AIR FORCE

SBIR 07.1 Proposal Submission Instructions
The Air Force Research Laboratory, Wright-Patterson Air Force Base, Ohio, is responsible for the implementation and management of the Air Force SBIR Program. 

The Air Force Program Manager is Mr. Steve Guilfoos, 1-800-222-0336.  For general inquires or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-7457 (1-866-SBIRHLP) (8am to 5pm EST).  For technical questions about the topic during the pre-solicitation period (6 Nov through 5 Dec 06), contact the Topic Authors listed for each topic on the website.  For information on obtaining answers to your technical questions during the formal solicitation period (6 Dec 06 through 10 Jan 07), go to http://www.dodsbir.net/sitis/.
The Air Force SBIR Program is a mission-oriented program that integrates the needs and requirements of the Air Force through R&D topics that have military and commercial potential.  Information can be found at the following website: http://www.afrl.af.mil/sbir/index.htm.
PHASE I PROPOSAL SUBMISSION

Read the DoD  program solicitation at www.dodsbir.net/solicitation for detailed instructions on proposal format and 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 Air Force, the contract period of performance for Phase I shall be nine (9) months, and the award shall not exceed $100,000.  We will accept only one cost proposal 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.  Each Air Force 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 Air Force Technical point of contact utilizing the criteria in section 4.3 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.  Phase I proposals have a 20 page-limit (excluding the cost proposal and Company Commercialization Report).  The Air Force will evaluate and select Phase I proposals using review criteria based upon technical merit, principal investigator qualifications, and commercialization potential as discussed in this solicitation document. 

	  ALL PROPOSAL SUBMISSIONS TO THE AIR FORCE PROGRAM MUST BE SUBMITTED ELECTRONICALLY.



It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, entire Technical Proposal with any appendices, Cost Proposal, and the Company Commercialization Report -- be submitted electronically through the DoD SBIR website at http://www.dodsbir.net/submission. Each of these documents is to be submitted separately through the website. Your complete proposal must  be submitted via the submissions site on or before the 6:00am EST, 10 January  2007 deadline.  A hardcopy will not be accepted.  Signatures are not required at proposal submission when submitting electronically.  If you have any questions or problems with electronic submission, contact the DoD SBIR Help Desk at 1-866-724-7457 (8am to 5pm EST).

Acceptable Format for On-Line Submission:  The Technical Proposal should include all graphics and attachments but should not include the Cover Sheet or Company Commercialization Report (as these items are completed separately).  Cost Proposal information should be provided by completing the on-line Cost Proposal form and including the itemized listing (a-h) specified in the Cost Proposal section later in these instructions.  This itemized listing should be placed as the last page(s) of the Technical Proposal Upload.  (Note:  Only one file can be uploaded to the DoD Submission Site.  Ensure that this single file includes your complete Technical Proposal and the additional cost proposal information.)

Technical Proposals should conform to the limitations on margins and number of pages specified in the front section of this DoD solicitation.  However, your Cover Sheet will only count as two, no matter how they print out after being converted.  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 Proposal.  To verify that your proposal has been received, click on the “Check Upload” icon to view your proposal.  Typically, your uploaded file will be virus checked and converted to PDF within the hour.  However, if your proposal does not appear after an hour, please contact the DoD Help Desk.

	The Air Force 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 Air Force 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 the end of January, you will receive an e-mail serving as our acknowledgement that we have received your proposal. The Air Force is not responsible for notifying companies that change their mailing address, their e-mail address, or company official after proposal submission.




AIR FORCE SBIR/STTR VIRTUAL SHOPPING MALL

As a means of drawing greater attention to SBIR accomplishments, the Air Force has developed a Virtual Shopping Mall at http://www.sbirsttrmall.com.  Along with being an information resource concerning SBIR policies and procedures, the Shopping Mall is designed to help facilitate the Phase III transition process. In this regard, the Shopping Mall features: (a) SBIR Impact / Success Stories written by the Air Force; and (b) Phase I and Phase II summary reports that are 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. Submission of a Phase I Final Summary Report is a mandatory requirement for any company awarded a Phase I contract in response to this solicitation.

PHASE I PROPOSAL SUBMISSION CHECKLIST

Failure to meet any of the criteria will result in your proposal being REJECTED and the Air Force will not evaluate your proposal.

1) The Air Force Phase I proposal shall be a nine month effort and the cost shall not exceed $100,000.

2) The Air Force will accept only those proposals submitted electronically via the DoD SBIR website (www.dodsbir.net/submission).

3) You must submit your Company Commercialization Report electronically via the DoD SBIR website (www.dodsbir.net/submission).

	NOTE:  Even if your company has had no previous Phase I or II awards, you must submit a Company Commercialization Report.  Your proposal will not be penalized in the evaluation process if your company has never had any SBIR Phase Is or IIs in the past.




Key Personnel

Identify in the technical proposal key personnel who will be involved in this project, including information on directly related education and experience. A resume of the principle investigator, including a list of publications, if any, must be included. Resumes of proposed consultants, if any, are also useful. Consultant resumes may be abbreviated. Please identify any foreign nationals you expect to be involved in this project, as a direct employee, subcontractor, or consultant. Please provide resumes, country of origin and an explanation of the individual’s involvement.

Phase I Work Plan Outline 

	NOTE:   PROPRIETARY INFORMATION SHALL NOT BE INCLUDED IN THE WORK PLAN OUTLINE.  THE AF WILL USE THIS WORK PLAN OUTLINE AS THE INITIAL DRAFT OF THE PHASE I STATEMENT OF WORK (SOW).


At the beginning of your proposal work plan section, include an outline of the work plan in the following format:

1) Scope

List the major requirements and specifications of the effort.

2) Task Outline

Provide a brief outline of the work to be accomplished over the span of the Phase I effort.

3) Milestone Schedule

4) Deliverables

a. Kickoff meeting within 30 days of contract start

b. Progress reports

c. Technical review within 6 months

d. Final report with SF 298

Cost Proposal

The on-line cost proposal must be at a level of detail that would enable Air Force personnel to determine the purpose, necessity and reasonability of each cost element. Provide sufficient information (a through h) on how funds will be used if the contract is awarded. Include any additional cost proposal information as an appendix in your technical proposal.  The additional cost proposal information will not count against the 20 page limit.

      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. 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.

      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, described in detail and include information in the cost proposal. 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. 

(NOTE): The Small Business Administration has issued the following guidance:

     “ Agencies  participating in the SBIR Program will not issue SBIR contracts to small business firms that include provisions for subcontracting any portion of that contract award back to the originating agency or any other Federal Government agency.”  See Section 2.6 of the DoD program solicitation for more details.

      Support subcontract costs with copies of the subcontract agreements. The supporting agreement documents must adequately describe the work to be performed (i.e. cost proposal). At the very least, a statement of work with a corresponding detailed cost proposal for each planned subcontract.

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

PHASE II PROPOSAL SUBMISSIONS
Phase II is the demonstration of the technology that was found feasible in Phase I.  Only those Phase I awardees that are invited to submit a Phase II proposal and all FAST TRACK applicants will be eligible to submit a Phase II proposal.  The awarding Air Force organization will send detailed Phase II proposal instructions to the appropriate small businesses.  Phase II efforts are typically two (2) years in duration and do not exceed $750,000. (NOTE) All Phase II awardees must have a Defense Contract Audit Agency (DCAA) approved accounting system. Get your DCAA accounting system in place prior to the AF Phase II award timeframe. If you do not have a DCAA approved accounting system this will delay / prevent Phase II contract award. If you have questions regarding this matter, please discuss with your Phase I contracting officer.

All Phase II proposals must have a complete electronic submission.  Complete electronic submission includes the submission of the Cover Sheet, Cost Proposal, Company Commercialization Report, the ENTIRE technical proposal with any appendices via the DoD submission site.  The DoD proposal submission site at http://www.dodsbir.net/submission will lead you through the process for submitting your technical proposal and all of the sections electronically.  Your proposal must be submitted via the submission site on or before the Air Force activity specified deadline.  Phase II Technical proposal   is limited to 50 pages.  Phase II Cost Proposal information should be provided by completing the on-line Cost Proposal form and including the itemized listing (a-h) specified in the Cost Proposal section earlier in these instructions.  The commercialization report, any advocacy letters, and the additional cost proposal itemized listing (a through h) will not count against the 50 page limitation and should be placed as the last  pages   of the Technical Proposal 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 Proposal and the additional cost proposal information.)

AIR FORCE PROPOSAL EVALUATIONS

Evaluation of the primary research effort and the proposal will be based on the scientific review criteria factors (i.e., technical merit, principal investigator (and team), and commercialization plan).  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 Air Force anticipates that pricing will be based on adequate price competition. The next tie-breaker on essentially equal proposals will be the inclusion of manufacturing technology considerations.

The Air Force will utilize the Phase I evaluation criteria in section 4.2 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 Air Force will use the phase II evaluation criteria in section 4.3 of the DoD solicitation with technical merit being most important, followed by the commercialization plan, and then qualifications of the principal investigator (and team).       

	NOTICE:  Only government personnel and technical personnel from Federally Funded Research and Development Center (FFRDC), Mitre Corporation and Aerospace Corporation, working under contract to provide technical support to Air Force product centers   (Electronic Systems Center and Space and Missiles Center respectively), may evaluate proposals.  All FFRDC employees at the product centers have non-disclosure requirements as part of their contracts with the centers.  In addition, Air Force support contractors may be used to administratively process or monitor contract performance and testing.  Contractors receiving awards where support contractors will be utilized for performance monitoring may be required to execute separate non-disclosure agreements with the support contractors.


On-Line Proposal Status and Debriefings

The Air Force has implemented on-line proposal status updates and debriefings ( for   proposals not selected for an Air Force award ) for small businesses submitting proposals against Air Force 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://www.dodsbir.net/submission) - small business can track the progress of their proposal submission by logging into the Small Business Area of the Air Force SBIR / STTR Virtual Shopping Mall  (http://www.sbirsttrmall.com). The Small Business Area (http://www.sbirsttrmall.com/Firm/login.aspx ) is password protected and uses the same login information as the DoD SBIR / STTR Submission Site. Small Businesses can view information for their company only.

To receive a status update of a proposal submission, click the “Proposal   Status / Debriefings” link at the top of the page in the Small Business Area ( after logging in ). A listing of proposal submissions to the Air Force 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 provide 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 Air Force with a notification of selection or non – selection.  The Air Force 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 business.

The Principal Investigator (PI) and Corporate Official (CO) indicated on the Proposal Coversheet will be notified by Email regarding proposal selection or non - selection.  The Email will include a link to a secure Internet page to be accessed which contains the appropriate information. If your proposal is tentatively selected to receive an Air Force award, the PI and CO will receive a single notification. If your proposal is not selected for an Air Force award, the PI and CO may receive up to two messages. The first message will notify the small business that the proposal has not been selected for an Air Force award and provide information regarding the availability of a proposal debriefing. The notification will either indicate that the debriefing is ready for review and include instructions to proceed to the “ Proposal Status / Debriefings “ area of the Air Force SBIR / STTR Virtual Shopping Mall or it may state that the debriefing is not currently available but generally will be within 90 days (due to unforeseen circumstances, some debriefings may be delayed beyond the nominal 90 days). If the initial notification indicates the debriefing will be available generally within 90 days, the PI and CO will receive a follow – up notification once the debriefing is available on - line. All proposals not selected for an Air Force award will have an on – line debriefing available for review. Available debriefings can be viewed by clicking on the “ Debriefing “ link, located on the right of the Proposal Title, in the “ Proposal Status / Debriefings “  section of the Small Business Area of the Air Force SBIR / STTR Virtual Shopping Mall.  Small Businesses will receive a notification for each proposal submitted. Please read each notification carefully and note the proposal number and topic number referenced. Also observe the status of the debriefing as availability may differ between submissions (e.g., one may state the debriefing is currently available while another may indicate the debriefing will be available within 90 days).

IMPORTANT: Proposals submitted to the Air Force 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 Air Force to inquire about additional submissions.  Check the Small Business Area of the Air Force SBIR / STTR Virtual Shopping Mall 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 by mid-May.  All questions concerning the evaluation and selection process 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). 

FAST TRACK
Detailed instructions on the Air Force Phase II program and notification of the opportunity to submit a FAST TRACK application will be forwarded with all AF Phase I selection E-Mail notifications.  The Air Force encourages businesses to consider a FAST TRACK application when they can attract outside funding and the technology is mature enough to be ready for application following successful completion of the Phase II contract.

NOTE:

1) Fast Track applications must be submitted not later than 150 days after the start of the Phase I contract.

2) Fast Track phase II proposals must be submitted not later than 180 days after the start of the Phase I contract.

3)
The Air Force does not provide interim funding for Fast Track applications.  If selected for a phase II award, we will match only the outside funding for Phase II. 

For FAST TRACK applicants, should the outside funding not become available by the time designated by the awarding Air Force activity, the offeror will not be considered for any Phase II award.  FAST TRACK applicants may submit a Phase II proposal prior to receiving a formal invitation letter.  The Air Force will select Phase II winners based solely upon the merits of the proposal submitted, including FAST TRACK applicants.

AIR FORCE PHASE II ENHANCEMENT PROGRAM

On active Phase II awards, the Air Force will select a limited number of Phase II awardees for the Enhancement Program to address new unforeseen technology barriers that were discovered during the Phase II work.  The selected enhancements will extend the existing Phase II contract award for up to one year and the Air Force will match dollar-for-dollar up to $500,000 of non-SBIR government matching funds.  Contact the local awarding organization SBIR Manager for more information. (See Air Force SBIR Organization Listing) .  If selected for a Phase II enhancement, the company must submit a Phase II Enhancement application through the DoD Submission Website at www.dodsbir.net/submission.
AIR FORCE SBIR PROGRAM MANAGEMENT IMPROVEMENTS

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

PHASE I SUMMARY REPORTS

All Phase I award winners must submit a Phase I Final Summary Report at the end of their Phase I project. The Phase I summary report is an unclassified, non-sensitive, and non-proprietary summation of Phase I results that is intended for public viewing on the Air Force SBIR / STTR Virtual Shopping Mall. A summary report should not exceed 700 words, and should include the technology description and anticipated applications / benefits for government and / or private sector use. It should require minimal work from the contractor because most of this information is required in the final technical report. The Phase I summary report shall be submitted in accordance with the format and instructions posted on the Virtual Shopping Mall website at http://www.sbirsttrmall.com.

AIR FORCE SUBMISSION OF FINAL REPORTS

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

	Topic Number
	Activity
	Program Manager
	Contracting Authority

	
	
	
	( for contract

	
	
	
	question only )

	
	
	
	

	AF071-001 thru AF071-012
	Directed Energy Directorate
	Ardeth Walker
	Ernestine Stewart

	
	AFRL / DE
	(505) 846-4418
	(505) 846-0150

	
	3550 Aberdeen Ave SE
	
	

	
	Kirtland AFB NM 87117-5776
	
	

	
	
	
	

	
	
	
	

	AF071-019 thru AF071-057
	Human Effectiveness Directorate
	Sabrina Davis
	Kellye Fisher

	
	AFRL / HE
	(937) 255-2423 Ex 226
	(937) 255-5216

	
	2610 Seventh Street, Bldg. 441 Rm 216
	
	

	
	Wright-Patterson AFB OH 45433-7901
	
	

	
	
	
	

	
	
	
	

	AF071-059 thru AF071-095
	Information Directorate
	Janis Norelli
	Lori Smith

	
	AFRL / IF
	(315) 330-3311
	(315) 330-1955

	
	26 Electronic Parkway
	
	

	
	Rome NY 13441-4514
	
	

	
	
	
	

	
	
	
	

	AF071-102 thru AF071-142
	Materials & Mfg. Directorate
	Marvin Gale
	Terry Rogers

	
	AFRL / ML
	(937) 255-4839
	(937) 656-9001

	
	2977 Hobson Way, Rm 406
	
	

	
	Wright-Patterson AFB, OH 45433-7746
	
	

	
	
	
	

	
	
	
	

	AF071-146 thru AF071-149
	Munitions Directorate
	Jill Barfield
	Crystal Judd

	AF071-151 thru AF071-165
	AFRL / MN
	(850) 882-3920
	(850) 882-2678

	
	101 West Eglin Blvd. Suite 143
	
	

	
	Eglin AFB, FL 32542-6810
	
	

	
	
	
	

	AF071-172 thru AF071-199
	Propulsion Directorate
	Laurie Regazzi
	Susan L. Day

	
	AFRL / PR
	(937) 255-1465
	(937) 255-5499

	
	1950 Fifth Street
	
	

	
	Wright-Patterson AFB, OH 45433-7251
	
	

	
	
	
	

	AF071-203 thru AF071-206
	Propulsion Directorate West
	Deborah Spotts
	Melissa Petter

	AF071-150
	AFRL / PRO
	(661) 275-5617
	(661) 277-9553

	AF071-278
	5 Pollux Drive
	Chanda Smith
	

	
	Edwards AFB, CA 93524-7033
	(662) 275-5930
	


	Topic Number
	Activity
	Program Manager
	Contracting Authority

	
	
	
	( for contract

	
	
	
	question only )

	
	
	
	

	AF071-213 thru AF071-255
	Sensors Directorate
	Clare Mikula
	Kim Atkinson

	
	AFRL / SN
	(937) 904-9155
	(937) 255-3585

	
	2241 Avionics Circle, Rm N2S24
	
	

	
	Wright-Patterson AFB, OH 45433-7320
	
	


	AF071-256 thru AF071-270
	Air Vehicles Directorate
	Larry Byram
	Douglas Harris

	
	AFRL / VA
	(937) 904-8169
	(937) 656-9833

	
	2130 Eighth Street
	
	

	
	Wright-Patterson AFB, OH 45433-7542
	
	

	
	
	
	

	
	
	
	

	AF071-276 thru AF071-277
	Space Vehicles Directorate
	Danielle Lythgoe
	Jean Barnes

	AF071-280 thru AF071-303
	AFRL / VS
	(505) 853-7947
	(505) 846-4695

	
	3550 Aberdeen Ave SE
	
	

	
	Kirtland AFB, NM 87117-5776
	
	

	
	
	
	


	AF071-308 thru AF071-313
	Oklahoma City Air Logistics Center
	Becky Roberts
	Joe Starzenski

	
	OC-ALC / ENET
	(405) 736-2158
	(405) 739-5510

	
	3001 Staff Drive, Suite 2AG70A
	
	

	
	Tinker AFB, OK 73145-3040
	
	

	
	
	
	

	
	
	
	

	AF071-317 thru AF071-322
	Ogden Air Logistic Center
	Craig Shaw
	Mark McInnis

	
	OO-ALC / LHH
	(801) 586-2721
	(801) 775-2377

	
	6021 Gum Lane
	
	

	
	Hill AFB, UT 84056-2721
	
	

	
	
	
	

	
	
	
	

	AF071-324 thru AF071-328
	Warner Robins Air Logistic Center
	Greg Sutton
	Nita Steinmetz

	
	WR-ALC / ENES
	(478) 327-4127
	(478) 926-3695

	
	450 Third Street, Bldg. 323
	
	

	
	Robins AFB, GA 31098-1654
	
	

	
	
	
	

	AF071-338
	Air Armament Center
	Ramsey Sallman
	Vicki Keider

	
	46 TW / XPXR
	(850) 883-0537
	(850) 882-0170

	
	101 West D Avenue Bldg. 1 Rm 210
	
	

	
	Eglin AFB, FL 93524-6843
	
	

	Topic Number
	Activity
	Program Manager
	Contracting Authority

	
	
	
	( for contract

	
	
	
	question only )

	
	
	
	

	AF071-340 thru AF071-347
	Arnold Engineering Development Center
	Ron Bishel
	Sue Tate

	
	AEDC / XRS
	(931) 454-7734
	(931) 454-7801

	
	1099 Schriever Ave
	
	

	
	Arnold AFB, TN 37389-9011
	
	

	
	
	
	

	
	
	
	

	AF071-349 thru AF071-357
	Air Force Flight Test Center
	Abraham Atachbarian
	Lisa Jackson

	
	AFFTC / XPDT
	(661) 277-5946
	(661) 277-7708

	
	195 East Popson Ave, Bldg. 2750 Rm 113
	
	

	
	Edwards AFB, CA 93524-6843
	
	

	
	
	
	


AirForce SBIR 07.1 Topic Index
AF071-002 
Aero-Optics Beacon 

AF071-003 
Advanced Micro Optics Technology

AF071-004 
Design, Analysis, and Optimization Environment for Directed Energy Systems

AF071-005 
Transportable Mid-Infrared Ultrashort Pulsed Laser Systems and Technology

AF071-006 
Low-Cost Compact Adaptive Optics Systems

AF071-007 
High Voltage Explosive Flux Compression Generators 

AF071-008 
Tactical HEL Weapon Alignment System Architecture Options and Trade Offs

AF071-009 
Improved Electromagnetic PIC Particle Current Weighting Near Conformal Boundaries

AF071-010 
Fast Synthetic Scene Generation for Directed Energy Applications

AF071-011 
Moderate Power Mid-Infrared and Infrared Fiber Lasers 

AF071-012 
Laser Remote Sensing for HEL Damage Assessment

AF071-019 
Untethered Helmet-Mounted Display for Night Vision Goggle Training Systems

AF071-020 
Head orientation sensing system 

AF071-021 
Team performance measurement and tracking in collaborative environments

AF071-022 
Helmet-Mounted G-Tolerant Eye Tracker

AF071-023 
Near-field acoustic holography system 

AF071-024 
Helmet Mounted Display for Joint Strike Fighter Training Simulator

AF071-025 
Apparatus and Method to measure thermal insulation factors for use with BURNSIM

AF071-026 
Development and demonstration of a generalizable and integrated aiding and training system

AF071-027 
Real Time Cockpit Resource Management (CRM) Training

AF071-028 
CSAR-X  Digital Visionic System

AF071-029 
Autonomous Helicopter Sensor-Display System for Brown-out Landing Conditions

AF071-030 
Team decision making training and rehearsal exemplar for the air and space operations center (AOC)

AF071-033 
Nano-Particle Effects on ESH

AF071-034 
Emergency Oxygen Cylinders with Re-breathing

AF071-035 
Innovative Aids: Effects-Based Combat Assessment

AF071-036 
Algorithmic Correction of Systematic Error in Eye Point-of-Regard (POR) Data Analysis

AF071-037 
Accelerated Skill Acquisition for Intelligence Analysts

AF071-038 
Integrated Simulations and Courseware for Network Defense Training 

AF071-039 
Behavior Signatures

AF071-040 
Multi-Modal Collaboration Environment 

AF071-041 
Rapid Development Techniques for Spoken Language Translation

AF071-042 
Radio Frequency/Microwave Hazard Assessment Tool (RHAZ)

AF071-043 
New Directed Energy (Millimeter Wave) Power Density Meters to Determine 

AF071-044 
Virtual Reality Spatial Rehabilitation for Traumatic Brain Injury  

AF071-045 
Rapid Development of DNA Aptamers for Agent Identification, Tracking and Neutralization

AF071-053 
Integrated Medical and Biosurveillance Early Warning System Technology TOPIC DELETED
AF071-059 
Planar Wideband Phased-Array Element For VHF RADAR

AF071-060 
Multiple Independent Levels of Security/Safety  Tools and Processes 

AF071-061 
GMTI Forensics Analysis Tools

AF071-062 
Reliable Networking over Intermittent Wireless Connections of Airborne Networks 

AF071-063 
ATC Position Reports for Unmanned Aircraft (UA)

AF071-064 
Managed Information Delivery to Multiple Devices

AF071-066 
Fusion of Airborne Surveillance and Intelligence Information

AF071-068 
Metadata Integrity Assurance

AF071-069 
Software Trustworthiness

AF071-070 
Timely Decision-Making for Logistics Support

AF071-072  
End-to-End Performance Management for RF Networks

AF071-074 
Routing within an Airborne Network 

AF071-075 
Integrating Discrete and Continuous Event System Simulations

AF071-077 
Network Services for a Dynamic Wireless Airborne Network 

AF071-078 
GMTI Exploitation Modeling:  Deriving Behavior and Characteristics from Data Sets

AF071-079 
Non-Language Speech Sound Detection

AF071-080 
Network Attack Damage Assessment

AF071-081 
Information Trustworthiness, Integrity Non-Language Speech

AF071-082 
Advanced Self-Learning Ontologies

AF071-083 
Intelligent Integration of Human Cognition into the Fused Reasoning Process    

AF071-084 
Situation Awareness and Impact Assessment for Cyber Network Defense

AF071-085 
Advanced Time-Stamping of Events from Unstructured Text for Battlespace Awareness

AF071-086 
Antenna Array Structures for Composite Airframes

AF071-087 
Voice Transformation and Detection

AF071-088 
Policy Definition and Enforcement for Virtual Enterprises

AF071-089 
Reactive Planning Against TSTs ( RPAT )

AF071-090 
Multi-Static Sensor Information Integration

AF071-091 
Customizable Text Extraction for Warfighters

AF071-092 
Innovative Technologies for Knowledge Capture and Transfer in Space Systems Product Development

AF071-095 
Advanced Radio Frequency Technology for Wireless Network Security

AF071-102 
Scratch Repair Material for Indium Tin Oxide (ITO) Coatings

AF071-103 
Production of New Durable, Transparent Conductive Coatings

AF071-104 
Quality Control for Advanced Residual Stress Inducing Surface Treatment Processes

AF071-105 
Ceramic Matrix Composite (CMC) Structures for Vanes and Exhaust Nozzle Components 

AF071-106 
Low Temperature Limits for Gas Turbine Engine Oils

AF071-107 
Rapid Cure, Environmentally Acceptable Liquid Shim

AF071-108 
Pavement Material for Joint Strike Fighter (JSF)  Vertcal Takeoff and Landing (VTOL) Operations

AF071-109 
Nickel-free Conductive Fillers

AF071-110 
Zero Volatile Organic Compound (VOC) Aircraft Coatings

AF071-111 
Nonchrome Corrosion Protection for Conductive Coatings

AF071-112 
Automated Sanding of Aircraft Coatings

AF071-113 
Improved Masking Aides Technology

AF071-114 
Calibration Standards for Thermosonic Nondestructive Evaluation (NDE)

AF071-116 
Novel Aircraft Anti-Ice Coating Material

AF071-117 
In-Process Cure Monitoring of Specialty Material Coatings

AF071-118 
Low-Cost IR Windows and Lenses made from Polycrystalline YAG  

AF071-119 
Affordable Manufacturing for Compact Hybrid Carbon Liquid/Air Heat Exchanger

AF071-120 
Damage Detecting Appliques for Composite Structure

AF071-121 
Nanocomposites for Electrically Conductive Structural Adhesives and Bolt Hole Fillers

AF071-122 
Flexible Conductive Caulking Material

AF071-123 
Advanced Life Raft Materials & Fabrication Methods

AF071-124 
Nanocomposites for Electrically Conductive Organic Matrix Composites

AF071-125 
Physics-Based Shock Spallation Prediction Tool for Laser Shock Processing

AF071-126 
Develop a Tool to Measure Bonded Joint Strength for Primary Load Bearing Aircraft Structures

AF071-127 
Health Management of High Temperature Polymer Composites

AF071-128 
High Temperature Efficient Insulations for Extended Range Hypersonic Vehicles

AF071-129 
Manufacturing Process Development of High-Performance Treated Honeycomb Core for Radar Absorbing Application

AF071-130 
Develop High-Temperature, Low-Humidity Aromatic Hydrocarbon-based H2/O2 Membranes for Proton Exchange Membrane (PEM) Fuel Cells

AF071-131 
JP-8 Microburner for Deployed Applications

AF071-132 
Generation of Protein-Based Ligands for Chemical and Biological Agent Identification

AF071-133 
Improved-Efficiency, Flexible,  Organic Based Photovoltaic Devices for Light-weight, Low-Cost, Solar Cell Production for Air Force  Applications

AF071-134 
Improved Radio Frequency (RF) Polymer Substrates for Antennas

AF071-135 
Weld Repair of Titanium Alloys for Turbine Engine Applications

AF071-136 
Low Cost Fabrication of Carbon-Carbon (C-C)  Aeroshells for Hypersonic Weapon Systems

AF071-137 
Improved Materials for High-Power Fiber Lasers

AF071-138 
Thermal History Sensor for Extreme Environments

AF071-142 
Nondestructive Evaluation (NDE) for Silicon Carbide (SiC) Optics

AF071-146 
Deeply Buried Hardened Target Fuze

AF071-147 
Compact Broadband Antennas

AF071-149 
Low Erosion Materials for Reaction Jet Control Systems

AF071-150 
Rocket Motor - Dual Pulse

AF071-151 
Improved Grid Fin Manufacturing Techniques

AF071-152 
Propulsion for Miniature Munitions

AF071-153 
Innovative Fuze Technology Research

AF071-154 
Ladar Seeker Technologies 

AF071-155 
Acquisition and Tracking Algorithms for Multi-Resolution (Foveal) Sensors 

AF071-156 
Enhanced Detection of Hidden Targets Using Multi-Discriminant Ladar

AF071-158 
ASPIRE: A Survivable, Programmable, Integrated Recorder for Experiments

AF071-159 
Real-Time Active Sensor Target Scene Generator 

AF071-160 
Subterranean Warfare

AF071-161 
Imaging Penetration in Geologic Materials 

AF071-162 
Prediction Methodology for Manufacturing Readiness Assessments

AF071-163 
Tailorable Weapon Effects for Minimizing Collateral Damage

AF071-164 
Virtual GPS Jammer Airborne Wavefront Simulator Technology

AF071-165 
High Speed Active RF Synthetic Scene Generation 

AF071-172 
Improved Bearing Compartment Sealing for Gas Turbine Engines

AF071-173 
Nonintrusive Augmentor Sensors

AF071-174 
Improved Heat Release Model for Augmentor Screech Characterization

AF071-175 
Flame Ignition/Extinction Model for Static Stability Prediction

AF071-176 
Integrally Bladed Rotor (IBR) Sustainment

AF071-177 
NoniIntrusive High-Frequency Flow Measurements in Turbines

AF071-178 
High Performance, Compact Capacitors for Pulse Forming Networks

AF071-179 
Advanced Combustor Designs Utilizing Inlet Swirl for High Acceleration of Gravity (G) Combustion

AF071-180 
Novel Augmentor Concepts for High-Cruise-Mach-Number Vehicles

AF071-181 
High Temperature Electronics for Spacecraft Power Management and Distribution 

AF071-182 
Ultracapacitor for Satellite Energy Storage

AF071-183 
Nanofluids for Heat Transfer Enhancement in Aircraft Systems

AF071-184 
Improved Fuel-Lubricated Bearing Technology 

AF071-185 
General Hypersonic Propulsion

AF071-186 
Advanced Chemistries for Electrochemical Energy Storage Devices

AF071-187 
Advanced Large Diameter Air Seals

AF071-188 
Novel Electric Power Generator for Airborne Applications

AF071-189 
Optimal Durability and Reliability Testing of Gas Turbine Components

AF071-190 
Instrumentation for Hypersonic, Air-Breathing Engines

AF071-199 
Affordable Pulse-Power Module for Nonthermal Ignition and Plasma Surface Modification

AF071-203 
Enhanced Bondline Inspection Using Computed Tomography (CT) for Solid Rocket Motor Aging and Surveillance

AF071-204 
Turbopump Cavitation Tools

AF071-205 
GENERIC:  Materials and Process Development for High Performance Polymer Matrix Composite Rocket Components

AF071-206 
Computational Implementation of Spectral Theory 

AF071-213 
False Alarm Rejection (FAR) Techniques for Missile Warning Systems (MWSs)

AF071-214 
Directing Monopulse Jamming Toward Antenna of Semiactive or Antiradiation Missile

AF071-215 
Sensor Architectures for Radar Combat Identification

AF071-216 
Precision Navigation Grade Fiber-Optic Gyroscope (FOG)

AF071-217 
Directional Finding for Sources with Unknown Bandwidths and Center Frequencies

AF071-218 
Network-Centric Warfare Radio-Frequency (RF) Real-Time Hardware-In-the-Loop (HITL) Synthetic Battlespace Research Capabilities/Technologies

AF071-219 
Remote-Controlled Improvised Explosive Device (RCIED) Detection Identification and Classification Algorithms (RADICAL)

AF071-220 
Noncoherent Dual Platform Advanced Monopulse Countermeasures (AMCs) Standoff Jammer

AF071-221 
Identify Alternative Information Assurance (IA) Mechanisms

AF071-222 
V- Band Radio Frequency (RF) Filters

AF071-223 
Wide Bandgap Semiconductor Materials for Advanced Radio Frequency (RF) Applications

AF071-224 
Micro Electro-Mechanical Systems (MEMS)-Based Adaptive Optics Systems

AF071-225 
Asynchronous Global Positioning Satellite (GPS) Baseband Processing Elements

AF071-226 
Digital Antijam (AJ) Processing Application-Specific Integrated Circuits (ASIC) for Hand-held Global Positioning Satellite (GPS) Receiver

AF071-228 
Plasma Sheath-Tolerant Radio Frequency (RF) Systems on Hypersonic Air Vehicles 

AF071-229 
Multibeam X-band Phased Array Antenna for Responsive Space Operations

AF071-231 
Network-Centric Urban Vigilance

AF071-232 
Modeling Operational Automatic Target Exploitation (ATE) and Tracking Systems

AF071-233 
Efficiently Computing and/or Compensating for Object Variability for Automatic Target Recognition (ATR) Applications

AF071-234 
Site Surveillance Through Integration of Unmanned Systems

AF071-235 
Advanced Signature-Matched Hyperspectral Change Detection

AF071-236 
Adaptive Multiwaveform Laser Ranging and Detection (LADAR)

AF071-237 
Compact Quantum Dot Mode-Locked Lasers for Arbitrary Waveform Generation

AF071-238 
High Efficiency, Multi-aperature Optical Phased Arrays

AF071-239 
Spatially Registered Multispectral Polarimetric Sensor

AF071-242 
Survivability Sensor Technologies

AF071-243 
Micro Electro-Mechanical Systems (MEMS) Optical Switching Array

AF071-247 
Wideband Radio Frequency (RF) Data Recorder and Playback System

AF071-249 
Innovative Sensing Techniques for Urban Operations

AF071-256 
Improving Weapons Bay Acoustical Environments

AF071-257 
Enhanced, All-Weather Unmanned Air Vehicle (UAV) Sense and Avoid (SAA) 

AF071-258 
Energy Harvesting (EH) for Small Air Vehicles

AF071-259 
Obstacle Detection and Collision Avoidance for Micro Air Vehicles in Urban Clutter

AF071-260 
Hardware Component Prototyping for Operationally Responsive Space Access

AF071-261 
Micro Air Vehicle(MAV)  Flight Data Sensors for Practical Flow Control 

AF071-262 
Directed-Energy Weapons(DEW) System Air Platform Integration Energy and Thermal Management

AF071-263 
Feedback Flow Control for a Three-Dimensional Turret

AF071-264 
High-Frequency Flow Control and Diagnostics in Cavities

AF071-265 
Innovative Flight Instrumentation for Hypersonics

AF071-266 
Innovative Control Effectors for Common Aerovehicle (CAVs)

AF071-270 
Innovative Propulsion Integration for Mobility Platforms

AF071-276 
Geolocation and Attitude Determination from Laser Communication Systems

AF071-277 
A System for Mapping the 3-Dimensional Distribution of Cloud Particles

AF071-278 
High Efficiency Multi-Mode Power Processing Units for Hall Effect Thrusters

AF071-280 
Wide-Field-of-View Collection Optics for Infrared Surveillance from Geosynchronous Orbit

AF071-282 
Radar Signal Processing Algorithms 

AF071-283 
Unresolved Resident Space Object (RSO) Characterization Using Time-Frequency Analysis

AF071-284 
Modular, Scalable Propulsion Module for ESPA-Based Satellite Dispensing Systems

AF071-286 
Decision Support System for Defensive Counterspace

AF071-287 
Novel Technologies for Hardened Solar Arrays

AF071-288 
Structural Attachments for Rapid Assembly of Satellites

AF071-289 
Sensor Management for Rapid Target Tracking and Detection

AF071-290 
Advanced Miniature Optical Sensors for Space-Based Monitoring of the Ionosphere and Upper Atmosphere

AF071-291 
Data Fusion Visualization Development for OCS/DCS SSA Operations

AF071-292 
New Sensing Capabilities for Space Situational Awareness

AF071-293 
Local Area Space Situational Awareness (SSA) Optical Sensor System for Satellites

AF071-294 
Advanced Spacecraft Thermal Management Technologies

AF071-302 
Radiation-Hard, High-Precision, Agile Star Tracker

AF071-303 
Simulation Tool to Intercept Multiple Missiles Employing Quick and Random Evasive Flight Path Maneuvers

AF071-308 
Parent Metal Restoration

AF071-309 
Wheel Chock improved design

AF071-313 
Windscreen Shielding Integrity Monitor

AF071-317 
Development of Pulse Water Strip of Tungsten Carbide HVOF Coatings and Chrome Plating on Landing Gear Components

AF071-318 
Development of Castings for Landing Gear aluminum forgings

AF071-320 
Development of Cad Plating Replacement with Zinc Nickel on High Strength Steel Components

AF071-321 
Vynyl Ester Resins Without Volatile Organic Compounds (VOCs)

AF071-322 
Development of Nanosteel Chrome Replacement HVOF Coatings on High Strength Steel Components

AF071-324 
Corrosion Protection via Hydrophobic Coatings

AF071-325 
Improved inspection of Bonded Repairs

AF071-326 
Ambient Temperature-Curable Bond Primer for Bonded Repair

AF071-327 
Universal Method of Bonding Steel Repairs to Aluminum Structures

AF071-328 
Air Force Self Sufficient Tent

AF071-331 
On-Board JP-8 Fuel Desulphurization for Military Ground Applications  TOPIC DELETED
AF071-338 
Digital Schlieren Photography

AF071-340 
Polarization Projection Control for Space Simulation Chambers 

AF071-341 
Computer Controlled Bore Shaping Hone

AF071-344 
Configurable Dynamic Strain System 

AF071-345 
Near-Field Velocity Measurement System for Wind Tunnel Testing 

AF071-346 
Skin-Friction Measuring System for Large Wind Tunnels

AF071-347 
Selectable Fiber Optic Cryogenic Test Image Source 

AF071-349 
NCW-Distributed Area Network Management & Control (N-DANMC)

AF071-351 
Intelligent Neural-network based near Real-time TSPI Solutions (INNRTS).

AF071-352 
Telemetry Metric Adjustment Decision Authorization and Command System (TMADACS)

AF071-354 
Uncertainty, Sensitivity Analysis, and Design of Experiments in Flutter Testing

AF071-356 
Optical Ground Vibration Test

AF071-357 
Highly Directive 100 to 300 MHz Super Gain Antenna

AirForce SBIR 07.1 Topic Descriptions
AF071-002 
TITLE: Aero-Optics Beacon 
TECHNOLOGY AREAS: Air Platform, Space Platforms, Weapons

OBJECTIVE: Develop a near-field guidestar or other beacon concept for aero-optic turbulence compensation.  

DESCRIPTION: High performance High Energy Laser (HEL) aircraft must incorporate large fields of regard in order to enhance mission capability and to provide for greater missile self-defense coverage. Unfortunately, aircraft motion perturbs the refractive index field over most of the field of regard near the HEL exit aperture. As a result, the outgoing HEL undergoes extreme disturbances due to shock waves, turbulent shear layers, and regions of separated flow. The net effect of the large, rapidly varying wavefront turbulence on the HEL beam produces degraded beam quality and decreased HEL energy-on-target. Since aero-optical turbulence contains a significantly high frequency content, current state-of-the-art adaptive optics (AO) systems cannot adequately compensate for their effects. The purpose of this effort is to develop a beacon to correct for, as a minimum, the near-field turbulence around the aircraft platform.  This could be a Rayleigh guidestar beacon using either conventional lasers or femto-second lasers for near field correction or some other concept for correcting the entire propagation path including both the aero-optical path and the atmospheric path.  Whatever the concept, a beacon that is available one hundred percent of the time is a key requirement.  For a single near-field beacon, focus anisoplanitism is a concern and the offeror must assess not only the hardware concept but the correctability such beacons offer. To address this, multiple beacon concepts are possibly one way to ameliorate the problem.

PHASE I: Develop innovative concepts for generating a near-field, or other, beacon(s) for aero-optics turbulence compensation, determine bandwidth requirements (for the airborne application), hardware needs, and the correctability each concept offers.

PHASE II: Design, assemble or acquire the beacon hardware (if required), and conduct a field experiment for evaluating the concept developed in Phase I.  A government furnished equipment adaptive optics system will be available to the offeror.

DUAL USE COMMERCIALIZATION: Military application: Includes Airborne Laser, the C130 Advanced Tactical Laser, Laser Strike Fighter, HELLADS, Relay Mirror, unmanned aerial vehicles, aircraft surveillance systems and the like. Commercial application: These include all those with requirements for atmospheric compensation such as astronomy, laser communications, power beaming, etc.

REFERENCES: 1.  Gilbert, K. G., (1982) “KC-135 Aero-optical Turbulent Boundary Layer/ Shear-Layer Experiments” in  “Aero-Optical Phenomena,” Progress in Astronautics and Aeronautics, Vol 80.

2.  Fitzgerald, E.J. and Jumper, E.J. (2002) “Scaling Aero-Optic Aberrations Produced by High-Subsonic-Mach Shear Layers,” AIAA Journal, 40(7), pp. 1373-1381.

3. Jones, Mike I. And Erich E. Bender (2001) “CFD-Based Computer Simulation of Optical Turbulence Through Aircraft Flowfields and Wakes,” AIAA Paper 2001-2798. 

4. Jumper, E.J., and Fitzgerald, E.J. (2001) “Recent Advances in Aero-Optics,” Journal of Advances in Aerospace Science, 37 (3), pp. 299-339.

5.  Oljaca, M., and Glezer, A. (1997) “Measurements of Aero-Optical Effects in a Plane Shear Layer,” AIAA Paper 97-2352. 

KEYWORDS: Adaptive optics, Rayleigh beacons, femto-second lasers, turbulent flow, aero-optics, coherent flow structures, separated flow, shear layers, aerodynamic boundary layers.

AF071-003 
TITLE: Advanced Micro Optics Technology
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a manufacturing technology that is capable of producing high quality micro optics and micro lens arrays that are suitable for use in advanced adaptive optic (AO) sensors.

DESCRIPTION: Central to most closed-loop atmospheric correction systems is a wavefront sensor based on the Shack-Hartmann measurement method, a method successful  in many applications. Typically these systems employ one wavefront sensor looking at one on-axis guide star, and suffer from anisoplanatism errors that limit performance and/or corrected field-of-view.  Advanced closed-loop systems in development aim to mitigate these and other effects through the use of multiple guide stars, multiple Shack-Hartmann sensors and multiple deformable mirrors in what are typically called Multi-Conjugate Adaptive Optic (MCAO) systems. These advanced systems promise significant performance improvement and field-of-view over the typical AO system. Not surprisingly the design of these systems proves to be challenging with significantly increased demands made on the optical system in terms of both performance and cost. Typically the residual wavefront aberrations seen in the off-axis guide star wavefront sensors can be large and difficult to minimize. Additionally distortion in the imaging between the deformable mirrors and the off-axis wavefront sensors introduces further limits on performance. In an effort to minimize these optical design errors, custom lens arrays can be used to account for these errors and correct them through their basic design. These designs typically require lens diameters on the order of several hundred microns, lens heights between five and fifteen microns, sharp discontinuities in their profiles on the order of five microns, and must cover surface areas of several millimeters per lens array. The manufacture of such custom lens arrays requires the use of various grayscale mask and microlithography techniques to realize their challenging designs while still achieving the required quality. In the past lithographic techniques have been used to manufacture lens arrays, but the commonly used in-process smoothing techniques adversely affect the desired fundamental surface profile and limit the optics to sub-diffraction limited performance. Advancing the current state of the art is necessary to achieve the high degree of surface fidelity needed for these advanced lenslet concepts. Proposals are sought to advance high quality micro optics using grayscale microlithography techniques that can achieve their high surface quality (diffraction limited performance with more than 250 distinct and accurately construed gray levels) with minimal or no in-process smoothing required.

PHASE I: Study micro optic fabrication technologies that use grayscale mask and glass etching techniques. Identify each method's state of development and explore anticipated innovations for producing diffraction limited microlens arrays. Identify the most promising methods to benefit from further advances. 

PHASE II: Investigate and innovate the Phase I identified leading methods of microlens fabrication.  Demonstrate the production of several diffraction limited advanced lens arrays that are suitable for use in advanced adaptive optic wavefront sensors.

