current electronic support (ES) systems. While improved angle-of-arrival (AOA) accuracy is always desired, increasing the pool of candidate signals which the system can DF will improve ES capabilities to cover a wider variety of threats.  More flexible DF systems are desired that possess increased bandwidth, a wider field of view (FOV), two-dimensional scanning, and dual polarization apertures.  However, applications that involve installation on an airborne platform always constrain the size, weight, and power (SWAP) of the system.
 	
In many cases, the required baseline at the upper end of the frequency band cannot be met due to the physical size of elements, which are sized according to the lower end of the frequency band.  For this reason, many interferometers used today break the operating band into sub-bands with multiple apertures per sub-band.  This creates a few challenges when installing the DF aperture on an aircraft.  Multiple apertures on multiple baselines require a large amount of real estate to operate effectively.  In addition, the DF receiver behind the aperture now has risen in complexity to handle all the different apertures at the various bands.

Given the limitations of traditional interferometric approaches, this topic desires technical solutions that provide improvements to the aperture to increase bandwidth coverage while maintaining a compact form factor.  This overall goal will allow for expansion of the platforms that can support direction finding missions that may currently be too small for a typical interferometer suite.
 
Therefore, this solicitation requests an innovative design on a wideband aperture for DF with constraints on SWAP, FOV, bandwidth, polarization, and AOA estimation accuracy.  The aperture should be suitable for direction finding from 2 to 18 GHz and be dual polarized.  The field of view should span a minimum 120 degrees in both azimuth and elevation with a minimum gain of 0 dBi at boresight.   A signal with a minimum of 80 MHz of tunable bandwidth and 15dB SNR should have an RMS angle error less than 3deg over the entire FOV, frequency band, and polarization space. The aperture should fit in an opening 8 in. by 8 in. and maintain a low profile, allowing installation on an aircraft.

Teaming/collaboration with prime contractors/original equipment manufacturers is encouraged to facilitate transition.

PHASE I: Investigate aperture for DF sensors that meet the above requirements.  Perform modeling and simulation of the aperture.  Identify DF algorithms to pair behind the aperture, and perform an analysis of the AOA estimation accuracy over frequency, polarization, and AOA. Develop transition plan.

PHASE II: Based on Phase I modeling, complete design, fabricate, and develop a prototype of the aperture.  Obtain experimental measurements of the aperture and analyze DF performance using measured results.  Provide a practical implementation of the DF algorithm suitable for real-time operation. Refine transition plan.

PHASE III DUAL USE APPLICATIONS: Fabricate and test a prototype DF sensor with performance tailored for end user to enable technology transition to the field.

REFERENCES:
1. Lipsky, Stephen E. Microwave Passive Direction Finding. SciTech Publishing, 1987.

2. Walter, Carlton H. and Campbell, Donn V., "Wideband Dual-polarized Multi-mode Antenna." U.S. Patent No. 5,164,738. 17 Nov. 1992.

3. Corzine, Robert G., and Mosko, Joseph A. Four-arm Spiral Antennas. Artech House on Demand, 1990.

4. Penno, Robert P. and Pasala, Krishna M., "Theory of Angle Estimation Using a Aultiarm Spiral Antenna." Aerospace and Electronic Systems, IEEE Transactions on 37.1 (2001): 123-133.

5. Kefauver, W. Neill, Cencich, Thomas P., and Filipovic, Dejan S. "On the Frequency-Independent Modes of a Four-Arm Modulated Arm Width Spiral." Antennas and Propagation, IEEE Transactions on 61.9 (2013): 4467-4475.
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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 low noise amplifiers (LNAs) operating from 71 to 76 GHz with noise figures suitable for future satellite communications (SATCOM) ground terminal applications.

DESCRIPTION: Expanding the availability of battlefield information for better situational awareness to the warfighter will require increased satellite communications (SATCOM) capacity.  Due to the present frequency allocation restrictions in existing SATCOM bands, there is a continually increasing need to exploit frequency spectrum available in nontraditional bands such as 81 to 86 GHz for uplinks and 71 to 76 GHz for downlinks.  

In order to access this spectrum, a new generation of transmitter and receiver microelectronics, such as low noise amplifiers (LNAs), will be required, and the Air Force is interested in sponsoring LNA research to reduce power consumption, optimize noise figure (NF), and improve linearity to support bandwidth efficient modulation waveforms like 16-QAM (quadrature amplitude modulation).  

This topic seeks E-band LNA research supporting high performance SATCOM downlinks.  Goals for the V-band ground terminal LNAs include NF less than 2 dB, small signal gain greater than 30 dB over 71 to 76 GHz and an operating temperature range -40 to +80 degrees.

PHASE I: Develop innovative E-band LNA designs with requisite NF, gain, bandwidth, operating frequency, and temperature ranges.  Validate design through modeling and simulation.

PHASE II: Fabricate one or more prototypes and characterize performance in areas of NF, gain, bandwidth, operating frequency, and operating temperature range.

PHASE III DUAL USE APPLICATIONS: A military amplifier can be used for terrestrial wireless communications and avionics to support next-generation satellite communications. Commercial applications include wireless communications.

REFERENCES:
1. W. Ciccognani, et al., “Millimeter Wave Low Noise Amplifier for Satellite and Radio-astronomy Applications,” 2012 IEEE First AESS European Conference on Satellite Telecommunications, Oct. 2012.

2. X.B. Mei, et al., “A W-band InGaAs/InAlAs/InP HEMT Low-Noise Amplifier MMIC with 2.5 dB Noise Figure and 19.4 dB Gain at 94GHz,” 20th International Conference on Indium Phosphide and Related Materials, IPRM Digest, May 2008.

3. K.Y. Lin, et al., “W-Band InP Based HEMT MMIC Low Noise Amplifiers,” JPL Technical Report Server, Nov. 2002.
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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 high-performance acquisition engine for direct acquisition of global positioning system (GPS) M-Code that can achieve time to first fix (TTFF) of 120 seconds with initial time uncertainty (ITU) of 10 ms and jamming/signal ratio of 51 dB.

DESCRIPTION: The traditional means of acquiring GPS signals for military users is the use of the coarse/acquisition (C/A)-code, which is used in nearly all legacy military GPS receivers.  The C/A-code, which repeats every 1 ms, is exceptionally easy to acquire, yet vulnerable to jamming and spoofing.  The P(Y)-code and M-Code signals are essentially infinite in length, making them difficult to acquire unless the ITU is very small.   

Over the past twenty years, technologies have been developed to support implement direct acquisition of the P(Y)-code using large correlator arrays, Fast Fourier Transmitter (FFT) techniques and other approaches.  Most of these techniques are applicable to direct acquisition of M-Code as well, although Betz showed (reference 1) that M-Code enables several efficiency enhancements compared to direct P(Y) acquisition.

The last major work on direct M-Code acquisition was completed in 2004, yielding a full acquisition engine implemented in an Application Specific Integrated Circuit (ASIC).  This effort, documented in Ref. 1, used a bank of Code Matched Filters (CMFs) and an FFT to implement a high-performance acquisition engine.  By optimizing sampling rates and quantization levels and using single sideband processing with noncoherent combining, the DIRAC chip was a suitable proof of concept for demonstrating what was achievable with modest technology.

This topic addresses specific performance goals based on the needs of future military users and advances in signal processing technology.  The goal is to achieve 120 seconds TTFF when the J/S is less than or equal to 51 dB and the ITU is 10 ms or less.  The type of jamming to be considered is a composite of multiple jammers yielding a Gaussian amplitude distribution and a power spectral density shape equivalent to M-Code.  The 51 dB J/S should be referenced to signal power levels ranging from -158 dBW to -133 dBW.

During Phase I and Phase II, the developer may use the version of M-Code known as M-Prime, and documented in IS-GPS-700.   Information assurance and anti-tamper considerations should be incorporated in Phase II to enable full capability development in Phase III.

PHASE I: Develop a preliminary design for the GPS M-Code acquisition engine utilizing the M-Prime M-Code.