DUAL USE COMMERCIALIZATION: Military application: In-situ corrections of arbitrary aberrations in optical systems, smaller and lighter vision systems, free space optical communication systems, cost effective fabrication for large volume applications. Commercial application: In-situ corrections of arbitrary aberrations in optical systems, smaller and lighter vision systems, cell phone camera lenses, miniaturization of projection systems including high definition TV.

REFERENCES: 1. Walter Däschner, Pin Long, Robert Stein, Chuck Wu, and S. H. Lee, “Cost-effective mass fabrication of multilevel diffractive optical elements by use of a single optical exposure with a gray-scale mask on high-energy beam-sensitive glass,” Applied Optics, Vol. 36, No. 20, pp. 4675-4680, July 1997.

2. Donald C. O’Shea and Willie S. Rockward, “Gray-scale masks for diffractive optics fabrication: II. Spatially filtered halftone screens,” Applied Optics, Vol. 34, No. 32, pp. 7518-7526, November 1995.

3. E.-Bernhard Kley, Matthias Cumme, Lars-Christian Wittig, and Chuck Wu, “Adapting existing e-beam writers to write HEBS-glass gray scale masks,” SPIE Vol. 3633, pp. 35-45.

4. Jeremy D. Rogers, Ari H. O. Karkkainen, Tomasz Tkaczyk, Juha T. Rantala and Michael R. Descour, “Realization of refractive through grayscale lithographic patterning of photosensitive hybrid glass,” Optics Express, Vol. 12, No. 7, 5 April 2004, pp. 1294-1303.

5. Gregory R. Brady, “Design and fabrication of refractive microlenses,” Thesis submitted to Department of Electrical and Computer Engineering at McGill University, Montreal, Canada, July, 2000.

KEYWORDS: microlithography, MCAO, microlens arrays, gray scale/tone lithography, micro optics, e-beam writing

AF071-004 
TITLE: Design, Analysis, and Optimization Environment for Directed Energy Systems
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

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

OBJECTIVE: Develop a system integration environment for design, analysis, and optimization of airborne directed energy systems. 

DESCRIPTION: The design of airborne directed energy systems presents a challenge due to the use of high-power, tightly-regulated, low-efficiency loads and the size, weight, and thermal constraints of the aircraft. Although steady-state analysis and component optimization is vital in the initial design phase, these techniques may yield too conservative of a solution that is not feasible for integration within the aircraft. Therefore, an overall system optimum is required wherein the transients and steady-state performance are optimized for such tightly-coupled systems. The intent of this effort is to establish an environment wherein detailed transient models of the various subsystems can be integrated to form an end-to-end system simulation. The environment must include DE devices such as solid state lasers and wide-band systems.  System-level constraints include, but are not limited to, prime power, power conditioning, thermal management, and coupling apertures and antennas.  System-level optimization techniques can then be applied with respect to power quality, size, weight, and thermal constraints. Trade studies can then be performed with respect to on-time, effectiveness, and range.  The overall goal of the study consists of developing and demonstrating the necessary computational techniques to perfect a virtual prototype of a DE system on a representative airframe. 

PHASE I: Define technical approach for an integrated directed energy system simulation and for system-level optimization. Demonstrate feasibility of this approach for a representative directed energy system.

PHASE II: Design and develop system integration environment. Implement system-level optimization algorithms. Demonstrate capability for an airborne directed energy system.

DUAL USE COMMERCIALIZATION: Military application: Complete packaging of system integration and optimization software and implement using an airborne directed energy system. Commercial application: Complete packaging and system intergration for radio frequency sources.

REFERENCES: 1. C. E. Lucas, E. A. Walters, J. Jatskevich, O. Wasynczuk, P. T. Lamm, “A Distributed Heterogeneous Simulation of a Representative Aircraft Power System,” 2002 SAE Power Systems Conference Proceedings, October 2002, Coral Spring, Florida.

2. S. Graham, I. Wong, W. Chen, A. Lazarevic, K. Cleek, E. Walters, C. Lucas, O. Wasynczuk, P. Lamm, “Distributed Simulation,” Aerospace Engineering, pp. 24-27, November 2004.

KEYWORDS: High Power Microwaves, High Power Lasers, Systems Integration

AF071-005 
TITLE: Transportable Mid-Infrared Ultrashort Pulsed Laser Systems and Technology
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Demonstrate novel concepts for generating and amplifying ultrashort (fs-TW) laser pulses using architecture amenable to mobility at mid-infrared wavelengths, 2.0  - 4.0 microns.

DESCRIPTION: The Air Force is interested in promoting and conducting innovative research on promising new technologies relevant to the development of femtosecond Terawatt (fs-TW) laser systems that have a minimal number of optical elements, high average power, excellent beam quality, and are easily portable.  Ultrashort pulsed laser technology has advanced rapidly in the last 10 years. Numerous domestic and international programs have demonstrated pulsed laser systems with peak powers in the Terawatt and even Petawatt ranges and average powers approaching the kilowatt (kW) level. These high intensity ultrashort lasers have been shown to have interesting propagation and materials interaction properties. Unfortunately, traditional ultrashort laser systems are complex and not particularly well suited for applications which require maintenance-free and mobile operation because they typically incorporate complicated optical trains with many reflective surfaces. Most of these femtosecond lasers operate at near-infrared wavelengths 0.7  – 1.1 microns.  The ideal fs-TW system is one in which the oscillator and amplifiers are monolithic - a single solid-state material engineered to incorporate all of the optical elements necessary to generate and amplify an ultrashort laser pulse. In particular, the pulse stretching and compression techniques require complicated optical elements with large gratings. Potential oscillator candidates include mode-locked semiconductor lasers, fiber lasers, and solid-state laser oscillators. Potential amplifier candidates include semiconductor amplifiers, diode pumped fibers, diode or fiber laser pumped thin disks, and laser pumped gases (contained within a hollow core fiber). Candidate concepts must be capable of producing very high peak energy pulses, with high average power (that is high repetition rate) and excellent beam quality. Candidate materials might be but are not limited to: Er:YAG (2.94 microns), Ho:YAG (2.1 microns), Tm:YAG (2.0 microns), Cr:ZnSe (2.35 microns), in the range of 2.0  - 3.0 microns and semiconductor lasers operating in the 3.0 - 4.0 microns range. Furthermore, the overall system must have a high degree of reliability, require minimal maintenance, and have a variable pulse frequency and operational mode (eg.,kilohertz [kHz], sub-kHz, and burst mode operation).  Finally, high overall energy efficiency is a critical consideration for mobility. System integration issues must be considered. For example, the individual components within the overall system must be compatible with one another and produce an efficient and conveniently packageable ultrashort pulsed laser system.  The government is interested in mid-infrared lasers for a number of applications.  It is understood that systems operating in the mid-infrared generally operate at lower peak powers and average powers.  The purpose of this topic is to investigate mid-infrared ultrashort pulse laser technology that is scalable to higher peak powers and average powers.  This effort will probably require a hybrid laser that includes multiple types of solid-state materials.  Some of these materials may require development to accomplish the goals of the SBIR.

PHASE I: Identify, model, and/or demonstrate a promising mid-infrared, ultrashort pulse, fs-TW laser system or components. Although laboratory demonstrations may be beyond the scope of a Phase I effort, a clear scaling path including component demonstrations and modeling to the desired power is essential. 

PHASE II: Model, build, and demonstrate a suitable mid-infrared, ultrashort pulse, fs-TW laser system that meets the notional requirements identified above. If appropriate, build and demonstrate a portable prototype version of the system. Initiate system studies to determine packaging, size, and weight requirements for the overall system.

DUAL USE COMMERCIALIZATION: Military application: The transportable laser developed under this project has potential non-lethal applications in the 2 – 3  and infrared countermeasures applications in the 3 – 4 micron range. Commercial application: Possible applications include biomedical applications, industrial welding, beacons and illuminators for upper atmosphere remote sensing, and as a portable source for material interaction studies.

REFERENCES: 1. Limpert, J., et. al., “All fiber chirped pulse amplification system based on compression in air-guiding photonic bandgap fiber,” Opt. Expr., 11(24), 3332 – 3337, 2003.

2. Imeshev, G. and Fernmann, M. E., “230-kW peak power femtosecond pulses from a high power tunable source based on amplification in Tm-doped fiber,” Opt. Expr. 13(19), 7424-7431, 2005.

3. Limpert, J., et. Al., High power femtosecond Yb- doped fiber amplifier, Opt. Expr. 10(14), 628-638, 2002.

4. Teodoro, F. D., et. al., “Diffraction-Limited, 300-kW Peak-Power Pulses from a Coiled Multimode Fiber Amplifier,” Opt. Lett. 27(7), 518-520, 2002.

5. Carrig, T. J. and Wagner, G. J., "Mode-locked Cr 2+ ZnSe laser," Opt. Lett. 25(3), 168-170 (2000).

KEYWORDS: ultrashort lasers, femtosecond (fs)-terawatt (TW) lasers, pulsed lasers, lasers, mid-infrared lasers

AF071-006 
TITLE: Low-Cost Compact Adaptive Optics Systems
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop low-cost compact adaptive optics systems that apply to tactical high-energy laser and imaging applications including laser gain media and turbulent flow compensation.

DESCRIPTION: Optical systems are being increasingly used by the military for reconnaissance, surveillance, target recognition, target designation, and as directed energy weapons.  The performance of these systems is limited by optical aberrations that include on-board disturbances, aero-optic effects, and atmospheric distortions. Adaptive optic systems have been successfully used to compensate for a portion of these aberrations in many applications, but are typically too large and expensive to be routinely integrated. For this solicitation, an adaptive optic system refers to the deformable mirror, wavefront sensor, power supply, wavefront reconstructor, and other software and hardware components necessary to round out a complete adaptive optic system. The military is seeking a low-cost, compact, general-purpose adaptive optics solution to address present needs.  Since the system will be applied to lasers, the deformable mirror must utilize a continuous phase sheet (no discontinuities) capable of being coated with a multi-layer dielectric stack and scalable to greater than 150 millimeter diameter aperture. Minimum proposed proof of concept diameters will be at least 75 millimeter diameter usable aperture. The entire system needs to be smaller than 7000 cubic centimeters with a cost goal of less than $5,000 per unit. Proposals must address the spatial and temporal response of the proposed system.

PHASE I: The offerer shall design, model and substantiate a compact low-cost adaptive optics system.  Experiments may operate at a reduced frame rate but must show traceability.  The model and the control software developed for this effort must allow the users to implement their own control algorithms.

PHASE II: Demonstrate, in a cost effective and compact way, a full-speed adaptive optics system based on the approach developed in Phase I.

DUAL USE COMMERCIALIZATION: Military application: Virtually every optical system is adversely affected by aberrations.  A low-cost adaptive optics (AO) system can be applied to smart missile imagers and night-vision goggles. Commercial application: A low-cost adaptive optics (AO) system can be applied to photolithography systems, ophthalmology, binoculars, telescopes and laser systems used for medical and machining applications.

REFERENCES: 1.  J. Mansell, M. Maynard, and A. Jacobs.  “Development of an adaptive optics test-bed for relay mirror applications,” SPIE Vol. 5894, p. 1-13 (2005).

2.  J. Mansell.  “Commercialization of adaptive optics,” SPIE Vol. 4825, p. 1-9 (2002).

3.  S. Sinha, J. D. Mansell, and R. L. Byer.  “Deformable mirrors for high-power lasers,” SPIE Vol. 4493, p. 55-63 (2002).

4.  D. C. Dayton, J. D. Gonglewski, S. L. Browne, S. R. Restaino.  “MEMS adaptive optics: field demonstration,” SPIE Vol. 4884, p. 186-95 (2003).

5.  S. S. Olivier.  “Advanced adaptive optics technology development,” SPIE Vol. 4494, p. 1-10 (2002).

KEYWORDS: adaptive optics, lasers, high energy lasers, active optics, atmospheric turbulence, low-cost, compact

AF071-007 
TITLE: High Voltage Explosive Flux Compression Generators 
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics

OBJECTIVE: Increase internal voltage tolerance of explosive flux compression generators (FCGs). This means develop improved modeling of internal FCG voltages and concepts to increase voltage tolerance.

DESCRIPTION: Development of ability to greatly increase internal voltage tolerance of explosive flux compression generators (FCGs), particularly helical FCGs. One of the most serious limitations of explosively driven magnetic flux compression generators is voltage tolerance. That is, virtually all flux compression generators must be designed to operate within a relatively modest voltage, and hence electric field, range. The range of operating voltages has been found empirically to be considerably below the ranges one would expect for laboratory pulsed power devices that use standard solid and gas dielectric insulation. The typical maximum output terminal voltage for megajoule-class generators is about 50 kilovolts, corresponding to an internal equivalent source voltage of approximately 160 kilovolts. For typical armature-stator gaps of 10 centimeters, the output voltage represents a maximum electric field stress of only 5 kilovolts per centimeter (kV/cm), whereas the air breakdown field stress is approximately 40 kV/cm and approximately 100 kV/cm for sulfur hexafluoride (SF6). At this time, it is not known why FCGs are so voltage intolerant, but the limitation translates directly to larger sizes than what one could use if higher stresses could be tolerated. Furthermore, for a given inductive load, the maximum output terminal voltage dictates the maximum rate of current rise, which is often desired to be higher than that currently achievable. For this topic, this means develop improved ability to model internal FCG voltages, as well as develop concepts for increasing FCG tolerance to such voltages.

PHASE I: Requires innovative research and development of modeling of FCG internal voltages and concepts to greatly increase their voltage tolerance. 

PHASE II: Develop a feasible concept for greatly increasing FCG internal voltage tolerance, implement a significant part of the new concept. Develop a business and commercialization plan for the Phase II engineering development and marketing program. 

DUAL USE COMMERCIALIZATION: Military application: Military uses of this technology include very compact portable pulsed power for high current uses, such as radiation sources. Commercial application: Possible civilian sector applications include radiation sources, seismic probes, lightning simulators for Homeland Defense, law enforcement, public safety, oil prospecting, and counter mine systems.

REFERENCES: 1. Megagauss Conference Proceedings I through X provide good information on FCG technology. 

2. H.Knoepfel, "Pulsed High Magnetic Fields," North Holland Publishing Co, Amsterdam, London, p.87 (1970). 

KEYWORDS: internal voltage tolerance, explosive flux compression generator, FCG, megajoule 

AF071-008 
TITLE: Tactical HEL Weapon Alignment System Architecture Options and Trade Offs
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Present HEL weapons have high power optical trains containing more than a dozen articulated mirrors. Tactical HEL weapons must be compact. Develop a tactical architecture with minimal high power trains.

DESCRIPTION: Airborne high energy laser (HEL) weapons have tended to be large (e.g., the Airborne Laser [ABL]). Tactical applications will employ smaller high energy lasers. This opens up many interesting military applications but the size, weight and complexity of the accompanying beam control system must come down as well. The beam control system must include a gimbaled beam director, tracking and pointing functions and potentially some adaptive optics. Acquisition sensors and target illuminators should be included. The laser resonator should be considered part of the beam control system. Possible approaches might include but would not be limited to: 

1. Reducing the number of mirrors and other optical elements in the high energy path.

2. Packaging more functionality into the turret assembly.

3. Using control elements that combine functions (e.g., tilt and aberration/focus control).

4. Eliminating the traditional split between laser and tracker line of sight stabilization. Combining both into one controller (i.e., one fast steering mirror).

5. Pushing functionality from the high power path into the low power path where smaller/lighter optics can be used.

6. Using adaptive techniques to estimate jitter, atmospheric aberrations and sensor noise and driving reduced bandwidth optical feedback loops with these feed forward estimates.

7. Trading off control and optical bench structural stiffness and isolation.

The required innovation is to define an architecture that is amenable to weight, volume and complexity reductions needed to enable tactical beam control. 

PHASE I: Consider an airborne HEL weapon with a 30 cm output aperture. Develop optical/control architectures that minimize the mirror count of the high power train. Identify required developments of new component technology. Define required analyses/simulations and risk reduction efforts.

PHASE II: Within resources select a control architecture and perform detailed design including optical layout and control implementation. Provide preliminary weight and volume estimate based on component weight and structural requirements. Develop a preliminary control system simulation. Develop a risk reduction plan at the component and architecture level which includes prototyping and lab or field demos.

DUAL USE COMMERCIALIZATION: Military application: Develop proof of concept demo of selected beam control architecture. Select a laboratory (government or private) for this work. Demo required levels of performance (stability, track resolution, etc.). Commercial application: Develop a proof of concept demo of this beam control architecture adapted to an eye safe illumination commercial surveillance system for use in border monitoring and homeland defense.

REFERENCES: 1. Kenneth W. Billman, Bruce A. Horwitz, and Paul L. Shattuck “Airborne Laser System Common Path/Common Mode Design Approach,” SPIE, Airborne Laser Advanced Technology II, p 196-203, Orlando Florida, 5-7 April 1999. 

2. Salvatore Cusumano, Lawrence Robertson, Jason Tellez, Charlie Tipton and David Jordon “Control Architecture for Increased Performance in Pointing Lasers,” AeroSense Conference Paper.

3. Kenneth W. Billman and Paul L. Shattuck, "Common Path/Common Mode Design Approach for the Airborne Laser System (AAS 01-062)," Advances in the Astronautical Sciences, Guidance and Control 2001, Volume 107, American Astronomical Society, p 489.

KEYWORDS: Line of Sight Stablization, Laser Pointing, Image Tracking, Miniaturization, Tactical Beam Control

AF071-009 
TITLE: Improved Electromagnetic PIC Particle Current Weighting Near Conformal Boundaries
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop algorithms for correctly (2nd order accuracy minimum) assigning current and charge for PIC particles passing near and intersecting conformal boundaries in an electromagnetic PIC simulation. 

DESCRIPTION: Many of the numerical tools which are used in the design and testing of high power microwave (HPM) sources are built upon finite difference time domain (FDTD) techniques and rely on a tensor product grid with stair-stepped boundaries.  This combination requires globally a very fine resolution grid to accurately predict the effects of small scale features.  Furthermore, due to the stair-stepping boundary approximation, the global order reduces to first order for sufficiently high resolution.  Even on today’s massively parallel computers, it is unfeasible to solve this problem with resolution alone.  Traditionally these issues are overcome electromagnetically with one of the three techniques: body fitted coordinates [1], fractional cell or mixed boundary elements [2, 3] or fully unstructured mesh techniques [4].  These techniques have various advantages and disadvantages which are very problem dependent.  Properly accounting for the motion of PIC particles near these boundaries so that charge and current are properly considered and properly applying the local EM fields to the PIC particles are areas where more work is needed.

PHASE I: The goals of phase I are: 1) survey of techniques which are capable of correctly incorporating particle interaction near conformal boundaries; 2) identification of a solution technique; 3) prototype implementation into either testbed code or AFRL provided model and verified on relevant examples.  

PHASE II: The goal of phase II is implementation of the algorithms into fully functioning codes, complete with particle emission and propagation.  Algorithm should be shown to be scalable, stable and globally second order accurate for problems defined in phase I.  Issues such as self force, grid heating, non-physical radiation and self heating should also be mitigated.

DUAL USE COMMERCIALIZATION: Military application: As well as electromagnetic generation, improved PIC would help in the simulation of the following defense related technologies: plasma opening switches, ion propulsion, and hypersonic drag reduction. Commercial application: Improved PIC code would aid plasma processing and fluorescent lamps, basic plasma research such as dusty plasmas, accelerators, Penning traps, magnetic fusion plasmas, laser-plasma interaction. 

REFERENCES: 1. Karmesin, S.R., P. C. Liewer, and J. Wang, "3D Electromagnetic Parallel PIC in Nonorthogonal Meshes," Plasma Science, IEEE International Conference on June 5, 1995. http://sciserv er.lanl.gov:80/cgi-bin/sciserv.pl?collection=confs&journal=ieee1912& issue=v1995i0506&article=138_3eppinm. 

2. Railton, C. and J. Schneider, "An Analytical and Numerical Analysis of Several Locally Conformal FDTD Schemes," IEEE Trans. on Microwave Theory and Tech., Vol. 47, 1999, pp. 51-66. 

3. Dridi, K., J. Hesthven, and A. Ditkowski, "Staircase-Free Finite-Difference Time-Domain Formulation for General Materials in Complex Geometries," IEEE Trans. on Ant. and Prop., Vol. 49, May 2001, pp. 749-756.

4. Hesthaven, J. and T. Warburton, "Nodal High-Order Methods on Unstructured Grids, I. Time-Domain Solution of Maxwell's Equations," J. Comp. Phys., Vol. 181, 2002, pp. 186-221.

KEYWORDS: particle-in-cell (PIC), electromagnetic (EM), simulation, conformal, boundary

AF071-010 
TITLE: Fast Synthetic Scene Generation for Directed Energy Applications
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop/implement methods for fast generation of realistic synthetic scenes, including significant atmospheric degrading, used to simulate directed energy tracking and aim point maintenance systems.

DESCRIPTION: Many directed energy system concepts require tracking a target and pointing laser beams through the atmosphere. The target image and projected beams experience degradation due to atmospheric effects, including absorption, extinction, turbulence, aero-optics and thermal blooming. The target scenes can be very complex; they can include natural and man-made objects, active and passive illumination, clutter, obscurants, and dynamics. The effectiveness of many directed energy systems is directly impacted by the stability of the projected beams on target.  For this reason these systems implement complex sensing and control schemes to reduce atmospheric effects and other jitter sources. Simulations which test these aim point maintenance algorithms require realistic synthetic imagery -- degraded by the same atmospheric effects acting on the projected beams. Generating such scenes is very time consuming and makes running simulations inconveniently complicated and slow. This topic is intended to develop faster techniques for generating atmospherically degraded synthetic scenes.  This would allow more effective use of simulations to develop and evaluate closed-loop tracking and aim point maintenance algorithms.

PHASE I: Develop, specify, evaluate and demonstrate a synthetic scene generation algorithm with atmospheric degradation.  Algorithm should be able to reduce computation time by a factor of ten over techniques currently used to evaluate closed-loop tracking and aim point maintenance algorithms.

PHASE II: Implement the synthetic scene generation algorithm in an existing simulation environment that includes all capabilities necessary to develop and evaluate aim point maintenance algorithms.

DUAL USE COMMERCIALIZATION: Military application: Laser and optical systems that are adversely affected by propagation effects. Synthetic scene generation algorithms apply to tactical lasers, night-vision goggles and telescopes.  Commercial application: Laser and optical systems that are adversely affected by propagation effects. Synthetic scene generation algorithms apply to night-vision goggles, telescopes and medical and machining laser systems.

REFERENCES: 1. S. C. Coy, "ABLSim: a user-friendly wave optics propagation code," Proceedings of SPIE, Volume 3706, 1999.

2. L. C. Andrews and R. L. Phillips, “Laser Propagation through Random Media,” SPIE Optical Engineering Press, Bellingham, WA, (1998).

3. M. C. Roggemann and B. Welsh, “Imaging through Turbulence,” CRC Press, Boca Raton, FL, (1996).

KEYWORDS: adaptive optics, lasers, atmospheric turbulence, imaging, aero-optics, thermal blooming, high energy laser (HEL)

AF071-011 
TITLE: Moderate Power Mid-Infrared and Infrared Fiber Lasers 
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop 100-1,000 Watt (W) peak power fiber laser technologies in the 3-5 and 8-12 um wavelength ranges for counter sensor applications. 

DESCRIPTION: Future optical warfare systems may require moderate power mid-infrared and infrared (IR) wavelength lasers that can provide kiloWatt (kW) peak power output and that are electrically efficient, compact and capable of reliable operation in military environments.  Recent development in mid-infrared and infrared transmitting fibers enable the potential for fiber lasers doped with rare earth elements for direct lasing in the desired wavelength ranges.  Nonlinear wavelength conversion effects may also be able to be exploited to generate the wavelengths of interest.  Innovative new fiber laser and in-fiber wavelength conversion technologies, seeking order of magnitude electrical to optical efficiency improvements relative to wavelength converted solid state lasers and gas lasers, are sought to support future Air Force mission needs. 

PHASE I: Demonstrate subscale breadboard operation of a laser traceable to the long term peak power objectives and develop a packaging approach for a full scale laser traceable to future military systems.

PHASE II: Develop, test and deliver a prototype laser module incorporating the novel laser technology for test evaluation in a government laboratory. 

DUAL USE COMMERCIALIZATION: Military application: Infrared Countermeasures (IRCM), Communication, Identification, Friend or Foe (IFF), Illumination. Commercial application: Lasers that operate directly in the mid-infrared wavelengths have potential applications in sensor and medical diagnostics equipment.

REFERENCES: 1.  L. B. Shaw, et. al., Advances in Fiber Devices, Proceedings of the SPIE, vol. 4974, p. 60, 2003.

2.  S.D. Jackson, CAOL, p. 1, 2003.

3.  Pollnau, M. ; Jackson, SD 

Affiliation: Inst. for Biomed. Imaging, Opt. & Eng., Swiss Fed. Inst. of Technol., Lausanne, Switzerland 

Source: [in] Solid-state mid-infrared laser sources; p.219-53. 

KEYWORDS: Laser, mid-infrared, infrared, fiber optic, mid-IR fiber lasers

AF071-012 
TITLE: Laser Remote Sensing for HEL Damage Assessment
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop algorithms and system designs based on laser remote-sensing to provide remote, real-time damage data for use in high energy laser (HEL) weapon systems.

DESCRIPTION: Algorithms and associated system designs based on active or laser remote-sensing technologies are sought for remote, rapid, and robust damage assessment for high energy laser (HEL) weapon systems.  Laser technologies to be considered include laser radar, polarimetry, photometry, spectroscopy, and vibrometry, with the ultimate solution expected to fuse some combination of these and other technologies.  Algorithms and system designs may utilize the properties of the HEL and/or those of a broadcast and/or tracking laser to provide real-time assessment of targets typically beyond the resolution limit for visual or imaging confirmation.  The ultimate system will provide real-time sensor feedback on target damage, which when combined with target vulnerability data will provide a kill estimate, and will therefore eliminate from kill estimates the inherent uncertainties of damage simulations.  Theoretical models of the interactions of sensor laser radiation with undamaged and damaged targets and clutter materials are required for the development of robust algorithms, which also require sound mathematical and statistical foundations.  Characteristics of HEL damage in relevant material classes should be measured and understood on the microscopic level and related to the properties of laser radiation reflected or scattered from damaged targets.  Actual or simulated laboratory data should be available to support algorithm development.  System designs should specify hardware and software to support eventual field and/or laboratory mock-up demonstrations of prototype systems.

PHASE I: Develop algorithms for HEL damage assessment based on one of the following: 1) a fusion of laser remote-sensing technologies, or 2) models of sensor laser interactions with damaged and undamaged targets, supported by physical data on damage effects. 

PHASE II: Mature and expand the algorithms developed under Phase I, ensuring that damage data provided by algorithms are linked with target vulnerability data, specify and design systems in which algorithms can be tested in a field and/or laboratory demonstration, develop required hardware and software, and demonstrate with a prototype system damage assessment on a wide variety of target materials.

DUAL USE COMMERCIALIZATION: Military application: Laser-based remote damage-assessment algorithms are applicable to HEL effects vulnerability assessment for directed energy weapon (DEW) programs. Commercial application: Laser-based remote damage-assessment algorithms are applicable to automated inspection systems for industrial and homeland security applications.

REFERENCES: 1.  B. G. Hoover, R. A. Peredo, L. F. DeSandre, and L. J. Ulibarri, “Active polarimetric assessment of surface weathering,” in Laser Radar Techniques for Atmospheric Sensing, Proc. SPIE 5575, 38-43 (2004).

2.  D. Fontani, F. Francini, G. Longobardi, and P. Sansoni, “Optical control of surface finish,” Opt. Lasers Eng. 32, 459-472 (2000).

KEYWORDS: high-energy laser, HEL, damage assessment, laser remote-sensing, polarimetry, photometry

AF071-019 
TITLE: Untethered Helmet-Mounted Display for Night Vision Goggle Training Systems
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a tetherless, helmet-mounted display suitable for use as a night-vision goggle training device in flight simulators.

DESCRIPTION: Current helmet-mounted display (HMD) systems which present simulated night-vision goggle (NVG) imagery to users employ tethering cables carry the video signal to the head mounted display and employ relatively inefficient CRTs as the display medium.  The cables reduce freedom of user movement, especially as users may need to move about the cockpit during training exercises.  CRT displays’ size and mass create simulator helmet form and fit problems with respect to helmet system weight and center of mass.  There is a need to replace the tethering video cables with a very high bandwidth wireless video transmission capability and to replace the CRT display with a display capability whose form and fit is equivalent to that of the actual NVG.  The required bandwidth is estimated to be in the neighborhood of one giga-bit per second.  A minimum solution of an NVG HMD system that can transmit and display at each eye a non-interlaced, 1280 by 1024 pixel image with 16 bits of intensity per pixel at a 60Hz update rate is required; a higher 2000 X 2000 pixel resolution is desired.  The display system is restricted to a total helmet-mounted mass of 540 grams.

PHASE I: Expected result is a system design and a proof-of-concept demonstration of wireless data transmission and display capable of handling the requirements of the minimal solution. The system design should also address such areas as durability, reliability, and ease of installation/maintenance. 

PHASE II: Expected result is a helmet-mountable, prototype system incorporating as much of the system design as possible while keeping an eye towards building a unit that will stand up to a feasibility evaluation.  This system will be evaluated at the Air Force Research Laboratory's Warfighter Readiness Research Division for feasibility of use in a simulated night-vision goggle training system.

DUAL USE COMMERCIALIZATION: Military application: Training systems requiring a high-resolution, untethered, head-mounted display can use this technology, especially those that require user movement, such as the Army’s Dismounted Soldier Simulator. Commercial application: Applications lie in entertainment/gaming areas and in education/training where continual access to high-resolution reference manuals will allow faster training in areas like aircraft maintenance

REFERENCES: 1. Kraemer, W. & Pray, R. (July, 2000). Remote Wireless High Resolution Display Systems. Presented at IMAGE 2000, Scottsdale, AZ. 

2. Lewandowski, R.J., Haworth, L.A., Giralamo, H.J., Editors (2001).  Helmet-and Head-Mounted Displays VI.  Proceedings of SPIE Vol. 4361. 

3. Tulis, R.W., Hopper, D.G., Morton, D.C., & Shashidhar, R.N. (2001). Cockpit Displays VIII: Displays for Defense Applications.  Proceedings of SPIE Vol. 4362, pp. 1-25.

KEYWORDS: wireless, high-resolution, helmet-mounted display, night-vision goggle simulation

AF071-020 
TITLE: Head orientation sensing system 
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Design, develop, demonstrate, and deliver a rugged, lightweight, low power, man-mounted head orientation system capable of operating in electromagnetic fields up to 200 V/M with one degree resolution and accuracy with a minimum of 60 updates per second over a USB interface or other suitable standard interface for a 3-D audio display system.

DESCRIPTION: Airfield flight lines and aircraft carrier flight decks are extremely hazardous environments. Noise levels are 130 dB to 150 dB and are hazardous to hearing.  Ultra hearing protection is required to protect hearing but removes auditory localization cues.  These cues can be restored using virtual 3-D audio technology to enhance personnel safety.  However, the 3-D audio display needs to be head coupled/stabilized to be effective.  This head orientation device would provide 3 DOF information on head orientation, i.e.  Azimuth (0 to 359), elevation (+90 to -90), and roll information (+90 to -90).  This information is needed a minimum of 60 times per second with a 1 degree accuracy and 1 degree resolution. The device should be capable of operating on battery power for up to 50 hours and continuously on vehicle (12-28 VDC) or building (115 VAC 60Hz) power. The device should be lightweight and should integrate with combat and flight helmets as well as a stand-alone headband type configuration. The most significant technical challenge is accurately operating in electromagnetic operational environment includes field strengths up to 200 V/M. Typical headtrackiing technologies such as magnetic and/or acoustic sensing would probably have significant difficulty in operating is this type of environment. A satisfactory solution will require innovation to meet the performance, environment, and power consumption goals.  The total integrated head-orientation/3-D audio sensing-display system will give flight line/flight deck personnel cues aircraft location and will give dismounted special operations personnel cues on location of enemy fire/sounds while protecting their hearing.

PHASE I: Phase I products include conceptual design, risk identification, risk mitigation plans, and some risk reduction studies/experiments on fabricated portions of the system. 

PHASE II: Phase II products include preliminary design, successful preliminary design review, working prototype, final design, successful critical design review, and 5 prototypes capable of demonstrating system performance in a field demonstration program. 

DUAL USE COMMERCIALIZATION: Military application: Applications include hazard cueing for aircraft carrier flight deck and flight-line personnel and threat/target cueing for dismounted soldiers, special operations forces, and pilots with and without helmets. Commercial application: Commercial applications include virtual reality display systems for product development and visualization and for virtual reality gaming.

REFERENCES: 1.  Joffrion, J.M., Raquet, J.F., and Brungart, D.S.  “ Sonic Boon: Head Tracking for 3D Audio Using a GPS-Aided MEMS IMU.” Inside GNSS, 1(1), 32-41, 2006

This is a description of a system which shows innovation in head tracking/orientation technology and integration with a 3-D audio display system but has excessive power consumption and may have performance and environment issues for the described concept.

KEYWORDS: head tracking, virtual reality, head orientation

AF071-021 
TITLE: Team performance measurement and tracking in collaborative environments
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Conduct research to develop and validate methods for identifying, tracking, analyzing and reporting team performance in collaborative environments.

DESCRIPTION: Much of the Air Force’s current Intelligence, Surveillance, and Reconnaissance (ISR) team work and command and control (2) decision making is accomplished in distributed, networked environments.  Teams operate remotely and often asynchronously with unknown teammates to carry out complex missions, coordinate command and control (C2), or make high-tempo decisions.  These activities are conducted by the team as a unit, therefore assessment must also be conducted at the team level.  ISR data integration and C2 decision making used to be constrained by limitations in information flow. Today’s environment, in contrast, requires systems and operators to manage large amounts of information efficiently and effectively and to provide specific information to others for their decision making. When team interactions are highly interdependent, system-wide error can occur as the results of a single weak link in the system.  Without the ability to manage information, coordination becomes error prone and mission success could suffer. Consequently, there is a limited research base on easy to routinely and in real time assess and track coordination, communication, collaboration and information sharing activities and performance on a team and team of teams level of analysis.  Have such a capability would help to identify critical points of potential failure and flag them for attention.  Typical solutions to this problem involve time-intensive techniques that are based on observation, but are one step removed from actual data streams. How can we deduce the cognitive state, or the current level of expertise of the war-fighter directly from operational or training data?  Some of the best data for assessing situation awareness, decision making, and leadership in team settings are also the least used. Communications – in a variety of forms – are ubiquitous and easy to capture. Research in team communication analysis has produced valuable insights into the structure of expert knowledge concerning military operations, and patterns of discourse in successful teams. However, it is unclear how the approaches used in these studies relate to other performance metrics in the contexts of interest (e.g., observer based or simulation derived metrics) or how they might ‘scale up’ to larger and widely distributed teams and teams of teams. Assessment of large team performance and vulnerabilities in social networks is needed in real-time or even in a predictive mode in order to monitor and intervene to prevent such failure.  The goal of this effort is to develop, demonstrate, and validate a team collaboration construct-oriented system for performance measurement that includes both embedded objective and observer-based subjective approaches to tracking, analysis, warehousing, and reporting.  The system would also be able to support ‘alarming’ decision drop outs and a data integration and display suitable for after action review and analysis. 

PHASE I: Investigate existing and candidate performance measurement tools in a specific ISR/C2 environment. Develop and demonstrate measurement techniques/applications/methodologies that will help tracking, assessing and possibly diagnosing operator performance based on coordination, communication, collaboration and information sharing analyses. Demonstrate the validity of this approach in a bounded context.

PHASE II: Develop and demonstrate a functional prototype of a team collaboration performance assessment, tracking and after action review capability/system that integrates the validate metrics.  Conduct validation studies of the measures, the functions of the system and the utility of the data for diagnosis and after action review in a C2/ISR team collaboration environment.

PHASE III DUAL USE APPLICATIONS: Performance measures that effectively utilize information about communications flow and content would have wide application in dynamic and distributed environments throughout the military services. While the focus this effort is on training applications, the resulting measurement techniques will be applicable in operational environments as well. Private sector organizations are continuing to move toward more distributed teamwork activities.  However, there has historically been no systematic approach to monitoring the workflow in these distributed teams.  This effort, if successful will provide a unique and validated methodology for addressing a significant gap in distributed organizations.

REFERENCES: 1. Bower, M. J., (2003). Distributed Mission Training. Military Training Technology, Vol. 8, Issue 4. http://www.military-training-technology.com/article.cfm?DocID=272.

2. Phister, P.W., Cherry, J.C., (2005). Command and Control Implications of Network-Centric Warfare. AFRL Horizons, February 2005, Document # IF-04-09. http://www.afrlhorizons.com/Briefs/Feb05/IF0409.html.

KEYWORDS: Team Collaboration, Command and Control (C2), Intelligence, Surveillance, & Reconnaissance (ISR), training, performance measurement, data warehousing, performance-based after action review

AF071-022 
TITLE: Helmet-Mounted G-Tolerant Eye Tracker
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a helmet-mounted eye tracker, capable of interfacing with Air Force flight equipment, that can be used in a high-G, airborne, fast jet environment. 

DESCRIPTION: There are several challenges facing the implementation of an eye tracker in a fast jet. First of all, the eye tracker must be light enough so that it does not add too much weight to the pilot’s head. Second, it must not interfere with the pilot’s vision. Thirdly, it must be able to maintain track of the eye while doing aggressive maneuvers that would result in both buffeting as well as substantial G loading. In addition, the tracker should not harm the pilot in case of ejection nor interfere with the ejection process.  To address these issues, an eye tracker must be very light (tens of grams), be small in volume (a few cubic inches at most), and be of a form factor that permits secure mounting to the head or a helmet. The eye tracker, or any part of the eye tracker, cannot contact the surface of the eye for any reason. A viable combination of these parameters, suitable to meet Air Force needs has yet to be found.  The problem with buffeting is that the shaking can cause most standard commercial off-the-shelf (COTS) head trackers to loose track because they must track reflections from inside the eye and through the pupil. The effect of G loading causes the eyelid to droop and the device itself to slip, which can also cause an eye tracker to loose track of the eye.  New, innovative technology that is immune to this effect is needed. One purpose of this eye tracker would be to aid in the aiming of weapons. As such, the eye tracker must be very fast (e.g., have latency of less than 30 ms) and work in conjunction with a head tracker and head-mounted display. Another purpose of an unobtrusive fast eye tracker would be to support an immersive display system with true 20/20 resolution for pilot training simulators based on foveal eye tracking.  To meet these needs, technology enabling a small, lightweight, non-contact, head-mounted eye tracker must be found.

PHASE I: Provide a literature review to determine shortcomings and plan the development of a flight worthy eye tracker. Develop one or more viable designs. Issues include but are not limited to: latency, accuracy, size, weight, and form. Document results (analysis and designs) in a report concluding Phase I.

PHASE II: Build and demonstrate an eye tracker that is robust enough for laboratory testing and could be used in a fast jet. This tracker would have very fast update rates, be immune to jitter and G, and be accurate, conforming to the performance parameters determined in phase I. It would also be helmet-mounted and as such must be as light as possible and not obstruct the pilot’s field-of-view.

DUAL USE COMMERCIALIZATION: Military application: Eye trackers will be used in conjunction with head trackers for combat and virtual reality environments. Head and eye tracking will allow us to interact easily with information and weapons. Commercial application: Eye tracking could be used as an interface in the medical industry.  Light-weight eye trackers would enable an innovative interface for individuals who cannot use their limbs. Surgeons and quadriplegics could use the device resulting from this effort to interact with information and the world around them.  In addition, the marketing industry could use unobtrusive eye trackers to improve their studies of advertisements to determine more easily what about an ad catches an observer’s attention.  When small, light-weight eye trackers are combined with state-of-the-art head-mounted displays, they enable an innovative environment for hands-free information interaction.

REFERENCES: 1. Barfield, W., Furness, T.A., (eds.) Virtual Environments and Advanced Interface Design, Oxford University Press, New York, 1995.

KEYWORDS: helmet-mounted display, eye tracker, head tracker, fast jet

AF071-023 
TITLE: Near-field acoustic holography system 
TECHNOLOGY AREAS: Air Platform, Space Platforms, Human Systems

OBJECTIVE: Design, develop, and demonstrate a practical 3-dimensional acoustic holography system capable of measuring and describing jet plumes from full scale high performance military jet aircraft engines and high efficiency commercial/transport jet engines.

DESCRIPTION: The acoustic source characteristics of jet plumes from high performance military fighter engines as well as jet plumes from high bypass commercial transport engines are not well defined.  This is due to the difficulty in making a complete set of descriptive acoustic measurements characterizing the size, intensity, directivity, and distribution of the acoustic source/jet plume . High performance military engines may have an apparent time varying distributed acoustic source which is at least 40’ long and 15’ high and wide. Acoustic near-field acoustic holography concepts have been proposed but have not been practically realized for full-scale jet engines.  A 3-D microphone measurement array to fully characterize the acoustic near-field around the aircraft and jet plume would require thousands of individual microphones. The concept of the near-field acoustic holography system is to be able to measure and characterize the 3-D acoustic near-field with a reasonable number (<150) of microphones and innovative signal processing/signature analysis techniques implemented in software. The technical challenges include identifying the acoustic source frequency dependent spatial distribution, identifying the time varying acoustic shock structure in the plume, collecting accurate acoustic data with high ambient temperatures and wind, and identifying and quantifying the major acoustic radiation angles and strength.  The current state-of-the-art is near-field acoustic holography of cold, model scale (1”-2” throat diameter) jets in laboratory conditions.  The full scale near-field acoustic holography system should be at least semi-portable, i.e. be capable of being set up at different air field test sites with not more than 1-2 days set up time by not more than 3 technicians. The system should be able to handle overall sound pressure levels up to 160 dB. The system should have a calibrated bandwidth from at least 5 Hz to not less than 30 kHz.   The data from the near-field acoustic holography system will be instrumental in conceiving and defining jet source noise reduction technologies and quantifying their noise performance benefits for both high performance military jet engines and high efficiency commercial jet engines.

PHASE I: The Phase I products should include as a minimum a hardware, software, and analysis design for a full scale acoustic holography system with data display concept. Risk areas should be defined and potential risk reduction experiments/demonstrations should be conducted and reported. 

PHASE II: The Phase II products should include as a minimum a working integrated near-field acoustic holography system with hardware and software, calibration procedures and data, and a demonstration of a measurement and analysis of a military high performance aircraft/engine 3-D acoustic near-field.

DUAL USE COMMERCIALIZATION: Military application: Applications include personnel noise field and noise exposure calculations and identification and performance measurement of possible techniques for jet noise reduction. Commercial application: Commercial applications include identifying techniques for jet noise reduction from commercial jet aircraft engines and defining noise hazard areas for commercial jet aircraft ground operations.

REFERENCES: 1. "Nearfield Acoustic Holography (NAH) I - Theory of Generalized Holography and the Development of NAH," by JD Maynard, E.G. Williams and Y. Lee.

2. "Nearfield Acoustic Holography (NAH) II - Holographic Reconstruction Algorithms and Computer Implementation," by W.A. Veronesi and J.D. Maynard.

KEYWORDS: acoustics, near-field noise, near-field acoustic holography, noise, noise exposure

AF071-024 
TITLE: Helmet Mounted Display for Joint Strike Fighter Training Simulator
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Evaluate alternative technologies for simulation of Joint Strike Fighter (JSF) helmet-mounted display (HMD) and provide analysis of visual perception and training implications of each technology.

DESCRIPTION: The Joint Strike Fighter (JSF) will be the first US fighter aircraft with a binocular HMD as the primary cockpit instrument and sensor display. DMO (Distributed Mission Operations) Mission Training Centers (MTCs), which will field the JSF training systems, currently use real-image (uncollimated) visual displays with a near image plane, and an eye-point to display viewing distance that varies by 20 or more inches. The integration of a binocular HMD will cause obvious differences in depth between out-the-window (OTW) and HMD imagery, leading to serious distraction, eye-strain, and possibly other problems.  Thus the technical feasibility of integrating a binocular HMD with existing flight simulator displays has not been established.  Replacing the current display systems at all MTCs is clearly not feasible. Therefore, the Air Force seeks innovative human systems technology to allow the simulation of the JSF HMD in existing flight simulator display systems.  Because the extent of the problem is unknown, a human factors evaluation of a binocular HMD capable of displaying flight symbology and simulated sensor imagery integrated with a faceted display system (e.g. the Mobile Modular Display for Advanced Research and Training, or M2DART) is required.  The contractor shall evaluate performance of experienced pilots while wearing a binocular HMD and engaged in appropriate flight tasks in order to identify the specific perceptual issues caused by this configuration.  Based on the results of this evaluation, the contractor shall propose new human systems technologies that could be implemented to overcome the identified perceptual issues.  It is expected in Phase I that a report be delivered documenting the results, and providing a recommendation for an appropriate solution for simulation of a JSF HMD that can be carried forward in Phase II.

PHASE I: Conduct human factors evaluation of binocular HMD integrated with M2DART or similar faceted display system.  In Phase I the contractor shall document this evaluation, and provide a detailed recommendation for new technology or concept based on the results.

PHASE II: Develop a proof of concept  prototype demonstration of technology with commercialization potential to simulate the JSF HMD based upon the conclusions drawn in Phase I. The contractor shall deliver the prototype device to AFRL, Mesa for test and evaluation.

DUAL USE COMMERCIALIZATION: Military application: New human systems technology for advanced HMDs in aircraft simulation and training. Commercial application: Improved periods of effective use and comfort for HMDs for commercial and entertainment use.

REFERENCES: 1. Head Mounted Displays: Designing for the User. Melzer, J. & Moffitt, K. Eds. McGraw-Hill, New York, 1997.

2. Velger, M. (1998). Helmet-mounted displays and sights. Boston, MA: Artech House.

3. Winterbottom, Patterson, & Pierce (2005). Helmet-mounted Displays for use in Air Force Training and Simulation. Air Force Research Laboratory Technical Report Number AFRL-HE-AZ-TR-2005-0186.

4. Winterbottom, Patterson, Pierce, Covas & Winner (2005). Depth of Focus and Perceived Blurring of Simultaneously-Viewed Displays. Proceedings of Interservice/Industry Training, Simulation, and Education Conference.  

5. Wight, D. R., Best, L.  G., & Peppler, P.  W.  (1998).   M2DART: A Real-Image Simulator Visual Display System. Air Force Research Laboratory Technical Report Number: AFRL-HE-AZ-TR-1998-0097.

KEYWORDS: Flight simulation, helmet-mounted displays, simulation based design and acquisition, distributed mission operations, mission rehearsal, visual perception, binocular vision, eye-strain

AF071-025 
TITLE: Apparatus and Method to measure thermal insulation factors for use with BURNSIM
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a dynamic model of heat transfer through clothing and personal protective equipment (PPE) and develop a method to validate the model through exposure of fabrics to hot convective gases simulating jet engine exhaust. 

DESCRIPTION: New Aircraft like the Short Take Off and Vertical Landing (STOVL) version of the Joint Strike Fighter (JSF) have identified areas around the aircraft where thermal hazards, such as jet exhaust, exist. If maintainers need to be in the thermal risk area, they need to wear appropriate protective gear. The ultimate risk to the maintainers is a combination of the risk from the heat source and the effectiveness of the PPE in mitigating that risk. The burn hazard assessment model, BURNSIM, has been used by the JSF program to define the hazardous areas, but the current version of BURNSIM (ref 4), contains thermal transfer characteristics for only a few types of clothing (jeans, t-shirt, long underwear, and long sleeve shirt).  Consultation with the lab at Natick Soldier Support Center that has the mission to assess flammability and thermal properties of fabrics for the military reveals that there is no standard test method or validated model to establish the dynamic thermal transfer characteristics for the many types of PPE that need to be considered for protecting the maintainers.

One solution might be a computer controlled, compact device to determine the insulation factors for any clothing or PPE when subjected to convective and total heat fluxes that simulate the operational environment. The primary focus is on understanding the effect of hot air streams (up to 32m/s and 100 deg C) that simulate jet engine exhaust in areas that might be tolerable.  An appropriate clothing model should be developed and validated for deriving the insulation factors that can be used to dynamically control the input to BURNSIM which then predicts time to pain, time to threshold blister and burn depth.  Since BURNSIM can handle time varying heat flux as its input, it is important that the clothing model handle time varying heat flux appropriately. 

The validated model should facilitate the design of PPE by being able to accommodate the addition of different layers and air spaces and still predict the dynamic transfer of heat flux from its front surface to the backside of the PPE where it becomes the input to BURNSIM.

PHASE I: The proposer should design and evaluate a prototype fabric test device to measure the thermal transfer properties through clothing and PPE.  This device will measure the necessary parameters for input into BURNSIM and will be used to develop a clothing model that can interact with BURNSIM.

PHASE II: Refinements to the initial design should result in a fully operational device and model that is validated against current insulation factors (convective) in BURNSIM and demonstrated to provide appropriate factors for the various components of the JSF maintainer ensemble including boots, gloves and head gear.  Testing will also be conducted to build a model library of thermal properties of various clothing and PPE items that could be used with BURNSIM to evaluate protection alternatives.

DUAL USE COMMERCIALIZATION: Military application: Military will use the device to define insulation factors for various alternative ensemble components in an optimization process to provide the ability of maintainers to conduct required tasks without injury. Commercial application: Wide commercial application in developing new protective equipment for firefighters, first responders, and industrial workers who are exposed to thermal environments that cause pain and burn injury.

REFERENCES: 1. Knox, F. S., Bonetti, Dena and Perry, C.E., User’s Manual for BRNSIM/BURNSIM: A Burn Hazard Assessment Model, USAARL Report No. 93-13, February 1993. available under Tech Reports at: http://www.usaarl.army.mil/

2. Knox, F. S., Reynolds, D. B., Conklin, A. and Perry, C.E. Burn Prediction Using BURNSIM and Clothing Models, Model for Aircrew Safety Assessment: Uses, Limitations and Requirements, RTO Meeting Proceedings, RTO-MP-20, AC/323(HFM)TP/7, 26-28 October 1998 at Wright-Patterson AFB, published August 1999, pp31-1 -31-17. Available from NASA Center for AeroSpace Information, Parkway Center, 7121 Standard Drive, Hanover, MD 31076-1320, USA 

3. Torvi, David A. and Dale, J. Douglas, Heat Transfer in Thin Fibrous Materials Under High Heat Flux, Fire Technology, Vol. 35, No. 3, 1999.

4. An operational copy of BURNSIM v. 2.7, circa 2000 with documentation will be placed on the Biodynamics Data Network at www.biodyn.wpafb.af.mil for use by the prospective contractors.

KEYWORDS: Burn hazard, protective clothing, BURNSIM, clothing model, clothing insulation, thermal, jet exhaust, convective heat flux, dynamic heat flux

AF071-026 
TITLE: Development and demonstration of a generalizable and integrated aiding and training system
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Conduct research to develop a generalizable job aiding and training exemplar for individuals and teams across two domains of interest.

DESCRIPTION: Across the maintenance domain in the Services, training and instruction still follow a model originally developed in the 1960s.  While the complexity of the tasks that military personnel perform has increased dramatically, the type of training and instruction available to them has not kept pace.  In addition, a substantial amount of work performed by field personnel is done in small, focused work teams, and groups.  Several national initiatives to include Advanced Distributed Learning, Distributed Interactive Simulation and e-learning have fundamentally changed how large sectors of the private and public sectors teach and retrain their personnel.  Moreover, theses initiatives have demonstrated the capability for reusing course content and operational data, albeit on a small scale and primarily focused on individuals. Further, there are instances where the tasks to be performed may be amenable to performance by the individual or team with the benefit of constructive coaches or avatars embedded in operational systems.  While there have been isolated and small scale demonstrations of some of the capabilities for aiding and training separately, none have integrated and demonstrated a combined approach to aiding and training that utilizes both capabilities appropriately to improve and support task performance at an individual or a team level of analysis.  What we continue to create are stovepiped training and aiding systems which do not use common content or common approaches to information development, delivery and assessment. The existing literature suggests that bringing aiding and training together, while technically difficult, would provide a major enhancement over one or the other separately.  Moreover, the underlying assumptions of aiding versus training appear to be different and in opposition to one another but they should not be given the goal of enhancing human performance in complex activities.  This effort will conduct research to develop and demonstrate an integrated aiding and training technology for maintenance personnel.  As part of the development, we will evaluate the utility and potential leveraging of advances in the initiatives cited above to reduce risks and the developer can focus on maintenance training in general or on a specific maintenance application in the military or in a civilian agency.  The effort will also evaluate alternative approaches for migrating the developed job aiding and training solution and repopulate and demonstrate its training and performance enhancing use in a completely different domain and one with a significant team emphasis, such as satellite command and control or defensive counter space operations for example.  In both cases common development, aiding, training content delivery, and assessment capabilities applicable to individual- and small team-task performance are desired capabilities in the final demonstration.  

PHASE I: Selection of primary and generalizable domains of interest; Conceptual design and alternatives recommendations; Exemplar software demonstration for a selected solution set; Aiding and training tradespace recommendations; Learning specifications; and Evaluation plans will be developed in this phase.

PHASE II: This phase will implement the plans and will develop demonstrable aiding and training content and metrics in the recommended domains of interest.  Field evaluations will be accomplished in both domains and will examine and quantify the efficacy of common approaches to both aiding and training as approaches to performance enhancement at both the individual and the team level of analysis.   

DUAL USE COMMERCIALIZATION: Demonstration of a generalizable approach for aiding and training within and across content domains for individuals and teams.  A successful demonstration would provide data and specifications for aiding and training that will inform standards for advanced distributed learning and aiding systems for next generation weapon systems and operations.  The demonstration potential to show both effectiveness and approaches for using common content for BOTH aiding and training is unique and provides significant potential for commercial and military activities that are common to share substantial and existing content and metrics.  This level of reuse could be a substantial savings to both commercial and military organizations and personnel.

REFERENCES: 1. Gagné, R. (1985). The Conditions of Learning (4th ed.). New York: Holt, Rinehart & Winston.

2. Halff, H. M. (1993). Prospects for automating instructional design. In J. M. Spector, M. C. Polson, & D. J. Muraida (Eds.), Automating instructional design: Concepts and issues (pp. 67–132). Englewood Cliffs, NJ: Educational Technology Publications.

3. Hsieh, P.Y., Halff, H.M. and Redfield, C.L. (1999). Four easy pieces: Development systems for knowledge-based generative instruction, International Journal of Artificial Intelligence in Education. 10, 1-45. Available http://cbl.leeds.ac.uk/ijaied/abstracts/Vol_10/hsieh.html.

4. Kieras, D. E. (1988). What mental model should be taught: Choosing instructional content for complex engineered systems. In J. Psotka, L. D. Massy, and S. A. Mutter (Eds.), Intelligent tutoring systems: Lessons learned (pp. 85-112). Hillsdale, NJ: Lawrence Erlbaum Associates.

5. Merrill, M. D. (1999). Instructional Transaction Theory (ITT): Instructional design based on knowledge objects. In Charles M. Reigeluth (Ed.). Instructional Design Theories and Models: A New Paradigm of Instructional Technology. Englewood Cliffs, NJ: Lawrence Erlbaum Associates.

KEYWORDS: Generalizable and reusable instruction, knowledge-based instructional systems, intelligent tutoring systems, simulation-based training, authoring shells, aircraft maintenance training, space training systems

AF071-027 
TITLE: Real Time Cockpit Resource Management (CRM) Training
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: To develop and demonstrate the effectiveness of alternative training approaches for reducing the frequency and severity of human error by weapon system operators through improved situation awareness and decision making skills with an emphasis being on the ability to respond to unanticipated mission events. 

DESCRIPTION: Highly task loaded training and combat missions place particularly heavy demands on situation awareness and decision making for safe and successful mission accomplishment. These demands are exacerbated when unforeseen events require a real time change to planned actions.  Over 80% of Air Force aircraft and personnel losses from 1991 through 2004 occurred in non-combat missions, with most caused by “failures of basic airmanship, flight discipline, and common sense” (ACC/DO, 2004).  Further analyses of mishap reports during this period revealed that a high proportion occurred when the operators were dealing with an unforeseen situation.  In these circumstances, decision making problems were invariably accompanied by other factors such as lack of situation awareness or inadequate task management.  Channelized attention alone was a causal or contributing factor in over 60% of fighter and attack aircraft mishap reports analyzed. Similar patterns have been documented within various weapon systems including manned aircraft, unmanned aircraft, and Air Operations Centers (AOCs), and are emerging as a continuing issue in fifth generation fighters (e.g., F-22 and F-35).  These problems persist despite training over the past decade (at least for aircrews) that is focused on reducing human factors-related preventable mishaps.   The persistence of such mishaps exists across the DoD led senior military leaders to call for initiatives to reduce preventable mishaps by 75%.

Error mitigation skills, including situation awareness, decision making, task management and team coordination/communication have traditionally been trained through seminars. This training may be augmented by emphasizing specific skill areas in flight briefings and debriefings, and specific problem areas are sometimes addressed in initiatives such as higher headquarters Special Interest Instructions. Yet, the incidence of mishaps caused by operator error involving these skill areas remains relatively unchanged, and may in fact be increasing.  This brings into question the adequacy of these traditional intervention strategies as stand-alone solutions to shape the required behaviors.  In a recent and extensive review of error mitigation training effectiveness research, Salas, Wilson, and Burke (2006) the true impact of this training “has yet to be determined.”  Most evaluations focused on student critiques and aviator attitudes.  This and other reviews found that the actual impacts of such interventions on subsequent error reduction are rarely investigated or reported.  The lack of documented training effectiveness evidence led some reviewers to question the presence of actual impacts, while others questioned the adequacy of measures, and still others, both. At a minimum, this dearth of impact evidence complicates progress toward increasing the effectiveness of training strategies to reduce or mitigate the negative consequences of operator error based on experience, and it adds to the difficulty of justifying investments of time or money into such programs.  

The technical challenges are at least two-fold.  The first is to explore alternative training interventions for skills such as situation awareness, task management and decision making that may be more effective than current approaches for developing the cognitive skills and behaviors needed to effectively manage error given the highly task loaded and dynamic functions that are encountered in modern weapon systems including AOCs.  The second is to develop evaluation processes that will address the impacts of these interventions in terms of the ability of operators to perform in the highly task loaded and dynamic conditions that characterize the operational environments in which errors are most likely to occur.

Research is critically needed to develop innovative methods for defining, measuring, and training to improve operator situation awareness and decision making skills. It is believed that such training must provide experiences that elicit behaviors similar to what can be expected under intense task-loaded conditions in actual operations and should include abnormal, surprise situations that could and do occasionally occur. It must motivate the student to properly learn, retain and apply principals that will enhance performance in the operational environment. This type of learning may be best accomplished in a combination of media that includes hands-on experience in a real-time training environment. 

We expect Phase I to include: (1) identification and prioritization of specific root causes of operator error that are amenable to training interventions, (2) development of behaviorally-based training objectives and identification of effective methods of instruction, (3) design of innovative technologies to provide realistic experiences that include high workload and significant decision-driving conditions, which may create confusing circumstances and potentially leading to multiple and ambiguous solutions; and (4) analysis of training media alternatives with respect to potential effectiveness.

PHASE I: Identify behavior-based training objectives for developing the error mitigating skills needed for effective operation of a selected weapon system. Develop a set of operator performance metrics, challenging mission segments, evaluation criteria and an evaluation plan to determine the effectiveness of real-time training. Conduct a trial evaluation using these metrics.

PHASE II: Develop training metrics and the training technologies needed for a proof of concept. Develop mission lessons, and evaluation criteria, and perform evaluations of the different levels of training. Recommend a training device configuration for weapon system operators to develop and practice situation awareness and decision making skills such that they become “second nature” during dynamic, high workload situations.

DUAL USE COMMERCIALIZATION: Military application: The principles, methods and processes of situation awareness, task management, and decision-making training can be adapted to a wide variety of military training including unmanned air vehicle piloting. Commercial application: Commercial applications include aviation training and vehicle driver training.

REFERENCES: 1. Maj Gen DeCuir (2004). Survive training to fight. Presentation at the Fall 2004 Air Combat Command Commanders’ and Spouses’ Conference. 2. Salas, E., Wilson, K.A., & Burke, B. C. (2006). Does crew resource Management training work? An update, an extension, and some critical needs. Human Factors, v. 48 no. 2, p. 392-412.

KEYWORDS: Training, Situation Awareness, Attention, Decision Making, Impact Assessment

AF071-028 
TITLE: CSAR-X  Digital Visionic System
TECHNOLOGY AREAS: Human Systems

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

STATEMENT OF INTENT: Improve Combat Search and Rescue Aircrew Personnel

OBJECTIVE: To develop a digital visionic system to aide combat search and rescue aircrew personnel.

DESCRIPTION: The Digital Visionic System (DVS) initiative is a helmet-mounted device primarily for night ground operations or in helicopters with open doors (combat search and rescue missions).  Current night-vision goggles operate only in the 625-930 nanometer spectral band, which encompasses part of the visible and near infrared electromagnetic spectrum.  However, additional night sky energy is available in longer wave-lengths that night vision goggles cannot see.  The two bands with the most interest are the short-wave infrared spectral band (1.1 – 3.5 microns) and the long-wave infrared spectral band (7-15 microns).  The shortwave infrared band has a unique ability to see through atmospheric obscurants (e.g. fog), improved detection of camouflage, and detection of out-of-band lasers whereas terrestrial temperatures (people, cars, animals) emit energy in the long-wave infrared band.  The higher an object’s temperature, the brighter it appears. However, longer wavelengths are typically absorbed by aircraft canopies/windscreens and therefore to be effective, need to operate where these “windows” are not present.

The DVS will be a binocular configuration and feature the following sensors:  near-infrared, short-wave infrared, and long-wave infrared.  The DVS shall be battery powered and be capable of displaying symbology/imagery from an external source.  The weight and size of the configuration shall be minimized to promote user comfort and acceptance.  Examples of possible tradeoff considerations are helmet versus body-mounted batteries and wired versus wireless connections for external source connectivity. 

PHASE I: A design of the optimized DVS approach shall be presented. Tradeoff analyses of selected component technologies and human factors issues shall be detailed.  Producibility of the selected approach and supportability by life support personnel will be considered

PHASE II: This phase will result in the fabrication of a prototype DVS using the optimized approach as determined by the Phase I effort.  The Phase II prototype DVS hardware will be robust enough to undergo laboratory and operational testing.  A final report will document the entire DVS program.

DUAL USE COMMERCIALIZATION: Military application: Applications are primarily for ground personnel who currently use night vision devices and combat search and rescue missions where there are open doors to view through. Commercial application: The applications of a DVS are many and include such areas as surveillance and law enforcement.  Additionally, homeland security applications are relevant (border patrol, etc.)

REFERENCES: 1. Pinkus, A.R., Task, H.L., Dixon, S.A., Barbato, M.H., Hausmann, M.A., (2003) Twenty-Plus Years of Night Vision Technology: Publications And Patents From The Crew System Interface Division Of The Air Force Research Laboratory At Wright-Patterson Air Force Base, Ohio, AFRL-HE-WP-TR-2003-0048. 

KEYWORDS: Night-vision goggle, image intensifier tube, short-wave infrared, long-wave infrared, ANVIS HUD

AF071-029 
TITLE: Autonomous Helicopter Sensor-Display System for Brown-out Landing Conditions
TECHNOLOGY AREAS: Human Systems

STATEMENT OF INTENT: Develop predictive 3D terrain software architectures to enhance helicopter safety

OBJECTIVE: Investigate and design software architectures that incorporate 3D terrain modeling. The models utilize inputs from both passive aircraft sensors and the inertial navigation system (INS) to display predictive 3D graphic imagery as an aid for safe helicopter landings during brown-out conditions. 

DESCRIPTION: When a helicopter attempts to land on highly dusty terrain, the entire aircraft can be enveloped by a dense cloud of particles that can obscure the pilot’s vision (termed “brown-out”). Additionally, the brown-out condition is in combination with the aircraft’s landing attitude (nose tilted up) making it even more difficult or impossible to observe interfering ground features (e.g., boulders, fences, slopes, cliffs, crevices, and depressions). These are very dangerous landing conditions; brown-out is the number one AF Special Operations Forces operational problem. When the landing area becomes obscured and as the nose tilts upward, the pilot would then visually transition to and rely on a computer-generated display of the landing area. New software architectures are needed that can take real-time inputs from passive aircraft-mounted sensors (pre-obscured sampled imagery), extract and then image the 3D terrain features. The aircraft continues flying through the visual obscuration until touch-down using INS inputs (altitude, speed, yaw, pitch, roll, GPS) to the computer which are used to update the modeled terrain. Additionally, machine vision algorithms might be incorporated into the terrain modeling software that automatically identify and cue dangerous terrain features. The imagery is shown to the pilot, in real-time via a head-mounted or other type of display. This system does not utilize a terrain/topographic database. Imagery inputs to this software would be from camera(s) that are mounted externally, near the helicopter’s lower nose area. These sensors can be different in both number and type. Examples of sensors include but are not restricted to: one CCD camera, two CCD cameras for stereoscopic vision, an intensified CCD camera for night-time operations and a short-wave infrared (SWIR) camera providing a multi-spectral, day/night capability.

PHASE I: Research predictive 3D terrain modeling. Identify software architectures that could use passive sensors and INS inputs to update a predictive 3D terrain mapping display operating in real-time. Identify high-risk areas and possible solutions. Provide a final report.

PHASE II: Down select best software architectures per Phase I recommendations. Mature the 3D terrain modeling. Develop the software for simulation/demonstration. Identify possible automatic hazardous terrain detection algorithms. Identify off-the-shelf hardware for use in a software feasibility lab simulation/demonstration. Recommendations report defining complete software requirements specification.

DUAL USE COMMERCIALIZATION: Military application: Use on combat ground vehicles experiencing temporary brown-out or white-out conditions. E.g., tanks in the desert. Such a system might be used by autonomous robotic vehicles e.g., ordinance disposal, rescue, antipersonnel while operating in dusty conditions. For example, Mars surveying robots have experienced the effects of dust storms. Commercial application: Use on civilian (car, truck) or commercial (land mover) vehicles experiencing temporary brown-out or white-out conditions.

REFERENCES: 1. Automatic Three-dimensional Modeling from Reality D. Huber doctoral dissertation, tech. report CMU-RI-TR-02-35, Robotics Institute, Carnegie Mellon University, December, 2002. 

2. A New Approach to 3-D Terrain Mapping D. Huber and M. Hebert Proceedings of the 1999 IEEE/RSJ International Conference on Intelligent Robotics and Systems (IROS '99), IEEE, October, 1999, pp. 1121-1127.

3. Toward a General 3-D Matching Engine: Multiple Models, Complex Scenes, and Efficient Data Filtering A. Johnson, O. Carmichael, D. Huber, and M. Hebert.

Proceedings of the 1998 Image Understanding Workshop (IUW), November, 1998, pp. 1097-1107.

KEYWORDS: autonomous landing systems, brown-out landing, passive sensors, 3D terrain modeling, 3D displays

AF071-030 
TITLE: Team decision making training and rehearsal exemplar for the air and space operations center (AOC)
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a team decision making training and rehearsal capability for combat operations and planning teams in the AOC.

DESCRIPTION: Operational personnel from a variety of missions are routinely tasked with supporting AOC around the world.  It is not unusual for flight rated personnel, ground ops personnel, and intelligence personnel to be combined together on the same team and tasked with supporting combat operations as a decision making team.  However, there are limited experiences in each person’s primary job that prepare them for their roles in the AOC.  Currently, the only development al experiences and training provided is academic exposure to AOC-like functions and training on the specific systems at each position needed to operate the systems in the AOC. Further, there is quite a bit of evidence now that the lack of any team training related to what decisions need to be made and how those decisions are developed and where they are applied in daily combat operations.  This has led to a number of critical failures in taskings sent to the operational commanders resulting in assets in the wrong place at the wrong time, or assets with the incorrect ordinance or capabilities for the area of interest.  The losses due to poor decision making and tasking is in billions of dollars – not to mentioned the political fallout associated with the misapplication of key warfighting capabilities in theater.  The lack of systematic and decision focused training and rehearsal for combat ops and planning teams has been cited as a significant problem.  There are a number of research studies that point to similar decision failures and their impact on organizations and in areas such as crisis action planning.  While the problems and impacts of poor decision making in th is context are becoming well-known, a solution that provides the kind of context-specific and cross team training and rehearsal for personnel has not been developed.  In addition, there is no current capability to train AOC teams in the variety of decision contexts and for the variety of decision making situations they will encounter in an AOC environment.  Such things as understanding the roles and responsibilities of team members on your team and on other relevant teams, knowing what teams do and what the bring to the decision process for combat planning and operational tasking, where key information sources exist and what those sources possess are critical and have been identified as key shortfalls by returning team members.  This effort will conduct research to identify and evaluate alternative approaches to training teams in decision making related to specific combat operations and planning contexts. The technical challenge is to develop a comprehensive decision making training and rehearsal capability for the diversity of team members and their various experiences.  The desired research end state is a capability that demonstrably improves decision making and team processes in AOC combat plans and ops teams.

PHASE I: Conduct research and operational assessments of alternative decision making training and rehearsal alternatives.  Develop recommendations for approaches to be taken and demonstrate key concepts and content in Phase I demonstration.  Define specific training and rehearsal needs related to combat operations and planning teams in an AOC and identify key features and measures of success for the phase II development and demonstration effort. 

PHASE II: Develop, demonstrate and evaluate a proof-of-concept team training and rehearsal capability for combat operations and planning.  While the goal is a team training and rehearsal capability, we expect the developed capability to be applicable for individual decision making training and rehearsal as well.  A small scale evaluation study with AOC teams will be accomplished and the proof-of-concept capability will be reviewed by the C2 Warrior School and by the Air Warfare Center at Nellis AFB for applicability in their virtual command and control exercises.

DUAL USE COMMERCIALIZATION: Military application: The AOC is the command and control decision making nexus for the military.  We envision the developed capability to have additional military applications for such activities and Operation Noble Eagle and Homeland Defense. Conceptually and practically, the decision process and the products are highly similar.  Commercial application: Crisis action planning teams, and medical emergency and first-responder teams have been identified as having similar decision making challenges and issues.  Again, and in spite of these known issues, relevant and flexible training and rehearsal capabilities simply do not exist and there is substantial leveraging from this effort to support civilian crisis response planning and operations.  

REFERENCES: 1. Cannon-Bowers, J.A., & Salas, E. "Making decisions under stress: Implication for individual and team training" Washington, D.C., American Psychological Association, 1998.

2. Merrill, M.D., Component Display theory. In C.M. Reigeluth (Ed.), Instructional design theories and models: An Overview of their current status. Hillsdale, N.J: Lawrence Erlbaum Associates, 1983.

3. Savery, J.R.& Duffy, T.M., "Problem-based learning: An instructional model and its constructivist framework," Educational technology, September/October, P 31-38, 1995.

4. Wellens, A.R., Group situational awareness and distributed decision making: from military to civilian applications. In N.J. Castellan, Jr. (Ed.), Individual and Group decision making, 1993.

KEYWORDS: Decision making training, Air and space operations, Crisis planning and tasking processes, Competency-based training and rehearsal, Modeling and simulation, Situational awareness, Training effectiveness evaluation, Integrated Distributed Mission Training

AF071-033 
TITLE: Nano-Particle Effects on ESH
TECHNOLOGY AREAS: Materials/Processes, Human Systems

STATEMENT OF INTENT: Evaluate the influence of emerging nano-technologies on safety

OBJECTIVE: To evaluate the influence of emerging engineered nanomaterials on environmental, safety, and occupational health (ESH) of Air Force Personnel.

DESCRIPTION: The potential and rapid growth of nanotechnology may far outpace the knowledge about associated safety and health risks. To prevent this from happening, timely targeted research is needed to define risks and provide guidance for safe handling of nanomaterials. In response to the need for improved performances, new raw materials, technologies and products are being created. These new materials and processes may be detrimental to the environment as well as safety and health of workers. Application of nanotechnology is one of these areas. Due to the ever-increasing number of DoD applications using nanotechnology, there is a need to investigate ESH issues. Of vital importance to the DoD are the following: 1) Determining the factors that influence the generation, dispersion, deposition, and re-entrainment of nanomaterials in the workplace; 2) quantitatively assessing worker exposure to nanomaterials in the workplace through inhalation or dermal contact; 3) determining the fate and persistence of nanomaterials inside the body of worker; and 4) evaluating and improving the effectiveness of personal protective equipment (PPE) for reducing workplace exposures to nanomaterials. Evaluation of the life-cycle of a weapon system utilizing nanomaterials at this early stage of product/technology development will allow for modifications to be made through pollution prevention instead of the remediation/compliance cycle so common in the government and industry. 

PHASE I: To provide ASC/EN engineers with a preliminary guide that determines the factors influencing the generation, dispersion, deposition, and re-entrainment of nanomaterials in the workplace, including the role of mixed exposures.  

PHASE II: Identify control techniques such as source enclosure (i.e., isolating the generation source from the worker) and local exhaust ventilation systems for the effective capture of airborne nanoparticles, based on what is known of nanoparticle motion and behavior in air. Also identify metrics of dose, mechanisms of exposure, and predictive models for toxicity.  Provide an ESH guide for nanomaterial exposure and protective processes.

DUAL USE COMMERCIALIZATION: The Department of Defense (DoD) has high interest in nanotechnology —nanoelectronics, optoelectronics, and magnetics; nanostructured materials “by design”; and bio-nanosensor devices. The DoD supports research to enable physicochemical characterization of nanomaterials and associated toxicology assessments in marine, aeronautical, terrestrial, and space environments. This research includes developing approaches to assess, avoid, and abate adverse health (or environmental) impacts from defense utilization of nanomaterials. www.ostp.gov/.  However, this SBIR will lead the way to commercial best practices as well as military practices by quantitatively assessing inhalation and dermal exposures to nanomaterials in both perational and industrial workplaces.

REFERENCES: 1. Hussain SM, Hess KL, Gearhart JM, Geiss KT, Schlager JJ (2005) In Vitro Toxicity of Nanoparticles in BRL 3A Rat Liver Cells. Toxicol. In Vitro 19; 975–983

2. Braydich-Stolle L, Hussain S, Schlager J, Hofmann M-C (2005) In Vitro Cytotoxicity of Nanoparticles in Mammalian Germ-Line Stem Cells. Toxicol. Sci. 88(2): 412-419.

3. Hussain SM, Javorina A, Schrand AM, Duhart H, Ali SF, Schlager JJ (2006) The Interaction of Manganese Nanoparticles (Mn-40 nm) with PC-12 Cells Induces Dopamine Depletion. Toxicol. Sci. 

4. Colvin, V. (2003) The potential environmental impacts of engineered nanomaterials. Nature Biotechnology 21:1166–1170.

5. Oberdorster G, Maynard A, Donaldson K, et al., (2005) Principles for characterizing the potential human health effects from exposure to nanomaterials: elements of a screening strategy. Part Fiber Toxicol. 2 (In Press)
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AF071-034 
TITLE: Emergency Oxygen Cylinders with Re-breathing
TECHNOLOGY AREAS: Biomedical, Human Systems

STATEMENT OF INTENT: Develop extended duration walk-around oxygen bottle for inflight use in military aircraft

OBJECTIVE: Develop an emergency walk-around oxygen bottle that uses re-breathing technology to conserve oxygen.

DESCRIPTION: Current low pressure oxygen bottles do not provide enough emergency oxygen for aircrews to perform duties in the cabin/cargo area until the aircraft can attain a safe level where supplemental oxygen is not required.  Re-breathing technology has been successfully used in diving applications to extend the supply of oxygen.  It does this by removing carbon dioxide from exhaled breaths and “recycling” the remaining oxygen.  Several Air Force programs have worked to apply this technology to medical oxygen systems.  However, various technical problems have been encountered.  These include: integration of the components into a small, lightweight unit compatible with aircraft operation; incorporation of automatically adjustable oxygen concentration based on aircraft cabin altitude; reduction of breathing resistance; and incorporation of lightweight, reliable oxygen and carbon dioxide sensors.  The systems must be able to meet all applicable air-worthiness and safety requirements for use in military aircraft.

PHASE I: The offerer will propose possible innovative solutions for each of the above technical problems and demonstrate their feasibility.  It is not necessary to integrate these solutions into the oxygen bottle for Phase I.  

PHASE II: The offerer will resolve any remaining technical issues associated with the innovative solutions identified in Phase I.  The offerer will then integrate the solutions into the oxygen bottle to provide an extended duration walk-around re-breathing capability for aircrew use in the cargo/cabin area of military aircraft.

DUAL USE COMMERCIALIZATION: Military application: Air Force use will be in transport aircraft for those aircrew requiring mobility and portable oxygen.  

Commercial application: Applications for this technology are commercial aircraft, treatment of mass casualties, and emergency oxygen supply for personnel trapped in confined spaces such as mines, collapsed buildings, etc.

REFERENCES: 1. Eberhart, R. E., Newton, L. W., Robertson, C. T., Sherrard, J. E. Multicommand Operational Requirements Document CAF-MAF-AETC319-93-I-A. 1999.

2. Fisher, P. W. High Altitude Respratory Physiology, Chapter 2. http://www.brooks.af.mil/web/af/files/fsguide/CHAP02R.DOC

KEYWORDS: oxygen,portable oxygen, mobility oxygen, re-breather

AF071-035 
TITLE: Innovative Aids: Effects-Based Combat Assessment
TECHNOLOGY AREAS: Sensors, Human Systems

OBJECTIVE: To conduct and explore the implications of effects-based operations on the conduct of combat assessment.

DESCRIPTION: The Assessment step, an intelligence function, of the Monitor, Assess, Plan, Engage loop places great importance on the need to assess the effects of an attack in order to determine the need for immediate re-attack. Effects-based operations (EBO) include the creation and assessment of intermediate as well as cascading effects in attaining the end-state objective derived from the commander’s intent and guidance. These effects may be achieved through the application of kinetic (i.e., high explosive) and/or non-kinetic (e.g., cyber-warfare) weapons. Combat assessment in the context of EBO presents particular challenges in that simple physical destruction may no longer be the sole, meaningful indicator of attack effectiveness.  Current assessment systems/practices were derived from past experience with aerial bombardment.  There was a direct connection between the size and location of bomb craters and the damage inflicted on the target.  The analyst conducting combat assessment in an effects-based operational context now requires innovative tools to assist in carrying out this function.  Effects may be non-physical and may be intermediate to the achieving of the desired end-state.  Research in cognitive (and, possibly, perceptual) process and in analyst-system interface is required to develop and demonstrate assessment tools appropriate to EBO.  Cognitive tasks analyses, a component of a structured cognitive systems engineering process,  are required to identify analyst requirements. Capability-based measures of effectiveness are required to support the evaluation of effects-based assessment performance.  Assessment tools are required which will be demonstrated to satisfy the speed, accuracy, completeness and analyst confidence of these measures.

PHASE I: Identify and define opportunities for inserting intelligence analyst-aiding technologies appropriate to the conduct of combat assessment tasks in the context of effects-based operations.

PHASE II: Develop and demonstrate intelligence analyst-aiding capabilities for the conduct of effects-based combat assessment. Conduct an example of capability evaluation by applying appropriate capability-based measures of effectiveness.

DUAL USE COMMERCIALIZATION: Military application: Commercialization of this research is highly feasible especially to the military intelligence, homeland security and homeland defense communities. Commercial application: Commercialization of this research is highly feasible.  Similar tools to those to be expected to result from this research can be expected to have application to market research, public opinion polling, and consumer advertising campaign assessment. 

REFERENCES: 1. Effects-Based Operations (EBO): A Grand Challenge for the Analytical Community

http://www.rand.org/publications/MR/MR1477/

2. Effects-Based Operations: Change in the Nature of Warfare

http://www.aef.org/pub/psbook.pdf

3. Air Force Doctrine Document 2-8, Command and Control, 16 Feb 2001

http://www.dtic.mil/doctrine/jel/service_pubs/afd2_8.pdf

4. Combat Assessment

http://www.dtic.mil/doctrine/jel/doddict/data/c/01048.html

KEYWORDS: Effects-based operations,combat assessment, measures of effectiveness,analyst-aiding

AF071-036 
TITLE: Algorithmic Correction of Systematic Error in Eye Point-of-Regard (POR) Data Analysis
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a set of general algorithms to correct for systematic error of different kinds in eye point-of-regard (POR) data, and a software tool to support applying those algorithms to diverse datasets.

DESCRIPTION: Data about where an individual is looking can provide valuable information about cognitive processes, attention, and strategy (Gluck, 1999). The resolution of eye point-of-regard (POR) data is much more dense (usually c. 60Hz) than inputs that are made to computer-based task environments. Key presses and mouse movements may occur sparsely across seconds or minutes as an individual completes a task. By including data about where the eye is looking on a moment-to-moment basis we can fill in details about cognitive process, which can serve as the basis for instructive interventions and evaluation.

Eye tracking technology has existed for decades, but the sophistication of these systems has increased dramatically in recent years. POR estimates can be made without restricting head movement and without requiring cumbersome equipment. Modern eye tracking hardware can easily be attached to the brim of a baseball cap, and is lightweight enough so that it does not cause discomfort or neck strain. To make optimal use of this source of data, however, requires that the POR estimates be accurately associated with regions of interest on the screen. All eye POR data has biases and error, both as a function of the geometry of the eye and limitations in the computational algorithms that are available for estimating POR. One technique for compensating for systematic error in POR estimates is to apply a correction algorithm to the data, adjusting POR estimates based on regions of interest in the visual field (Douglass, unpublished; Hornof & Halverson, 2002). While this technique shows promise, no general approach exists for applying a corrective algorithm to eye POR data, nor has a careful evaluation of alternative algorithms been performed. This proposal is for developing a general approach to correcting for systematic error in eye POR data.

PHASE I: Develop a software implementation to conduct error correction on POR data in different forms, and provide for using different algorithms to conduct the correction.

PHASE II: Validate the different algorithms for performing POR error correction and establish criteria for using different options. Develop a comprehensive implementation that handles multiple data formats (including user-defined formats), implements a number of alternative correction algorithms, and includes a decision aid for selecting the appropriate technique for a given protocol/dataset.

DUAL USE COMMERCIALIZATION: Military application: This technology will increase the pace of progress in analyzing & interpreting human eye data in military research on human cognitive processes, in applications from mission planning to piloting. Commercial application: This technology can be incorporated into eye tracking systems to provide real-time error correction capabilities. Eye data is commonly utilized in domains including marketing and academic research.

REFERENCES: 1. Douglass, S. (unpublished). Using the Interpretation Tree Algorithm to Correct Bias in Systematically Shifted Eye Movement Data. Unpublished manuscript.

2. Gluck, K. A. (1999). Eye movements and algebra tutoring. Doctoral dissertation, Carnegie Mellon University, Pittsburgh.

3. Hornof, A. J., & Halverson, T. (2002). Cleaning up systematic error in eye tracking data by using required fixation locations. Behavior Research Methods, Instruments, and Computers, 34(4), 592-604.

KEYWORDS:  Eye tracking, Point of regard, Experimentation Error correction, Bias, Algorithm

AF071-037 
TITLE: Accelerated Skill Acquisition for Intelligence Analysts
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Design and develop an innovative training system that will teach intelligence analysts to build critical thinking skills.

DESCRIPTION: Open-source intelligence (OSINT) analysts produce intelligence during peacetime and wartime by analyzing, evaluating, and packaging publicly available information for military planners, leaders, and commanders.  Once information is collected, analysts pull together relevant information coming in from all available sources to assess what is happening, why it is happening, what might occur next, and what it means.  OSINT analysts are unique in that they are responsible for analyzing vast amounts of information from different cultures and in languages other than their native language.   They also commonly work with incomplete, ambiguous, duplicative, irrelevant, and often contradictory information (Heuer, 1999). These analysts need critical thinking skills to select, review, analyze, and evaluate large amounts of information to identify and link clues in an effort to formulate intent and design of hostile actions.  New methods and technologies are needed for training critical thinking skills of OSINT analysts. 

Generally, computer-based instruction and computer-driven training simulations are separate training media.  Integrating computer-based instruction and training simulations for training OSINT analysts is a science and technology challenge.  Computer-based instruction includes text, graphics, and animations used to impart declarative and procedural knowledge.  Text-based courseware to support knowledge acquisition exists in many venues but typically does not exploit computer-driven simulations to provide trainees with immediate opportunities to apply acquired knowledge.  Training simulations for OSINT analysts consist of message traffic generation systems. However, training simulations are not employed with a structured training approach based on specifying learning objectives for knowledge acquisition and performance and evaluating learning objectives through integrated instructional courseware and simulation exercises.  The technology challenge consists of integrating subsystems consisting of computer-based instruction and training simulations so as to provide proof of system interoperability and producibility.  Applicable technologies include intelligent tutoring system technology, scenario-based training technology, and training simulation technology.  Key technical parameters include affordability, system usability, and training effectiveness improvements resulting from integrated courseware and training simulations.  This topic falls into DoD’s Human Systems key technology area.  Although team training is an important performance goal, for economy of effort the intent of this innovation research project is to concentrate on individual training.  Sharable Content Object Reference Model (SCORM) standards should be considered for development of computer-based instruction (Thropp, 2004).  High Level Architecture (HLA) standards should be considered for development of distributed, computer-driven simulations (Defense Modeling and Simulation Office, 2005).  Work-centered design (Eggleston, R.G., 2003) should be considered as a guide for developing a usable human-computer interface.  Innovative and creative approaches to achieving the objective are encouraged.

PHASE I:  Generate a top-level design and proof-of-concept training environment exemplar that would optimally integrate courseware and simulations for open-source intelligence analyst training.

PHASE II:  After completing Phase I, develop, demonstrate, and evaluate integrated computer-driven simulations and computer-based instruction that support open-source intelligence analyst training.

DUAL USE COMMERCIALIZATION: Military application: Military applications include initial-skills and advanced training for open-source intelligence analysts.  Such technology could also support training for intelligence analysts at other government agencies including the Department of Homeland Security, CIA and FBI.  Commercial application: Commercial applications include training public law enforcement analysts and insurance investigators.

REFERENCES: 1. Eggleston, R.G. (2003).  Work-Centered Design:  A Cognitive Systems Engineering Approach to System Design. Proceedings of the Human Factors and Ergonomics Society 47th Annual Meeting, Denver, CO, Oct 13-18, 2003.

2. Halpern, D., (2001). “Thinking Critically About Critical Thinking: Lessons from Cognitive Psychology” contained within “Training Critical Thinking Skills for Battle Command: ARI Workshop Proceedings” available online at http://handle.dtic.mil/100.2/ADA400824.

3. Heuer, R., (1999). “Psychology of Intelligence Analysis”, Washington, DC: Center for the Study of Intelligence available online at http://www.cia.gov/csi/books/19104/art1.html.

4. Johnston, R., (2003). “Developing a Taxonomy of Intelligence Analysis Variables” available online at http://www.odci.gov/csi.studies.vol47no3/article05.html.

5. Thropp, S. E., Editor. (2004). Sharable Content Object Reference Model Conformance Requirements, Version 1.2; available at http://www.adlnet.org.

KEYWORDS: Intelligence analysis, open-source intelligence, critical thinking skills, message traffic simulation

AF071-038 
TITLE: Integrated Simulations and Courseware for Network Defense Training 
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE:  Develop integrated computer simulations and courseware for training network defense to improve decision effectiveness.  