PHASE II: Demonstrate the GPS M-Prime acquisition engine using a brassboard prototype with field programmable gate arrays (FPGAs) and/or software defined radio.

PHASE III DUAL USE APPLICATIONS: Develop M-Code acquisition engine ASIC using the Modernized Navstar Security Algorithm (MNSA) to implement full M-Code capability. Commercial:  Potential application to space receivers or other high-sensitivity applications.

REFERENCES:
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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 efficient Q-band solid-state power amplifiers (SSPAs) for low-cost ground terminal applications.

DESCRIPTION: Efficient, high-power performance is required to support low-cost terminals for future military satellite communications (SATCOM) ground terminals.  Power amplifier efficiency translates to the terminal’s dc power consumption requirements, as well as additional hardware/structures to address corresponding cooling requirements.  Reductions in the size, weight, and power (SWaP) are critical to lowering ground terminal power consumption, footprint, and cost.  

Innovative high-efficiency circuit techniques, in combination with high-performance power technologies, have the potential of producing efficient SSPAs to meet this low-cost terminal need.  Improved power amplifier efficiency may be achieved with solid-state power technologies such as gallium nitride (GaN), while efficiency may be addressed with techniques such as envelope tracking.  Selected approaches should also address low-loss power combining towards the demonstration of a fully integrated SSPA.  

The overall approach should meet or surpass current state-of-the-art performance, while providing cost, size, weight, and power (CSWaP) improvements.  Therefore, required performance for the Q-band SATCOM SSPA includes power-combined saturated output greater than 45 watts over 43.5 to 45.5 GHz, with power-added efficiency greater than 35 percent.  The selected power amplifier approach should support reliable operation over the -40 degree to +80 degree Celsius operating temperature range.

PHASE I: Concept design and circuit simulations of the efficient Q-band monolithic integrated circuit (MMIC) power amplifier based on a suitable, high-performance millimeter-wave transistor process, as well as the design of the higher-level SSPA.

PHASE II: Fabrication of the prototype high-efficiency Q-band power amplifiers (MMICs, power combiner, integrated SSPA) according to Phase I design.  Characterization of the power amplifier and SSPA for output power and efficiency under typical signal and environmental conditions.

PHASE III DUAL USE APPLICATIONS: Military high power amplifier applications include ground terminal Q-band communications uplink electronics for advanced extremely high frequency (AEHF).  Commercial Q-band high power amplifier applications include ground electronics where millimeter-wave power sources are required.

REFERENCES:
1. A. Brown, et al., “W-band GaN Power Amplifier MMICs," Microwave Symposium Digest, 2011 IEEE MTT-S International, Jun. 2011.
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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 synergistic signal processing hardware and algorithms for joint processing of synthetic aperture radar (SAR) and synthetic aperture ladar (SAL) data that demonstrates both shared processing hardware as well as enhanced imaging performance.

DESCRIPTION: The current state of the art of fusing radio frequency (RF) and laser based systems are being developed independently for a wide range of military application.  Many of the ladar systems including synthetic aperture ladar (SAL) and range profile imaging have followed earlier development in RF systems but implemented at optical wavelengths.  As a result, there are significant overlaps in the data and the associated signal processing requirements.  There are also significant differences based on collection requirements, processing time lines and effects such as atmospheric turbulence.  In addition, a combined implementation of RF and electro-optical (EO) systems on small platforms such as an unmanned aerial vehicle (UAV) will be critically size, weight and power (SWaP) constrained.  Finally, there is potential for both shared and synergistic algorithms to reduce overall hardware requirements, but more importantly potentially increase the performance of the sensor combination.  

This research should begin by identifying current SAR/SAL processing requirements for a system including but not limited to RF and ladar synthetic aperture and range profile imaging as well as high resolution forward looking infrared (FLIR) imager. The commonalities and differences in the operating requirements, data and processing should be identified, as well as potential areas where either shared and/or synergistic processing could reduce the system SWaP by at least at factor of 2 or increase overall performance (increase in probability of target detection and identification).  

Based on these requirements, develop a common, near-real-time processing concept and demonstrate feasibility of an innovative, algorithmic approach for providing significant improvements in common processing (reduction in number of algorithms and lines of code) for target search, detection, identification and characterization of targets.  

This topic solicits development of innovative, combined RF/EO algorithms and processor concepts that can be shown to be amenable for implementation on small SWaP constrained platforms.

PHASE I: Develop shared and potentially synergistic processing algorithms including salient requirements for SAR and SAL imaging. Identify synergistic algorithms that provide enhanced RF/EO imaging. Develop a common, real-time processing concept and demonstrate the feasibility of the approach for providing significant improvements in common processing for high resolution imaging.

PHASE II: Develop shared/synergistic algorithms, a real-time processor, and demonstrate prototype shared RF-EO algorithms/processors for synthetic aperture and high range resolution imaging that meet desired goals as stated in the topic description.  Validate with simulated and measured data that demonstrates the potential for joint processing to reduce hardware requirements, increased performance, and enable enhanced RF/EO sensing.

PHASE III DUAL USE APPLICATIONS: Military: Shared and synergistic RF/EO processing for multiple weapons systems.  Commercial: Reduced cost and improved weather radar/lidar processing

REFERENCES:
1. E. Hesham Attia, “Data-Adaptive Motion Compensation for Synthetic Aperture LADAR,” 2004 IEEE Aerospace Conference Proceedings, IEEEAC paper # 1189, 2004.

2. M. Schikorr, "High Range Resolution with Digital Stretch Processing," Radar Conference, 2008. RADAR '08. IEEE, pp.1-6, 26-30 May 2008.  doi: 10.1109/RADAR.2008.4720945.
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	AF161-150
	TITLE: Cloud Services for Trustworthy Microelectronics Assurance



TECHNOLOGY AREA(S): Information 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 a process for hardware assurance in the design and integrity of microelectronics across the life cycle that can be accessed by end-node users.

DESCRIPTION: The life cycle of microelectronics consist of several stages, from design through disposal, that provide access point(s) to insert malicious circuits and/or counterfeits into commercial and DoD supply chain. Current processes employed to mitigate this risk, use chain of custody, pedigree of suppliers, and/or paper certifications. The proliferation of counterfeits and/or modified microelectronics making their way into the supply chain, validates these processes are not working. Traditional methods of visual inspection augmented with electrical tests continue to lack in effectiveness when applied to advanced counterfeit parts. These advanced parts may perform and function extremely well when compared to known good parts, but may introduce reliability or failure concerns. There exists a need for the instantiation of quantitative technologies which can be applied to ensure the integrity of microelectronics components throughout the entire lifecycle.

The identification and development of techniques are sought that can be implemented and managed throughout the integrated circuit (IC) lifecycle.   The aggregate confidence of techniques should be >90 percent based on statistically developed comparison metrics.  With the emerging cloud computing market having demonstrated technical viability for web-based electronic design automation (EDA) Software as a Service (SaaS) for design of ICs, techniques are sought to significantly leverage current and previous investments in trustworthy microelectronics technology. Methods should focus on identifying, enhancing, and performing a feasibility demonstration of selected assurance techniques that have been tailored for a cloud implemented use case.  Consideration should be given to integration of a metric framework such that trade-offs can be made based on performance, cost, and risk in microelectronics use and development.

Techniques are sought that can be implemented and accessed from a cloud web-based service, in a prototype configuration where DoD personnel, and DoD contractors, may gain access to develop and assess ICs using enhanced trusted technologies.  These include evaluation of security protocols/metrics and defining the deployment methodology for transition to end node users as supply chain risk management (SCRM) technologies.

PHASE I: Conduct a trade study to identify techniques/tools/technology for trustworthy microelectronics that when further developed can be implemented in a multi-tenancy, inter-organizational, collaborative, trusted microelectronics SCRM cloud computing infrastructure.

PHASE II: Develop and implement techniques in a candidate cloud environment. Validate a process to ensure microelectronic trustworthiness through a secure SCRM ecosystem.