DESCRIPTION:  Computers and computer networks provide the foundation for military, first responder, medical, telecommunication, banking, aviation, and public utility operations.  In the civilian world, malicious computer attacks are sharply increasing.  One of the leading computer security and anti-virus companies, conducted a survey based on analysis of 20,000 registered sensors in more than 180 countries and reported a 19% increase during six  months of surveys, with companies reporting 38 attacks each week (Simmons 2003).  Computer network defense involves planning and executing responses to unauthorized activity directed toward computers and computer networks.  Defensive activities include analyzing computer and network traffic to detect, react to, and report internal and external threats.  Computer network defense depends on effective training systems to support declarative and procedural knowledge acquisition and performance exercises for anomaly detection and effective decision making in evaluating networks, traffic, usage trends, patterns, and formulating remedial actions.  Computer-based instruction includes text, graphics, and animations used to impart declarative and procedural knowledge underlying network defense.  Text-based courseware to support knowledge acquisition exists in many venues but typically does not exploit computer-driven simulations to provide trainees with immediate opportunities to apply acquired knowledge.  Computer-driven simulations for training network defense are evolving (Carver, Surdu, Hill, Ragsdale, Lathrop, and Presby, 2002; DeLooze, McKean, Mostow, and Graig, 2004;  Hill, Hunt, McGrath, Ryan, and Smith, 2003; Saunders, 2002;  and Rowe and Schiavo, 1998).  Such simulations provide trainees with opportunities to defend compartmentalized networks.  However, in practice, computer-driven simulations are not employed with a structured training approach based on specifying learning objectives for knowledge acquisition and performance and evaluating learning objectives through integrated instructional courseware and simulation exercises.  Generally, computer-based instruction and computer-driven simulations are separate training media.  Integrating computer-based instruction and computer-driven simulations in support of computer network defense training is a science and technology challenge.  The technology challenge consists of integrating subsystems consisting of computer-based instruction and computer-driven simulations so as to provide proof of system interoperability and producibility.  Applicable technologies include intelligent tutoring system technology, network traffic simulation technology, virtualization technology, or topological simulation technology.  Key technical parameters include affordability, system usability, and training effectiveness improvements resulting from applications of integrated simulations and courseware for computer network defense training.  This topic falls into two of DoD’s key technology areas, Human Systems and Information Systems.  Human Systems is the primary technology area supported.  Although team training is an important performance goal, for economy of effort the intent of this innovation research project is to concentrate on individual training.  Sharable Content Object Reference Model (SCORM) standards should be considered for development of computer-based instruction (Thropp, 2004).  High Level Architecture (HLA) standards should be  considered for development of distributed, computer-driven simulations (Defense Modeling and Simulation Office, 2005).  Work-centered design (Eggleston, R.G., 2003) should be considered as a guide for developing a usable human-computer interface.  Innovative and creative approaches to achieving the objective are encouraged.

PHASE I:  Generate a top-level design and proof-of-concept training environment exemplar that would optimally integrate courseware and simulations for network defense training.

PHASE II:  After completing Phase I, develop, demonstrate, and evaluate integrated computer-driven simulations and computer-based instruction that support network defense training.  

PHASE III DUAL USE APPLICATIONS:  Military application:  Military applications include training for computer network defense of information systems supporting operations at the unit and Major Command levels.  Additionally, key military applications would include training for personnel responsible for protecting computer networks supporting the air and space operations center.   Commercial applications:  Commercial applications are many and include training for computer network defense of information systems supporting first responder, medical, telecommunication, banking, aviation, and public utility operations.

REFERENCES:  1.   Carver, C.A., J.R. Surdu, J.M.D. Hill, D. Ragsdale, S.D. Lathrop, T. Presby, “Military AcademyAttack/Defense Network,” at http:// www.itoc.usma.edu/ Documents/ MAADNET.pdf, ca. 2002.

2.  Defense Modeling and Simulation Office.  (2005). High Level Architecture https:// www. dmso. mil/public/transition/hla/

3.  DeLooze, L.L., P. McKean, J.R. Mostow, C. Graig, “Incorporating Simulation into the Computer Security Classroom,” 34th ASEE/IEEE Frontiers in Education Conference, Oct. 20-23, 2004.

4.  Eggleston, R.G. (2003).  Work-Centered Design:  A Cognitive Systems Engineering Approach To System Design. Proceedings of the Human Factors and Ergonomics Society 47th Annual Meeting, Denver, CO, Oct 13-18, 2003.

5.  Hill, D. A. Hunt, D. McGrath, M. Ryan, and T. Smith, “NetSim: A Distributed Network Simulation to Support Cyber Exercies,” at http://www.ists.dartmouth.edu/ library/other/nsd1004.pdf, ca. 2003.

6.  Saunders, J.H., “Simulation Approaches in Information Security Education,” in Proc. Colloquium for Information System Security Education, Redmond, WA, 2002.

7.  Rowe, N. C. and Schiavo S., An Intelligent tutor for intrusion detection on computer systems, Computers an Education, Vol 31, (1998), pp. 395 – 404.

8. Thropp, S. E., Editor. (2004).  Sharable Content Object Reference Model Conformance Requirements, Version 1.2; available at http://www.adlnet.org.

9.  Simmons, M. (2003). Record rise in cyber attacks, Computer Weekly, Oct, 2003; available online at http://www.computerweekly.com/Article125335.htm.

KEYWORDS: Information systems security, Computer network defense
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AF071-039 
TITLE: Behavior Signatures
TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop a new class of multi-attribute behavior signatures to enable the anticipation of enemy activities.

DESCRIPTION: Asymmetric warfare and operations against transnational terrorist groups requires new methods and techniques to better anticipate potential adversaries actions. New classes of multi-attribute behavior signatures are required to predict adversary intent and anticipate their likely courses of actions (COA). These behavior signatures could potentially draw upon multiple streams on intelligence data, possibly over long temporal durations, to provide direct and indirect indicators, or fingerprints, of activities of interest. From a conceptual perspective, behavior signatures can be thought of as schemas or frames whose attributes delineate a set and arrangement of characteristics, or patterns of activity, that define the behavior of potential threat entities to include individuals, groups, organizations, societies, and nations/states. Behavior signatures can be developed from focused knowledge about the identity of interest; they will define the entities methods of operations. The activation of a behavior signature is not all or none. Rather, a partial activation, where some but not all of the attributes are matched, might trigger a request for additional surveillance or a reprioritization of ongoing analyses of intelligence data. Behavior signatures could, for example, be implemented as intelligent agents or a case-based reasoning system that monitors streams of intelligence data. Research is needed to define select initial signature libraries, to explore what type of architecture would be required to instantiate behavior signatures as a computational system, and identify which Air Force systems would benefit most from behavior signatures technology. Initial libraries could focus on, for example, insurgents’ activities within a theater of operations or terrorists’ activities within an urban (Western) environment. Potential systems behavior signatures could be embedded in distributed ground control system (DGCS) or a command center, such as those employed in uninhabited air vehicle operations.

PHASE I: Select a promising area to apply behavior signatures; investigate to determine if the knowledge is there to create the signatures; explore methods and techniques to create a computational environment for the signature application; and identfy potential AF applications that would benefit.

PHASE II: Build and optimize a demonstration behavior signature system and conduct tests on representative data sets from two or more intelligence streams.

DUAL USE COMMERCIALIZATION: Military application: These behavior signatures would be useful for many information technology applications where you need to anticipate the behavior of opponents, allies, and neutrals. For example, behavior signatures could be used to determine when a non-conventional adversary was planning an attack.  Commercial application: Behavior signatures would be useful for many information technology applications where you need to anticipate the behavior of competitors, partners, customers, and other parties.  For example, behavior signatures could be used by information service companies to identify groups of hackers that were attacking information technology infrastructure.  The signatures would lead to a more rapid identification of the attacker, and hopefully a more timely and effective response to the attack.

REFERENCES: 1. Hoffman, Bruce, 1998. Inside Terrorism. New York: Columbia University Press.

2. Sageman, Marc, 2004. Understanding Terror Networks. Philadelphia: University of Pennsylvania Press.

KEYWORDS: Terrorist modeling, Adversary behavior modeling, Artificial intelligence, Cognitive science

AF071-040 
TITLE: Multi-Modal Collaboration Environment 
TECHNOLOGY AREAS: Information Systems, Electronics, Human Systems

OBJECTIVE: To create an innovative multi-user, multi-modal collaboration environment for Air Operations Centers.

DESCRIPTION: In today’s dynamic environment, planners in Air Operations Centers must support shorter planning cycles while, at the same time, planning for an increasing variety of effects to be achieved on many types of targets. Warfighters in Air Operations Centers (AOCs) need to be able to collaborate both among personnel within the AOC and with distributed elements. They need the capability to access and share information for an immediate understanding of the battlespace and the overall context of mission execution, including effects assessment (i.e. are the selected courses of action achieving the commander’s objectives?).   They must be able to communicate the big picture to decision makers. Innovative technologies are needed to allow multiple users to understand information from a variety of sources , correlated in space and time into a single comprehensive picture of the operational environment, updated in near real time. In addition,  information presentation must be tailorable to the needs of individual users who must collaborate and synchronize operations.   This collaboration environment must allow users to interact with one another as well as with the shared information. These technologies must support distributed operations and reachback for real-time collaboration, while facilitating query and avoidance of groupthink.

PHASE I: Define and evaluate strategies that demonstrate how data from databases, text, text chat, voice communications, outside sources etc,. can be correlated,  presented to and exploited/manipulated by AOC planners for real-time collaboration to support shared situation awareness for development of strategy, plans, and assessments.

PHASE II: Construct a working prototype that demonstrates a multi-modal collaboration environment to support sufficient detail of AOC strategy and assessment operations. This prototype should support multi-user interaction with data and visualizations for collaborative manipulation in order to build shared situation awareness.

DUAL USE COMMERCIALIZATION: Military application: Military applications include AOCs and other distributed command and control environments. Commercial application: Civilian applications include any activity where sharing of data is required to support collaboration. This includes industry, crisis support or humanitarian support agencies, and distance learning.

REFERENCES: 1. Phister, P., Plonisch, I. & Humiston, T. (2001). The Combined Aerospace Operations Center (CAOC) of the Future [CD-ROM]. 6th International Command and Control Research and Technology Symposium. U.S. Naval Academy, Annapolis, MD. http://www.dodccrp.org/events/2001/6th_ICCRTS/Cd/Tracks/Papers/Track7/062_tr7.pdf

KEYWORDS: ATO planning, Real-time collaboration, Multi-modal collaboration 

AF071-041 
TITLE: Rapid Development Techniques for Spoken Language Translation
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE:  Develop techniques for spoken language translation that do not require substantial amounts of new training data when being adapted for use in a new language and/or domain.

DESCRIPTION:  DoD personnel are operating all over the world with the Global War on Terror, humanitarian relief operations, and various coalition operations.  Much of the information needed to effectively operate in these situations is found in foreign language speech; however, there is a critical lack of linguists to translate this speech.  To help address this problem, the DoD has funded the development of various spoken language translators (SLTs); however, to date, these have been of limited utility.  They are only available for a small number of languages and domains, and those that do exist have not performed as well as desired.  Efforts are currently underway to improve the performance of these SLTs and to increase their support for additional languages and domains.  However, the development process has been slow and costly as the standard method employed by developers to improve performance has been to collect, transcribe, and translate ever larger amounts of training data.  While this methodology involves low technical risk, it will not be able to address rapid turn-around requirements in new languages and domains of interest to the DoD in a reasonable time frame and cost.  Thus, proposals are sought for innovative techniques (i.e., algorithms) for spoken language translation that can meet the Phase II target of performing at least on par with standard techniques but that do not require substantial amounts of new training data when being adapted for use in a new language and/or domain.  In particular, proposals should be for innovative techniques that could work with training data in a new language and domain consisting of ten hours or less of speech data and 20,000 words or less of text data.  Proposals may focus on improving techniques in speech recognition or translation individually; however, novel ideas that would lead to more rapid development of both components are especially encouraged.  Also, techniques that could leverage data already available in other languages and/or domains are especially encouraged.  Note that this topic is in the Key Technology Areas of Human Systems (System Interfaces and Cognitive Processing) and Information Systems Technology (Knowledge and Information Management) with the Human Systems Technology Area being primary.

PHASE I:  Develop innovative techniques for spoken language translationand evaluate their performance for a single foreign language and a single domain.  The evaluation should show the performance of the proposed techniques in two ways.  The first way is relative to that of a standard technique using the same limited amount of training data as used to develop the proposed technique.  The second way is relative to that of the standard technique, where the standard technique has been trained on a much larger amount of training data.  Due to the short time period of Phase I, it is preferable that currently available databases be used in the evaluation.

PHASE II:  Further develop the proposed techniques and evaluate their performance for multiple languages and/or domains to show the generality of the techniques.  The evaluations should follow the same format as described under the Phase I description but for the new languages and domains.  Any databases collected for development and/or evaluation should be delivered to the contract sponsor.

PHASE III DUAL USE APPLICATIONS:  Military applications include: SLT for refugee processing, medical triage, force protection, and coalition C2; information retrieval from foreign audio sources; and computer-aided language learning.  Commercial applications are similar to military applications but generally for different domains, such as: law enforcement, business, and travel.

REFERENCES: 1. Tanja Schultz and Alex Waibel, "Fast bootstrapping of LVCSR systems with multilingual phoneme sets," in Proceedings of Eurospeech'97, (Rhodes, Greece), 1997.

2. Bill Byrne, et al., Towards Language Independent Acoustic Modeling, Final Report of the 1999 Johns Hopkins University Language Engineering Workshop, (available at:  http://www.clsp.jhu.edu/ws99/projects/asr/).

3. Alan Black, et al., “Rapid Development of Speech-to-Speech Translation Systems,” in Proceedings of ICSLP, (Denver CO), 2002.

KEYWORDS: spoken language translation, speech recognition, speech synthesis, machine translation, foreign language

AF071-042 
TITLE: Radio Frequency/Microwave Hazard Assessment Tool (RHAZ)
TECHNOLOGY AREAS: Information Systems, Biomedical, Human Systems

OBJECTIVE:  To develop a stand alone hazard analysis software tool that will enable medics, range safety officers, and researchers to determine a radio frequency or a microwave device’s efficacy and hazard potential for use in real time deployment environments based upon IEEE C.95,  AFOSH 48-9 and DoDI-6055.11.

DESCRIPTION:  The operational environment for DoD personnel is increasingly populated with new and more powerful radio frequency/microwave emitters designed to give the warfighter a number of advantages in terms of offense, defense, and communication.  Essential to the DoD is the design and development of compatible software to perform the following functions: input real world data from a variety of radio frequency/microwave systems, that can assess energy delivery, deposition and absorption within the human body for a variety of exposure conditions that help in the real time determination of device potential for hazard. Critical to current DoD requirements is an immediate response to the potential for a wide range of human exposure conditions from radio frequency/microwave devices compared with acceptable Air Force, national and international permissible exposure limits (PEL). This requires a clear understanding of hardware specifications, assessment methods, occupational and public exposure guidelines, physiological responses to overexposure and interface with databases for maintenance of historical records. Thus, our requirement is for easily usable, single operator software that can accept real world data of radio frequency/microwave equipment and provide real time, accurate and precise output for deployed decisions.

PHASE I:  Define concepts from IEEE C.95, AFOSH 48-9, and DoDI-6055.11 to provide the algorithmic basis for software required to determine the PEL’s in an Air Force compatible format and on Air Force platforms (PC). Develop, demonstrate, and deliver the feasibility of a prototype system on a PC that can be operated by field personnel.  

PHASE II:  Develop, demonstrate, and validate, based upon criteria outlined in the 4th Edition of the Radiofrequency Radiation Dosimetry Handbook and the IEEE C.95 exposure guidelines a complete software package for on-site (Brooks City-Base, TX) assessment of its ability to determine energy delivery, deposition and absorption within the human body for a variety of exposure conditions that help in the real time determination of device potential for personnel hazard.  The software source code would be easily modifiable and enabled for incorporation of future hardware and changing international exposure standards.  Code should be written in Air Force compatible codes, for ease of incorporation and delivered in both source and executable formats. Input and output should be user friendly and be formatted for at least three operational levels: 1) Determine exposure levels from any radio frequency/microwave design at any distance or elevation 2) Compare exposure levels obtained with existing dosimetry data and programs; and 3) Provide easily identifiable actions for personnel to take in case of overexposure.

PHASE III DUAL-USE COMMERCIALIZATION:  The Radio Frequency/Microwave Hazard Assessment Tool (RHAZ) would be valuable for health physicists, bioenvironmental engineers in government, industry, and medicine on a world-wide basis.  Measurement of compliance for emissions from cellular phone towers is an example of an emerging commercial application.

REFERENCES:  1. International EMF Dosimetry Project (http://www.brooks.af.mil/AFRL/HED/hedr/int_emf.html)

2. Durney CH, Massoudi H and Iskander MF (1986): Radiofrequency Radiation Dosimetry Handbook (Fourth Edition), USAFSAM-TR-85-73, USAF School of Aerospace Medicine, Brooks Air Force Base, TX  78235. 

KEYWORDS: Directed Energy, Radio Frequency Radiation, Microwave Radiation, Dosimetry

AF071-043 
TITLE: New Directed Energy (Millimeter Wave) Power Density Meters to Determine 
TECHNOLOGY AREAS: Information Systems, Sensors, Weapons

OBJECTIVE: Develop a millimeter wave power density meter that can measure up to 100 GHz, has an accuracy better than + 0.4 dB and can be used in fields greater than 1 W/cm2. 

DESCRIPTION: Directed energy nonlethal weapons, such as the Active Denial System (Vehicle Mounted or Airborne) use millimeter wave technology.  Currently manufactured power density meters measure up to 40 GHz with reported accuracies of + 1 dB. Unfortunately, there is risk of damage to these meters when the incident power density is greater than approximately 100 mW/cm2 and an inability to accurate measure the dose critical to experiments that determine the safety requirements for potential exposure.   Such specifications are often limiting when highly accurate field measurements are required.   When using other technologies, such as implementing an open-ended waveguide, measuring the effective area of is difficult and is frequency dependent. Again it is unfortunate but there exist no known models to calculate this effective area. Our requirements are for ease of usability, a single operator device capable of 100GHz with an accuracy better than + 0.4 dB that can be used with fields greater than 1 W/cm2.

PHASE I: Determine the feasibility of designing a millimeter wave power density meter that can measure up to 100 GHz, has an accuracy better than + 0.4 dB and can be used in fields greater than 1 W/cm2.  Breadboard a prototype version of the power density meter.

PHASE II: Develop, demonstrate, and validate an operational millimeter wave power density meter that was designed during Phase I.  

DUAL USE COMMERCIALIZATION: Military application: Used by the government, specifically the millitary, to measure incident power density. Commercial application: Also use by commercial cell phone industry, academia, and government to measure incident power density.  Accurate dosimetry is essential for all microwave research and health hazard assessments.

REFERENCES: 1.  International EMF Dosimetry Project (http://www.brooks.af.mil/AFRL/HED/hedr/int_emf.html)

2.  Durney CH, Massoudi H and Iskander MF (1986): Radiofrequency Radiation Dosimetry Handbook (Fourth Edition), USAFSAM-TR-85-73, USAF School of Aerospace Medicine, Brooks Air Force Base, TX  78235.

KEYWORDS: Directed Energy, Radio Frequency Radiation, Microwave Radiation, Dosimetry

AF071-044 
TITLE: Virtual Reality Spatial Rehabilitation for Traumatic Brain Injury  
TECHNOLOGY AREAS: Biomedical, Human Systems

OBJECTIVE: Develop a virtual reality-based system to that allows brain injured warfighters to return to service by providing cognitive training in spatial exploration.

DESCRIPTION: Traumatic brain injury has emerged as a leading cause of disability among warfighters currently deployed with Operation Iraqi Freedom; in fact, over 60% of injured soldiers sent to Walter Reed Medical Center with combat-related injuries are found to have suffered a traumatic brain injury.  Extensive research using environmental enrichment (EE) in animals indicates that voluntary exploration of complex three-dimensional space promotes recovery from traumatic brain injury (Manosevitz M. 1975).  EE consists of enhanced opportunities to explore a complex multi-sensory three-dimensional space (Rosenzweig M.R. 1978; Chapillon P. 2001). Research indicates that EE induces morphological, neurobiological and behavioral changes (Greenough M.T. 1973; Will B.E. 1977; Rosenzweig M.R. 1996; Van Praag H. 2000; Larsson F. 2002), and not only protects against but also reverses negative effects of the psychogenic and neurogenic stresses that predispose the individual to PTSD and TBI (Escorihuela R.M. 1994; Klein S.L. 1994; Francis D.D. 2002; Benaroya-Milshtein N. 2004).  Enriched environments in the animal literature promote voluntary exploration of a complex and multi-sensory environment, stimulate learning and memory of reward areas of the explored space, and provide for self-regulation of stress by providing areas of varying stimulation or shelter in the space.  

The implications of the enriched environment research for rehabilitation of brain injured warfighters is clear.  Spatial exploration stimulates hippocampal activation in humans as well as animals. The actions simulated in a virtual reality environment incur the same brain responses that actually performing the action causes (Morganti F. 2003).  Virtual reality has also shown to assist in the performance of activities of daily living, and treatment of persons with mental trouble (Anderson P.L. 2001; Lee J.H. 2003). However, individuals suffering combat casualties differ greatly in their physical abilities.  Because of differing levels of physical ability, it is difficult to develop a standard rehabilitation involving exploration of three dimensional space that can benefit all mobility levels and that will not cause stress to individuals of lower capability.  Virtual reality has the potential to overcome these challenges.  However, although virtual reality environments have been investigated for military training and stress inoculation applications, there are presently no systems designed specifically to stimulate neurological and functional recovery after brain injury.

PHASE I:  Develop design concept and produce prototype virtual reality application to stimulate the neural substrates of memory, attention, and spatial awareness.  Perform preliminary evaluation of potential effectiveness and implementability of the application.

PHASE II:  Construct an implementation of the virtual reality application.   Conduct a trial to demonstrate effectiveness of the application in brain injury rehabilitation.

PHASE III DUAL USE APPLICATIONS:  This system will be effective not only in returning troops to service after a combat casualty brain injury, but will also improve the level of function among discharged brain injured troops, improving their lives and reducing the health care burden currently carried by the Veterans Administration.  The system can also be incorporated into civilian brain injury rehabilitation programs to help the over 1.5 million Americans who suffer a traumatic brain injury each year.  

REFERENCES: 1. Anderson P.L., R. B. O., Hodges L. (2001). "Virtual Reality: using the virtual world to improve quality of life in the real world." Bulletin Menninger Clinic 65(1): 78-91.

2. Benaroya-Milshtein N., H. N., Apter A., Kukulansky T., Raz N., Wilf A., Yaniv I., Pick C.G. (2004). "Environmental enrichment in mice decreases anxiety, attenuates stress responses and enhances natural killer cell activity." European Journal of Neuroscience 20: 1341-1347.

3. Chapillon P., P. V., Roy V., Vincent A., Caston J. (2001). "Effects of pre- and postnatal stimulation on developmental, emotional, and cognitive aspects in rodents: a review." Developmental psychobiology 41: 373-387.

4. Escorihuela R.M., T. A., Fernandez-Teruel A. (1994). "Environmental enrichment reverses the detrimental action of early inconsistent stimulation and increases the beneficial effects of postnatal handling on shuttlebox learning in adult rats." Behavioural Brain Research 61: 169-173.

5. Francis D.D., D. J., Plotsky P.M., Meaney M. (2002). "Environmental enrichment reverses the effects of maternal separation on stress reactivity." The Journal of Neuroscience 22(18): 7840-7843.

6. Greenough M.T., V. F. R. (1973). "Pattern of dendritic branching in occipital cortex of rats reared in complex environments." Experimental Neurology 40: 491-504.

7. Klein S.L., L. K. G., Durr D., Schaefer T., Waring R.E. (1994). "Influence of environmental enrichment and sex on predator stress response in rats." Physiology and Behavior 56: 291-297.

8. Larsson F., W. B., Mohammed A.H. (2002). "Psychological stress and environmental adaptation in enriched vs. impoverished housed rats." Pharmacology, Biochemistry and Behavior 73: 193-207.

9. Lee J.H., K. J., Cho W., Hahn W.Y., Kim I.Y., Lee S.M., Kang Y., Kim D.Y., Yu T., Wiederhold B.K., Weiderhold M.D., Kim S.I. (2003). "A veritual reality system for the assessment and rehabilitation of the activities of daily living." Cyberpsychol Behav. 6(4): 383-388.

10. Manosevitz M., P. B. (1975). "Cage size as a factor in environmental enrichment." Journal of Comparative and Physiological Psychology 89(6): 648-654.

11. Morganti F., G. A., Castelnuevo G., Bulla D., Vettorello M., Riva G. (2003). "The use of technology-supported mental imagery in neurological rehabilitation." Cyberpsychol Behav. 6(4): 421-427.

12. Rosenzweig M.R., B. E. L. (1996). "Psychobiology of plasticity: effects of training and experience on brain and behavior." Behavioral Brain Research 78: 57-65.

13. Rosenzweig M.R., B. E. L., Hebert M., Morimoto H. (1978). "Social grouping cannot account for cerebral effects of enriched environments." Brain Research 153: 563-576.

14. Van Praag H., K. G., Gage F.H. (2000). "Neuronal consequences of environmental enrichment." Nature Reviews: Neuroscience 1: 191-198.

15. Will B.E., R. M. R., Bennett E.L., Hebert M., Morimoto H. (1977). "Relatively brief environmental enrichment aids recovery of learning capacity and alters brain measures after postweaning brain lesions in rats." Journal of Comparative and Physiological Psychology 91: 33-50.
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AF071-045 
TITLE: Rapid Development of DNA Aptamers for Agent Identification, Tracking and Neutralization
TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop new methods that will economically and  rapidly select and  manufacture DNA aptamers that can be deployed to the field to counter biological agents.

DESCRIPTION: The intent is to develop new technologies to select and manufacture DNA aptamers. DNA aptamers can replace antibodies used in certain detection and identification systems for biological threat agents. DNA aptamers have the obvious advantage of not requiring animals or cell cultures for production, are generally more stabile than proteins,  and because of scalability issues lend themselves to mass production. However the selection of DNA aptamers against targets, even with automation, is time consuming requiring many rounds of selection using the SELEX (Systemic Evolution of Ligands by EXponential enrichment) method. A superior method would select DNA aptamers with high affinity and high selectivity after only one round of selection. Making this difficult is the fact that the starting library of aptamers usually contain more weak and less selective binders than high affinity binders with high selectivity. In other words, the weak less selective binders out compete the strong binders in the early rounds of selection. Complicating this is the fact that the number of target molecules usually are greater than the number of strong high affinity binders. Thus, the law of mass action makes selection of high affinity and selective aptamers after only one round extremely difficult. Several methods have been proposed to defeat this problem (such as capillary electrophoresis); none has been able to select DNA aptamers equal to those from the SELEX method. Successfully overcoming the law of mass action will require considerable scientific cleverness. Any physical, chemical, or computational method will be considered.

While DNA aptamers can be synthesized either synthetically or bio-synthetically using plasmid DNA, both methods present several difficulties. For synthetic methods, the current four step per cycle phosphoramidite chemistry is expensive considering the amount of material that will be needed, and for biosynthetic methods the need to separate the aptamer strand from its compliment and then functionalize it for further reactions present problems (unless one is willing to accept chemistry using the terminal phosphate). There are needs to either reduce the cost of current synthetic methods or develop new synthetic methods for DNA oligonucleotides. For biosynthesis, the ability to easily separate the "+" strand from its compliment needs to be improved as well as methods to inexpensively functionalize the DNA strand for any required conjugations. 

PHASE I: Develop an economic and rapid method to select DNA aptamers in a single round.

PHASE II: Demonstrate the method against a target selected by the customer. Compare this rapidly selected aptamer against one selected using the SELEX method for binding specificity and affinity.  Develop a method to rapidly and economically manufacture DNA aptamers. 

DUAL USE COMMERCIALIZATION: Military application: DNA aptamers can be used to identify infectious diseases in field situations, hospital clinical laboratories, or research laboratories. Commercial application: DNA aptamers can be used to identify infectious diseases in field situations, hospital clinical laboratories, or research laboratories, and present the possibility of being used as an anti-toxin.

REFERENCES:  1. Kiel, J.L., Holwitt, E.A., Parker, J.E., Vivekananda, J.,and Franz, V. Nanoparticle-labeled DNA Capture Elements for Detection and Identification of Biological Agents. In Optically Based Biological and Chemical Sensing for Defence ( J.C. Carrano and A. Zukauskas, eds.), Proceedings of SPIE, vol. 5617, pp. 382-387, 2004.

2. Kiel, J.L., Parker, J.E., Holwitt, E.A., and Vivekananda, J. DNA capture elements for rapid detection and identification of biological agents. In Chemical and Biological Sensing V (P. J. Gardner, ed.), Proceedings of SPIE, vol. 5416, pp. 105-110, 2004.

KEYWORDS: DNA Aptamers, SELEX, biological agents, detection, identification

AF071-059 
TITLE: Planar Wideband Phased-Array Element For VHF RADAR
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Improve Radar

OBJECTIVE: Develop a thin (low-profile) wide-band phased array element for use in low-band VHF foliage penetrating radar applications.

DESCRIPTION: Foliage penetrating radars (FOPEN) use both VHF and UHF frequencies to achieve full functionality of detecting and identifying various target types hiding under various concealment and deception covers such as foliage canopies, camouflage nets, or inside light structures.  The antennae used for the UHF band are well developed and suitable for use on both manned and large unmanned aircraft.  The frequencies used for the VHF band (25-88 MHz) currently dictate the use of an array of log-periodic monopoles trailing the wings of the aircraft carrying the FOPEN.  While these antennae deliver the gain and suppress the back lobe at a sufficient level, they are large, forcing a permanent installation on the aircraft, which then becomes missionized, and degrading the endurance of large UAVs.  Presently, the best known wide-band array elements are 3-dimensional elements, [1-3],  which use the dimension normal to the aperture plane to achieve the bandwidth.  These elements usually have a depth of roughly 0.2 wavelengths, the wavelength at the low end of the frequency band, which becomes impractical for applications in the VHF region.  Thin, planar, 2-dimensional elements [4] offer a simplified geometry and potentially simplified manufacturing and flush, conformal mounting.  The challenge at present is how such antennae can be developed that provide a high rejection of the back lobe while being scaled to the low-band VHF region.  Such performance is essential to the function of a VHF SAR radar.  Given that such an element can be developed, it then needs to be designed to be able to be placed on the skin (metal or composite) of the aircraft fuselage.

The development of novel planar phased-array elements with low profile and wide bandwidth (25-88 MHz) is the objective of this research effort.

PHASE I: Phased array modeled as large periodic structure with only a single unit cell needing analyzed.  Conceive novel array element designs with high front to back ratio and good bandwidth potential, and evaluate their preliminary performance using numerical analysis. A final tech report to be delivered.

PHASE II: This phase would include detailed and complete numerical modeling of the element including its feed, the building of an experimental array with a representative number of elements, and measurement of its performance as an antenna, and a technical report and proof of concept antenna sub array will be delivered.

DUAL USE COMMERCIALIZATION: Military application: Arrays with this low-profile element would enable the use of the low-band VHF FOPEN function on UAVs. Commercial application: If an appliqué version could be developed, this technology would enable instant addition of low-band VHF capability without disturbing a commercial aircraft certification for use by civilian agencies.

REFERENCES: 1.  H. Holter, T-H Chio, D. Schaubert: Elimination of Impedance Anomalies in Single- and Dual-Polarized End-Fire Tapered Slot Phased Arrays. IEEE Trans AP, Jan. 2000

2.  D. McGrath:  Numerical Analysis of TEM Horn Arrays. Sensor and Simulation Notes, No. 420, AFRL, Albuquerque, May, 1998.

3.  J.J. Lee, S. Livingstone, R. Koenig: A Low-Profile Wide-Band (5:1) Dual-Pol Array. IEEE Antennas and Wireless Propagation Letter, Vol. 2, p. 46, 2003

4.  B. Munk et al: A Low-Profile Broadband Phased Array Antenna. IEEE S-AP Int¡¦l Symp., Columbus, Ohio, June 2003

KEYWORDS: broadband, antenna, phased-array, element

AF071-060 
TITLE: Multiple Independent Levels of Security/Safety  Tools and Processes 
TECHNOLOGY AREAS: Information Systems

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

STATEMENT OF INTENT: Develop tools/processes to affordably certify and recertify high assurance (safe/secure) avionics and information system architectures hosted on weapon system platforms, facilitates expanded capabilities advancement and accelerates collaborative warfighting capabilities deployment across the entire force structure.

OBJECTIVE: Establish enabling tools and processes, facilitating Multiple Independent Levels of Security/Safety (MILS/S) features certification and/or recurring reverification over the extended change cycle.

DESCRIPTION: MILS/S certification/recertification will be a costly, burdensome process without enabling capabilities/engineering processes that can be efficiently applied during front-end information system development/advancement activities to help identify/mitigate inherent design/functional discrepancies.  MILS/S technology features will be deployed across every weapon system having interactive connectivity with the Global Information Grid (GIG) because of the need to ensure absolute information security/integrity. The combined Phase I/II effort will field prototype MILS/S certification/recertification capabilities, emphasizing ease of compliance with mandated National Security Agency (NSA) requirements affecting multiple platforms/enterprises (cross cutting solution). Established capabilities shall generate security and safety artifact descriptions of the Information Assurance (IA) System and their component Targets of Evaluation that can be automatically analyzed for correctness. Security pedigree language deployment, emphasizing individual weapon system security accreditation, is required to control/safeguard with absolute assurance Global Information Grid (GIG) participation. Established technology benefits include automated information security classification determination processes, aligned with applicable security classification guidelines and Defense Information Technology Standards Registry (DISR) technology profile compliance tracking.  Weapon Systems, in today’s information dominance environment, no longer operate under a platform centric concept of operations.  Warfighting has shifted to net-centric operations, integrating forces into a combined combat delivery package that is tightly coupled through seamless information exchange.  However, this transformation imposes information management security risks because platform information networks are no longer autonomous hierarchies.  Existing platforms operate at a single security level, resulting in their generation of “over classified” information products. Compliant weapon system GIG participation imposes two options: 1) invest in an expanding number of Trusted Download Guards or 2) incorporate Multi Level Security tenets. Technology integration/transition is required to mitigate the inadvertent distribution and transmission of sensitive data inside and outside of controlled network boundaries.  Embedded read/write memory processors are susceptible to recording highly sensitive data above their established security classification because of system transmission/other incurred faults.  This situation cannot be tolerated because processors are often embedded within unclassified assets subject to commercial repair in an uncontrolled environment or are controlled at a level less than their data classification exposure risk level, making them vulnerable to security exploitation.  The robust features associated with the GIG, enabling autonomous interconnectivity between all sensors and nodes, imposes the need to incorporate MILS/S capabilities on all platforms exposed to the entire range of classified data security levels.  Information dominance, a force structure multiplier, is dependent upon all weapon systems that operate with highly sensitive data being able to compartmentalize and manage the distribution of data in direct alignment with specified security levels for each transaction.  The combined force structure shift to Network Centric Warfare capabilities demands that platforms such as large bombers possess robust data security management features, enabling their local area networks to operate and communicate with absolute security assurance on a global basis.  Information dominance is a force multiplier, and all GIG connected platforms are confronted with having to accommodate increased distribution traffic within their established networks.  The subject investment will help enable large bombers and other like platforms to meet this critical challenge.  

PHASE I: Identify required technology, language, processes and tools which could significantly reduce the burden and cycle time associated with required MILS/S compliance certifications and accreditations. The awarded effort will model and generate conceptual processes and tools to help demonstrate merit.

PHASE II: Establish and demonstrate a fully integrated MILS/S certification approach, populated with SBIR generated processes and tools that can help automate information system certification/recertification and accreditation, based upon meta tagged artifacts. Funded efforts will help contribute towards B-2 Extremely High Frequency Satellite Communications (EHF SATCOM) Program MILS certification. 

DUAL USE COMMERCIALIZATION: Military application: Validated/relevant MILS/S technology certification capabilities, incorporating robust/agile available to diverse systems to help ensure GIG enterprise information security/integrity. Commercial application: Global connectivity, involving diverse activities requiring assured protection against abusive intrusion/passive surveillance, affords assured opportunities for leveraging established advances.

REFERENCES: 1. STSC Crosstalk - "MILS: Architecture for High Assurance Embedded Computing" (August 2005) 

http://www.stsc.hill.af.mil/crosstalk/2005/08/0508Vanfleet_etal.html 

2. Air Force Link, “Air Force Releases New Mission Statement”

12/8/2005 - WASHINGTON (AFPN)

http://www.af.mil/news/story.asp?storyID=123013440

KEYWORDS: global information grid, information security, multiple levels of security, multiple independent levels of security/safety, net-ready, tools and processes, reverification, NSA certification, embedded systems, information dominance, local area network, cyberspace

AF071-061 
TITLE: GMTI Forensics Analysis Tools
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: This effort will provide enhanced Ground Moving Target Indicator analytical capabilities.

OBJECTIVE: The objective of this project is to build and validate tools that can be used by an analyst to answer questions of interest that can only be answered by performing forensic exploitation, analysis, and fusion of multi source GMTI data.   Innovative and advanced association and extraction algorithms based upon spatial, temporal and spectral techniques are required to support forensic studies of GMTI and GMTI based products.   This would include the development, validation, and optimization of signature-based object behavior and object motion pattern extraction/detection techniques utilizing the GMTI detection data or GMTI derived track data.  It is expected that the proposals will exploit typical sources of intelligence collections currently available in addition to GMTI to explore potential techniques, including normalcy and syntactic approaches.   

DESCRIPTION: There are existing tools within the Government and industry that are targeted at visualizing, exploiting, analyzing, and fusing GMTI data in real time and post-mission. However there are no automated tools/capabilities available that can meet the challenges associated with the forensic exploitation analyst’s needs. The need for this capability is expanding dramatically given the current uses of GMTI as an intelligence source of data.  While GMTI provides an approximate number of vehicles, location, speed, the general direction of travel, and the time that the target was detected, identifying who the target is, what equipment they have, whether it is friendly, hostile, or bystanders is just the beginning of the challenge.  When approached in a manner similar to forensic science, GMTI can take on a whole new meaning.  Sample questions include where did the target start, where did it stop, has it done this movement before, did it go anywhere else, is it normal for this movement to occur at 2AM, etc.  GMTI detections can be correlated and tracked to form a linkage between events or facilities; however, very limited capability exists to automatically extract those linkages as a useful “relationship” for forensic usage.  

PHASE I: Phase I is envisioned to be a proof-of-concept phase. The steps in this phase would include defining the technical and operational requirements, researching the existing product lines, identifying potential new product types/techniques, and building working prototypes providing the new products. 

PHASE II: Phase II is envisioned to focus on productizing the working prototype, integrating the product into several possible operational communities, testing the capability in real world applications, and spiraling in additional capability as required 

DUAL USE COMMERCIALIZATION: Military application: This capability can be applied to supporting Homeland Security, Counterinsurgency, Border Security and Monitoring and several others. Commercial application: Commercial applications are envisioned in conjunction with RFID technology for point-to-point tracking.

Commercial application: A Civil application of this capability would make it useful to law enforcement.

REFERENCES: 1. Operation Eagle Focus, Lessons Learned, CENTCOM, DTD Aug05

2. Air Strike Targets Terrorist Safe Haven in Husaybah

http://www.defenselink.mil/news/Sep2005/20050901_2586.html 

3. Title: GMTI-tracking and information fusion for ground surveillance Author(s): Koch, W.

Author Affiliation: FGAN-FKIE, 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.381-92

4. Title: IED detection for shadow

Author: Owen, Phil; Martin, Randal; Carriger, Thomas

Conference Title: AUVSI's Unmanned Systems North America 2005

5. NATO STANAG 4607, NATO GMTI Format
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AF071-062 
TITLE: Reliable Networking over Intermittent Wireless Connections of Airborne Networks 
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: Enable seamless connectivity across airborne, space, and terrestrial networks.

OBJECTIVE: Develop Data-Link, Network, and/or Transport layer protocol(s), interoperable with standard Internet protocols, which provide(s) reliable performance over intermittent wireless connections of Airborne Networks.

DESCRIPTION: The Department of Defense (DoD) is engaged in initial efforts to develop an IP-based airborne network (AN) which interconnects mobile airborne platforms and provides interconnectivity with space and terrestrial networks. The planned future Airborne Network (AN) will include a “core” of loitering/orbiting aircraft which will provide inter-networking over multiple heterogeneous wireless links.  This objective, however, is confronted by several technology challenges that require technology innovation at the Data-link, Network, and/or Transport layers of the Open Systems Interconnection (OSI) Reference Model.  Networking protocols originally developed for the terrestrial-based Internet (i.e., the TCP/IP protocol suite) perform quite poorly in lossy and intermittent connectivity environments such as those expected in the Airborne Network.  In contrast to the high degree of research applied to IP communication over space links [1] and terrestrial mobile ad hoc networks (MANETs), there has been minimal research applied to address the challenges specific to airborne networks. Challenges particular to the AN include the following: 

• Airborne network connections may be comprised of multiple hops of heterogeneous links, including wireless Line of Sight (LOS) and Beyond Line of Sight (BLOS) links. 

• Airborne network links will undergo intermittent blockages/outages due to platform dynamics (pitch, yaw, and roll).

• Links will be of variable quality, in terms of signal strength, error rates, and throughput 

• Links will be exposed to jamming and intercept threats 

• Link addition, subtraction, reconfiguration, and compensation will occur as a result of nodal mobility and dynamic network membership

• Solutions must be interoperable with standard internet protocols to enable interconnectivity with space and terrestrial networks 

Technology innovation is required that can address some or all of these challenges. Using the Open Systems Interconnect (OSI) Reference Model as a framework, technology innovation is required at the Data-link, Network, and/or Transport layers.  New Data-link, Network, and/or Transport layer protocols must be developed – or existing protocols adapted – to deliver predictable, reliable communications over the heterogeneous, intermittent, time-varying wireless connections of the airborne network core.  Additional information on the Airborne Network can be found at [2].

PHASE I: Identify a candidate set of Data-link, Network, and/or Transport layer protocols (either existing protocols that have been modified – or develop new open architecture protocols) that enable reliable and predictable performance over an airborne network. Model or simulate the protocol performance relative to comparable baseline of Internet standard protocols within an AN scenario. 

PHASE II: Prototype an implementation of the protocols and demonstrate the prototype system in an experimental environment.

DUAL USE COMMERCIALIZATION: Military application: Airborne networks will allow information such as navigational data, targets, intel, and bombing results to flow freely among manned and unmanned aircraft. Commercial application: Airborne networks will allow each plane to transmit its identity, precise location, speed, and heading to other planes to enable coordination among planes about optimum routes, how to separate, etc.

REFERENCES: 1. Space Communications Protocol Standards (SCPS) web site http://www.scps.org/scps/

2. ESC HERBB Airborne Networking web site, http://www.herbb.hanscom.af.mil/Hot_Buttons/Airborne_Networking/index.htm.

3. MIT’s Technology Review Magazine,  http://www.technologyreview.com/read_article.aspx?id=14407&ch=infotech 

4. Airborne Internet Consortium, http://www.airborneinternet.org/
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AF071-063 
TITLE: ATC Position Reports for Unmanned Aircraft (UA)
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics

STATEMENT OF INTENT: The purpose of this project is to devise and later implement schema for converting position reports for all Unmanned Aircraft (UA) used in theatre into a standard format and to forward this information to air traffic control and battle management facilities.  If successful, this project will improve the situational awareness of air traffic and battle field controllers and other airspace users, increase airspace utilization and improve safety of flight for both manned and unmanned aircraft.

OBJECTIVE: Deliver Unmanned Aircraft (UA) Position Reports to Air Traffic Control (ATC) Displays by Altitude and Latitude/Longitude of the aircraft.

DESCRIPTION: The recent addition of UA into theatre operations has provided time critical information to the war fighter on the ground and to other aircraft in theatre. These UA come in all different sizes and capabilities. The Air Traffic and Battle Manager Controller’s ability to prevent the UA’s collision with conventional aircraft is significantly enhanced by the ability to see all airborne assets on the same display. While some UA are large enough to be detected by conventional air surveillance systems, many UA are small enough to be virtually invisible but large enough to be aeronautical hazards.

Both the Federal Aviation Authority (FAA) and the Battlefield Manager currently take the same approach to keeping manned and unmanned aircraft apart.  There is easy access to airspace below 1000 feet, but access to higher altitudes requires long lead times because they “sterilizes” the airspace before allowing UA to fly into these altitudes by clearing all other aircraft out of the area around its projected path 

Although efforts to allow greater access to the National Airspace System (NAS) by UA are being pursued, these will not be implemented for some time. Meanwhile, DoD controllers, both in and out of theatre, must work around the presence of UA with little support from the Command and Control system because of the lack of position reports. The most serious problem is from the plethora of small UA, many of which can operate at the higher altitudes used by manned aircraft.

Every UA must report their location to the ground control system (GCS) if the data they are delivering is to have maximum value. These reports can be shared with the Air Traffic and Battlefield Managers, but it requires collection of all that data in an appropriate format and frequency. One approach being considered for the larger DoD UA has been "Cursor on Target," but has yet to be demonstrated on the very small UA with limited and sometime intermittent bandwidth. The data from individual UA may take different forms, with some sending latitude, longitude and altitude data to the GCS, but others may only send altitude, distance and bearing relative to the location of the GCS. The data needed includes the technical characteristics of the communications from the UA, the flight characteristics (e.g. airspeed) of the UA and its ground station and how the UA might behave upon loss of its control link (autonomous operations).