PHASE III DUAL USE APPLICATIONS: The commercial IC design community is as affected as the military with counterfeit components in the supply chain.  The hardware assurance techniques and metrics developed under the topic will be captured in such a way that the commercial community will be able to easily leverage the capabilities.

REFERENCES:
1. A. Sadeghi and D. Naccache (Eds).  Towards Hardware-Intrinsic Security, Foundations and Practice.  (Springer, Heidelberg, 2010).

2. GAO Report on Counterfeits. February 2012.
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	AF161-151
	TITLE: Automated 3D Reconstruction of a Scene From Persistent Aerial Reconnaissance Video at High Zoom



TECHNOLOGY AREA(S): Sensors

OBJECTIVE: Develop aerial sensor processing algorithms to create measurable 3D reconstructions of a scene assuming persistent aerial reconnaissance under high zoom level.

DESCRIPTION: The Air Force will often perform persistent aerial reconnaissance of an area of interest for long periods of time before sending in Special Forces to take action.  The aerial reconnaissance is often completed with passive full motion video with the platform flying an orbit.  High-fidelity 3D models automatically reconstructed using modern computer vision algorithms would greatly benefit analyst understanding of the scene.  An operator-controllable zoom level creates problems and opportunities for such automated approaches. While the highest possible zoom level is desirable for reconstructing high-resolution detail, many frames of zoomed video will lack sufficient 3D diversity to reliably estimate camera positions (i.e, planar surfaces).    

Understanding the tradeoff between high zoom and model output fidelity expressed in a performance model is a critical part of this effort.  Input data will be provided by the government, each higher phase award will coincide with higher classification level or distribution level other than public domain issuance.  The output of this algorithm should be a 3D model file in a standard format such as “ply,” readable by popular modeling tools such as Trimble's Sketchup. Standard computer 3D modeling tools should then be able to read the model file and allow analysts to make accurate measurements on walls, doors, and windows to provide valuable intelligence.

PHASE I: The expected product of Phase I is an experimental algorithm suite for 3D reconstruction which will be documented in a final report and the algorithms implemented in a proof-of-concept software deliverable.

PHASE II: The expected product of Phase II is an implementation of the Phase I 3D Reconstruction system, extended to a full prototype capable of ingesting and analyzing extensive imagery datasets.

PHASE III DUAL USE APPLICATIONS: Military Application: Intelligence, reconnaissance, surveillance. Commercial Application: emergency response, damage assessment.

REFERENCES:
1. H. Hirschmuller, “Semi-global Matching-motivation, Developments and Applications,” hgpu.org, 11/4/2011.
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	AF161-152
	TITLE: Broadband Beam Steering Devices for Midwave Infrared (MWIR)



TECHNOLOGY AREA(S): Electronics

OBJECTIVE: Develop novel broadband laser beam steering technologies and concepts that will reduce cost, size, weight, and power consumption (C-SWAP) while improving effectiveness of future infrared countermeasure (IRCM) systems.

DESCRIPTION: Infrared countermeasure (IRCM) systems require technologies for fast steering the laser beams in the broadband region from 2 to 5 micron, but are not limited to this region depending on emerging threats. The typical beam steering solution today is mechanical gimbals, which significantly contribute to the overall weight of the system, have limited speed and random access capabilities, and require periodic maintenance. In order to improve the effectiveness and reduce the cost, size, weight, and power consumption (C-SWAP) of the IRCM systems, new beam steering technologies are needed.

Several potential solutions may replace gimbals, such as optical micro electro-mechanical systems (MEMS) based micromirror arrays, optical phased arrays, plasmonic devices, polarization gratings or other innovative solutions.

For example, there are several different types of optical MEMS. The difference is in the actuation technique. Each actuation method has its advantages and limitations depending on the required switching speed, beam steering angles, etc. Therefore, the chosen beam steering approach will require additional feasibility study.The conceptual design of IRCM system based on the selected technical approach must be also well articulated.

Liquid crystal optical phased arrays may be considered, but this approach has several limitations for IRCM applications.