Collecting this data, putting it all in a form that the airspace managers within theatre and the NAS can interpret and transmitting it to those displays would improve the safety of all air operations. With a combined display of manned and unmanned aircraft and voice communications with ground based UA pilots, controllers can de-conflict manned and unmanned aircraft using traditional techniques. At present, these smaller UA may deliver data only to the GCS for immediate use by the local troops.  

The purpose of this project is to devise and later implement schema for converting position reports for the very small UAs, into a standard format and to forward this information to an air traffic control facility for processing by the automation system.

PHASE I: Collect information on position reporting systems used by UAs in theatre and for training within the NAS and demonstrate the feasibility of delivering reports to a civil or military control system. Report should include characteristics of the communications from the UA and its ground station.

PHASE II: Prototypes of promising collection schemas will be developed, demonstrated and evaluated.  Highest priority should be given to the small UA currently operating in theatre.  The results will be in format for surveillance data suitable for use in an ATC system and on a Battle Management System.  Interface control documents for the DoD ATC automation system currently being deployed will be provided.

DUAL USE COMMERCIALIZATION: Military application: A method providing position information to battlefield managers will increase situational awareness and help reduce the risk to safety, which is commonly compromised due to operational necessity. Commercial application: Providing position information to ATC facilities will expedite integration of small UAs into the NAS, enabling a more robust UAS market (for traffic reporting, weather, communication relay)

REFERENCES: 1. Degarmo, M., and G. Nelson. “Prospective Unmanned Aerial Vehicle Operations in the Future National Airspace System.” AIAA-2004-6243. AIAA 4th Aviation Technology, Integration and Operations (ATIO) Forum, Chicago, Illinois. Sep. 20-22, 2004. 

2. Office of the Secretary of Defense, “Unmanned Aircraft Systems Roadmap,”  Aug. 4, 2005. 
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AF071-064 
TITLE: Managed Information Delivery to Multiple Devices
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: This technology will allow for secure methods of delivery and management of critical information flow that accommodate multiple devices, connections, and protocols.

OBJECTIVE: Develop algorithms and software that will seamlessly deliver information and/or notifications of information to our warfighter.

DESCRIPTION: The C3I community requires a secure method to provide information in many formats (text, images, video, etc.), to multiple users, using multiple devices (cell phones, PDAs, computers, etc.), over wireless and wired communications channels with varied bandwidths. The approach to this topic is to provide an innovative, domain-independent solution that is easily deployed and managed, extensible, that will provide both push and pull of the information and/or notifications, and automatically modified in accordance with security requirements and the physical limitations of users’ devices and connections. WARFIGHTER IMPACT: Many new devices are appearing on the commercial market for email, instant messaging, connecting to business-related information sources, browsing the Internet, etc. Information dissemination and management is device, connection, and protocol dependent. These devices vary widely in size, hardware and software capabilities, and connection types. New systems and techniques appear on the market frequently. The modern warfighter requires unified and secure methods to deliver and manage critical information flow that accommodate multiple devices, connections, and protocols, and the system must be able to accommodate these new devices rapidly and efficiently. 

PHASE I: Develop an architecture design and conduct a proof-of-principal demonstration showing how the above objectives can be met.

PHASE II: Build the architecture into a prototype system and perform a real world demonstration with multiple devices, users, formats, communications channels, and security levels.  There exists tremendous potential for leveraging the Secure Mobile Environment – Portable Electronic Device (SME-PED) being developed for the National Security Agency (NSA) by L-3 Communications.  The SME-PED is a secure wireless handheld device that allows for mobile classified communications.  The phase II of this proposed effort would be a demonstration of the technology that allows a user to receive information and communications based on the user’s requirements, device limitations and security profile.

DUAL USE COMMERCIALIZATION: Department of Defense application: Integrate the technology into DoD, government agency or more specifically NSA or the Department of Homeland Security (DHS).  Military application: Integrate the technology into a military C3I system. Commercial application: Commercial sectors that can benefit from this technology include law enforcement, real estate brokers and technology companies.

REFERENCES: 1. "Publish and Subscribe Paradigm with Hand-held Computing Devices", Capraro, Gerard T., Proceedings of the 4th Annual Conference on Information Fusion, page FrA2-19.

2. "FIPA Device Ontology Specification" © 1996-2002 Foundation for Intelligent Physical Agents, http://www.fipa.org/, Geneva, Switzerland

3. "Providing Information Anytime, Anywhere, and On Any Device", AFRL FInal Technical Report (AFRL-IF-RS-TR-2005-25).
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AF071-066 
TITLE: Fusion of Airborne Surveillance and Intelligence Information
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Provide improved combat identification and low radar cross section cuing capability to the warfighter for air targets.

OBJECTIVE: To develop a system capable of fusing airborne surveillance and intelligence information, in real time. 

DESCRIPTION: Knowledge of the air picture requires kinematic information on the positions and velocities of aircraft within the area of regard as well as combat identification information for those aircraft.  Kinematic information is typically provided through Air Moving Target Indicator (AMTI) capabilities, such as those provided through the Airborne Warning and Control System (AWACS) aircraft.  Combat identification information (at a minimum friend/foe information) is typically provided through intelligence capabilities such as Electronic Intelligence (ELINT) sensor systems.  The fusion of AMTI and ELINT can potentially improve the range and accuracy of kinematic airborne target information and expand the situations where useful and accurate combat identification information can be obtained.  Among the potential advantages of AMTI/ELINT fusion, intelligence information can increase the potential radar coverage by enabling the AWACS to respond to changing threat environments.  Additionally, low Radar Cross Section (RCS) targets can be cued based on their electronic emissions.  AMTI can sometimes provide friend/foe information in situations where ELINT cannot.  Automated target cueing and automated target recognition will be improved, in addition to radar position accuracy and radar resolution.  Minimum discernible velocity may even be obtainable from ELINT doppler shift.  And detection capability can be improved through cuing between the AWACS and ELINT platforms by enabling optimal signal design (pulse width, Pulse Repetition Interval (PRI), etc.) and antenna control on the part of the AWACS.  In order to achieve the potential that has been described, algorithms need to be developed to fuse AMTI and ELINT in real time in a sufficiently optimal manner.   Techniques and algorithms for fusing data from diverse (sources) modes such as those based on Network Centric Collaborative Targeting (NCCT) fusion capabilities, SIAP Block 1, Airborne Networking, etc. need to be developed.  The fusion capabilities, such as pattern matching for entities with changing properties (i.e. source data), also need to be usable across diverse systems such as collaborating airborne platforms while on station.  This near real-time collaboration will require architecture and design work for an infrastructure that allows simultaneous access to all collaborating systems (such as airborne platforms).  The initial phases of the effort will work at the unclassified level.

PHASE I: Study the feasibility of formulating a model for fusing diverse source data in near-real time such as AMTI and Airborne Target ELINT (ATE) information in combination and fusion. Conceptualize algorithmic strategies for capitalizing on the fused information from (at least) these two diverse modes. 

PHASE II: Develop algorithms that fuse diverse source data, i.e. the AMTI/ATE information.  Build a prototype in software that works with unclassified but realistic data provided by the government. 

PHASE III:  Implement a model in software to fuse AMTI and ATE information. Test and validate this model. Evaluate this fusing of diverse source data in near-real time based upon government selected timing criteria.  Plan a concept for implementing these algorithms on an airborne platform. Implement the algorithms in software to create an operational prototype that can be transitioned to deployment on an airborne platform.  Work with the government to gain access to real world data that can be used to validate the software.

DUAL USE COMMERCIALIZATION: Military application: Use the algorithms onboard AWACS in concert with an intelligence platform. Commercial application: Potential uses include Air Traffic Control (ATC) applications where there is ambiguity due to high volumes in congested areas.  Also, the fusion of data from diverse modes can also be used in other “pattern-matching” fusion applications such as bank security (i.e. in fraud detection between diverse “banking instruments”), etc.

REFERENCES: 1. Col. Brian Waechter, “AWACS Futures Brief”, ESC/AW, 10 Jul 03.

2. Col. William Gardner, “Global Information Connectivity”, SMC/XR, 27 Feb 01, http://www.dtic.mil/ndia/2002spacepolicy/gardner.pdf.

AWACS, AMTI, ATC, CAEWIS
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AF071-068 
TITLE: Metadata Integrity Assurance
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: Provides multi-domain data  to the warfighter with assurance that the information was not tampered with during the delivery process.

OBJECTIVE: Support Multi-Level Security (MLS) information flows via trusted metadata by developing a system architecture that provides metadata security and pedigree assurance with minimal processing overhead.

DESCRIPTION: In recent years metadata has become increasingly important as a means for describing information content so as to facilitate access to, and improve the processing of that content.  In the context of multiple-layer security devices (i.e., devices that control and transmit information between systems and users that exist in different security domains), the integrity of metadata is fundamental to overall system integrity since the metadata typically contains the information regarding classification level and the security mechanisms that have been applied to the content.  Today, the DoD is working towards a long-range goal of developing an object-based information repository accessible across multiple security domains wherein each object’s metadata describes that object’s security status accurately, fully, and securely.

The goal of this SBIR is to develop and implement a system architecture that provides metadata integrity assurance while incurring minimal processing overhead, both for the machine and the users. Such an architecture will describe a standards-compliant mechanism for embedding security information in an object’s (a document, an image, a chat message) metadata.  This information should include not only the security classification of the object, but also its “pedigree” – that is, a description of the object’s security history.  This history would describe fully the who/what/when of all access and processing to which the object has been subjected from its inception.  

The traditional space-time trade offs apply to both the metadata encoding scheme and the means for maintaining the integrity of the metadata.  The control mechanism of the proposed architecture should address explicitly the processes by which an object’s content and its metadata are linked, as well as how these processes will be coordinated and integrated into a functional security boundary device.

Successful proposals will describe innovative approaches that exploit and enhance known security techniques, will apply to a wide range of document types (not just XML), and are scalable across all dimensions of traffic volume (from one-time document transfer to real-time “instant messages”) and size (from chat/text messages to large-scale imagery).

PHASE I: Identify, describe and implement a feasibility study for metadata processing and integrity assurance. Interface with key standards bodies to ensure conformity and interoperability.

PHASE II: Develop, demonstrate, and validate functional code to implement a prototype for the architecture proposed in Phase I. 

DUAL USE COMMERCIALIZATION: Military application: The use of metadata assurance is an essential element of MLS environments.  This research would help to lessen the challenges of providing appropriate objects for use in multi-domain applications. Commercial application: The use of metadata assurance is a recognized problem in a variety of domains that demand strict control over information flows to a variety of users such as: banking,e-commerce, & medical industries.

REFERENCES: 1.  http://www.aero.org/publications/crosslink/spring2006/08.html

2. http://www.fsl.noaa.gov/publications/forum/feb2003/2_03_MMeta.html
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AF071-069 
TITLE: Software Trustworthiness
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop tools which provide a measure of the risks inherent in the system, ie. provide the level of software trustworthiness.

DESCRIPTION: The Air Force is becoming ever more dependent on the reliable, secure, and accurate operation and interaction of software.  Tools which provide an empirical software engineering evaluation/development processes are needed.  In particular, this topic is looking for tools which will provide an objective measure of the risks inherent in a system due to the software composition of the system.  Such a tool might provide the Air Force a measure that the operational system is:

1.  Hacker-proof and free of embedded trojan-horses, an issue as more software is developed via out-source methods.

2.  Robust in the face of interaction with multiple software applications.  The Air Force needs to have confidence that a fault in one piece of software does not introduce spurious, unintended paths in a set of integrated software components.

3.  Verifiable, given the often sparse level of software specification accessability.

4.  Trustworthy from a whole-system perspective, integration of trusted components does not necessarily yield a trusted system.

PHASE I: Survey industry and technology roadmaps, determine feasibility, develop preliminary design, estimate costs and develop a program plan. 

PHASE II: Build and test computational prototype. 

DUAL USE COMMERCIALIZATION: Military application: The work developed under this effort will potentially be useful in many types of military combat and mission support information systems. Commercial application: The concept will potentially also be useful for non-military applications in communications and software development as well.

REFERENCES: 1. Trustworthy Software Systems Study (http://www.comsoc.org/e-news/2005/apr/larry1.pdf), Larry Bernstein, Industry Research Professor, Stevens Institute of Technology

2. Computers at Risk: Safe Computing in the Information Age (1991), Computer Science and Telecommunications Board (http://books.nap.edu/books/0309043883/html) 
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AF071-070 
TITLE: Timely Decision-Making for Logistics Support
TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems, Human Systems

STATEMENT OF INTENT: This effort will benefit the warfighter by allowing logistics planners to view detailed logistics information and make timely, data-driven decisions while formulating transportation options.

OBJECTIVE: Research and develop advanced Decision Making technologies to enable real-time incorporation of logistics analysis as part of core mission planning processes in support of a global campaign.

DESCRIPTION: The common model for C2 has primarily focused on front-line operations, targeting, weaponeering, and strategic and tactical movement of forces. Logistics support has been a subordinate activity, only of interest when it fails to produce. Increased automation, decreased span of decision cycles, competing service doctrines and other causes have resulted in a situation where genuinely coherent warfighting plans are generated, only to be further shaped and sometimes obviated by issues of deployment and sustainment. In the future, our warfighting behavior must not be shaped, but aided by the systems(and processes) that allow planning and execution to take place. Sustainment packages should be based on what will be consumed rather than what has been consumed.

This effort is seeking innovative technical solutions to decision making that reduce the time required to determine the feasibility of transportation options from days to hours/minutes. This will provide more meaningful input to the Course-of-Action (COA) decision process and allow for assessment of more mission options while identifying potential transportation show-stoppers. 

Technology challenges that need to be addressed include optimization techniques for linking abstract concepts of “commander’s intent” with the blue force situation awareness.  These algorithms must be able to reason over a global problem set and converge to an optimum solution for linking planned resource usage against resource availability.  Complicating the environment is the dynamic nature of resource availability and usage with changing preferences and priorities.

PHASE I: Research and define an optimization strategy for linking resource usage against resource availability in a dynamic environment of changing priorities, usage scheduling and resource availability.

PHASE II: Based on the results from Phase 1, develop and then demonstrate a prototype capability that link blue force situation awareness with campaign plans, identifying replenish rates & sustainment packages for assets and resources expended.

DUAL USE COMMERCIALIZATION: Military application: Reduce the time required to determine the feasibility of transportation options from days to hours/minutes. Commercial application: Potential use in commercial firms with logistics-intensive processes (i.e., makes use of a process model such as SCOR).

REFERENCES: 1. USJFCOM Joint Operational Logistics - A Functional Concept, draft version 1.0, 17 Jun 03

2. Agile Transportationfor the 21st Century ACTD (AT21 ACTD)

3. JFCOM Brief, 01 Aug 03, Joint Deployment, Employment and Sustainment Strategy (JDES)

Command and Control, Logistics, Situational Awareness, Net Centric Environment, Collaboration
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AF071-072 
TITLE: End-to-End Performance Management for RF Networks
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: Enable sufficient end-to-end (E2E) service level performance to critical mission information flows that transit mobile networks comprised of multiple heterogeneous RF links. 

OBJECTIVE: Develop technologies for implementing real-time performance monitoring of end-to-end flows which transit multiple RF links. 

DESCRIPTION:  The Department of Defense (DoD) is engaged in efforts to develop an IP-based Airborne Network (AN) which interconnects airborne platforms and provides interconnectivity with space and terrestrial networks. This AN will provide the DoD with the capability to extend mission information threads beyond the original constraints imposed by legacy (non-IP) data links, but its development involves many technical challenges.  For additional information regarding the DoD’s efforts to develop this IP-based Airborne Network, please see reference [1].  While this topic description addresses one key technology area associated with the Airborne Network – namely, end-to-end performance monitoring/management – ESC’s HERBB Airborne Networking web site provides the full description of the Airborne Network architecture and its technology challenges.   The AN must deliver sufficient end-to-end (E2E) service level performance to the mission threads it supports. Performance monitoring is critical to this task.  Similar to terrestrial networks, AN performance measurements may include throughput, latency, error rate, jitter, and availability.  However, in contrast to the relatively benign nature of terrestrial wire-line networks, developing a performance monitoring capability for the AN has many challenges:  Heterogeneity – AN subnets will employ different RF waveforms.  Dynamic, time varying links - link performance will vary due to platform mobility and use of wireless medium. Dynamic network topologies - nodes will enter and exit the network, and aircraft mobility will increase incidence of link degradation/breakage.  One of the chief objectives for AN performance monitoring is accuracy.  Measurements must accurately reflect E2E performance despite dynamic topologies and time-varying wireless links.  Another important requirement is efficiency.  Constrained-bandwidth RF links demand that the performance management solution produce minimal overhead.  Today’s commercial approaches to performance monitoring typically include device-based management, active probing, and/or flow-based monitoring.  Assumptions implicit in the design of these approaches – that networks will be “well behaved”, relatively static, with ample bandwidth -- result in inadequate solutions for AN performance monitoring for the following reasons.  Device-based management - the polling approach to data collection tends to be inefficient and adds costly overhead. Additionally, the centralized nature may place inordinate processing demands upon the monitoring server due to frequent network state changes. Finally, fusing atomic-level measurements of each device into a view of end-to-end performance is likely infeasible in dynamically changing networks. Active probing - the sampling mechanism may not be sufficiently responsive in dynamically changing networks: the more frequent the network changes, the more frequent the probing to maintain an accurate, up-to-date view of changing performance, resulting in costly overhead.  Flow-based monitoring - flow-based monitoring strategically places passive monitors at aggregation points within the network; however, in the airborne network, aggregation points will change with node mobility, dynamic node membership, and link topology changes.  The viability and efficacy of flow-based monitoring under a dynamic, meshed network topology has not been evaluated.  Innovation is required to develop a new approach to performance management of RF networks such as the Airborne Network.  Innovative approaches may adapt some positive aspects of active probing, device-based management, or flow-based management, or alternatively, develop an entirely new approach to performance monitoring.     

PHASE I: Identify and/or develop potential approaches for conducting E2E network performance monitoring in a dynamic mobile environment comprised of heterogeneous RF networks. Present the pros and cons of candidate solutions. Use simulation or prototype techniques and analyze performance and robustness of solution(s) to determine feasibility. 

PHASE II: Complete the design, develop, and demonstrate a prototype that conducts E2E performance monitoring of information flows across a dynamic mobile set of heterogeneous RF networks.

DUAL USE COMMERCIALIZATION: Military application: E2E performance management of information flows across critical C2 networks is a requirement present in a large number of military networks, both airborne and terrestrial based. Commercial application: E2E performance management is a broad technical issue that cuts across almost all networks, military and commercial, wireless and wired, to one extent or another [2], [3].

REFERENCES: 1. ESC HERBB Airborne Networking web site, http://www.herbb.hanscom.af.mil/Hot_Buttons/Airborne_Networking/index.htm.

2. MIT’s Technology Review Magazine,  http://www.technologyreview.com/read_article.aspx?id=14407&ch=infotech

3. Airborne Internet Consortium, http://www.airborneinternet.org/
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AF071-074 
TITLE: Routing within an Airborne Network 
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop an optimal routing protocol for airborne networks comprised of heterogeneous, high-capacity, quasi-persistent point-to-point wireless connections.

DESCRIPTION: The Department of Defense (DoD) is engaged in initial efforts to develop an IP-based airborne network which interconnects mobile airborne platforms and provides interconnectivity with space and terrestrial networks.  A background to this effort can be found at [1].  Critical to this objective is formulation of an airborne network routing capability using a core set of “quasi-persistent” loitering/orbiting airborne platforms.  These platforms will host a heterogeneous set of high-capacity, quasi-persistent point-to-point wireless links, which can be leveraged to form redundant connections among core nodes.  This airborne networking “core” is intended to provide high-capacity wireless connectivity among high bandwidth information consumer and producer platforms, as well as an inter-networking capability to enable interconnectivity to and between airborne tactical “edge” networks and nodes.  Rather than applying routing protocols developed for fixed terrestrial networks, or Mobile Ad Hoc Network (MANET) routing protocols developed for terrestrial-based MANETs, the routing solutions for airborne networks must be tailored to address the peculiarities of the airborne network:  

• The connections forming the airborne network will be comprised of one or more hops of point-to-point links.

• The nodes and links forming the network will be heterogeneous due to the different communications capabilities of airborne platforms.

   o  nodes will be heterogeneous in terms of the number and types of links supported. 

   o network links will be heterogeneous in terms of the capacity and error rate particular to the waveform employed.

• Connections will be quasi-persistent due to a dynamic network topology and dynamic network membership, as well as intermittent due (for instance) to antenna shadowing as a result of platform banking.

Innovation is required to produce an optimal routing solution that can address some or all of these challenges.  The routing protocols should be capable of making intelligent routing decisions by taking into account such things as nodal link capabilities, wireless link characteristics (e.g. capacity and error rate of a particular radio subnet), number of hops, traffic delivery requirements (e.g. delay-sensitivity, precedence levels), etc.

PHASE I: Evaluate potential routing metrics, link measures, weighting algorithms, etc., and formulate a general approach for employing these metrics to make intelligent airborne network routing decisions.  Model or simulate the protocol performance relative to Open Shortest Path First (OSPF) protocol.

PHASE II: Prototype an implementation of the routing protocol and demonstrate the prototype system in an experimental networking environment

DUAL USE COMMERCIALIZATION: Military application: Airborne networks will allow information such as navigational data, targets, intel, and bombing results to flow freely among manned and unmanned aircraft. Commercial application: Airborne networks will allow each plane to transmit it's identity, precise location, speed, and heading to other planes.  Allowing coordination among planes about optimum routes, how to separate, etc.

REFERENCES: 1. ESC HERBB Airborne Networking web site, http://www.herbb.hanscom.af.mil/Hot_Buttons/Airborne_Networking/index.htm.

2. MIT’s Technology Review Magazine, http://www.technologyreview.com/articles/05/05/issue/feature_emerging.asp?p=0 .  

3. Airborne Internet Consortium, http://www.airborneinternet.org/
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AF071-075 
TITLE: Integrating Discrete and Continuous Event System Simulations
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: DOD Architecture Framework (DODAF) guidance requires the warfighter to define a CONOPS and implementing operational architecture. In the real world, an operational architecture consists of both discrete event and continuous time components such as the interaction between an aircraft (continuous motion) and a command and control system (discrete events and discrete messages). This research will allow the DODAF operational architecture complex systems to be properly created. 

OBJECTIVE: Research and develop new methodologies and technologies for time flow mechanisms to accurately execute mixed discrete event and continuous time simulations of complex systems

DESCRIPTION: Architecture design tools for complex information systems are in increasing use in government and industry. New trends in government system design have led to the creation of executable models of system and operational architectures such as those based on the DOD Architecture Framework (DODAF). These architecture design tools have traditionally been based on discrete event models and are supported by a number of mathematical formalisms, such as Petri Nets (colored and differential) and the Discrete Event Simulation (DEVSDESS) formalism. Tools to simplify the implementation of these formalisms are widely available but the application of discrete event models to continuous event systems poses problems that must be resolved to ensure the accuracy of the model representation. In many cases, a real world operational architecture consists of both discrete event and continuous time components. 

The objective of this research is to develop new and innovative techniques for time flow in simulations which use a mix of continuous-time and discrete event time systems.  These systems can also be called mixed discrete event-continuous time systems.  Previous research and investigations have only been partially successful and but have identified strategies for synchronizing events in a distributed-processing environment and the DoD High Level Architecture (HLA) resulted from this work. Two specific techniques derived from previous studies are possibly related to this new research: (1) a conservative strategy that ensures causality is not violated by maintaining the time ordering of interactions and (2) an optimistic strategy that temporarily allows causality to be violated, but then rolls back time to correct such errors. The researcher should consider the application of these strategies and other innovative methodologies to identify and characterize the operational and system architectures that can well-represented by each and to identify architectures for which neither approach provides sufficient simulation fidelity to be used predicatively. Proposed methodologies must be capable of executing on commercial-off-the-shelf desktops or workstations and be platform independent. If and when needed, any graphical depiction and output should comply with industry or international standards. Methodologies implementing the executable model should be standards based to support interfaces to other analysis and simulation and modeling tools, such as through the DoD High Level Architecture.

PHASE I: Phase I activity shall include: design and development of new methodologies for handling mixed-time resolution in executable models of mixed discrete event-continuous time complex architectures, and a proof-of-feasibility demonstration of key enabling technologies.

PHASE II: The researcher shall develop and demonstrate a prototype that implements the Phase I methodology for systems in which both discrete events and continuous events occur and is also capable of real-time execution. The technology development shall have a goal of technology readiness level (TRL) 6 at the end of Phase II. The researcher shall detail Phase III plan.

DUAL USE COMMERCIALIZATION: Military application: The desired product of Phase III is a robust, off-the-shelf engineering tool capable of mixed-time resolution for executable models of operational/system architectures of complex weapon systems. Commercial application: Design/engineering tools are applicable to financial and manufacturing industries, biotechnology, health care, transportation, communications, and information systems for rapid product realization.

REFERENCES: 1. Cellier, Francois and Jurgen Greifeneder, “Continuous Systems Modeling,” Springer, 1991,

http://www.ece.arizona.edu/~cellier/springer.html

2. Demongodin, Isabel and Nick T. Koussoulas, “Differential Petri Nets: Representing Continuous Systems in a Discrete-Event World”, IEEE Transactions On Automatic Control, Vol. 43, No. 4, April 1998, http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=665073

3. Jensen, Kurt, “Introduction to Coloured Petri Nets,” University of Aarhus, Denmark, http://www.daimi.au.dk/CPnets/intro/ 

4. Kanacilo, E.M. amd A. Verbraeck, “A distributed multi-formalism simulation to support rail infrastructure control design”, Proceedings of theWinter Simulation Conference 2005, 4-7 Dec. 2005, http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1574550

5. Klingener, J.K., “Programming Combined Discrete Continuous Simulation Models for Performance”, In Proceedings of the 1996 Winter Simulation Conference, ed. J.M. Charnes, D.J. Morrice, D.T. Brunner and J.J. Swain, 833-839, http://ieeexplore.ieee.org/iel5/6969/18768/00873372.pdf?tp=&arnumber=873372&isnumber=18768

KEYWORDS: discrete event simulation, continuous event simulation, mixed resolution simulation, executable model, executable architecture, DODAF

AF071-077 
TITLE: Network Services for a Dynamic Wireless Airborne Network 
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT: Provide full network and information access to the warfighter in air, ground, and space domains.

OBJECTIVE: Identify and develop Network Services to work effectively within dynamic wireless airborne networks.

DESCRIPTION: The Department of Defense (DoD) is engaged in initial efforts to develop an IP-based airborne network (AN) which interconnects mobile airborne platforms and provides interconnectivity with space and terrestrial networks. A background to this effort can be found at [1]. Critical to this objective is formulation of Network Services. The term “Network Services” is used to describe services necessary for the effective access to and utilization of the network’s communications Transport services. The difference between Network Services and Transport Services can be further clarified by use of the widely adopted Open Systems Interconnect (OSI) Reference Model:  Network Services functionality is usually provided primarily at the Applications Layer, while Transport services are provided by the Data-Link, Network, and Transport layers of the OSI Reference Model.  Examples of Network Services employed within the Internet include Name Resolution (e.g., Domain Name System), Dynamic Host Configuration Protocol (DHCP), Network Time Protocol (NTP), and various security authentication services and policy services for network admission, etc.  However, Network Service protocols developed for the Internet are not readily applicable to the AN or other dynamic, wireless networks.  These Internet protocols were designed with the implicit assumption that the networking environment would be static, terrestrial-based, and utilize wire-line links.  As such, technology innovation is required to address some or all of the following challenges particular to airborne networking:

• Support for Autonomous, Disconnected Operations:  Network Services for the AN must be able to operate autonomously, without connectivity to ground-based Network Services.  Given geographic range of military operations, reliable access to ground-based servers cannot be assumed.  

• Node Mobility and Dynamic Topologies: Network Services must be able to support mobile nodes and function throughout dynamic topology changes.  Topology changes will result from dynamic nodal membership (node entry and exits) as well as link degradation/breakage due to nodal mobility, jamming, etc. 

• Services hand-off:  Quasi-persistent nodes may loiter in pre-planned flight paths for extended periods -- and are therefore candidates for hosting airborne-based Network Servers.  However, these platforms must eventually leave their “station” to return to base, and thus need to hand off their Network Services functions to a comparable loitering platform.   

• Efficiency: Airborne Network Services must be efficient in the face of a bandwidth-constrained links. 

• Interoperability: Network Service implementations for the AN must be interoperable with standard Internet implementations to enable interconnectivity with space and terrestrial networks.

Technology innovation is required to produce Network Service solutions that can address some or all of these challenges. 

PHASE I: Identify mechanisms and protocols that can deliver Network Services -- e.g., name resolution, dynamic host configuration (including dynamic address configuration), etc -- over wireless airborne networks. Analyze the performance and robustness of the candidate solutions; present the pros and cons of candidate solutions. Model or simulate selected protocol(s) and their performance within an AN scenario.

PHASE II: Design, develop, and demonstrate a prototype of a Network Service (e.g., name resolution, dynamic host configuration, etc.) within an experimental airborne networking environment.

DUAL USE COMMERCIALIZATION: Military application: The capabilities developed under this effort could be implemented within or for use by an airborne platform such as JSTARS or AWACS.  Commercial application: The capabilities developed under this effort could be modified to work over a commercial airline fleet for improved collision avoidance, route optimization, real-time weather and atmospheric/turbulence condition reporting services, etc.  Reference [2] provides a broad overview of future commercialization possibilities.

REFERENCES: 1. ESC HERBB Airborne Networking web site, http://www.herbb.hanscom.af.mil/Hot_Buttons/Airborne_Networking/index.htm.

2. MIT’s Technology Review Magazine, http://www.technologyreview.com/read_article.aspx?id=14407&ch=infotech 

3. Airborne Internet Consortium, http://www.airborneinternet.org/

KEYWORDS: Airborne Network, MANET, Mobile and Ad-hoc Networking, Network Services, DNS, DHCP, NTP, Infrastructure Services, Network Modeling and Simulation

AF071-078 
TITLE: GMTI Exploitation Modeling:  Deriving Behavior and Characteristics from Data Sets
TECHNOLOGY AREAS: Space Platforms

STATEMENT OF INTENT: The intent of this effort is to provide the warfighter the capability for improved situational awareness of a battlefield or area of interest, utilizing the intelligence gathered from a sufrace exploitation system with the capability of utilizing GMTI behavior models incorporated into the exploitation algorithms of the system.

OBJECTIVE: Develop GMTI exploitation model methodologies with associated functionality for characterizing general behavior and movement in a designated locality from multi-sensor/multi-source GMTI data.

DESCRIPTION: If multiple sources of Ground Moving Target Indicator (GMTI) data are potentially available to the interested analyst and these sources include both real-time sensor measurements as well as GMTI archives (e.g. U-2, Joint STARS, Global Hawk, and Space Radar (SR)), then a dynamic modeling methodology is needed and can be developed based on the behaviors derived from the tracks nominated for both the real-time and historical GMTI data.  Each of these GMTI sensors have different sensing capabilities (antenna characteristics, power aperture, etc.), different operational profiles (e.g., mode, standoff, grazing angle, revisit, etc.), and are exposed to different snapshots and projections of the ground/target environment. A major challenge exists to exploit and make sense what a composite database contains that is composed of ground or surface track data derived from GMTI sensor data. Conventional exploitation methodologies focus on single or multi-target exploitation (e.g., tracking) which is extremely challenging  in many areas of military operations. This work should focus on building an overall picture of how targets move on the surface as a function of dependant parameters of interest (e.g, time of day, day of week, location, road networks, etc.) and establish connectivity via motion and flow between various locales. Note that these methodologies will be challenged by the differing data quality and revisit times composing the envisioned GMTI track data base. This work should focus on developing techniques for building dynamic models of behavior (or activity) from information acquired in exploiting real-time and historical GMTI available. While the focus is on GMTI, other ancillary information or data sources (e.g., terrain, cultural information, road networks, etc.) where useful can/should be applied to deduce and exploit the underlying surface target behavior, and thus build the appropriate dynamic behavior models based on the movements of each of the surface targets, nominated as tracks, ingested both in real-time and historical tracks stored in an appropriate database.

PHASE I: 1) Characterize sources of GMTI data that is exploitable through modeling.

2) Develop approaches for Modeling Multi-sensor GMTI data based on sensor capabilities. 

3) Identify modeling benefits and limitations 

4) Identify the methodology and develop an algorithm description document 

PHASE II: 1) Develop modeling algorithms for correlating GMTI data using multiple sources/sensors 

2) Document known characteristic behaviors of Multi-sensor GMTI data

3) Evaluate, test Candidate modeling in operational relevant scenarios

4) Assess overall system performance improvements for operational interests.

5) Develop curves for exploited GMTI performance Model behavior 

DUAL USE COMMERCIALIZATION: Military application: This research will help intelligence analysts perform real-time sensor measurements as well as assist them in archiving GMTI data.  Commercial applications include:

1) Network Modeling and Applications

2) Metropolitan Modeling and Traffic Analysis

3)Urban Transportation Planning

REFERENCES: 1. http://www.afrlhorizons.com/Briefs/June01/IF0017.html

2. http://www.ll.mit.edu/asap/asap_04/DAY2/21_PR_JONES.PDF

3. http://afeo.langley.af.mil/content/documents/initiatives/FAOC.pdf 

4.  http://www.darpa.mil/DARPATech2000/Speeches/TTOSpeeches/TTODDB(Kessler).doc

5. http://www.fusion2006.org/tutorials.htm

6. http://newton.nap.edu/books/0309069254/html/88.html

7. http://www.afcea.org/signal/articles/templates/SIGNAL_Article_Template.asp?articleid=576&zoneid=85

8. http://www.wslfweb.org/docs/dstp2000/dtopdf/09-G.pdf#search=%22Jon%20Jones%20AFRL%20GMTI%20multisensor%22

KEYWORDS: Data Mining, Information retrieval, Surveillance Radar, information processing, Statistical analysis, Sensor fusion, Data fusion, multi-sensor Intelligence, Surveillance, and Reconnaissance (ISR), surface or ground target behavior models, Ground or Surface Moving Target Indicator (GMTI or SMTI)

AF071-079 
TITLE: Non-Language Speech Sound Detection
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop and test algorithms to identify and eliminate non-language speech sounds as a pre-processing stage to improve audio processing.

DESCRIPTION: Non-language speech sounds (NLSS) (laughter, coughing, grunting, sighing, breathing, clicking; as well as back channel sounds like mhm, hmm, unhuh, etc.) make up a very large part of natural human language use. The current state-of-the-art in speech preprocessing has focused almost entirely on segmenting human speech from noise. However, these human non-speech sounds also cause significant problems for automatic processing of speech, such as speech recognition, language identification and speaker recognition. In fact contemporary speech recognition training data preparation requires hand-labelling of NLSS, a very time consuming and costly process. The focus of this effort will be to develop and test algorithms to automatically identify and eliminate non-language speech sounds as a pre-processing stage to improve audio processing. The algorithms must be able to accommodate multiple channel conditions and speakers.

PHASE I: Develop focused approaches to identifying and removing NLSS that go beyond the current speech segementation algorithms that do not accomodate interfering human noise. Develop and provide a conceptual design and breadboard a demonstration of the technology.

PHASE II: Based on the research in Phase I begin to develop and expand on various approaches to increasing the accuracy of the NLSS algorithm. Capitalize on all research data from earlier research to finalize a design and characterization of the software to build. Define the test requirements to evaluate the accuracy and suitability of the prototype for the identification NLSS in audio.

DUAL USE COMMERCIALIZATION: Military application: This technology provides a value added benefit to speech recognition algorithms, speech-to-speech machine translation, audio data mining and information extraction, speaker and language recognition. Commercial application: This technology provides a value added benefit to speech recognition algorithms, speech-to-speech machine translation, audio data mining and information extraction, speaker and language recognition.

REFERENCES: 1. Jakobson, R. (1995). On Language. Ed. L. R. Waugh & M. Monville-Burston. Cambridge, MA: Harvard Free Press.

2. Barlow, A. R. (1993). Language-Specific and Universal Aspects of Vowel Production and Perception: A Cross-Linguistic Study of Vowel Inventories. Ithaca, NY: CLC Publications.

3. Kornai, A. (1999). Extended Finite State Models of Language. Cambridge: Cambridge UP.

KEYWORDS: Speech processing, human language technologies, audio processing, speech segmentation

AF071-080 
TITLE: Network Attack Damage Assessment
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop techniques and tools to identify and assess compromised and damaged information assets.

DESCRIPTION: Security and assurance are critical attributes of the network centric warfare paradigm and are critical to ensuring mission success. One of the problems within the NCES framework is that the networks and systems that comprise the information enterprise are complex and dynamic thus making them difficult to secure. This becomes increasingly important when operations are comprised of joint, allied and coalition forces and when communities of interest are dynamic and distributed. Complex NCES of the future will need to have the capability to provide real-time situational awareness and understanding of network and system activity to commanders in order to ensure that information enterprises are reliable, secure, available, and correct. This effort addresses technologies that are needed to determine network, operational, and mission impacts that result from successful adversary cyber attacks. This type of network and system attack damage assessment is critical for situational awareness and understanding and also is a key to maintaining survivability of information systems and to improve the integrity of critical data and applications. Real-time, automated damage assessment capabilities are required to assist cyber security analysts in finding the root cause of a cyber attack, to accurately find damaged network and system components, to contain the spread of malicious code, to quarantine damage, and to produce courses-of-action that provide continuity-of-operations for critical network and information enterprise functions. Damage assessment tools should be able to provide cyber security analysts with an accurate network map, a visualization of where problems are from both performance and security standpoints, an overall view of what components and applications are down or damaged, what the extent of the damage is, and what corrective actions can be taken to keep the overall enterprise operable. 

PHASE I: Describe and develop creative methods, techniques and tools for developing cyber attack damage assessment systems. The methodologies should in particular address the issue of how to determine what damage has occurred to network and system components and what the mission impact is.

PHASE II: Develop, implement and validate a prototype cyber attack damage assessment system that utilizes the tools and methods from Phase I. The prototypes should be sufficiently detailed to evaluate security, reliability, scalability, usability, and accuracy of the system in terms of finding and assessing damage to networks, systems and operational impact. 

DUAL USE COMMERCIALIZATION: Military application: Movement towards electronic commerce applications, information technology and complex networks where the ability to ensure the security and reliability of networks will become critical. Commercial application: Civilian applications such as electronic commerce, critical infrastructures, and financial applications mean that the commercial world has requirements for network attack damage assessment tools.

REFERENCES: 1. Nelson, David B., “Hard Problems in Information Security,” March 17, 2004. Available online at:

http://www.itrd.gov/about/presentations_nco/2004/20040317_irc_dnelson/20040317_irc_dnelson.pdf

2. IRC Hard Problems List, July 2005. Available from the InfoSec Research Council (IRC) at http://www.infosecresearch.org/contact.html.

3. Criste, Frank, “Implementing the Global Information Grid (GIG) – A Foundation for 2010 Net Centric Warfare (NCW),” May 18, 2004. Available online at:

http://www.ndia.org/Content/ContentGroups/Divisions1/International/CRISTE.ppt

4. Global Information Grid Information Assurance Capability/Technology Roadmap, October 2004. Available to DoD users with PKI certification (CAC) cards at: https://powhatan.iiie.disa.mil/gig/index.html. Some additional public information on GIG information assurance issues can be found: http://iase.disa.mil/

KEYWORDS: Networks, information assurance, damage assessment, forensics

AF071-081 
TITLE: Information Trustworthiness, Integrity Non-Language Speech
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop methods/tools for verifying information trustworthiness,integrity and standardization in a distributed computing environment in which information is to be integrated from different sources. 

DESCRIPTION: Underlying the vision of a Single Integrated Battlefield Picture is the implication that the picture presented to warfighters and decision makers are consistent, complete, and accurate. An untrustworthy operational picture can severely impact a mission and result in lost lives, especially when trust is placed in untrustworthy data. Similarly, the Net-Centric Data Strategy's goal of sharing a broad range of information over a network depends heavily on the reliability of the shared information. JSF mission, vehicle and logistics organizations, will disregard any information coming from known bad sources, no matter how effectively the information is integrated, aggregated and presented. This is as true in the global, distributed business environment today as it is in the global war on terror, in executing emergency relief plans or in understanding the potential threat of bird flu epidemics. The goal, therefore, is not simply the semantic integration of distributed information, but the semantic integration of trustworthy information from distributed sources.

Better methods, processes and tools are needed to validate the trustworthiness and authenticity of information sources, both structured(relational databases) or unstructured (documents, images, recordings), especially for those contributing to mission critical situational awareness. A range of issues must be addressed in assuring the overall quality and authenticity of information sources, such as a source metadata, attribution, authentication, timeliness, consistency, completeness, comparative analysis heuristics,and real-time, person-in-the-loop validation methods. 

PHASE I: Develop a candidate method or process for assessing information trustworthiness in a distributed, heterogeneous computing environment. 

PHASE II: Develop a full featured prototype where automation is possible, using real world structured and unstructured data to illustrate the approach. 

DUAL USE COMMERCIALIZATION: Military application: Work with large, distributed commercial organization to extend implementation and to transition to use throughout DOD as well as to commercial users of domain information integration. Commercial application: Methods that ensure greater reliability of semantically integrated information will support government/business to make more timely/accurate decisions, resulting in much higher probability of success.

REFERENCES: 1. Jensen, Finn V. Bayesian Networks and Decision Graphs, Springer Verlag,2001. 

KEYWORDS: validation, trustworthy, trustworthy information  

AF071-082 
TITLE: Advanced Self-Learning Ontologies
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Develop tools and techniques that facilitate the dynamic capture and automated updating of domain ontologies, in particular the linkages or relationships between concept instances necessary to reason over domain specific knowledge. 

DESCRIPTION:  An ontology, is a set of concepts - such as objects, events, and relationships - and a set of explicit assumptions regarding their intended meaning represented in some way in order to create an agreed upon vocabulary for exchanging information.  Generating and updating ontologies manually has been the typical approach undertaken by most ontology engineers.  This process is very time-intensive, error-prone, and poses many maintenance problems.  Most users of ontologies treat them as if they are static and typically go for extended periods without updating.  This delayed revision can result in knowledge gaps or inaccuracies and be especially detrimental in situations which rely on this structured knowledge to perform complex inference-based reasoning.  Failure to incorporate revised knowledge can also lead to “dead end” relations, or result in the propagation of incorrect inference results.  Dynamic methods for ontology capture and update are needed to help solve these problems.

The goal of this SBIR is to develop methods that will enable the automatic generation of new ontologies and the update of existing ontologies driven by the arrival of new or revised information/knowledge.  Automated generation or learning of ontologies is a very difficult problem and has so far achieved limited success.  Achievements in semi-automated ontology generation have been made largely in the form of tools and aids to assist the human expert.  Many research challenges remain in this field.  Automated ontology update is concerned with maintaining existing ontologies and extending them as appropriate when new information or knowledge is acquired. It is apparent from the reviews that current research into semi-automatic or automatic ontology update has so far achieved limited success also.

The goals for this research area span challenging areas with deep roots in knowledge and AI systems.  For ontology updates, research is needed into how to identify revised or updated knowledge as well as those relations that constitute “knowledge gaps”.  Other areas of research include (but are not limited to) such things as learning an ontology from scratch, from existing ontologies, from a corpus of information sources, or a combination.  This could include various degrees of automation, ranging from completely manual, to semi-automatic, to completely automated.  Techniques such as text mining and natural language processing are emerging as potential approaches to leverage towards these solutions.

Potential applications for this research are far reaching.  Within the context of an operational scenario, an ontology may infer that certain intelligence indicators project a particular event is imminent.  However, consider the case where HUMINT provides information that these indicators are no longer an absolute criteria for this event, but that there are new indicators that need to be present.  The ontology must now be revised to change the criteria by which this event is signaled.  In addition, new information/knowledge could come from other sources such as operational applications, direct SME input/feedback, textual documentation (i.e., CONOPs, WWW, Intelligence reports, etc.), or even networked ISR and weapons platforms. 

PHASE I:  Feasibility concept. Develop an innovative approach and incremental plan to meet the SBIR topic requirements of automated ontology update and generation, and assess its feasibility. Develop the initial design for a prototype and demonstrate its application.  A successful proposal must show a clear path of incremental technology development and a vision that incorporates the potential to address the spectrum of technical challenges under this topic area.   

PHASE II: Research and develop the required technologies and prototype, per Phase 1 design. Develop and demonstrate a prototype baseline system for updating, generating, and visualizing ontological data from operational systems.  Design and build an integrated decision support application that implements advanced ontological update and generation capabilities.  Perform initial technology evaluation with representative test data.  Develop a technology transition plan.

DUAL USE COMMERCIALIZATION: Military application: This technology could have a major military impact on applications that require integrated decision-making and timely information such as planning/scheduling systems, autonomous vehicles, and logistics systems. Commercial application: This technology could have a major commercial impact on applications that require integrated and accurate decision making such as link discovery and hospital life support systems.  Candidate transition programs include J-STARS, AWACS and the Distributed Common Ground System Integration Backbone.  Within the broader Air Force, the resulting technology will address the need for meaningful integration of data required to support decision logic processing and intelligent information distribution.   These capabilities support the missions of the Joint Strike Fighter and the AF Space Command’s Knowledge Management Initiative.

REFERENCES: 1. Ying Ding, Schubert Foo, “Ontology Research and Development: Part I – A Review of Ontology Generation”, SAGE Publications, http://jis.sagepub.com/cgi/content/abstract/28/2/123

2. Zhdanova, Bruijn, Zimmermann, Scharffe, “Ontology Alignment Solution”, Esperonto Services, http://www.deri.at/fileadmin/documents/deliverables/Esperonto/Del1.4-V2.0-final.pdf#search=%22Esperonto%20Ontology%20Alignment%20Solution%22

3. Michele Missikoff, Roberto Navigli, and Paola Velardi, “Integrated Approach to Web Ontology Learning and Engineering”, IEEE Computer, November 2220, pp60-63.

4. Nicola Guarino and Christopher Welty, “Evaluating Ontological Decisions with Ontoclean”, Communications of the ACM, February 2002/Vol. 45. No 2., pp 61-64.

KEYWORDS: Ontologies, learning, knowledge representation, data modeling

AF071-083 
TITLE: Intelligent Integration of Human Cognition into the Fused Reasoning Process    
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Develop methods and tools required to allow human interaction with automated systems performing data association and motion pattern analysis.

DESCRIPTION: Much of the research and literature in the areas of tracking, as well as situation refinement, and threat assessment (JDL Fusion Levels 1-3) have focused on the application of automated reasoning techniques to derive their results.  These results may be based on continuous multi-intelligence tracking algorithms, models-based situation and threat assessment algorithms or applications of various calculi to achieve the optimal understanding of the battlespace.  One key shortcoming of this approach in the real world is the lack of total understanding of the dynamic adversary, coupled with incomplete features externalization by sensors, precluding continuous and fully automated tracking and reasoning.  At the same time, most of these designs ignore the hugely powerful inputs available from human analysts into the fusion process.  Most of these algorithmic approaches are based upon an a-priori model of sensed environment and the adversary in question.  In most cases uncertainty caused by algorithmic inability to associate data based on a lack of features or priors leads to a product that is not usable by the warfighter due the uncertain nature of the fused data.

This effort focuses on two main aspects: Smart Data Association and Motion Pattern Analysis. This effort should consider the entire range of typically available sensor assets, including but not limited to MTI, fixed imagery, motion imagery, MASINT, and SIGINT. While focused on sensor based data, other ancillary information or data sources (e.g., terrain, cultural information, road networks, etc.) where useful can/should be applied to deduce and exploit the underlying behavior. Smart Data Association requires the development of processes, algorithms and interfaces to optimally utilize smart association algorithms to combine elements that may be separated by time and space. The design should include the means for a human to dynamically assign their own criterion for association of observed data in the battlespace.  This design should allow the analyst to define how many sources of a particular type or specific sources they will accept to call sufficient for association and creation of an “associated” entity in the battlespace.  Addition association criteria to be defined by the operator include geolocational and temporal accuracy.   Another aspect of this SBIR, is the development of techniques that automatically detect and recognize operationally significant motion patterns once the data has been fused using the Smart Data Association.   

PHASE I: Explore smart information association and motion pattern analysis techniques in the fusion decision space.   Develop a human friendly approach to data association and pattern analysis and demonstrate feasibility of the proposed approach.

PHASE II: Implement a prototype of the Phase I approach.  Integrate prototype into a government supplied tracking architecture.  Demonstrate integrated prototype using a variety of Multi-Intelligence sensor track data.  Evaluate results against a set of government supplied measures of performance.

DUAL USE COMMERCIALIZATION: Military application: Tools and component technology developed in this SBIR are applicable to a broad range of sectors, including commercial logistics, homeland security, and transportation. Commercial application: Technology developed in this area can be applied to tracking of commercial vehicles, as well as used by the FAA for tracking of commercial and private aircraft.

REFERENCES: 1. D. L. Hall, Mathematical Techniques in Multi-sensor Data Fusion, Artech House, Norward, Ma, 1992.  Y. Bar-Shalom, and T.E. Fortmann, Tracking and Data Association, Academic Press, New York, 1998.  J.W. Guan, and D.A. Bell, Evidence Theory and It’s Applications, vol 1. Studies in Computer Science and Artificial  Intelligence

KEYWORDS: Smart Association, Motion Pattern Analysis, Human on the loop

AF071-084 
TITLE: Situation Awareness and Impact Assessment for Cyber Network Defense
TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Develop technologies enabling situational awareness for large-scale cyber network defense, assessing the impact of adversarial action against a network, and predicting future adversary attack strategy

DESCRIPTION: Various documents express a specific need for research in the area of cyber situational awareness.  These include the requirements of the Global Information Grid (GIG) for enterprise-wide network defense and situational awareness, the “Federal Plan for Cyber Security and Information Assurance Research and Development” by the National Science and Technical Council lists large-scale cyber situational awareness as one of it’s top technical priorities, and the report to the President, “Cyber Security: A Crisis of Prioritization” lists network monitoring and detection as one of ten top priorities for both civilian and military cyber security.

Current methods for alert correlation to detect and identify network attacks rely on data mining approaches that use features or feature sets of network data to discover an attack.  This approach has proven useful but has recurrent issues with false positives, limited scalability, limits on detecting highly complex attacks, and adaptability to detecting new types of attacks.

When considering enterprise-wide network defense, current methods are typically insufficient.  Recent advances in applying data fusion techniques to cyber network defense are beginning to demonstrate an ability to detect highly complex cyber attacks such as, email phishing, data exfiltration, and long chains of stepping-stone or island-hoping attacks.  A high level description of the approaches currently in development was presented as “A Situation Awareness Model Applied to Multiple Domains,” at SPIE 2005, Orlando FL.  The approach was further refined to apply to the cyber domain in “Realizing Situation Awareness within a Cyber Environment”, SPIE 2006.  The result of this research has advanced the detection of the situation of a network but has yet to fully enable network situation awareness, the assessment of the impact of a cyber attack, or prediction of an attacker’s next step in the execution of an attack.

Given this background, the intent of this SBIR topic is to address these remaining problems of fully enabling network situation awareness, cyber impact assessment, and attacker prediction.

PHASE I: Research methods, techniques, and tools that will automatically assess the situation of a large-scale network, the impact of any cyber attacks, and predict future attacker action within the network.  Develop and provide a conceptual design and conceptual prototype of the technology.

PHASE II: Based on Phase I, develop, implement, and validate a prototype system.  The prototype should be sufficiently detailed to evaluate scalability, usability, and self-protection from any compromise of its ability to monitor the network’s situation.  Define metrics or measures that can be used to evaluate the sufficiency of the prototype’s ability to present the network situation and impact of attacks.

DUAL USE COMMERCIALIZATION: Military application: Enabling an analysts’ network situation and impact awareness is critical to cyber network defense for military applications contending with malicious network activity and data theft protection. Commercial application: These technologies directly apply to protecting enterprise networks supporting critical national infrastructures such as electric power, nuclear energy, financial systems, and air traffic control.

REFERENCES: 1.  Steinberg, Alan N., Christopher L. Bowman, and Franklin E. White, October 1998. Revisions to the JDL Data Fusion Model, presented at the Joint NATO/IRIS Conference, Quebec.

2.  Endsley, Mica R., March 1995. Toward a Theory of Situation Awareness in Dynamic Systems.  In Human Factors Journal, Volume 37(1), pages 32-64.

3.  Salerno, John J., Michael Hinman, and Douglas Boulware, “A Situation Awareness Model Applied To Multiple Domains”, In Proc of the Defense and Security Conference, Orlando, FL, March 2005.

4.  Tadda, George, John Salerno, Douglas Boulware, Michael Hinman and Samuel Gorton, “Realizing Situation Awareness within a Cyber Environment”, In Multisensor, Multisource Information Fusion: Architectures, Algorithms, and Applications 2006, edited by Belur V. Dasarathy, Proceedings of SPIE Vol. 6242 (SPIE, Bellingham, WA, 2006) 624204.

5.  Valeur, Fredrik, Giovanni Vigna, Christopher Kruegel, and Richard A. Kemmerer, “A Comprehensive Approach to Intrusion Detection Alert Correlation”, IEEE Transactions on Dependable and Secure Computing, Vol. 1, No. 3, July-September 2004.

KEYWORDS: Cyber Situation Assessment, Cyber Situation Awareness, Cyber Impact Assessment, Cyber Attack Anticipation

AF071-085 
TITLE: Advanced Time-Stamping of Events from Unstructured Text for Battlespace Awareness
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop high-accuracy time-stamping of events from unstructured text, addressing the hard problem of events without explicit times, to achieve the operational-quality accuracy AF applications require.

DESCRIPTION: The current state-of-the-art of Text Extraction technology supports extracting an explicit time from unstructured text, putting it into a normalized form, and associating a time with an event if they occur in the same sentence.  Baseline evaluations such as NIST’s Automated Content Extraction (ACE) task for Time Expression Recognition and Normalization (TERN) are laying important groundwork for the field to make measurable headway in this arena.   

However, the problem our AF users face is more difficult than what the current state-of-the-art can address; many events in unstructured text (like HUMINT) do not have explicit time information associated with them.   Not being able to accurately time-stamp these events has hampered efforts to develop a high-accuracy event extraction capability that is good enough for operational applications like timeline visualization, multi-INT Fusion and Effects-Based Assessment. E.g., even though it is possible to extract and visualize some events from unstructured text, the quality is not yet good enough for operational purposes.  Either a lot of events are not visualized (because the sentence does not contain explicit time information).  Or the accuracy of the times used for visualization purposes is not good enough for operational purposes (e.g., the system makes too many errors in calculating and associating times with events).  Simplistic solutions to the problem of events without explicit times have been tried in the past, and have not achieved high enough accuracy for operational use.  E.g., using the document date or the date-of-information (DOI) as the default date/time has not been a sufficient solution.  It may work in certain narrow cases (e.g., for certain types of text, like narrative news articles, if there are no shifts in the time periods being referenced).  However, such default dates/times do not work for many other types of text our users need to process in real life, that do reference more than one date/time.  Another simplistic solution that has not worked is using "nearby" times (last date/time referenced, date/time in the same paragraph, etc.).  What is needed is a “smarter” capability, which can reason about changes in reference time throughout a document, and correctly calculate and associate times with events that do not have date/time information explicitly associated with them in the text.  

Given this background, it is the intent of this SBIR Topic to address remaining difficult problems associated with determining the correct time to associate with an event.  E.g., some researchers site the need to understand discourse structure in order to reason about how to correctly propagate shifting reference times within a document.  Others site the need to understand how one event references another, in order to reason about their relationship in time.  Some researchers site the need to understand specific types of relationships between the events themselves (e.g., cause and effect).  The main point is to identify and address the key problem(s) that will have the largest impact on improving our ability to accurately determine the date/time to associate with events that do not have an explicit date/time associated with them in the text.

PHASE I: Feasibility concept. Develop an innovative approach to meet the SBIR Topic requirements, and assess its feasibility. Develop the initial design for a prototype and demonstrate its application

PHASE II: Research and develop the required technologies and prototype, per Phase 1 design. Develop and demonstrate a prototype baseline system for extracting and visualizing event information from unstructured text on timelines, with a high level of accuracy, using candidate actual data from operational systems

DUAL USE COMMERCIALIZATION: Military application: The ability to visualize events from unstructured text on timelines would significantly enhance current timeline-analysis capabilities, enabling more dynamic Battlespace Awareness. Commercial application: Real-time event monitoring (stock-market trend analysis, news organizations) or analysis of  relationships between events over time (political strategists, criminal investigators, medical researchers)

REFERENCES: 1. The ACE 2005 (ACE05) Evaluation Plan, Planhttp://www.nist.gov/speech/tests/ace/ace05/doc/ace05-evalplan.v3.pdf

2. TIMEML: Markup Language for Temporal and Event Expressions, http://xml.coverpages.org/timeML.html, Cover Pages, Last Modified July 7, 2004.

3. Pustejovsky, James and Mani, Inderjeet, "Tutorial 11: Event and Temporal Awareness for Intelligence Analysis", 2005 International Conference on Intelligence Analysis, https://analysis.mitre.org/proceedings/Final_Papers_Files/255_Presentation_Slides.pdf,  May 2, 2005.
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AF071-086 
TITLE: Antenna Array Structures for Composite Airframes
TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: To design and build a new class of adaptable, software defined, skin conformal aircraft antennas aimed at coupling RF information into and out of nano-scale devices and sensors.

DESCRIPTION: Carbon nanotubes are essentially mono-atomic graphite sheets rolled into cylinders. Recent breakthroughs in materials synthesis have resulted in the ability to synthesize carbon nanotubes at microwave and RF wavelengths. This allows the possibility of wirelessly coupling microwaves from free space into nanoscale electronic devices and sensors. Integrated circuits built around single carbon nanotubes have been demonstrated. Carbon nanotube transistors have the potential to outperform silicon. Graphite/epoxy material is the basis of most aircraft composite airframe structures. These factors open the door for aircraft skin that could perform as software defined antenna or EM shield.

PHASE I: Phase I of the program should demonstrate proof-of-concept of nanotubes as both receiving and transmitting antennas. Design GHz frequency range antenna from a single or multiple nanotubes. 

PHASE II: Phase II of the program should demonstrate proof-of-concept of connecting a nanotube antenna to a carbon nanotube integrated circuit.  Demonstrate a prototype design of a carbon nanotube integrated circuit, tunable, GHz frequency range, transmit receive antenna module.

DUAL USE COMMERCIALIZATION: Military application: The technology will produce new materials for enhancing stealth capabilities and producing polarization sensitive electromagnetic shielding and sensing of interest to the DoD. Commercial application: Wearable computers, cell phones, fuel cells, solar cells, drug delivery vehicles, bullet proof vests, fire retardant plastics, electrical power grid.

REFERENCES: 1. Charles E. Harris, James H. Starnes, Jr., and Mark J. Shuart, “An Assessment of the State-of-the-Art in the Design and Manufacturing of Large Composite Structures for Aerospace Vehicles”, NASA/TM-2001-210844Langley Research Center, Hampton, Virginia.

2. G.W. Hanson, “Fundamental Transmitting Properties of Carbon Nanotube Antennas”, IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 53, NO. 11, NOVEMBER 2005.

3. P. Burke, Z. Yu and S. Li, "Quantitative Theory of Nanowire and Nanotube Antenna Performance", cond-mat/0408418, (2004).

4.  S. M. Huang, X. Y. Cai and J. Liu, "Growth of Millimeter-Long and Horizontally Aligned Single-Walled Carbon Nanotubes on Flat Substrates", Journal of the American Chemical Society, 125, 5636-5637, (2003).

5.  Z. Yu, S. Li and P. J. Burke, "Synthesis of Aligned Arrays of Millimeter Long, Straight Single Walled Carbon Nanotubes", Chemistry of Materials, 16, 3414-3416, (2004).

KEYWORDS: antenna, software defined radio, carbon nanotube, nanotechnology

AF071-087 
TITLE: Voice Transformation and Detection
TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: The objective of this effort is to develop and test voice transformation algorithms.  The goal is for both the development of voice transformation techniques and for the detection of when voice transformation software is being employed.  This will enable robust deployment and detection of transformed voices.  

DESCRIPTION: Voice transformation software is becoming more readily available in the public domain.  Voice transformation allows one to disguise their true identity or to make their voice sound like another individual.  As the research community develops advanced audio identification algorithms, it is imperative that we develop methods to detect when voice transformation systems are in use.  Additionally, it may be desirable for friendly forces to employ voice transformation software for force-protection, or for use in a deception campaign against hostile forces. 

PHASE I: The goal of this phase is to research techniques to analyze a person voice for voice transformation.  While voice transformation have been around for awhile, the ability to transform a person’s voice to a target voice is not yet solved.  Parameters such as the speaking rate, stress, and intonation will provide broad parameters for modeling a person’s voice.  A finer grain analysis of a person’s voice may also be performed by de-convolving an audio signal into its glottal pulse and vocal tract information.  Part of the Phase I effort will be to understand state-of-the art technology for voice transformation and to define/describe the technical issues and risks that need to be addressed in Phase II.   Preliminary results using the most promising techniques will be delivered in Phase I.  

PHASE II: Based on the results of Phase I, the research will expand on the preliminary approach of Phase I.  Thus, recent approaches such as [1, 2], where the signal is broken down into an aspirated portion and a harmonic portion may prove to be useful.  The innovative research is creating an ability to analyze a speaker’s voice and then transform it to any desired target voice.  Experiments with human listeners will be conducted to assess the validity and potential use of voice transformation techniques.  Other experiments will be conducted to assess how voice transformation impact speaker identification algorithms.  

PHASE III DUAL USE APPLICATIONS: Some commercial uses for voice transformation techniques include medical applications if a person’s voice box was damaged, in the gaming industry and animated films for creating and modify voices, for voice dubbing of foreign films, and for creating/reducing a person’s accent.

REFERENCES: 1. Ki Seung Lee, Dae Hee Yun, and Il Whan Cha, A New

Voice Transformation Method based on Both Linear and

Nonlinear Prediction Analysis. The International

Conference on Spoken Language Processing, 1401-

1404, Philadelphia, USA, October 1996.

2.  D. Mehta, T. Quatieri, Pitch-Scale Modification using the Modulated Aspiration Noise Source, Interspeech 2006.

KEYWORDS: Voice Transformation, Voice Authentication, Voice Modification

AF071-088 
TITLE: Policy Definition and Enforcement for Virtual Enterprises
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop tools and techniques for creating and managing semantics-based security and access policies across virtual enterprises. 

DESCRIPTION: Semantic integration technologies are quickly creating an environment where both structured and unstructured data, once isolated in distributed silos and differing formats, can now be integrated to provide a more comprehensive picture of activities within the virtual enterprise. While this capability has tremendous potential for improving the efficiency and effectiveness of a wide array of organizations, it is not without risk. By providing an integrated view of an organization’s internal information, these systems create the opportunity for inappropriate access and damaging misuse.  

Semantic technologies can be used to more effectively identify the kinds of information that users may/may not have access to, as well as the kinds of user communities permitted access to particular kinds of information. Research is needed into “semantic-based security policies” that base information access on the meaning of its content rather than on conventional, role-based lockout techniques. The problem with these techniques is that they rely heavily on the “structure” of data sources rather than on the “meaning” inherent in the information to be accessed.  For instance, users may be prevented from row or column access based on their role in the organization; or they may be prevented from accessing documents at a given classification level.  This is a fragile and inflexible approach to information security, especially in federated environments where information is being dynamically combined with other information to create new meaning on the fly, as is endemic to “network-centric” environments.  The conventional, “structural” approach to data access has severe limitations:

1. It assumes all data sources, and their structures, are known a priori and that systems can prevent access based on that known structure;

2. It is vulnerable when the structure of data sources change, such as deletion of a table column;

3. It is severely limited with respect to unstructured data, where access should be controlled based on the meaning of the content and the metadata;

4. It does not readily handle dynamically created information, such as aggregated data, facts inferred by rules, or information synthesized by combining numerous sources of information.

To address these limitations, research is needed into information security techniques that base information assurance on the “meaning” of the information content and its metadata. 

Little has been done to semantically model the kinds of information a particular user or user group may have access to and to use these semantic models to control access based on the meaning of content.

This is especially important to any command and control military organization that wants to operate securely under a Net-Centric Data Strategy that promotes information sharing, information discovery and information access of both structured and unstructured information . The specification, implementation, and verification of granular security policies is made more challenging by the transformation, compositing, unification, and inheritance capabilities of semantic data integration infrastructures, since micropolicies have typically focused on “structure-based” techniques, whereas it is the meaning of composite information, for example, that makes it more or less classified. 

PHASE I: Perform the initial research necessary to identify essential security policy enhancements for large semantic data integration systems composed of both structured and unstructured information.  Demonstrate how semantic modeling can be used to provide automated guidance to systems that must determine access criteria for different user types.  Research potential methodologies and tools for the specification, implementation, and verification of semantic security policies in such systems. 

PHASE II: Develop a full scale prototype implementation of semantics-based security policy enhancement capabilities for large semantic information integration environments comprised of both structured and unstructured information sources. Solutions must be aligned with the DoD Net-Centric Data Strategy, as well as inclusion of COTS / GOTS capabilities where applicable. 

DUAL USE COMMERCIALIZATION: Military application: Solidify a technology which can be applied to other domains where integrated data will directly contribute to enhancing and improving operational capability. Commercial application: Within the commercial sector, the capability to quickly provide actionable information to stakeholders across global enterprises engaged in business and research activities would be significant.

REFERENCES: 1. Oliva, Marta and Saltor, Felix “Maintaining the Confidentiality of Interoperable Databases with a Multilevel Federated Security System,” Database and Application Security XV. Kluwer Academic Publishers, 2002 (ISBN: 1-4020-7041-1).

2. Phillips, Charles E. Jr, and Ting, T.C. “Information Sharing and Security in Dynamic Coalitions,” Proceedings of the seventh ACM symposium on Access control models and technologies, Monterey, California, USA, 2002

3. Joshi, J.; Ghafoor, A.; Aref, W.G. and Spafford, E.H. “Digital government security infrastructure design challenges,” IEEE Computer, Feb 2001

4. Schneider, Fred B. “Enforceable Security Policies,” ACM Transactions on Information and System Security (TISSEC), 2000

KEYWORDS: Information Technology, DoD Net-Centric Data Strategy, Semantic Data Integration, Security Policies, Virtual Enterprises, ontology

AF071-089 
TITLE: Reactive Planning Against TSTs ( RPAT )
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics, Weapons

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

STATEMENT OF INTENT: An automated TST process on-board the AWACS platform will allow the Warfighter to quickly react within the vulnerability window of fleeting, high payoff targets of opportunity.

OBJECTIVE: The objective of the Reactive Planning Against TSTs effort is to develop a systems capability that reduces the decision process time currently existing within airborne combat operations against TSTs. 

DESCRIPTION: The purpose of the Reactive Planning Against TSTs (RPAT) research effort is to develop a distributed systems capability that reduces the permission / confirmation (i.e., Go / No-Go) decision process time that currently exists within airborne combat operations against Time-Sensitive Targets (TSTs). RPAT is intended to provide instantaneous permission / confirmation for airborne attack assets to prosecute targets that were not part of the original air attack plan (Pop-ups or Targets Of Opportunity). Achieving the objective of this activity would significantly improve the combat operations execution decision process in terms of accuracy and safety and would further reduce the timeline for traversing the TST kill-chain. This automation technology could also be applied to the Drug Enforcement Administration, US Coast Guard and Federal Aviation Administration to enhance Homeland Defense and Federal Airspace Security. 

Recent conflicts have highlighted a need for the rapid availability of actionable data between the Joint Forces Air Component Commander (JFACC) and engaged operational elements (e.g., Strike, ISR, C2 A/C) in order to share targeting-quality data in near real time to allow knowledgeable decisions and provide authorization to engage time-sensitive targets that are identified, but not part of the original mission plan. These quick decisions involve assessing incoming data, tasking the appropriate responders, evaluating the effects on the original mission plan and ensuring timely execution. This data is currently collected and accumulated in the Air Operations Center (AOC) throughout its many databases/tools and is used by the functional groups within the AOC to manage the air war, but in a non real-time process that is serial and involves many diverse committees of people and workstations. Both the AOC and the AWACS elements are manpower intensive and process driven. They are computer-aided but not computer integrated and automated. This SBIR effort will look at the TST prosecution process in both areas and determine where automation and machine-to-machine communications will expedite decision processes and courses of action. The research will also determine the best allocation and synchronization of these processes, responsibilities and databases between the RPAT nodes.

The RPAT research is intended to develop advanced information technology that utilizes newly emerging battle space information and applies technologies such as intelligent agent, associate system, data fusion, data mining, knowledge representation, ontologies and control elements to provide the military decision makers processed, actionable information to make real-time decisions. This SBIR would define the AWACS participation in this constellation of data-linked nodes that are autonomously exchanging information for dynamic battle plan management and execution. The generation, configuration management and exchange of TST targeting information among the RPAT nodes, and the delegation of attack authority between the AOC and the AWACS platforms will be serious design considerations. RPAT would significantly shorten the permission / confirmation decision process by automating actionable decision information, enhance accuracy by eliminating “human in the loop” errors, and speed the process to engage and defeat TSTs.

PHASE I: The initial concept phase would define the CONOPS, node architecture and communication protocol for an RPAT implementation that can authorize TSTs within seconds. This includes satisfying constraints of weather, proportionality, legality, collateral damage, threats, aircraft availability etc. 

PHASE II: The development phase would build a multi-spiral model of the architecture and message structure of the RPAT constellation in a ground based simulation facility. Various TST scenarios will be exercised and Technical Performance Parameters will be collected and analyzed to assure correctness and robustness of the decision process. Comparisons will be made to current TST time benchmarks. 

DUAL USE COMMERCIALIZATION: Military application: The transition phase would build the actual System of Record executable code that would be integrated with the TBMCS AOC system and the AWACS platforms in the operational world. Commercial application: Computer automated execution management and decision processes involving domain expert knowledge and case histories could be utilized in many time critical commercial processes (production/services).  This is exactly the kind of decision support required by Wall Street investment firms, especially in fast moving areas such as futures investments.  The information environment changes minute by minute and investment decisions must be made extremely quickly or money will be lost and therefore clients will be lost to the firm.

REFERENCES: 1. Col. Brian Waechter, “AWACS Futures Brief”, ESC/AW, 10 Jul 03.

KEYWORDS: AWACS, Time-Sensitive Target (TST), Kill-Chain Decision Process, Course of Action, Information Technology Automation

AF071-090 
TITLE: Multi-Static Sensor Information Integration
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

STATEMENT OF INTENT: The intent is to provide the Warfighter better situational awareness by increasing the ability to detect airborne and ground targets.

OBJECTIVE: The objective is to analyze and develop multi-static radar concepts for detecting airborne and ground targets in the presence of severe clutter and interference backgrounds.

DESCRIPTION: Bi-static radar operation offers several advantages over monostatic operation such as, range equation advantages, improved ECCM, covert receiver and stand-off transmitter operation.  Multi-static operation offers these same advantages, plus spatial diversity by having multiple receivers in the battlefield.  The multistatic concept is to use a high valued ISR platform, such as AWACS, as an illuminator and several passive receivers  over the field of regard.  The information from each of the passive receivers is coherently combined at the transmitter in order to provide both airborne moving target indicators (AMTI) and ground moving target indicators (GMTI).  It is expected that having multiple receivers will allow for improved target detection, when operating over severe clutter and interference environments plus improved SNR performance due to the spatial diversity.   An investigation is needed to determine the issues of performing MTI in a multi-static fashion.   Consider possible scenarios using both single and multiple illuminators as well as multiple passive receivers.  Develop a technique for combining the information from multiple receivers that will allow for improved MTI detections.

An alternative is to have the remote sensors operate monostatically, requiring the main ISR platform to cohere data form multiple sources.  This active mode for remote sensors requires them to both illuminate and receive and then to pass the MTI to the core ISR platform in the sensor net.  The advantage of having active multi-static adjunct, or auxiliary, sensors is that they may cover areas that are optically shadowed from the main sensor.  Also, having spatially separated active sensors allows for spatial and temporal waveform diversity with the potential of improved SNR on target, anti-jamming capability, and tomographic imaging.  

If the remote sensors are Unmanned Aerial Vehicles (UAVs), These UAVs in conjunction with an AWACS would constitute a swarm requiring special management and scheduling techniques.  Digital Pheremones and Stigmergy can be used as a guide toward controlling the behavior of the UAVs, as they fly unique flight patterns homologous to the AWACS racetrack flight path.  

PHASE I: Perform an initial analysis of multi-static concepts.  Identify scenarios that would be beneficial for MTI detection, both ground & air.  Initiate the development of a method to cohere the receiver information to aid in the detection process.  

PHASE II: Complete the algorithm development initiated in Phase 1. The design should include coverage/range analysis, receiver sensor number & location analysis, radar waveform selection, clutter model & mathematical formulation of multi-static signal processing algorithms.  Implement a computer simulation model of the developed design; consider using internal AFRL simulation tools such as RLSTAP & RAST-K. 

DUAL USE COMMERCIALIZATION: Military application: This work could be extended to a variety of military and civilian applications, which includes SBR, airborne surveillance systems, anti-drug surveillance systems, and communication systems. Commercial application: This work could be extended to commercial traffic monitoring systems and communication systems.

REFERENCES: 1. Col. Brian Waechter, “AWACS Futures Brief”, ESC/AW, 10 Jul 03.
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AF071-091 
TITLE: Customizable Text Extraction for Warfighters
TECHNOLOGY AREAS: Information Systems

STATEMENT OF INTENT:  This capability will give analysts the flexibility to find actionable intelligence from unstructured textual data sources (e.g. HUMINT) in dynamically changing situations, as information needs change.

OBJECTIVE: Develop automated techniques enabling AF users to rapidly customize open-domain Text Extraction capabilities to warfighters’ new/changing domains, with high accuracy.

DESCRIPTION:   Domain-customization is an important research area in Text Extraction.  A domain is simply an area of interest, such as “the biomedical domain” or “land-based target identification”.  Extraction systems are typically trained ahead of time to extract specific types of information objects (i.e., specific types of entities, relationships and/or events) known to be relevant to a particular domain.  So for the biomedical domain, an extractor might be trained ahead of time to extract entity types like “protein names” and relationship types like “protein-protein interactions”.   For the land-based target ID domain, the extractor may be trained to extract entity types like “equipment names” and relationships like “located at”. 

For traditional extractors using supervised learning algorithms, training data is required.  This consists of a few hundred documents with the predefined entities and relationships manually marked-up (“annotated”).  Once the system has been trained on this data, it will recognize and extract previously unseen mentions of these entity and relationship types.  While this method of training an extractor is effective, it is time-consuming and expensive, and usually requires assistance from people with expertise in computational linguistics.

The problem is, timely and costly domain customization is not acceptable for our AF users.  AF users’ information requirements are not static, nor can they always be anticipated ahead of time.  A rapid, easy way to customize Text Extraction systems to new and changing information requirements is needed, without the assistance of linguistics experts.  E.g., intelligence analysts assessing information pertinent to Improvised Explosive Devices (IEDs) may suddenly face a new biological threat, and need the ability to rapidly customize their extractor to find information (entities, relationships, events) pertinent to that new domain.  The newly customized system must be able to perform at a high level of accuracy as well, in order to support operational capabilities.  

Another customization problem is that the text the extractor is applied to is not always the same type it was trained on.  AF Users also need a fast and easy way to customize the Text Extraction system to new types of input text.

In addition, many current Text Extraction systems do not take advantage of users’ domain knowledge.  This knowledge could be exploited to improve performance of extraction systems.  While some systems do utilize domain knowledge, they can be overly cumbersome; they are not “light-weight and agile enough for a real world system.  

Given this background, the goals of this SBIR Topic are as follows: Develop user-centric techniques and tools to customize Text Extraction systems to new/changing domains.  Customization MUST be able to be performed simply, easily, and rapidly by a user vs a linguist.  Accuracy of the resultant system must be near the state-of-the-practice.  Leverage light-weight techniques to exploit users' domain knowledge to achieve even higher accuracy extraction results.   At a minimum, the capability will support customizable entity and relationship extraction. Customizable entity attribute (e.g., “tall”) and event extraction are also desirable, as is customizability to new text input types, such as various types of Intelligence message traffic and open source intelligence (OSINT).  

PHASE I: Feasibility concept.  Research and develop innovative techniques for rapid, easy customization of Text Extraction systems to users’ new and changing information needs, per the requirements of the SBIR Topic Description.  Assess the feasibility of the various techniques explored, and determine which techniques are the most promising.  Based on these results, develop the initial design for a prototype Domain-Customizable Text Extraction system, and demonstrate its application.

PHASE II: Perform in-depth research and development of innovative techniques and tools for rapid, easy customization of Text Extraction systems to users’ new and changing information needs, per the requirements of the SBIR Topic Description.   Focus on those domain-customization techniques found to be most promising during Phase 1.  Develop a prototype Domain-Customizable Text Extraction System utilizing these tools and techniques, per the initial Phase 1 design.  Demonstrate the prototype’s capabilities using candidate actual data from operational systems.  One potential operational system that this capability could support is AFRL’s Advanced Text Exploitation Assistant being developed for the Air and Space Operations Center (ATEA-AOC).  ATEA-AOC may also support other operational sites such as CENTCOM, AOC Reachback, and the AF Distributed Common Ground System (DCGS).   ATEA-AOC is currently being developed for domains such as Operational Assessment and Target ID.  However, there is considerable interest in customizing its extraction capabilities to additional new domains, such as exploiting information pertinent to IEDs.  

DUAL USE: Military application: Rapid customization of domain-independent Text Extraction capabilities to a warfighter’s specific domain (Area of Responsibility), enabling more dynamic Battlespace Awareness in the AOC and DCGS. Commercial application: Jobs that monitor events over time (e.g, stock market analysis of buy-sell trends) or analyze relationships between events over time (e.g., political strategists, criminal investigators, researchers).

REFERENCES: 1. Mihai Surdeanu and Sanda Harabagiu.  Infrastructure for Open-Domain Information Extraction.  Proceedings of the Human Language Technology Conference (HLT 2002), March 2002, San Diego, CA.

2. Cheng Niu, Wei Li, and Rohini K. Srihari.  A Bootstrapping Approach to Information Extraction Domain Porting.  Adaptive Text Extraction and Mining (ATEM-04): Papers from the 2004 AAAI Workshop.  The AAAI Press, Technical Report WS-04-01, 2004.
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AF071-092 
TITLE: Innovative Technologies for Knowledge Capture and Transfer in Space Systems Product Development
TECHNOLOGY AREAS: Information Systems

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

STATEMENT OF INTENT: Develop advanced multi-modal information technologies for knowledge capture and transfer that can feed a  lessons-learned knowledge base for Space & Missile Center’s life cycle product development. This is an extremely important area to the Space Systems PEO.

OBJECTIVE: Research and develop multi-modal knowledge capture and transfer technologies for creating, sharing, and managing knowledge during different phases of a project's development life cycle  (184/200)

DESCRIPTION: A key element in executing a successful commercial and defense project is applying lessons learned knowledge and experiences to prevent the repetition of past failures and mishaps. Unfortunately in many organizations, there is not a prompt and effective approach to capture lessons learned experiences during each phases of the project, and provide the means to make the knowledge available to other teams and future projects. Application of advanced knowledge management research to leverage past experience can save an organization valuable time and money, and is critical in reducing risk, improving reliability, and assuring the ultimate success of projects. 

The goal of this topic is to conduct new and innovative research in advanced multi-modal information technologies for knowledge elicitation, capture, and transfer that can feed a lessons-learned knowledge base for life cycle product development. Previous research and investigations have only been partially successful in identifying knowledge management strategies but failed to provide realistic implementation methodologies. The researcher should consider how to easily capture knowledge and lessons learned at the start, during, and end of each project phase, and how to facilitate making the knowledge available to other teams and future projects.  In particular the knowledge elicitation and captures should be human-centric base and capable of creating the knowledge content by multi-modal means, such as audio, video, and haptic (touch).  For example, creating inputs via touch screen, voice, recognizing acoustic speech waveforms, aligning symbolic representations of speech with requisite physical representations, and synthesizing a speech waveform output response.  Methodologies should address prompt, understandable, and secure access to information.  The researcher should consider advanced semantic web technologies such as knowledge mark up language, knowledge maps, concept maps, knowledge visualization techniques, natural language processing, and ontological mediation of domain specific knowledge.  User oriented features of the knowledge base and knowledge retrieval could include capabilities such as: user defined information categories; ability to capture, store, display new lessons learned;  integration of new and existing lessons learned knowledge from multiple knowledge bases into coherent database; information/knowledge audit trails and traceability; and phrase and concept based search and retrieval. The methodology should be flexible and compatible with different phases of the program life cycle of both government and commercial projects. Proposed methodologies must be capable of executing on commercial-off-the-shelf desktops or workstations and be platform independent. Any graphical depiction and output should comply with industry or international standards. 

PHASE I: Phase I activity shall include: Design and development of new methodologies for multi-modal knowledge capture and transfer for creating, sharing, and managing knowledge during different phases of a project's development life, and a proof-of-feasibility demonstration of key enabling concepts. (291/300)

PHASE II: The researcher shall develop and demonstrate a prototype that implements the Phase I methodology. The technology development shall have a goal of technology readiness level (TRL) 6 at the end of Phase II. The researcher shall also detail the Phase III plan.  (258/400)

DUAL USE COMMERCIALIZATION: Military application: The desired product is a robust knowledge elicitation, capture, and transfer system for lessons learned from weapon system design, development, and manufacturing across the complete life cycle. (188/200)

Commercial application: The software system is intended to be universal, flexible, and customizable based on users needs and can be applied to most domains including other government agencies and the commercial sector. (193/200)

REFERENCES: 1. Jay Liebowitz, “Knowledge Management: Learning from Knowledge Engineering”, January 2001, CRC Press

2. Jay Liebowitz, Isaac Megbolugbeb, “A set of frameworks to aid the project manager in conceptualizing and implementing knowledge management initiatives,” International Journal of Project Management, 2003, 189-198, http://scholar.google.com/url?sa=U&q=http://lide.uhk.cz/home/fim/ucitel/fumikup1/www/dIZS/Temata/Liebowitz.pdf

3. A. H. Gold, A. Malhotra, A. H. Segars, “Knowledge Management: An Organizational Capabilities Perspective,” Journal of Management Information Systems, Vol. 18, No. 1, 185, Summer 2001

http://mesharpe.metapress.com/(s1a2pd45ivgiutnfadu4it55)/app/home/contribution.asp?referrer=parent&backto=issue,8,9;journal,20,24;linkingpublicationresults,1:106046,1

4. M. T. Hansen, N. Nohria, T. Tierney, “What's Your Strategy for Managing Knowledge?”, Harvard Busines Review, 77(2):106, 187, Mar-Apr 1999,
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AF071-095 
TITLE: Advanced Radio Frequency Technology for Wireless Network Security
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Improve IA by conceiving, developing and demonstrating innovative PHY enhancements to current and near-term commercial wireless networking technologies, topologies, devices, and system.

DESCRIPTION: Wireless networks are becoming an important, and permanent, part of the Global Information Grid.  In many cases, free space networking is replacing traditional wired networks because of lower costs, increased flexibility, smaller logistics tail and the advantages of mobility.  However, unlike wired networks, limiting the physical access to a wireless network is an extremely challenging problem.

The objective of this effort is to improve overall information assurance (IA) by conceiving, developing and demonstrating innovative physical layer (PHY) enhancements to current and near-term planned commercial wireless networking technologies, topologies, devices, and systems.  Current commercial networking technologies within the scope of this effort include those described by 802.11, 802.16, and Bluetooth standards.  Near-term planned technologies within the scope of this effort include the anticipated follow-ons to the current technologies above.  Areas that may be addressed include but are not limited to antennas, modulation, coding, RF watermarking, frequency control, and adaptive techniques.  Simple "add-ons" to commercial devices are not as desirable as modifications that are highly integrated or can be done largely through additional/modified software/firmware.  Benefits to be derived include increased data and network security, jam resistance, higher availability, increased integrity, stronger authentication, and non-repudiation while keeping cost low due to an efficient leverage of commercial technology.

PHASE I: Show proof-of-concept for proposed approach using design analysis, modeling, simulation, benchmarking, breadboarding, and/or experiments, etc.  Demonstrate the potential utility and improvements to overall system IA.  Develop preliminary commercialization and marketing plans.

PHASE II: Construct a prototype of the design evaluated in Phase I.  Conduct tests and demonstrations of the prototype to further prove the utility and specific improvements to overall system IA.  Integrate the operation of the prototype with IA mechanisms operating at other layers of networking.  Refine the commercialization and marketing plan.

DUAL USE COMMERCIALIZATION: Military application: In-garrison and deployed mobile, ad-hoc, and infrastructure wireless networks.  Last mile connectivity to fixed and mobile units/individuals.  Airborne network connectivity. Commercial application: High-assurance wireless network users, including financial, law-enforcement, security, first responders, e-commerce, etc.

REFERENCES: 1. William A. Arbaugh, "Wireless Security is Different," Computer, vol. 36, no. 8, pp. 99-101,  Aug 2003.

2. Xiaohua (Edward) Li, "Wireless IA and Cooperative Communications," AFRL-IF-RS-TR-2006-104, March 2006.

3. Xiaohua Li, Mo Chen, Ratazzi, E.P., "Array-transmission based physical-layer security techniques for wireless sensor networks," 2005 IEEE International Conference on Mechatronics and Automation, 29 July-1 Aug 2005, vol. 3, pp. 1618-1623.

4. C. Sperandio, Flikkema, P.G., "Wireless physical-layer security via transmit precoding over dispersive channels: optimum linear eavesdropping," Proceedings  of MILCOM 2002, 7-10 Oct 2002, vol. 2, pp. 1113 - 1117.

5. E. P. Ratazzi, Husnay, R. M., Debany, W. H., "Military Use of Commercial WLANs," AFRL-IF-RS-TR-2003-285, July 2003.

KEYWORDS: information, assurance, wireless, networks, physical, layer, radio, frequency 

AF071-102 
TITLE: Scratch Repair Material for Indium Tin Oxide (ITO) Coatings
TECHNOLOGY AREAS: Materials/Processes

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

OBJECTIVE: Develop and demonstrate rapid flight line repair techniques, which restore the electrical and optical properties, of scratched ITO-coated windshields, lamp housings, and similar structures.  

DESCRIPTION: The Air Force uses ITO to coat the windshields and lamp covers of several aircraft. This coating serves the purpose of maintaining and electrically conductive outer mold line and providing radio frequency (RF)/electromagnetic interference (EMI) shielding. Typically, ITO has a sheet resistance less than 10 Ohms/square and transmittance of greater than 85 percent at wavelengths between 400nm and 1200 nm (Ref 1, 2). The ITO coating is typically on a polycarbonate or a similar substrate. ITO is deposited on the substrate by a chemical vapor deposition (CVD) process (Ref 3). The typical service/flight environment that aircraft encounter will often lead to nicks and scratches developing in the ITO coating. These scratches can severely impact the electromagnetic properties of the aircraft resulting in mission unavailability. Repair of these nicks and scratches has presented a enormous challenge and often results in the damaged windshields or lamp covers having to be pulled and replaced. This is a very time consuming and costly process. The AF seeks new and novel methods for in-field/flight line repair to rapidly return the aircraft to mission availability.  The repair process must retain the optical and electromagnetic properties of the original coatings and meet the standard adhesion, abrasion and humidity tests of MIL-C-48497 (Ref 4). The repair process must not require the removal of the windshield or lamp housing and be capable of repairing complex scratches over highly curved surfaces. The repair technique must not require a large logistics footprint for support equipment. 

PHASE I: Identify concepts and methods to repair scratches & nicks in ITO coatings on polycarbonate (PC)substrates. Develop and demonstrate the concepts and methods by repairing simulated 1" long x 1/16" wide scratches on flat 3" x 5" ITO coated PC coupons. Measure and validate the repair to orignal specs.

PHASE II: Using the results from Phase I, demonstrate and validate the utility of the process to repair complex scratches and nicks over highly curved surfaces. Deliverables from this phase shall include ten repaired panels which had greater than 6 linear inches of damage repaired. Measure and validate that the repair meets the original EM and optical requirements.

DUAL USE COMMERCIALIZATION: Military application: The AF uses ITO to coat the windshields & lamp covers of several aircraft. When these become scratched the aircraft requires a labor and time extensive replacement. Repair methods are needed. Commercial application: ITO coatings are used in a applications ranging from display panels to watches. This repair technique could be use to reduce the number of scrap commercial components, by repairing the damaged units.

REFERENCES: 1. http://www.ocioptics.com/ito.html

2. http://www.pgo-online.com/intl/katalog/itotrans.html

3.  http://www.cerac.com/pubs/cmn/cmn10_2.htm

KEYWORDS: repair, ITO, indium tin oxide, transparent, conductive, coatings, scratch, EMI, ESD, lightning

AF071-103 
TITLE: Production of New Durable, Transparent Conductive Coatings
TECHNOLOGY AREAS: Air Platform, Materials/Processes

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

OBJECTIVE: To develop durable transparent conductive coatings for canopies with 10 times the life of the current indium tim oxide (ITO) coated polycarbonate.