The potential solutions are not limited to those technologies listed above, so other types of electro-optical devices may be considered, as long as they satisfy the requirements to be used in IRCM systems. The suggested requirements are:
1) Broadband operation in MWIR
2) Aperture size is 1 inch as a threshold value and the objective value is up to 6 inches
3) Optical power capabilities in MWIR (3-5 micron) is 10 Watts (threshold) and up to 100 Watts (objective)
4) Field of view is at least 180 degrees (plus/minus 90 degrees)
5) Random access with response time on the order of few milliseconds
6) Size of the proposed beam steering system should not exceed approximately one cubic foot (objective)
7) Desired operational and laboratory test environment must satisfy to the airborne platform requirements

The primary focus of this technology is IRCM applications. The conceptual design must consider bi-directional capabilities. It means that the proposed system must be capable of transmitting optical signals and also receiving and detecting optical return signals. This would be necessary for the next generation IRCM systems, and to support various other active sensing missions. There will be no need for government materials, equipment, data, or facilities in the Phase I of this research.

PHASE I: Develop innovative beam steering concepts that may be utilized for IRCM applications and conduct feasibility study of the proposed technology. Present a conceptual design of IRCM system based on the selected technology, and define its technical specifications.

PHASE II: Based on the results of Phase I, develop and demonstrate a prototype beam steering system.

PHASE III DUAL USE APPLICATIONS: Design, build, and test a beam steering module for an IRCM system. Propose commercial products based on this technology.

REFERENCES:
1. Paul F. McManamon et.al., "A Review of Phased Array Steering for Narrow-Band Electrooptical Systems," Proc. Of IEEE 97(6), 2009.

2. Lei Wu et.al., "A Tip-Tilt-Piston Micromirror Array for Optical Phased Array Applications," J. of MEMS, 19(6), 2010.

3. Kemiao Jia et.al., "Single Wafer Solution and Optical Phased Array Application of Micro-Mirror Arrays with High Fill Factor and Large Sub-Apertures," IEEE MEMS 2010. 

4. Jihwan Kim et.al., Wide-Angle, Nonmechanical Beam Steering Using Thin Liquid Crystal Polarization Gratings, Proc. Of SPIE 709302, 2008.
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	AF161-153
	TITLE: Fusion of Kinematic and Identification (ID) Information



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 tools to enable integration of multi-INT sources for contested and permissive environments. Emphasis on integration of kinematic, feature, and classification information to improve detection, tracking, and assessment of targets and networks.

DESCRIPTION: Military intelligence analysts have access to large quantities of multi-intelligence (multi-INT) data from which they can extract relevant information. For example, an analyst performing threat network analysis may have access to kinematic track information, Signals Intelligence (SIGINT) reports, and imagery from areas of interest. While there are now effective means to process each data stream individually, there are currently no effective means to fuse large quantities of disparate data sources, resulting in a highly manual process to correlate data streams.  As a specific use case, an analyst may identify a high value target in an image, and then observe that same high value target at another location in imagery a day later.  Currently, there are no effective means to connect these observations to kinematic tracks to determine one or more likely trajectories that occurred between observations.

The current state-of-the-art for combining identity and track information relies on feature-aided tracking (FAT)[1]. Typical algorithms reason over the large quantity of kinematic data using technologies such as multiple-hypothesis tracking (MHT)[2] in which the identity information is incorporated in the calculation of the likelihood of different association hypotheses. This approach fails when the identity information is temporally sparse because the algorithms need to make hard data association decisions in order to avoid a combinatorial explosion in the number of hypotheses. Another recent paradigm for reasoning over very large quantities of track information is based on the minimum-cost-flow algorithm[3]. However, due to certain conditional-independence assumptions, that methodology cannot exploit non-dynamic identity information in data-association processing[4]. One promising avenue for research is to use a sampling-based algorithm to identify likely hypotheses[5]; however, this approach is relatively new, and its effectiveness for large-scale multi-sensor problems is unclear.  

The Air Force is looking for new methods for fusion of disparate data, in particular in situations in which there are large quantities of kinematic data coupled with temporally sparse but highly informative target ID or fingerprinting information, such as provided by SIGINT, or analyst input. Relevant scenarios include (i) ones in which a high-value target is out of view for large periods of time, (ii) using multi-sensor data to track targets to sites of interest or to discover such sites, and (iii) using multi-sensor data to learn and to exploit "patterns of life."

PHASE I: Simulate representative data including kinematic and identity sensors. Develop & demonstrate algorithms for fusing such data in relevant scenarios. Evaluate the performance using metrics based on guidance obtained from the COMPASE Tracker Evaluation Software Suite (CTESS) which will be provided as government-furnished data (GFD). Evaluate the scalability of the algorithms to very large scenarios.

PHASE II: Extend the algorithms from Phase I to address more challenging scenarios, including scenarios in which the system modifies the flow estimates to be consistent with analyst input. Evaluate performance on relevant data sets. Demonstrate advanced applications such as threat network analysis. Deliver software (source code) and technical reports.

PHASE III DUAL USE APPLICATIONS: Refine and harden the tracking software based on application to operational needs.  Commercial applications include search and rescue.
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AF161-224        Hypersonic Weapon Airframe Simulator for Thermal Loading and Structural Vibration

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:  This topic is intended to develop a hardware-in-the-loop motion simulator that provides guidance and control sensor measurements representative of a hypersonic flight environment, including effects of high thermal loading and structural vibration.

DESCRIPTION:  High-speed weapons with strap-down sensors are particularly vulnerable to the effects of airframe vibration and thermal response. Hypersonic flight environments can result in non-uniform thermal response that in turn results in structural deformation. Aerodynamic and propulsive environments, along with control system actuation, can affect quasi-static and dynamic structural response, directly impacting guidance and control sensor accuracy. Off-nominal alignment of sensors can result in navigation errors and errors in measurement of target location. Response of the structure can result in measurement errors through noise and through acceleration sensitivity.

Past attempts to capture these effects in HWIL simulations have only met with partial success. Current capability is represented by the KHILS facility’s Image STAbilization Test-bed (ISTAT), which has the capability to deterministically drive a test article in six degrees of freedom with a bandwidth near 500Hz. The original intent of this test-bed was to achieve controlled motion replication out to 1000Hz in order to capture the most significant vibration modes of the structure. The ISTAT did not meet the original bandwidth requirements and it has been affected by metal fatigue in critical joints connecting the actuators to the payload mounting plate.

The intent of this topic is to investigate innovative new solutions to address deficiencies in current High-Frequency Motion Simulator (HFMS) technology, providing a new capability with accurate hypersonic airframe motion replication and low susceptibility to mechanical failure. It is not intended to produce a thermal environment. In practice, an HFMS will be driven by a deterministic structural effects model that will provide 6DOF position and angular motion at the mounting location of the test article. The center of rotation of the test article must be software programmable. While the amplitude of motion replication is important throughout the 0-1000 Hz simulation range, phase of the response is primarily important below 500Hz. Payloads of less than 10 lbs and a mounting plate on the order 1 ft diameter can be used for sizing purposes. Displacements of up to +/- 0.5 inch and +/- 3 degrees are required at the low end of the response spectrum, while peak amplitudes of 10’s of microns and 10’s of microradians are expected at the high end. The HFMS will be driven by models of the effects resulting from closed-loop thermal and structural deformation in the form of 6 degree of freedom motion commands.  More detailed information can be provided after contract award.

PHASE I:  The HFMS concept proposed will be demonstrated using modeling and simulation to establish feasibility for guidance component testing. At the end of Phase I, a design will be documented, including electro-mechanical design, control approach, and feedback sensor requirements. High risk items will be identified.

PHASE II:  During Phase 2, risks will be mitigated through experimental demonstration at the component level. A detailed design will be developed. A prototype HFMS will be demonstrated in simulation and hardware. The technology will be provided to the government and interface demonstrated with government weapon flight dynamic simulators.

PHASE III DUAL USE APPLICATIONS:  The technology will be transitioned to a commercial product based on lessons learned during the Phase II program. Manufacturability issues will be addressed and production systems will be provided to Air Force and Missile Defense facilities.

REFERENCES:
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