DESCRIPTION: ITO is used as a transparent conductive coating on aircraft canopies providing a variety of electromagnetic functions. ITO coatings are unique as they are typically greater than 85 percent transmissive over a wavelength range of 400 to 1200nm and have sheet resistivities of less than 15 Ohms / square (Ref 1&2). This combination of transmissivity and low resistance is exceptionally rare, as it is very easy to fabricate conductive coatings; however, they are almost always opaque. ITO coating are made by expensive and customized chemical vapor deposition (Ref 3) equipment. The process of coating curved or complex structures is extremely laborious and the yield rate can be low. After production, the canopy coatings have limited durability and scratch resistance, which results frequent replacement. This need for replacement results in a highly reduced mission-capable rate for various aircraft. To eliminate this problem, we are seeking novel and previously unexplored alternatives to ITO coatings. This new material must be easily processed to provide a match to the optical and electrical performance of existing ITO coatings. The materials may be coated onto existing complexly shaped polymer substrates (such as polycarbonate (PC)) or be a component of the polymer that preferentially segregates to the top surface. The replacement material must maintain its electronics and optical properties over a temperature range of -85 to +250F indefinitely. The layer must yield a tenfold improvement in service life over existing ITO coating materials. 

PHASE I: Demonstrate the ability to produce a 12 by 12 inch flat polymer panel with a simultaneous transmissivity of > 80 percent & a sheet resistance of < 25 ohms/ square. Demonstrate durability & ease of fabrication of the test panels as well as a path for meeting Phase II objectives.

PHASE II: Fabricate & deliver 24 by 24 inch flat panels with a simultaneous transmissivity of >85 percent and a sheet resistance of <12 Ohms/square. The offeror shall also demonstrate the ability to apply this coating to complex/curved surfaces while maintaining the optical and electrical properties. The offeror must also demonstrate that the coating meets MIL-C-48497 (Ref 4).

DUAL USE COMMERCIALIZATION: Military application: The military application of this will be durable transparent conductive coatings for canopies with 10x the life of the current ITO coated polycarbonate. Commercial application: ITO coatings are used in products such as plasma television screens. A low cost easily applied material with identical properties will have an enormous market in the electronics industry.

REFERENCES: 1. http://www.ocioptics.com/ito.html

2. http://www.pgo-online.com/intl/katalog/itotrans.html

3. http://www.cerac.com/pubs/cmn/cmn10_2.htm

4. http://store.mil-standards.com/index.asp?PageAction=VIEWPROD&ProdID=215

KEYWORDS: ITO, indium tin oxide, transparent, conductive, coatings, canopy, nanoparticles

AF071-104 
TITLE: Quality Control for Advanced Residual Stress Inducing Surface Treatment Processes
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop and demonstrate quality control systems that facilitate incorporation of surface treatment-induced compressive residual stresses into aerospace design.

DESCRIPTION: Residual stress-inducing surface treatments, including conventional shot peening, laser shock processing, and low plasticity burnishing are widely used inside the turbine engine design community. However, in most circumstances, full design credit is not taken for these processes. This is due to 1) the general lack of comprehensive quality control techniques that would allow for real-time monitoring of all process parameters that are critical to quality, and 2) nondestructive techniques for the validation of processing effects, primarily in-depth residual compression. Technology-driven approaches for advances in cost-effective, real-time process monitoring and nondestructive process validation are sought. The proposed approaches must considerably advance the state of the art. Partnership with a surface treatment provider is strongly encouraged to maximize commercialization potential and facilitate suitable demonstrations of developed technologies.

PHASE I: Demonstrate prototype quality control capabilities in a production environment. Demonstrate how the developed technologies facilitate design credit for the use of advanced surface treatments.

PHASE II: Develop and construct a fully production-hardened quality control system based on development from the Phase I demonstration system. The system shall include all required data management tools to facilitate the data archival and management required as part of a comprehensive quality control program. Demonstrate the system in a production environment.

DUAL USE COMMERCIALIZATION: Military application: Military turbine engine and airframes are expected to make increased use of advanced surface treatments shortly. Enhanced quality control measures will be required for design credit. Commercial application: Commercial turbine engines are expected to make increased use of advanced surface treatments in the future. Enhanced quality control measures will be required for design credit.

REFERENCES: 1. Trantow, R.L., and U.W. Suh, Patent No. 6,075,593, Method for monitoring and controlling laser shock peening using temporal light spectrum analysis, General Electric Company, Cincinnati, OH, 2000.

2. Sokol, D.W., C.T. Walters, et al., Quality control plasma monitor for laser shock processing, Patent No. 6,254,703, USA, LSP Technologies, Inc., Dublin, OH, 2001.

3. Sokol, D.W., C.T. Walters, et al. (2003). Patent No. 6,554,921, Quality control plasma monitor for laser shock processing. USA, LSP Technologies, Inc., Dublin, OH, 2003.

4. Shepard, M.J., "Laser Shock Processing Induced Residual Compression for Improved Damage Tolerant Design," University of Dayton, Ph.D dissertation 191, 2004.

KEYWORDS: laser shock processing, LSP, low plasticity burnishing, LPB, quality control, surface treatments

AF071-105 
TITLE: Ceramic Matrix Composite (CMC) Structures for Vanes and Exhaust Nozzle Components 
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Reduce the cost and cycle time to manufacture CMC vanes and exhaust nozzle structures for gas turbine engine applications.

DESCRIPTION: Requirements for advanced propulsion systems call for significant increases in performance.  CMCs offer a huge potential to increase the performance of gas turbine engines by enabling increased engine temperatures.  However, today's cost of CMCs make wide implementation impractical.  Advanced manufacturing techniques can reduce the cost and cycle time to implement advanced CMCs in gas turbine engines for vanes and exhaust nozzles.  Particular areas of interest include simulation of CMC manufacturing processes to enable the application of lean manufacturing, weaving process, coating processes, machining, quality control, nondestructive inspection, and effects of defects.  Proposals shall demonstrate a reasonable expectation that new manufacturing approaches will lead to lower cost and/or cycle time for producing CMC. The ability to achieve mechanical properties suitable for the particular gas turbine engine application shall also be demonstrated.  The potential cost savings and cycle time reductions of the demonstrated processes shall be validated.  Commercialization plans and qualification requirements shall be established to offer these new techniques to the aerospace industry for production, transition, and qualification in Phase III. 

PHASE I: Demonstrate the feasibility of innovative manufacturing methods that will result in substantial cost and cycle time reductions to produce CMCs for vanes and exhaust nozzle structures for gas turbine engine applications.

PHASE II: It is encouragd that the small business will team with an engine/ engine parts manufacturer for Phase II, although Phase I interaction is highly encouraged.  Fully develop manufacturing techniques developed in Phase I and demonstrate these techniques can enable the cost and/or cycle time reductions claimed.  Demonstrate the manufacturing techniques in a pilot-scale manufacturing environment.

DUAL USE COMMERCIALIZATION: Military application: Military aircraft engines Commercial application: Commercial aircraft engines, power generation turbines, and marine vehicles.

REFERENCES: 1.  High Temperature Ceramic Matrix Composites, Walter Krenkel, Roger Naslain, and Hartmut Schneider (Editors), January 2002

KEYWORDS: ceramics, fiber weaving, ceramic matrix composites, lean manufacturing, machining

AF071-106 
TITLE: Low Temperature Limits for Gas Turbine Engine Oils
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: To develop and validate a simulation tool and methodology to determine low temperature viscosity limits for gas turbine engine oils to effectively meet the requirements of future military engines.

DESCRIPTION: Gas turbine engine oil (GTO) viscosity grades are optimized for specific applications by trading the high-temperature performance against the low-temperature engine starting capability.  Typically, aerospace GTOs have used viscosities of from 13,000 centistokes to 20,000 centistokes as the maximum viscosity for engine start up with very little real data upon which to base the limit.  The low temperature of interest is -40 degrees F, which is the current lowest operational temperature requirement for DoD aircraft.  Oil with higher operational temperature capability has tremendous benefits in terms of reduced maintenance (lower coking, longer bearing life) and reduced system weight (smaller heat exchangers). The purpose of this program will be to develop a modeling tool and associated methodology to effectively and accurately determine the maximum allowable viscosity for engine oils, therefore the lowest operational capability for various oils in military aircraft gas turbine engines.   

PHASE I: Demonstrate the feasibility of a model and prototype simulation for the modern aircraft engine environment including critical hardware and GTO fluid dynamics. Interaction with major engine companies is highly recommended.

PHASE II: Further develop the model and associated methodology. Validate the performance in environmental chambers with GTOs with different low temperature viscosities. Potential offerors may desire to include engine companies, the customer for this technology, in their program plans, with engine testing as a goal.

DUAL USE COMMERCIALIZATION: Military application: Dual use applications include municipality power generation turbines, which have similar issues to aircraft gas turbine engines. Commercial application: Commercial application is for commercial aircraft because commercial aircraft engines will also benefit from operating with an oil optimized for low and high temperature.

REFERENCES: 1. L.J. Gschwender, L. Nelson, C.E. Snyder, Jr., G.W. Fultz and C.S. Saba, “Advanced High-Temperature Air Force Turbine Engine Oil Program,” Turbine Lubrication in the 21st Century, ASTM STP 1407, W.R. Herguth and T.M. Warne, eds. American Society for Testing and Materials, West Conshohocken PA (2001).

2. C.E. Snyder, Jr., L.J. Gschwender and S.K. Sharma, “Military Aerospace Fluids and Lubricants Workshop Proceedings, AFRL-ML-WP-TP-2002-402, August 2002.

KEYWORDS: gas turbine engine oils, low-temperature, high-temperature, lubrication, modeling

AF071-107 
TITLE: Rapid Cure, Environmentally Acceptable Liquid Shim
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop an environmentally acceptable rapid cure liquid shim for aircraft application.

DESCRIPTION: A liquid shim material is used in abundance on modern aerospace structures to control outer mold line (OML) surfaces to specified design tolerances. The currently qualified liquid shim material is a two part epoxy resin which requires an 8 hour cure. Unfortunately, the long cure time results in a bottle neck in the military aircraft assembly sequence. The liquid shim material also contains crystalline silica, a known human carcinogen, to enhance both the physical properties of the material and flow characteristics. Crystalline silica exposure limits are regulated by the Occupational Safety and Health Organization. Potential international partners are also concerned with the presence of crystalline silica since US regulations are not as stringent as those established by the European Union. Test data collected to date has shown that the permissible exposure limits can be exceeded during normal production operations such as sanding and drilling.  An environmentally acceptable liquid shim material must have the following attributes: environmentally acceptable (zero VOC, no HAPS/HAZMAT), cure time <1 hour, sandable in <4 hours, 25 percent flexibility (-65 to 250 F), and be resistant to standard aircraft fluids

PHASE I: The contractor shall select commercially available resins, additives, and extender pigments to meet the above attributes.  The contractor shall formulate trial batches of shim materials and characterize cure time and flexibility.  The contractor shall identify a final shim material formulation.

PHASE II: Develop, test and demonstrate characteristics of the proposed material system to meet or exceed requirements of aircraft manufacturers.  The contractor shall identify a representative structural component for demonstration of the shim material in an operational environment.  The contractor shall produce enough liquid shim material for characterization of material properties.

DUAL USE COMMERCIALIZATION: Military application: Potential transition to the fleet via specification modifications and revisions to Aircraft Weapons Systems technical manuals. Any logistical constraints will be resolved during this phase. Commercial application: Similar requirements are needed for commercial aircraft.

REFERENCES: 1.  Mollie, J.-P.   Paquet, R.L., "Performance of new silicone adhesives and encapsulants at high and low temperatures", Automotive Electronics, 1991, Eighth International Conference on Automotive Electronics, 28-31 Oct 1991, pp 174-177

2.  29 CFR 1926.55, 1910.1000 (OSHA PEL for Crystalline Silica)

3. J. D. Donaldson, S. M. Grimes, A. D. Houlson, S. Behn, "Curing of a polysulfide sealant with sodium birnessite", Journal of Applied Polymer Science, Vol. 77, No: 6, pp 1177-1181

KEYWORDS: liquid shim, crystalline silica, silica, rapid cure

AF071-108 
TITLE: Pavement Material for Joint Strike Fighter (JSF)  Vertcal Takeoff and Landing (VTOL) Operations
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a pavement material upon which the JSF can perform frequent, prolonged VTOL operations without affecting the aircraft or significantly degrading the operating surface.

DESCRIPTION: The introduction of the new weapon system will bring new environmental effects that are harsher than legacy systems (such as USMC AV-8B), particularly on the pavement areas upon which VTOL operations will be performed. There are concerns that during VTOL operations, the combined effects of exhaust gas mass flow and temperature will cause spalling of a traditional concrete operating surface and may rapidly degrade the surface to an unusable condition. Due to the high airflow rates from the aircraft exhaust, any loosened material would then present a significant foreign object debris/damage (FOD)* hazard. FOD hazards can lead to damage or destruction of the causing aircraft, nearby aircraft, and/or equipment. In addition, FOD generation has the potential to harm personnel. Therefore, a new, durable and low-cost material or method is required that can be substituted for or retrofit existing concrete in the pavement areas used particularly for  VTOL training (initially at Eglin AFB and then subsequently at other military bases). The material must be able to withstand, without damage or deformation, the heat, airflow and landing gear load stresses imposed during VTOL operations and also be able to provide a lasting nonslip surface that is unaffected by water, oils, lubricants, or any other natural or synthetic compounds likely to be present in a fighter operating area. The material must be able to perform equally in arctic, temperate, desert, or tropical environmental conditions.

Thresholds that the material must withstand based on typical induced loads are as follows:

Exhaust gas temperature 1800F or higher

Exhaust gas pressure 36psi or greater

Exhaust gas scrubbing velocity 1000ft/sec or faster

Time duration for typical maximum intensity exhaust gas exposure 15sec per landing/take-off

Undercarriage load 52000lbs through a 100 square inch tire patch at 255 psi (pressure distribution over the 100 square inches is not expected to be uniform)

*FOD = Foreign Object Debris/Damage; A collective term used that signifies a potential hazard to aircraft operations due to the presence of loose articles within the vicinity of aircraft.  The loosened pavement material could be ingested by aircraft engines, blown around at high velocity by aircraft exhausts, or fall into places it could jam aircraft controls, all of which might lead to hazardous consequences.

PHASE I: Evaluate materials and methods (either new developments or modifications of existing materials) that offer potential to meet the requirement. Test specimens to show the likely operational limits for temperature, blast and mass loads related to VTOL operations. Estimate production costs.  

PHASE II: Develop a selected material from Phase I. Show full suitability for  VTOL operations, including exposure to repeated heat/load stresses and prolonged natural and induced environmental exposure. Design criteria, life-cycle cost data and an estimate of the anticipated production costs for the proposed material will be provided.  Construct a large-scale pad to be tested under actual engine loads.

DUAL USE COMMERCIALIZATION: Military application: Runways and taxiways that will operate VTOL aircraft and/or require heat-tolerant pavement surfaces. Commercial application: Commercial airport runways and taxiways that require heat-tolerant pavement surfaces.

REFERENCES: 1.  Robins, P.J., Austin, S.A., and Richards, M.R., "Resistance of steel fibre concrete to VTOL engine jet blast,"  Cement & Concrete Composites, 1994, Vol. 16, No. 1, pp. 57-64. 

2. Austin, S.A., Robins, P.J., Richards, M.R., "Jetblast temperature-resistant concrete for Harrier aircraft pavements", Structural Engineer, 1992, Vol. 70, No. 23-24, pp. 427-432.

KEYWORDS: heat-resistant pavement material, high-stress concrete, spalling from high heat, non-slip pavement material, temperature resilient concrete

AF071-109 
TITLE: Nickel-free Conductive Fillers
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Identify and demonstrate a nickel-free filler and/or conductive filler coating to meet current fighter aircraft performance requirements. 

DESCRIPTION: Current fighter aircraft incorporate conductive materials to control the radar signature of the vehicle. Many of these materials employ the use of nickel or nickel coated fillers to provide the corrosion resistance necessary for the aircraft’s various operational environments.  Unfortunately, nickel is a hazardous material and requires additional health and safety handling procedures during many steps in the installation process. Environmental, safety and health regulatory impacts include limitations on application equipment and controls as well as allowable worker exposure. Elimination of nickel used in gap fillers, fastener fillers, and nonwoven mat materials, and identification of filler and/or conductive filler coatings that will meet signature and corrosion resistance requirements would provide the aircraft program with cost affordability through environmentally friendly material. Current research is being done to substitute metals such as silver and gold for nickel.  Proposals that continue these efforts or are unique in the area of processing  will be considered.  Other areas for new research may include refractory  transition metal compounds.   


PHASE I: The objective of this task is to identify alternate nickel  candidate materials and conduct preliminary feasibility screening tests. The identified tests will be performed, resulting in no more than two candidate materials for formulation and further material characterization. Baseline materials may include Toho Besfight MC Type II Nickel Coated Carbon Fiber or similar commercially available fibers.  Expected approximate performance properties are electrical resistivity 3.5e-005 ohm-cm, tensile strength 3000MPa, elongation to break 1.5%, and tensile modulus 215 GPa.   

PHASE II: The objective of this phase is to formulate and optimize a material (fastener fill, gap filler or nonwoven mat) with the candidates  identified in task 2 and perform detailed material characterization to determine if the candidate material is suitable for use in LO materials. The material characterization shall include chemical, mechanical, corrosion and electrical property evaluation. 

DUAL USE COMMERCIALIZATION: Military application: Nonnickel conductive filler materials may be utilized by aircraft manufacturers and repair facilities that have established requirements for this technology.  Commercial application: Nonnickel conductive filler materials may utilized by aircraft manufacturers that currently use or plan to use nickel in commercial aircraft.

REFERENCES:  1. Pai, BC and Kulkarni, AG and Bhasker, TA and Balasubramanian, N (1980) Coating structure of metal-coated carbon fibres. Journal of Materials  Science, 15 (7). pp. 1860-1863. ISSN 0022-2461

2. Deng, Yuliang; Wu, Ji ;Pecht, Michael; Butler, Michael; Swift, Joseph and Wallace, Stanley, Carbon Fiber Electrical Interconnects, 38th International Symposiumon Microelectronics, Emerging Technologies, pp. 169-176, Philadelphia, PA, September 25-29, 2005 

3. Larry Rupprecht, Editor, Conductive Polymers and Plastics, RTP Company ISBN  1-884207-77-4, June 1999 

KEYWORDS: nickel, nonnickel, filler, gap, conductivity

AF071-110 
TITLE: Zero Volatile Organic Compound (VOC) Aircraft Coatings
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Identify and develop zero volatile organic compound (VOC) emissions aircraft coatings that will assist facilities in California and elsewhere to achieve VOC emissions compliance.

DESCRIPTION: Federal and local environmental regulations restrict the VOC content of the coatings used on aerospace hardware.  High-VOC-containing solvents such as methylethylketone (MEK), toluene and xylene are commonly used as diluents in aerospace primer, topcoats, rain erosion, and specialty coatings. Restrictions on these coatings arise from regulations governing material limitations as well as VOC emission restrictions imposed on facilities via permit regulations.  Currently, DoD manufacturing, operation, and rework facilities are affected by these regulations depending on specific federal, state and local regulations that apply.  Of specific interest are zero-VOC formulations for polyurethane based topcoats (MIL-PRF-85285C) and expoxy-based primers (MIL-P-23377G)

PHASE I: Demonstrate an innovative approach to eliminate VOCs in coating application processes. Elimination of VOCs can be achieved through material or process modifications and development work should demonstrate fundamental compliance with the specifications that govern the materials. 

PHASE II: Develop, test and demonstrate that the materials and/or technology meets the performance requirements of the baseline specification while eliminating emissions of VOCs.

DUAL USE COMMERCIALIZATION: Military application: Potential transition of the technology via material specification allowances.  Logistical concerns with the new materials and/or technology will be resolved. Commercial application: Commercial aircraft manufacturers will realize the benefits of zero-VOC coatings that may be developed under this program.

REFERENCES: 1.  South Coast Air Quality Management District regulation on VOC emissions for manufacturing facilities, Rule 1124, "Aerospace Assembly and Component Manufacturing Operations"

KEYWORDS: volatile organic compound (VOC), emissions, Sout Coast Air Quality Management District (SCAQMD), zero, coatings

AF071-111 
TITLE: Nonchrome Corrosion Protection for Conductive Coatings
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Identify the corrosion mechanisms of conductive coatings and develop a nonchrome-based corrosion inhibitive primer or additives.

DESCRIPTION: Conductive coatings are used on a variety of military aircraft to control electrostatic discharge and provide lightning strike protection.  These coatings are typically based upon polyurethane or epoxy polymer chemistry.  Conductivity is imparted through the use of a conductive pigment; silver, nickel, copper, and carbon pigments are commonly used.  These coatings are applied over an aluminum or composite substrate in which a chrome-based primer is used to control corrosion.  In an effort to reduce hazardous materials, the military and the aerospace industry are moving to incorporate nonchrome-based primers into modern aircraft.  While nonchrome based primers have adequate corrosion protection over aluminum and composite materials, they do not inhibit corrosion of conductive coatings.

PHASE I: The contractor shall identify a commercially available conductive coating as the baseline for evaluation.  The contractor shall identify the corrosion mechanisms of this conductive coating when applied to aluminum and composite substrates and identify potential corrosion protection techniques.

PHASE II: The contractor shall develop either a nonchrome-based primer for the baseline coating or develop corrosion as an additive to the baseline coating.  The contractor shall characterize the corrosion, mechanical, physical, and electrical properties and behavior of the developed primer or additive.  The contractor shall demonstrate manufacturing feasibility of the developed primer/additive.

DUAL USE COMMERCIALIZATION: Military application: As mentioned, a variety of military aircraft utilize conductive coatings to control electrostatic discharge and provide protection for lightning strikes. Commercial application: Commercial aircraft could benefit from the use of nonchrome-based primers for the same applications.

REFERENCES: 1. Donatas Satas and Arthur A. Tracton; "Coatings Technology Handbook"; 2nd ed.,New York, NY, Marcel Dekker, 2001.

2. James H. Lindsay, "Coatings and Coating Processes for Metals", Materials Park, OH : ASM International,  1998. 

KEYWORDS: conductive, coating, corrosion, nonchrome

AF071-112 
TITLE: Automated Sanding of Aircraft Coatings
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: An automated sanding machine or process that would reduce the labor time, rework, and environmental, safety and occupational health risks associated with sanding of outer surfaces of aircraft.

DESCRIPTION: All aircraft have performance coatings applied to the OML (outer mold line) of the assembly or detail part. Sanding is required to meet engineering thickness, adhesion properties and orange peel (surface finish) requirements. Currently, the coatings removal process is a manual effort and process time is dependent on technician skill level which often leads to rework.  The coating performance and signature is also impacted by final material thickness and smoothness.  The manual sanding of each coating is time consuming because of basic ergonomic constraints of certain parts and has personnel safety and hazardous environment concerns for the technician.  It currently takes 492 hours to complete the sanding for all the performance coatings.  Coatings to be sanded are typically polyurethane but are sometimes highly loaded with inorganic pigments.  An automated sanding process is required to reduce the process time for sanding, to meet the engineering tolerances with limited rework, and eliminate the ergonomic, personnel safety, and hazardous environment concerns for the technician.  

PHASE I: Identify and develop an automated sanding technology that will reduce the process time, eliminate the occupational safety concerns, and conform to military program engineering requirements.  Obtain polyurethane coated samples of interest and demonstrate the proposed process on a simple shape.

PHASE II: Develop, test and demonstrate the identified technology to meet or exceed the need and requirements of sanding the assembly and/or detail parts.  Validate the removal process with a production representative component.

DUAL USE COMMERCIALIZATION: Military application: Potential transition of the technology to the program via specification modifications and revisions to Aircraft Weapons Systems technical manuals. Commercial application: Commercial manufacturing facilities could realize significant cost, schedule, and technical savings by utilizing an automated sanding solution. 

REFERENCES: 1.  Hammond, S Katharine PhD, CIH; Gold, Ellen PhD; Baker, Robin MPH; Quinlan, Patricia MPH, CIH; Smith, William Doctoral Student; Pandya, Robert MD; Balmes, John MD, "Respiratory Health Effects Related to Occupational Spray Painting and Welding," 

Journal of Occupational & Environmental Medicine. 47(7):728-739, July 2005.

2. www.npi.gov.au/handbooks/approved_handbooks/pubs/ffurniture.pdf

3.  Applied Occupational and Environmental Hygiene  

Taylor & Francis Health Sciences, part of the Taylor & Francis Group, Volume 17, Number 11/November 01, 2002  

KEYWORDS: automated, sanding, environmental, safety, occupational health

AF071-113 
TITLE: Improved Masking Aides Technology
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop an improved aircraft masking technology for use in manufacturing and repair.

DESCRIPTION: All aircraft have performance coatings applied to the outer mold line (OML) of the assembly or detail parts.  Masking is required to eliminate overspray from the application process and define engineering edge of part (EOP) requirements. Currently, different masking techniques, such as masking tape and pre-formed masking shapes (Gerber masking) are used.  These techniques and materials are time consuming to create and apply to the coatings surfaces because of the inferior technology and basic ergonomic constraints of certain parts (e.g. inlet ducts).  For example, for advanced fighter aircraft it currently takes 200 hours to complete the preparation work (generic masking, step back masking, and demask of the forward and aft ducts) for all of the coatings with tape and Kraft paper.  Improved masking techniques need to be developed to more accurately define the part definitions as described by engineering requirements and reduce the process time related to the creation and application methods of the masking materials

PHASE I: Identify and develop innovative materials or techniques to meet engineering requirements and reduce the creation of associated waste and application process times involved with aircraft production and/or repair masking procedures. 

PHASE II: Develop, test and demonstrate proposed materials or technology to meet or exceed the need and requirements of masking the assembly and/or detail parts.  Validate materials or techniques on representative aircraft components in a relevent environment.

DUAL USE COMMERCIALIZATION: Military application: Transition via specification modifications and revisions to Aircraft Weapons Systems technical manuals. Logistical constraints that negatively affect program schedules shall be resolved. Commercial application: Commercial manufacturing facilities could realize significant cost savings by utilizing improved masking materials and/or techniques.

REFERENCES: 1.  Backes, P.G., Bar-Cohen, Y.   Joffe, B., "The multifunction automated crawling system (MACS)", 1997 IEEE International Conference on Robotics & Automation, 20-25 Apr 1997, Vol. 1,  pp 335-340

2.  Manion, N. E., "Automated Paint and Process Line /APPL/ (for aircraft production)", Computers in Aerospace Conference, San Diego, CA, Collection of Technical Papers; United States; 26-28 Oct. 1981. 319, 321, 323, (3 ff.) pp. 1981 

KEYWORDS: masking, hazardous waste, robotic

AF071-114 
TITLE: Calibration Standards for Thermosonic Nondestructive Evaluation (NDE)
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop standards for measurement of small flaws during nondestructive evaluation (NDE) of turbine airfoils.  The standards shall be developed for use in the application of thermosonic inspection.

DESCRIPTION: Modern gas turbine engines utilize integrally bladed rotors (IBRs), sometimes called blisks, in the design of the fan and compressor.  To maximize damage tolerance, these components are often given a supplemental surface treatment such as shot peening on the entire component to provide additional fatigue margin.  Over the last 10 years laser shock peening (LSP) has been developed and productionized as a means to provide very precise localized surface enhancement on foreign object damage (FOD)-prone areas such as the leading edges of fan and compressor airfoils.  While LSP is a mature and reliable manufacturing process, slight anomalies during the process or variations in material ductility can cause small subsurface cracks to form in the resultant LSP processed material.  These cracks are below the threshold of most conventional NDE techniques.  However thermosonics has proven to be a technique capable of detecting very small subsurface flaws.  To validate the technique on specific components, standards with real cracks must be produced since the method only detects the heat generated by crack face rubbing, which eliminates the possibility of using notched specimens which is common for other NDE techniques.  Since actual IBRs cost several hundred thousand dollars, it is cost prohibitive to validate and standardize the technique on real components.  Therefore the standards shall be designed such that they resemble the form and shape of the object being evaluated, in this case, airfoil leading edges. The materials of interest are Ti-6Al-4V, Ti-6Al-2Sn-4Zr-6Mo, and Ti-6Al-2Sn-4Zr-2Mo.  

PHASE I: Develop calibration standards specific to thermosonic inspection.  Standards shall be designed to resemble the form and shape of the object being evaluated. The material of standard shall be the same as the material being inspected.  The induced flaw shall closely resemble that of the actual flaw. 

PHASE II: The Phase II effort will focus on integration into a fully functioning platform ultimately leading to industry or depot use. 

DUAL USE COMMERCIALIZATION: Military application: The techniques developed and verified in this program can be used on any component where very small suface or subsurface flaws exist. Commercial application: The techniques developed and verified in this program can be used on any component where very small suface or subsurface flaws exist.

REFERENCES: 1. X. Han, L.D. Favro, Z. Ouyang, and R.L. Thomas, “Thermosonics: Detecting cracks and adhesion defects using ultrasonic excitation and infrared imaging,” Journal of Adhesion, 2001, Vol. 76, No.2, p. 151.

2. L.D. Favro, R.L. Thomas, X. Han, Z. Ouyang, G,Newaz, and D. Gentile, "Sonic infrared imaging of fatigue cracks," International Journal of Fatigue, 2001, Vol. 23, S471-S476.

3. X. Han, L.D. Favro, Z.Ouyang, and R.L. Thomas, “Recent Developments in Thermosonic Crack Detection,” Review of Progress in Quantitative Nondestructive Evaluation, 2002, Vol. 21, 552 – 557.

4.  Shepard, M. J., "Laser Shock Processing: Applications and Future Trends in U.S. Air Force Service," 2005 ASME Pressure Vessels and Piping Division Conference, Denver, Colorado, ASME.  

KEYWORDS: gas turbine engines, thermosonics, laser shock peening, shot peening, nondestructive inspection, nondestructive evaluation, calibration standard, surface enhancement

AF071-116 
TITLE: Novel Aircraft Anti-Ice Coating Material
TECHNOLOGY AREAS: Air Platform, Materials/Processes

STATEMENT OF INTENT: Improve Aircraft and Pilot Safety through the prevention of dangerous ice formation on aircraft

OBJECTIVE: Develop novel coating materials to eliminate ice formation on aircraft that are compatible with current coating systems, meet system performance parameters, and are environmentally friendly.

DESCRIPTION: Current aircraft utilize various methods to prevent ice formation on wing and engine inlet surfaces, including pneumatic, electrostatic, and thermal systems.  However, even with these methods, not all of them are applicable to every surface.  Thus, ice formation on aircraft surfaces continues to be a problem.  This can result in ice breaking off and damaging the aircraft (i.e., ice formation on projections in engine inlets can lead to engine fan blade damage when accumulated ice becomes detached and goes down the inlet).  In the worst cases, pilot and passenger safety is compromised.    

A novel coating material based on new technologies and/or formulations that are either ice-phobic and/or have a freezing point depression is being sought.  It can either be achieved either by modifying the current aircraft topcoat or by overcoating the current aircraft coating systems.  This system shall be compatible with current military aircraft topcoats, MIL-PRF-85285, and currently used military aircraft colors and optical properties, as well as the potential of being compatible with low observable properties at a later date.  Additionally, it must be able to be applied with aircraft coating application technologies currently being used in the military depots.  It is envisioned that the new material incorporate and meet the following requirements:  1)  reduce current untreated aircraft surface ice formation; 2) survives on the aircraft for at least one deicing season; 3) meet technical performance requirements for aircraft including cargo aircraft, the B-2, and unmanned aerial systems (UASs) such as the Predator; 4) provide a very smooth surface that will not increase drag or add substantial weight; 5) be easily strippable; 6) not alter the required aircraft paint colors and optical properties of the painted aircraft surface; and 7) be cleanable and repairable.

PHASE I: Formulate and laboratory test anti-icing coating candidates.  Provide experimental evidence to show that the candidates will meet the performance characteristics of drag, weight, speed, appearance, including optical properties, durability, and life-cycle costs for currently used military aircraft.

PHASE II: Down select one or more coating systems from the Phase I effort.  Further develop them into a usable product for proof-of-concept demonstration program.  The new coating system will be applied on an actual military aircraft for one deicing season, and will include monitoring of the system in the field by inspections, maintenance and subsequent removal at the end of the season.  

DUAL USE COMMERCIALIZATION: Military application: The new coating materials will extend use to larger and faster aircraft while reducing significantly the manpower to apply, and reduce the use of propylene glycol and other anti-icing solvents. Commercial application: This system can be applied to commercial aircraft with significant cost savings by reducing deicing delays and increased aircraft and human safety.  

REFERENCES: 1.  Anderson, D.N., and Reich, A.D, “Tests of the performance of coatings for low ice adhesion,”  NASA Technical Memorandum,  Number:  NASA TM-107399, 1997.  To order:  http:/www.sti.nasa.gov/.

2.  Henderson, John C., Woratschek, Ralph, Haworth, and Loran A.,  "HISS Calibration, Ice Phobics and FAA R/D Evaluations," DTIC Number ADA114435, August, 1981.

3.  Morris, Patrick M., and Woratschek, Ralph, "JUH-1H Ice Phobic Coating Icing Tests," DTIC Number ADA096361, July 1980.

4.  Military Performance Specification, MIL-PRF-85285D, “Coating, Polyurethane, Aircraft and Support Equipment,”  28 June 2002.

KEYWORDS: coating, freezing point depression, ice-phobic, anti-icing, aircraft, environmentally green, environmental friendly, ice accretion, adhesion, durable, light weight, aircraft safety

AF071-117 
TITLE: In-Process Cure Monitoring of Specialty Material Coatings
TECHNOLOGY AREAS: Air Platform, Materials/Processes

STATEMENT OF INTENT: Process Improvement

OBJECTIVE: Design and develop a sensor for measuring complex dielectric properties of specialty material coatings. Develop a methodology using the sensor for in-process cure monitoring of applied materials.

DESCRIPTION: Certain specialty material coatings are applied to aircraft through a paint spray process.  This process involves multiple passes with a portion of the overall coating thickness applied during each pass, with time between to allow each layer to partially cure.  The final performance of the coating is dependent on various factors, including overall coating thickness and material dielectric property, as measured post-cure.  If the material is found to have the wrong electrical material performance characteristics following final cure of the material, it is a very burdensome process to remove the material from the aircraft.  Having the ability to determine post-cure electrical performance before final cure would be advantageous by identifying bad material or incorrect application and allowing correction or immediate removal.  The objective of this effort is to identify and develop a sensor and a non-contact sensor and process to monitor the material electrical properties during application and cure.  The ideal sensor would be integrated with existing microwave inspection systems used by aircraft maintainers.  The goal of the effort would be to provide a capability to identify incorrect, bad, or improperly cured material immediately after spray or during cure to facilitate corrective action or material removal.  It is desired that the technology reach a Technology Readiness Level of 6 at the end of the Phase II effort (prototype demonstrated in a relevant environment).

PHASE I: Identify an existing sensor design, develop a new sensor, integrate with existing microwave inspection systems, allow measurement of dielectric material properties. Design a method to correlate pre-cure to post-cure electrical performance. Demonstrate feasibility of design concept and methodology

PHASE II: Fully develop and fabricate sensor and methodology, as demonstrated in Phase I, to inspect performance of applied specialty material coatings during the cure process.  The prototype system is desired to be delivered to the Air Force at the end of the effort for further testing.  This would also include a technical manual, a user manual, and all necessary hardware and software. 

DUAL USE COMMERCIALIZATION: Military application: This topic holds the greatest potential for meeting the technical needs of our warfighters for measuring complex dielectric properties of specialty material coatings.

Commercial application: Tools and methods to measure and evaluate the cure processes applicable to structural applications, i.e., the monitoring of the cure of concrete support structures in bridges, and composite materials.

REFERENCES: 1. Survivability/Vulnerability Information Analysis Center website at: www.bahdayton.com/surviac

2. www.admc.aeat.co.uk/Background/Manufacturing/Manufacturing%20Issues%20MF/NDT_issues.shtml

KEYWORDS: aircraft maintainability, RF material systems, point inspection tool, cure monitoring, advanced sensor, dielectric properties evaluation

AF071-118 
TITLE: Low-Cost IR Windows and Lenses made from Polycrystalline YAG  
TECHNOLOGY AREAS: Materials/Processes

STATEMENT OF INTENT: Improve IR Windows

OBJECTIVE: To maanufacture high optical quality windows and lenses available for infrared (IR) airborne applications.

DESCRIPTION: High optical quality single crystal windows and lenses of the needed infrared (IR) waveband transmission require long lead times to grow, often require several optical fabrication attempts, and are costly. Current material alternatives are limited in strength or IR waveband transmission.  An innovative new process is needed to address these current issues.

PHASE I: Demonstrate the potential of low-cost polycrystalline YAG by fabricating a small lens (100 to 150-mm in diameter and 3 to 6-mm thick).  The contractor shall demonstrate innovative methods to fabricate from powder polycrystalline YAG having high refractive index homogeneity and high fracture strength

PHASE II: In Phase II, a 12-inch planar window shall be fabricated having refractive index homogeneity of 20 ppm or less, and bulk optical absorption of no greater than 200 ppm/cm.  Optical quality and fracture strength and toughness shall be characterized. Wavefront uniformity shall also be characterized in the mid-wave IR. 

DUAL USE COMMERCIALIZATION: Military application: This material and processing methods are applicable to reconnaissance windows, missile domes, seeker lenses, and laser gain sources and windows. Commercial application: Commercial potential arises from the potential to make commercial laser gain product from these results.

REFERENCES: 1. M.C.L. Patterson, et al. in R.W. Tustison, ed., Window and Dome Technologies VIII, SPIE, Bellingham, WA, 2003, pp. 71-79.

2. L.M. Goldman, et al. in R.W. Tustison, ed., Window and Dome Technologies and Materials VII, SPIE, Bellingham, WA, 2001, pp. 71-78.

KEYWORDS: yttrium aluminum garnet, YAG, infrared windows, optical ceramics, nano-powders, optical transmission

AF071-119 
TITLE: Affordable Manufacturing for Compact Hybrid Carbon Liquid/Air Heat Exchanger
TECHNOLOGY AREAS: Materials/Processes

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

STATEMENT OF INTENT: Innovative, affordable manufacturing methods development

OBJECTIVE: Develop new and highly innovative material processing and manufacturing concepts for affordable compact, nonoxidizing lightweight hybrid carbon compact liquid to air heat exchangers.

DESCRIPTION: Research high conductance carbon (carbon-carbon composite and foam) processing techniques for compact air/air heat exchangers with goals of 50 percent less weight and 5 percent higher efficiency and are being considered for all military and commercial aircraft. This technology is proposed to replace metal compact liquid/air carbon heat exchangers for fighter aircraft. This effort requires identification and innovative approaches to novel carbon processing technique challenges.  Either plate/fin or plate/foam configuration could be considered for the heat transfer techniques. Heat exchangers to be considered for fighter aircraft are hot fuel/ram air and hot air/fuel or polyalpaolefin (PAO) sink.   High conductive carbon-carbon composite thin plates normally have air leakage between the high to low-pressure flow streams, so sealing techniques will have to be developed to reduce, as a goal, zero leakage.  Designing for maximum operating pressures of the hot and cold side are a challenge due to potential hydraulic structural load weakness of composites and leakage for the integrated core and heat exchanger manifold.  Both the core and protective manifold shall be designed with system integration in mind.  Economical carbon processing shall be proposed, including techniques for minimizing processing time and tooling. Core and attachment techniques to the heat exchanger manifold shall be considered.  Fabrication and performance and structural testing of actual heat exchanger core will demonstrate the payoff and benefits of the structural and heat exchanger technology.The processed core and manifold housing in Phase 2 shall be manufactured as an integrated heat exchanger.  The heat exchanger will be fully tested, both performance and structurally in heat exchanger test facility.

Heat exchangers in thermal management are an issue for all DoD aircraft and Army tank platforms.   An economical processed carbon manifold housing design shall be proposed in this phase and fabricated for integration in Phase III.

PHASE I: Demonstrate the feasibility of the advanced material processing proposed enhanced strength and heat transfer compact plate/fin or plate/foam, liquid (PAO)/air (ram air) core concept directed to a aircraft heat exchanger.

PHASE II: The concepts demonstrated in Phase I shall be scaled up and a compact carbon heat exchanger prototype manufactured. The prototype would be a potential future replacement of the existing fighter aircraft liquid(PAO & fuel)/ram air heat exchanger.  It is desired that the initial prototype be delivered to the Air Force for further evaluation and testing.    

DUAL USE COMMERCIALIZATION: Military application: A fully developed carbon composite material processed fuel/air heat exchanger shall be target for a fighter aircraft or UCAV. Commercial application: All ground commercial ground transportation ram air/coolant liquid radiators examined by DOE can benefit from this technology.

REFERENCES: 1.  Watts, R., Brow, M, and Alam, K., “Characterization Requirements for Aerospace Thermal Management Applications”, 2003 Fall SAMPE, Dayton OH

2.  Watts, R., Vrable, D., and Stevenson, D, “Compact OMC Single Flow Channel Heat Transfer Characteristics for Aerospace Vehicle Applications, 2001 ASME Exposition, New York, November 11-16, 2001.

3.  Watts, R. and Jenkins, L., “Aerospace and Spacecraft Applications Opportunities,” 2004 Spring SAMPE, Long Beach, CA.

4.  Beavers, F. and Vrable D., “Application of Carbon-Carbon Heat Exchangers for Aircraft,” #981291, 1998 SAE Power Conference.

5.  Watts, R., Vrable, D., and Kearns, K., “Design of a High Temperature Compact Carbon-Carbon Heat Exchanger," 99 ASME IMECE, Nashville TEN

KEYWORDS: carbon, heat exchangers, and radiators

AF071-120 
TITLE: Damage Detecting Appliques for Composite Structure
TECHNOLOGY AREAS: Air Platform, Materials/Processes

STATEMENT OF INTENT: Improve damage detection appliques for composites

OBJECTIVE: Develop a self-adhesive applique film that contains pressure/impact sensitive additives to detect mechanical impact that can cause damage and/or delamination of underlying composite structure.

DESCRIPTION: Inspection of composite aircraft structure for impact damage is difficult and time consuming. Research in multifunctional coating systems has shown promise for diagnostic capabilities. Corrosion sensing is of interest in aluminum structure. Composite aircraft skins are subject to low-impact damage, which can result in subsurface delamination. This type of damage is time consuming to inspect for and is thus, costly. Condition based maintenance is desired to reduce maintenance cost and increase mission readiness. Automated damage detection is required to facilitate condition-based maintenance. Applique films, which are under consideration as replacements for traditional paint-based coating systems in newer military aircraft, offer potential for in-situ sensing. A diagnostic applique film is desired that can detect impact damage in composite substrates.

The diagnostic applique must meet the requirements of typical aircraft coating systems including signature properties, cleanability, and durability. The applique should adhere tenaciously to the composite structure over the extremes of aircraft operation (e.g., -55 to 175 C).

PHASE I: The Phase I product will include the development, demonstration, and limited experimental validation of diagnostic applique for impact detection. 

PHASE II: The product from Phase I would be further developed and validated over a range of impact conditions. A probability of detection (POD) study will be conducted to quantify damage detectability. Environmental exposure and temperature cycling tests will be performed to indicate long term durability.

DUAL USE COMMERCIALIZATION: Military application: Technology developed under this program should have widespread application for both military and commercial aircraft. Commercial application: Technology developed under this program should have widespread application for both military and commercial aircraft.

REFERENCES: 1. John M. Brupbacher, “Multi-Functional Applique for Corrosion Control,” Proceedings 2003 Tri-Service Corrosion Conference, Las Vegas, Nevada, 17-21 November 2003.

2. Y. Zhang, “Dynamic Strain Measurement Using Piezoelectric Paint,” Structural Health Monitoring 2003 Edited by Fu-Kuo Chang, DEStech Publications, 2003.

3.  http://assist.daps.dla.mil/quicksearch/; Conduct a search for MIL-HDBK-17; Proceed to Volume 3, Chapter 7:  Damage Resistance, Durability, and Damage Tolerance for guidance on detection criteria.  

KEYWORDS: applique, damage detection, composite structure, self-adhesive film

AF071-121 
TITLE: Nanocomposites for Electrically Conductive Structural Adhesives and Bolt Hole Fillers
TECHNOLOGY AREAS: Air Platform, Materials/Processes

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

STATEMENT OF INTENT: Improve electrical properties of composite structures

OBJECTIVE: Develop nanocomposite electrically conductive structural adhesive/bolt hole filler to demonstrate improved electrical properties of composite structures at reduced weight and manufacturing cost.

DESCRIPTION: Some nanoconstituents are becoming relatively mature, low-cost materials which have been shown to improve electrical and thermal conductivity of structural adhesives without compromising the mechanical strength.  Typical adhesives use large quantities of silver particles to boost electrical conductivity, making them unsuitable for structural use.  However, the addition of some carbon nanoconstituents, such as vapor grown carbon nanofibers (VGCNF) or exfoliated graphene sheets, at only a few volume percent, have shown reductions in resistance of adhesives to 15 ohms for a typical 10 mil bond thickness with no drop in lap shear strength.  In addition, thermal conductivity is doubled to 2 W/mK or greater across the bond line, which may be increased with further optimization.  Other nanoconstituents may show even better results in the future. These advantages could be transferred to filler materials used around bolts, etc. to impart a structure with a complete electrical path, thus reducing damage done to composite structure in the event of a lightening strike.  The adhesives/fillers developed in Phase II will demonstrate the required electrical conductivity for lightening strike protection of organic matrix composite structures, while maintaining mechanical performance design properties at joints and bolt holes.  The materials and articles will be tested for electrical characteristics, mechanical properties, and thermal conductivity.  If feasible, some articles will be tested in a lightening strike facility. It is desired that additional quantities of these materials be delivered to the government for additional evaluation.  A cost estimate for producing these materials in commercial quantities and draft material and process specifications would be required at the end of Phase II.  

PHASE I: Demonstrate the feasibility of  producing at least one conductive structural adhesive and one bolt hole filler by fabricating subscale coupons and articles with the adhesives/fillers.    

PHASE II: Finalize the formulation of at least one aerospace-quality adhesive and one aerospace-quality bolt hole filler material.  These materials will be used to build full-scale demonstration articles for lightening strike test and analysis.  

DUAL USE COMMERCIALIZATION: Military application: Satellite structures and military aircraft structures. Commercial application: Satellite structures and civilian aircraft structures.

REFERENCES: 1.  Vapor Grown Carbon Nanofiber Materials and Applications Workshop held 14-15 September 2004, Kettering, Ohio

KEYWORDS: adhesives, conductive polymers, nanotechnology, fiber reinforced composites, electrical properties

AF071-122 
TITLE: Flexible Conductive Caulking Material
TECHNOLOGY AREAS: Materials/Processes

STATEMENT OF INTENT: Develop improved conductive caulk

OBJECTIVE: Develop a corrosion-resistant, electrically conductive sealant/caulk for electromagnetic discharge applications. 

DESCRIPTION: Special conductive selants and caulks are needed to ensure the electromagnetic integrity of the outer mold line of an aircraft for electromagnetic discharge applications.  General materials requirements are  cure time <2 hours, conductivity < 1 ohm/square, flexibility > 25 percent, operation at -65 to 250°F and aircraft fluid resistance.  These materials must be corrosion resistant and not cause corrosion in the outer mold line materials with which they are in contact (aluminum, graphite composite, titanium).

PHASE I: The contractor shall identify corrosion resistant conductive sealant formulations that meet the above requirements.  The contractor shall formulate and demonstrate electrical conductivity, flexibility, and corrosion resistance in phase one.

PHASE II: The contractor shall further develop the formulation identified in Phase 1 to meet cure, temperature and fluid resistance requirements.  Emphasis shall be upon meeting conductivity and corrosion resistance.  The contractor shall demonstrate cure, conductivity and environmental resistance on a minimum 1 sq ft panel.

DUAL USE COMMERCIALIZATION: Military application: The caulking developed will be useful for DoD aircraft applications but could be applied to commercial aircraft with conductivity and flexibility needs. Commercial application: Application for electromagnetic shielding, lightening strike protection, and soldering.

REFERENCES: 1.  Gooch, J. W. Daher, and J. K. Shielding, "Effectiveness of Metallic Joints vs. Corrosion Prevention. (Retroactive Coverage)," 1987 Tri-Service Conference on Corrosion, Vol. 1, US Air Force Academy, Colorado, 5-7 May 1987, pp. 407-451.

2.  Ben Sitler and Ken Lo, "Conductive gel gaskets for aircraft antennas reduce installation costs, corrosion and downtime," Aircraft Engineering and Aerospace Technology," June 1999, Vol. 71, Issue 3, pp. 245-248.  

3.  Kolyer, J. M., "Environmentally resistant, conductive adhesive bonds for radio frequency (RF) shielding,"  Materials and Process Affordability: Keys to the Future, Vol. 43, 31 May-4 June 1998. pp. 810-822.

KEYWORDS: electrical, conductive, caulking, sealant

AF071-123 
TITLE: Advanced Life Raft Materials & Fabrication Methods
TECHNOLOGY AREAS: Human Systems

OBJECTIVE:  Utilize new advanced lighter, stronger life raft materials that can be packed in smaller volumes and increase service life under demanding environmental conditions.

DESCRIPTION:  Current 1-man and 20-man life rafts are constructed primarily of polyurethane coated fabric (PCF) compared to earlier systems made of neoprene rubber.  The PCF offers increased abrasion and puncture resistance; however, these improvements are mainly on the coated side of the fabric.  The coating provides the primary abrasion and puncture resistance while the nylon substrate provides most of the materials strength.  As AF operations in the Middle East continue, service life expectancies of existing life rafts have been degraded due to the extreme hot and dry conditions that have led to cracking.  Other factors such as inadvertent actuations and insufficient floor insulation to protect occupants from hypothermia have also been documented.  AF systems also desire life rafts that fit into smaller enclosures due to the limited space available on aircraft.  With recent developments in the nanotechnology realm and advanced fabrics, the AF is interested to investigate the development of an improved material systems to be used in the construction of aircraft life rafts that will improve durability, reduce volume, increase service life, and improve the overall safety of the life raft system.

Minimum performance standards and test methods for life rafts and their construction are available via Federal Aviation Administration (FAA) Technical Standard Order (TSO) C70a, http://www.equipped.com/tsoc70a.htm.  The current FAA requirements will serve as technical goals for performance baselines.  The primary technical merits of interest are: tensile strength - 190 lbs/inch, tear strength – 13 x 13 lbs/in, permeability to helium (Permeability Test Method) – less than 10 liters per square meter in 24hrs at 77 degrees F or its equivalent using hydrogen, .  In addition, the selected material system must meet the technical goals for ply adhesion, coat adhesion, seam strength (peel and shear) as listed in the technical order.  During Phase II, the design and construction of the prototype raft will be guided by the technical guidance provided for FAA certification as well as input from the AF user community.

PHASE I: Demonstrate the feasibility the improved material fabric system for construction of advanced life rafts.  A small demonstration article will be fabricated that will have seams and allow determination of initial performance properties as indicated in the description above.

PHASE II: Develop and fabricate a 1 man prototype life raft, case, and actuation system in accordance with the FAA specifications necessary for certification listed above.  The prototype will be tested in accordance with Section 6.2 – Life raft tests for pressure retention, overpressure, and functionality as well as final material characterization tests.

DUAL USE COMMERCIALIZATION: Military application: Air Force use will be for life support for downed aircrew; however, other agencies such as the Army, Navy, and Marines would also have potential applications for improved performance life rafts. Commercial application: Dual use applications include commercial aircraft rafts, sport rafts, or rescue vehicles.

REFERENCES: 1. Ducharme M.B., DEFENCE AND CIVIL INST OF ENVIRONMENTAL MEDICINE DOWNSVIEW (ONTARIO),Thermal Resistance of Inflatable and Non-Inflatable Floors of One-Man Life Rafts for the CF-188 Escape System, DTIC # DCIEM-TR-2001-125, JUL 2001.

2. Herrmann R, Low A, Gas Permeable materials improve safety of life saving appliances, International Maritime Health, 53(1-4):18-26, 2002.

KEYWORDS: life raft, survival equipment, inflatable structures, escape systems

AF071-124 
TITLE: Nanocomposites for Electrically Conductive Organic Matrix Composites
TECHNOLOGY AREAS: Air Platform, Materials/Processes

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

STATEMENT OF INTENT: Develop organic matrix composites

OBJECTIVE: Develop organic matrix composites containing nanoconstituents to replace astrostrike for lightening strike protection on aircraft and engine structures at lower weight and manufacturing cost.

DESCRIPTION: With the increased use of composites on military aircraft, there is an increased challenge to provide a conductive path for protection from lightning strike.  Currently, metallic-coated carbon fibers or metallic screen materials impart electrical conductivity to the composite surface at a significant weight penalty.  The use of conductive carbon nanofibers, carbon nanotubes, or metallic nanofilamentary materials may maintain the current level of lightning strike protection while reducing weight and cost due to a reduced number of manufacturing steps.  Another benefit to aircraft may be a reduction in complexity of a repair to the composite upon a lightning strike.  As part of this program, the contractor may consider lightning strike protection for aircraft structural componants and/or non-metallic engine components.  At the completion of Phase I, manufacturing approaches for incorporating the nanomaterials would be developed, and the resulting composites would be tested for mechanical and electrical properties.  Subcomponents may also be manufactured and tested for electrical characteristics and mechanical properties.  Selection of the most favorable materials and processes would be required at the end of Phase I, along with an estimate of the expected weight savings. In Phase II, these materials/processes will be used to build structural demonstration articles for lightning strike test and analysis.  It is desired that an undamaged demonstration article be delivered at the end of Phase II for additional testing and characterization by the government.  A cost estimate, estimate of weight savings, and draft material and process specifications would be required at the end of Phase II. At the completion of Phase II, full scale demonstration panels would be evaluated for lightning strike protection in a specialized facility.  

PHASE I: Demonstrate the feasibility of using nanoconstituents to provide lightning strike protection at a lower weight and manufacturing cost over state-of-the-art systems such as “Astrostrike” by evaluating candidate materials and manufacturing processes, and building and testing subcomponents.  

PHASE II: Further evaluation and test of the most favorable materials and processes will result in the production and testing of a structural component(s) incorporating the nanocomposite lightning strike system.  Draft material and process specifications will be required.

DUAL USE COMMERCIALIZATION: Military application: Military aircraft and engine structure and satellite structures. Commercial application: Ground-based weather and radar systems, commercial aviation, commercial satellite structures.

REFERENCES: 1. Vapor Grown Carbon Nanofiber Materials And Applications Workshop held 14-15 September 2004, Kettering, Ohio

KEYWORDS: conductive polymers, nanotechnology, fiber reinforced composites, matrix materials, electrical properties, lightning protection

AF071-125 
TITLE: Physics-Based Shock Spallation Prediction Tool for Laser Shock Processing
TECHNOLOGY AREAS: Materials/Processes

STATEMENT OF INTENT: Develop design tool

OBJECTIVE: Develop a validated design tool to predict the onset of laser shock processing induced flaws.

DESCRIPTION: Laser shock processing (LSP), also known by any of several trade names, is finding increasing use in military and commercial turbine engines.  This process has been used to dramatically increase the durability of turbine engines in the presence of service induced damage.

LSP employs small, shock-induced plastic strains to generate a state of compressive residual stress in the treated region.  In some materials and component geometries, for some LSP conditions, small subsurface flaws can be induced by the process. Although these flaws may not be of critical size, they are considered extremely undesirable.

Currently, no physically based model is available that will predict the onset of LSP-induced cracking in turbine engine materials and geometries.  A successful model will allow for rapid determination of the laser shock processing design space for a given alloy, microstructure, and geometry, without excessive empiricism.

PHASE I: Demonstrate capability of proposed model to predict onset of LSP-induced cracking in a relevant alloy in simple coupon configurations. Determine requirements for material databases. Populate database for one relevant alloy and microstructure. Develop plan to adapt model for other applications.

PHASE II: Develop and demonstrate a prototype model for use in a commercial LSP design package. Validate approach on a targeted turbine engine application. Deliver model in the form of a user friendly, executable code or as a package that can be used with commonly available finite element modeling software. Demonstrate code validity for related shock problems, such as armor spallation.

DUAL USE COMMERCIALIZATION: Military application: Integrate design package into design systems at client laser shock processing providers and/or original equipment manufacturers (OEM’s). Commercial application: Commercial applications of the developed package are identical to military applications for the purposes of this topic.

REFERENCES: 1.  P. Peyre and R. Fabbro, “Laser shock processing: a review of the physics and applications,” Optical and Quantum Electronics, Vol. 27, pp 1213-1229, 1995.

2.  Allan H. Clauer and David F. Lahrman, "Laser Shock Processing as a Surface Enhancement Process," Proceedings of the Durable Surfaces Symposium, International Mechanical engineering Congress & Exposition, Orlando, FL November 5-10, 2000.

3.  Montross, C. S., Tao Wei, Lin Ye, Graham Clark, and Yiu-Wing Mai, "Laser Shock Processing and its Effects on Microstructure and Properties of Metal Alloys: a Review." International Journal of Fatigue 24(10): pp 1021-1036, 2002.

KEYWORDS: laser shock processing (LSP), Residual Stress, Component Surface Treatments, Shock Mechanics

AF071-126 
TITLE: Develop a Tool to Measure Bonded Joint Strength for Primary Load Bearing Aircraft Structures
TECHNOLOGY AREAS: Air Platform, Materials/Processes

STATEMENT OF INTENT: Develop tool to measure bonded joints

OBJECTIVE: Develop a tool to measure bonded joint strength for primary load bearing aircraft structures.

DESCRIPTION: The use of composite bonded joints to replace fasteners on primary structures in aircraft has been shown to have a significant impact on reducing the cost of manufacturing airframes.  One of the barriers preventing the application of bonded joints is the risk that a kissing bond (intimate contact but carries no load) could be formed.  This kissing bond would be undetectable with conventional nondestructive evaluation techniques.  Recently, the Air Force’s Composites Affordability Initiative (CAI) developed a laser bond inspection device (LBID).  LBID has demonstrated that a laser generated shock wave can be used to measure the strength of an adhesive bond.  LBID can show for the first time whether an adhesive bond can carry load.

CAI has achieved the following:  process understanding, a beam delivery head, a beam absorption and confinement method for shock generation, front (single-sided) surface beam diagnostic, computer control, data interpretation scheme.  However, the developments in CAI have been constrained to a particular type of joint, with emphasis on the assembly of a prototype system configuration that can be used to show how such a system could be developed for factory or field implementation.  This has necessarily resulted in the limitation of the existing capability of LBID to paste bonded joints with parallel surfaces up to 0.5 inch in thickness.

Improvements to LBID as well as alternative methods are being solicited to expand the capability to measure bond joint strength.  Tools need to be developed to interrogate nonparallel surface bonds and thicker adherend bonds, particularly film or paste bonds with an adherend in the range of 0.5 to 1.0 inch thick.  The nonparallel surface bonds are a particularly important study because of the prevalence of tapered flanges used in most composite structures.  In addition, the ability to measure the bond strength of joints of dissimilar materials such as composites bonded to aluminum or titanium is highly desirable, as well as the ability to discern bond strengths of bonds in layered assemblies and bonds which must be accessed through small inspection holes.

PHASE I: The contractor shall identify candidate methods for measurement of bond strength on bonded joints greater than 0.5 inch in thickness and for use on nonparallel surfaces. Additional capabilities mentioned in the description may also be addressed.

PHASE II: It is encouraged that the small business will team with an airframe parts manufacturer for Phase II, although Phase I interaction with a manufacturer is highly encouraged.  The contractor shall demonstrate increased capability by measuring the bond strength on realistic aircraft designs manufactured with bonded structures.

DUAL USE COMMERCIALIZATION: Military application: The advanced bond inspection tool would be beneficial for almost all composite structures and for hybrid assemblies of composite and metal. Commercial application: In addition to almost all DoD systems applications include recreational sporting industry, commercial aircraft, and marine applications.

REFERENCES: 1.  R. Bossi, K, Housen and W. Shepherd, "Using Shock Loads to Measure Bonded Joint Strength," Materials Evaluation, Vol. 60, No. 11 pp 1333-1338, November 2002

2.  R. Bossi, K, Housen and W. Shepherd, "Application of Stress Waves to Bond Inspection," SAMPE Proceedings, May 16-20, 2004, Long Beach, CA. 

KEYWORDS: composite bond strength, kissing bond, joining

AF071-127 
TITLE: Health Management of High Temperature Polymer Composites
TECHNOLOGY AREAS: Materials/Processes

STATEMENT OF INTENT: Life cycle monitoring of polymer matrix composite components.

OBJECTIVE: Develop a service life monitoring system for high-temperature polymer matrix composites used in jet engine and exhaust wash structural applications.

DESCRIPTION: Integrated vehicle health monitoring (IVHM) or health management approaches that have been applied to polymer matrix composites have typically been limited to composites with maximum use temperatures of approximately 250ºF.  High-temperature polymer matrix composites (HTPMCs) with use temperature of 550ºF and above are known to experience physical and chemical aging due to the in service environments.  Two of the primary life-limiting mechanisms in HTPMCs are hygrothermal degradation and oxidative degradation.  

Hygrothermal and oxidative degradation in HTPMCs can lead to chemical changes in the resin system causing cracking and embrittlement in the surface layers of the composites.   Within the oxidized layer of the composite, it is typical that the tensile strength, strain to failure, flexural strength, density, and toughness decrease while the modulus increases.  Surface cracks provide pathways for the transport of moisture and oxidants to the fiber/matrix interfaces that act as high diffusion paths thereby increasing the degradation rate.  

Concepts are needed to monitor the degradation of HTPMCs that are used in jet engine applications and exhaust wash structures.  Examples of these new concepts may include surface or embedded sensors, active or passive sensors, etc.

PHASE I: Demonstrate the scientific, technical and commercial feasibility of the HTPMC health management ideas submitted.  This includes demonstration of concept by monitoring oxidative degradation for a neat resin specimens aged in high-temperature oxidizing environments. 

PHASE II: Extend the proposed system to demonstrate performance for composites in high-temperature environments including hygrothermal and oxidative degradation and thermal cycling.  Correlate measured high-temperature degradation and aging from the developed health management system to mechanical performance and expected remaining life of HTPMC components and develop a deliverable prototype system.

DUAL USE COMMERCIALIZATION: Military application: Technology can be applied to military aircraft for both engine applications and exhaust wash structures for monitoring high-temperature polymer matrix composites. Commercial application: Technology can be applied to civilian and military aircraft as well as non-aerospace applications in which high-temperature polymer matrix composites are used.

REFERENCES: 1. Bowles, K.J., ”Durability of Graphite-Fiber-Reinforced PMR-15 Composites Agaed at Elevated Temperatures,” Journal of Composites Technology and Research, 21(3) (1999) 127-132. 

2. Meadors, M.A., Lowell, C.E., Cavano, P.J., and Herrera-Fierro, P.,”On the Oxidative Degradation of Nadic Endcapped Polyimides: I. Effect of Thermocycling on Weight Loss and Crack Formation,” High Performance Polymers, 8 (1996) 363-379 

3. Schoeppner, G.A. and Curliss, D.B.,"Model-Based Design for Composite Materials Life Management," Proceedings of the 9th AIAA/ISSMO Symposium on Multidisciplinary Analysis and Optimization Conference, 4-6 September 2002, Atlanta, GA, Paper number AIAA-2002-5516.

KEYWORDS: polymer composite structures, thermal oxidative stability, health monitoring

AF071-128 
TITLE: High Temperature Efficient Insulations for Extended Range Hypersonic Vehicles
TECHNOLOGY AREAS: Materials/Processes

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

STATEMENT OF INTENT: Develop and test advanced thermal protection systems, this has high priority to the Program Executive Office.

OBJECTIVE: Develop and demonstrate innovative efficient insulation concepts for hypersonic vehicles operating in long thermal soak trajectories.

DESCRIPTION: The push to hypersonic flight regimes is requiring materials technologies that are lightweight as well as, thermally and structurally efficient.  In addition, novel materials and manufacturing techniques are needed for aeroshells and insulations to keep the system cost reasonable.  The materials proposed must maintain their performance throughout the lifetime of the system, without degrading over time or with use.  A critical component of the structure and thermal protection system is the insulation required to maintain internal temperatures compatible with the payload.  Current concepts for insulation utilize thin multilayered approaches that add nothing to the structural efficiency of the vehicle, or are made from materials that are not thermally efficient, adding unnecessary weight to achieve the required thermal performance.  Insulation concepts are desired that will integrate with the aeroshell to create a structurally and thermally efficient combination.  Novel materials such as (but not limited to) carbon and/or ceramic foams, aerogels, fibrous mats, or a combination of any of these could provide the greater than 3000F temperature delta needed for hypersonic applications.  Structural and thermal integrity at the insulation/aeroshell interface is critical to meet the design requirements of the proposed hypersonic systems.

PHASE I: Identify innovative materials and compatible material combinations.  Evaluate thermal efficiency and structural integrity in accordance with the description. Evaluation and down selection will be based on cost, ease of manufacture and ability to integrate with the carbon-based aeroshell material.

PHASE II: Analytical models will assess thermal-structural enhancements of a representative component.  One concept (including aeroshell-insulation subcomponent) will be fabricated and tested in a radiant lamp, arc-jet or combined environments (thermal/aero) facility to demonstrate concept's structural integrity and thermal efficiency.  A technical maturation plan must address technical hurdles/solutions.

DUAL USE COMMERCIALIZATION: Military application: The product designs and analysis tools, materials knowledge base, and practical materials experience will provide efficient insulation solutions for hypersonic aircraft and missile systems. Commercial application: The product designs and analysis tools, materials knowledge base, and practical materials experience will provide efficient insulation solutions for commercial and hypersonic aircraft.

REFERENCES: 1. S.-S. Lih, G. Hickey, and W. Shih, “Investigation of the Survivability of a Non-Ablative Aeroshell Composed of Carbon/Carbon Composites and Carbon Aerogel,” 24th Annual Conference on Composites, Materials and Stuctures, 24-28 January, 2000, Cocoa Beach FL.

2. D.E. Meyers, C.J. Martin, Jr., and M.L. Blosser, “Parametric Weight Comparison of Current and Proposed Thermal Protection System (TPS) Concepts,” 33rd AIAA Thermophysics Conference, 28 June - 01 July 1999, Norfolk VA.  AIAA Paper No. 99-3459. 

3. D.J. Rasky, H.K. Tran, and D.B. Leiser, “Thermal Protection Systems,” Launchspace June/July 1998, pp 49-54.  

4. K. Daryabeigi, “Effective Thermal Conductivity of High Temperature Insulations for Reusable Launch Vehicles,” , NASA/TM-1999-208972, February 1999. Langley Research Center, Hampton VA.

5. R.A. Lange, H. Jones, J.M. Ryan, H. Rosenthal, J. Stitt, J.F. Balata, “Lightweight Thermal Protection System Development.  Volume II.  Materials – Existing Data and Recommended Data Acquisition,” , AFML-TD-63-596, Volume II, June 1963.  General Dynamics/Astronautics, Contract AF33(615)-9444.  DTIC AD Number AD422941.

KEYWORDS: thermal protection system, insulation, carbon, foams, aerogels, hypersonics, thermal conduction and radiation

AF071-129 
TITLE: Manufacturing Process Development of High-Performance Treated Honeycomb Core for Radar Absorbing Application
TECHNOLOGY AREAS: Materials/Processes

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

OBJECTIVE: Develop an advanced capability to manufacture high-performance treated honeycomb core for the production of radar absorbing edges used in military applications. 

DESCRIPTION: Current manufacturing techniques for treated honeycomb core are performed using flow coat and dip processing of honeycomb core blocks. These processes yield low-performing parts due to the limited capability to control tolerances. Furthermore, these processes limit the capability to design edges with desired radar-absorbing characteristics. 

PHASE I: The Phase I research will identify the critical technology challenges, develop prototype manufacturing processes, and demonstrate manufacturing capability to accurately control desired performance, and define the Phase II approach. 

PHASE II: The Phase II effort will scale up and demonstrate manufacturing capability of high-performance treated honeycomb core.

DUAL USE COMMERCIALIZATION: Military application: Treated honeycomb core has other military applications for electro-magnetic interference (EMI) protection. Commercial application: Treated honeycomb core has commercial applications for electro-magnetic interference (EMI) protection.

REFERENCES: 1. Radar-Absorbing Material: A Passive Role in An Active Scenario, Richard N. Johnson, THE INTERNATIONAL COUNTERMEASURE HANDBOOK (11th Edition) 

KEYWORDS: radar absorbing structures, manufacturing processes, honeycomb core, treated materials     

AF071-130 
TITLE: Develop High-Temperature, Low-Humidity Aromatic Hydrocarbon-based H2/O2 Membranes for Proton Exchange Membrane (PEM) Fuel Cells
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: Design hydrocarbon-based H2/O2 fuel cell membranes for high temperature,<25 percent relative humidity, < 2.5 atm pressure, proton conductivity > 100 mS/cm, and area-specific resistance < 0.05 ohm-cm2.

DESCRIPTION: The current thrust in H2/O2 fuel cells power technology is driven by a critical, almost universal need for the design of PEMs which can effectively operate at high temperatures (> 120&#730;C), and at low relative humidity (< 25 percent); ideally, no external humidification should be required. This design, if successfully implemented, has several advantages. Minimizing water management issues simplifies the design and reduces costs. Requiring low levels of humidification would also raise the potential for enhanced dimensional stability of the membranes which, in turn, will positively impact the durability of the fuel cells performance. 

Designs might consider molecular structures/mechanisms for inherent hydration which will favor water retention even at higher temperatures and thus, obviate the use of high external humidification. Nanostructuring to enhance hydrophilicity as well as models/simulation for proton conduction under low relative humidity conditions can also be considered as a part of the Phase I effort. 

TECHNICAL TARGETS:

• Membrane proton conductivity of 50 to 100 mS/cm at 120&#730;C

• Area-specific resistance of < 0.05 ohm-cm2 in the fuel cells

• Durability over 5000 hours

PHASE I: Fabricate electrolyte membranes with high proton conductivities at high temperatures, requiring low relative humidity for operation.  Testing should include proton conductivity, area-specific resistance, chemical composition, microstucture and durability measurements.

PHASE II: Fabricate membrane electrode assemblies (MEAs) using the membrane technology previously developed and investigate the MEA performance. Testing should include environmental/durability tests to show stability of the MEAs. Build prototype stacked fuel cells (20 to 50 W power) using these MEAs to demonstrate power generation.  It is desired that a prototype be delivered to the government for testing.

DUAL USE COMMERCIALIZATION: Military application: Developed materials may find use in portable power units, unmanned air vehicles, directed energy weapons, BA5590 etc. Commercial application: Commercial high-end applications will impact transportation as well as stationary applications. Others include microelectromechanical systems (MEMS), small power systems, and portable power systems.

REFERENCES: 1.  Dang, T., Bai, Z., and Dalton, M., 227th ACS National Meeting, Polymer Preprint, 2004, Vol. 45, No. 1, 282.

2.  Hickner, M.A., Ghassemi, H., Kim, Y.S., Einsla, B.R., McGrath, J.E., Chem. Rev. 2004, Vol. 104, pp. 4587-4612.

3.  Dang, T., Dalton, M., Durstock, M., Venkatasubramanian, N., Arnold, F., PMSE  Preprint, 2003, Vol. 89 No. 2, p. 508.

4.  Wainright, J., Wang, J.T., Weng, D., Savinell, R.F., Litt, M.,  J. Electrochem. Soc., 1995, Vol. 142, p. 121.

KEYWORDS: proton exchange membrane, PEM, low RH, high temperature, proton conductivity, fuel cell, MEA 

AF071-131 
TITLE: JP-8 Microburner for Deployed Applications
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a logistic fuels microburner in the range of 0.5 to 15kW thermal energy for application in deployed energy systems.

DESCRIPTION: An innovative micro-burner capable using diverse fuel sources, including JP-8 is needed.  A well-atomized fuel and an air/fuel mixing device will be essential to ensure a stable flame front while maintaining a reasonable turn down ratio; proper atomization of the liquid fuel will be necessary to ensure higher efficiencies, rapid startup times, and long-term stability of the burner.  

There are several atomization technologies currently used, including orifice (simple, dual, swirl, pulse-width modulated, etc.), poppet-type, and ultrasonic.  The orifice type injectors are the most widely used, producing large droplets at 1000 psi.  Ultrasonic injectors use low ultrasonic vibrating energy to atomize a thin film of fluid. Although they operate with low supply pressure, they are costly and do not work well with viscous fluids.  None of the available technologies, though, can atomize jet fuels to produce micron-size droplets with little pressure, power, and cost.  

For a micro-burner that can produce 0.5 to 15kW of thermal energy, current fuel atomization is even more difficult because the flow rate required is so slow.  Recent research shows that instantaneous and complete combustion may require droplets with Sauter-mean diameters as small as 10 µm.  Thus, it is necessary to design an atomizer that can produce droplets less than 10 µm.  Ink/bubble-jet print heads have the ability to deliver precisely metered, extremely small particles of fluid. High definition printers deliver 2400 dots of ink per inch or higher, which is equivalent to a 10 µm droplet diameter or less.  The question this effort will answer is what materials and design requirements are necessary for this same technology to produce continuous, precisely metered, and extremely fine fuel mist.

PHASE I: Design, and test a viable unit to demonstrate the feasibility of the selected concept and identify technical areas for further investigation.

PHASE II: Design, build, and test a prototype burner unit.  Evaluate performance and make necessary modification to achieve high performance design.  The prototype unit will be a deliverable of the Phase II program.

DUAL USE COMMERCIALIZATION: Military application: A successful development of the microburner will have a multiple commercial applications in addition to the Air Force deployable fuel cell power generator program. Commercial application: A successful development of a compact and efficient JP-8/diesel microburner will have a multitude of commercial applications in addition to deployable fuel cell generator.

REFERENCES: 1.  A. Nishimura1 and D. N. Assanis, “A Model for Primary Diesel Fuel Atomization Based on Cavitation Bubble Collapse Energy,” I CLASS 2000,Pasadena,CA, July 16-20, 2000.

2.  Robert S. Babington, “Liquid Delivery Apparatus & Method for Liquid Fuel Burners and Liquid Atomizers,” US Patent # 4,573,904, March 1986.

3.  Mitchell, Nathan and Freiman, Joseph,” Portable fuel-cell-powered system with ultrasonic atomization of H2O by-product,” US Patent #  6,259,971 B1, July 2001.

KEYWORDS: logistic fuels, fuel atomizer, fuel droplet, sauter mean diameter, native velocity, intrinsic heat dissipation

AF071-132 
TITLE: Generation of Protein-Based Ligands for Chemical and Biological Agent Identification
TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes, Biomedical

OBJECTIVE: Develop chemical- and bio-agent taggants that can be incorporated into a rugged, portable read-out device.

DESCRIPTION: The detection and identification of chemical and biological agents continues to be a dominant issue within the Department of Defense. An early in this process is the generation of molecules which form highly specific contacts with the agent of interest. These binding molecules are usually protein-based, i.e., antibodies, but recent growing interest has centered on alternative capture agents, i.e., selective peptides. The use of small molecular weight ligands may circumvent some of the problems associated with antibody-based methods. Short peptides sequences can be identified from combinatorial libraries that have selectivity in discriminating closely targets. When a capture agent is combined with the ability to “report” the binding event, it can now be thought of as a taggant. This SBIR is looking for highly novel approaches for the generation of protein-based capture agents (non-antibody based) coupled with a label-free reporter methodology, i.e., read-out device.

PHASE I: Develop approaches for the generation of novel ligands against C/B agents. Define and determine an appropriate label-free read-out technology upon capture agent binding of the particular agent of interest that moves beyond the antibody-antigen methods.

PHASE II: The offer shall build a prototype device which will either optically or electrically read-out the capture binding event against an agent of interest and do so via multiplexed operation (5 distinct agents). Meaningful and specific state-of-the-art metrics will be determined and implemented in this device with quantitation of specificity, sensitivity, and false-positive rates. Ideally, a receiver operator characteristic (ROC) curve will be generated based on device performance.

PHASE III DUAL USE APPLICATIONS: Follow-on activities are expected to be aggressively pursued by the offeror, including civilian application and use, e.g., law enforcement and first responders, of this technology via the Department of Homeland Defense. Commercial benefits include a revolutionary point-of-care diagnostic with high sensitivity and specificity in a hand-held form-factor.

REFERENCES: 1. Dayal, B., Henne, W. A., Doorneweerd, D. D., Reifenberger, R. G., Low, P. S. Detection of Bacillus subtilis Spores Using Peptide-Functionalized Cantilever Arrays. J. Am. Chem. Soc., 126: 3716-3721, 2006.

2. Shekhawat, G., Tark, S-H., Dravid, V. P. MOSFET-Embedded Microcantilevers for Measuring Deflection in Biomolecular Sensors. Science, 311(5767): 1592-1595, 2006.

KEYWORDS: biomolecular sensors, aptamers, antibodies, DNA-based recognition elements, protein-based recognition elements

AF071-133 
TITLE: Improved-Efficiency, Flexible,  Organic Based Photovoltaic Devices for Light-weight, Low-Cost, Solar Cell Production for Air Force  Applications
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: Develop novel materials and device structures based on organic,organic hybrid, and/or nanocomposite materials that enable lightweight, low-cost, flexible solar cells with improved efficiencies.

DESCRIPTION: The development of low-cost, renewable energy capabilities is critical to the Air Force for air, terrestrial and space applications. The current dependency on fossil fuels and traditional batteries has resulted in a variety of problems including dependence on third world countries for fuel, pollution of the environment, and the need to transport bulky, heavy generators, fuel and batteries to deployed troops.

A variety of alternative energy solutions are currently being investigated by the Materials and Manufacturing Directorate. Photovoltaic devices are of particular interest due the potential ability for energy harvesting from the environment and the concomitant reduction in the logistic overhead needed for the development, use, and maintenance of other power generation systems. The focus of this program is the development of a highly efficiency, flexible, lightweight solar power generation device.

Current organic based commercial photovoltaic devices demonstrate power conversion efficiencies of  4%. The ultimate goal of this program is the 

The development of lightweight, low-cost flexible solar panels/fabrics with a power efficiency of 8-10% to provide the means to generate energy in remote locations. This emerging solar technology will eventually be integrated into tents, lightweight blankets, vests and uniforms for a variety of AF applications including: aircraft, UAV, airbase and special operations. 

PHASE I: Identify and develop organic, hybrid, and/or nanoparticle materials and devices with an improved efficiency greater than 6% for solar power generation. New materials and device architectures will be evaluated. An operational small area, flexible,light solar device that demonstrates feasibility will be fabricated.

PHASE II: Further develop production methods for flexible, lightweight, high efficiency solar energy generation devices designed for AF applications. The system will be evaluated relative to current technologies. A prototype solar energy generation unit is desired to be delivered for further evaluation at completion. The manufacturabilty of low-cost, flexible, lightweight devices with an efficiency of greater than 8% will be demonstrated.

DUAL USE COMMERCIALIZATION: Military application: Military applications requiring energy anywhere, anytime, particularly useful for expeditionary forces. Useful for airbase, special operations, aircraft, and small UAV and satellite applications. Commercial application: Numerous commercial applications for low-cost, lightweight solar power generation exist including power supply in remote locations, and reliable renewable energy applications.

REFERENCES: 1. MRS Bulletin, "Emerging Organic-Based Photovoltaic R&D Approaches", January 2005, Volume 30, No. 1.

KEYWORDS: photovoltaics, portable, transportable, flexible, solar devices, solar panels, solar energy, solar power, solar cells, organic electronics

AF071-134 
TITLE: Improved Radio Frequency (RF) Polymer Substrates for Antennas
TECHNOLOGY AREAS: Materials/Processes

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

OBJECTIVE: Develop high permittivity, high permeability, low loss materials to replace current Duroid/PTFE and similar materials used to construct flexible conformal receive (RX)/transmit (TX) antenna structures.

DESCRIPTION: The use of conformal, flexible antenna technology is increasingly important for surveillance and reconnaissance systems. These systems involve the fabrication of the antenna structure on a polymer substrate.  The current suit of material used in the fabrication of RF antenna substrates is currently base on materials such as PTFE or Duroid. These materials are typically chosen because they have a very low electronic loss and are easily conformed to a surface.  To enable the development of improved gain antennas the permittivity and permeability of the substrate layer must be improved with out sacrificing the existing low loss characteristics. It is desired to develop materials whose permittivity is equal to the permeability and as large as possible (3 to 5) while maintaining a loss factor of 10-3 to 10-4 over a desired frequency range of up to 20GHz. These materials will enable higher gain without antenna redesign or the ability to reduce the size of the antenna over the baseline material without loss of signal strength, enabling a higher sensor density.

PHASE I: Fabricate 15 by 15 inch flat polymer substrate with a permittivity & permeability of > 2 over a frequency range of 1 to 5 GHz, with a loss of less than  5x10-3.  Demonstrate fabrication of a simple spiral antenna structure on the substrate and measure the RF performance versus baseline materials.

PHASE II: Refinement of results from the Phase I program should lead to development of materials which demonstrate a permittivity and permeability of >3 over a frequency range of 400MHz to 20 GHz, with a loss of less than  1x10-3.  The Phase II effort should include the manufacture of additional spiral antennas over the frequency range indicated. The antennas shall be characterized for RF performance.

DUAL USE COMMERCIALIZATION: Military application: Improved RF antenna gain without increased antenna footprint, or retention of current antenna gain with as much as a 50 percent reduction in the antenna footprint (aperture). Commercial application: Improved global positioning system (GPS) antennas in cellular phones for emergency position location, improved commercial aviation antennas and weather radar systems.

REFERENCES: 1. Brosseau, C. and Talbot, P. “Effective Permittivity of Nanocomposite Powder Compacts” IEEE Transactions on Dielectrics and Electrical Insulation, 11 (5) 819-832.

2. H.Mossalaei and K. Sarabandi, “Magneto-dielectrics in electromagnetics: Concepts and applications,” IEEE Trans. Antennas Propagat., 52, pp. 1158-1567, June 2004.

3. I.T. Iakubov, A.N. Lagarkov, S.A. Maklakov, A.V. Osipov, K.N. Rozanov, I.A. Ryzhikov, and S.N. Starostenko, “Microwave permeability of laminates with thin Fe-based films,” J. Magn. Magn. Matrl., 272-276, pp. 2208-2210, 2004.

4. S. Srinath, N.A. Frey, R. Heindl, and H. Srikantha, “Growth and characterization of sputtered BSTO/BaM multilayers,” J. Appl. Phys., 97, 2005.

5. A. Bogle, M. Havrilla, D. Nyquist, L. Kempel, and E. Rothwell, “Electromagnetic material characterization using a partially-filled rectangular waveguide,” J. Eletromagnetic Waves Applications, pp. 1291-1306, 2005.

KEYWORDS: metamaterials, radar, antenna, RF, polymer, magnetic, permittivity, permeability 

AF071-135 
TITLE: Weld Repair of Titanium Alloys for Turbine Engine Applications
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a process to weld repair a titanium bladed disk/rotor in a practical, cost-effective manner while meeting the minimum mechanical property requirements to ensure durability.

DESCRIPTION: Newer advanced turbine engines incorporate integrally bladed rotors or disks, commonly referred to as IBRs or blisks, in the fan and compressor regions.  IBRs/blisks are used because they increase engine efficiency while reducing part count and weight.  However, the IBRs/blisks have also introduced new and unique challenges for repair due to foreign object damage (FOD), domestic object damage (DOD), and wear.  Traditional engine designs allow individual airfoils to be removed and repaired or replaced with a new airfoil if they are damaged beyond blendable limits.  This is not an effective solution for IBRs/blisks since it would require the replacement of the entire blade/disk assembly, which is cost prohibitive.  It is therefore imperative that a cost-effective solution be developed to repair IBRs/blisks that have been damaged due to FOD, DOD, and wear.  The goal of this project is to develop a weld repair process (including traditional welding techniques as well as newer methods such as laser additive processes) for applicable titanium engine components that have been exposed to service conditions in a turbine engine.  The repair process would be developed on material in as used condition, i.e. after undergoing thermal and/or mechanical cycling and in the final machined state.  The repair process should produce defect-free welds in accordance with IAW AMS 2680 acceptance requirements and exhibit mechanical properties equal to or better than the conditioned material.  Applicable titanium alloys include, but are not limited to, Ti-6246, Ti-6242, and Ti-17.

PHASE I: Determine the technical feasibility of weld repairing titanium blisks/IBRs while meeting remaining life requirements.  The demonstration should include the ability to produce crackfree welds on an applicable titanium alloy.

PHASE II: Demonstrate the weld repair process on an applicable titanium alloy.  Weld repair should produce crackfree welds, return material properties to near original baseline level, and meet remaining life requirements.  Feasibility of developing the repair into a cost-effective, commercially viable process should also be demonstrated.

DUAL USE COMMERCIALIZATION: Military application: The repair process developed under this program will have applicability to all military turbine engines. Commercial application: The repair process developed under this program will have applicability to both military and commercial aircraft, as well as land-based turbine engines.

REFERENCES: 1.  Younossi, O. et al., “Military Jet Engine Acquisition: Technology Basis and Cost-Estimating Methodology,” Rand Corporation, Chapter 3, http://www.rand.org/pubs/monograph_reports/2005/MR1596.pdf

KEYWORDS: IBR, blisk, bladed disk, repair, weld, titanium

AF071-136 
TITLE: Low Cost Fabrication of Carbon-Carbon (C-C)  Aeroshells for Hypersonic Weapon Systems
TECHNOLOGY AREAS: Air Platform, Materials/Processes, Space Platforms

OBJECTIVE: Demonstrate low cost manufacturing techniques for complex aeroshell geometries in support of extended range reentry vehicles and/or hypersonic missiles/aircraft.

DESCRIPTION: The push to hypersonic flight regimes is requiring materials technologies that are lightweight as well as thermally and structurally efficient.  In addition, novel materials and manufacturing techniques are needed for aeroshells and heatshields to keep the system cost reasonable.  The state-of-the-art practice for structural C-C fabrication for complex contoured aeroshells is hand layup which is labor intensive and often times results in internal residual stresses and delaminations if the process is not optimized.  Low-cost methods can not rely on trial-and-error techniques to produce a fault-free component.  The focus of this effort is to combine process modeling with low cost manufacturing techniques that will yield high quality complex parts representative of those found on hypersonic vehicles.

PHASE I: Demonstrate the feasibility of process models that apply to the proposed manufacturing methods.  These models must demonstrate a high level of knowledge of the process mechanics of C-C.  Preliminary validation of the code and manufacturing process should be demonstrated.

PHASE II: The Phase I results will be further refined and optimized.  Contoured demonstration panels will be modeled and fabricated to demonstrate the low-cost methodology.  Mechanical testing is required to validate process predictions.  A representative axisymmetric subscale component will be identified and fabricated using the proposed techniques.  Transition to a C-C supplier is encouraged.

DUAL USE COMMERCIALIZATION: Military application: The process models and methods and materials knowledge base will provide a methodology to apply advanced material concepts to efficient thermal structures for hypersonic weapon platforms. Commercial application: The process models and methods and materials knowledge base will provide a methodology to apply advanced material concepts to efficient thermal structures for NASA and civil hypersonic vehicles.

REFERENCES: 1. J.W. McCluer, “Manufacturing Science of Carbon-Carbon Structural Composites”, Science Applications International Corp, Air Force, WL-TR-91-4073 (ADB 156865), July 1991

2.  E.R Stover, “Carbon-Carbon Process Variations”, General Electric Company, Air Force, AFML-TR-78-181, February 1979.

3. N.J. Pagano, "Axisymmetric Stress Fields in Involute Bodies of Revolution,", Journal of Spacecraft, Vol 23, No 2, March-April 1986, pp 165-170.

KEYWORDS: carbon-carbon,manufacturing,processing,hypersonics, thermal protection systems (TPS), low cost

AF071-137 
TITLE: Improved Materials for High-Power Fiber Lasers
TECHNOLOGY AREAS: Materials/Processes

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

OBJECTIVE: Develop materials and the associated material processes for fabricating fiber (conventional or photonic crystal) that enable improved fiber lasers.

DESCRIPTION: High-power fiber lasers greatly simplify laser system design while reducing both thermal and packaging constraints. Dramatic increases in output power to kilowatts of average power, improvements in efficiency to slope efficiencies exceeding 80 percent, and enhancements in beam quality for diffraction-limited performance together have been realized during recent years. Yet, materials are a fundamental limitation to realizing higher performance. Areas of interest include new and improved laser-host doped core materials, cladding materials, and/or photonic crystal microstructures as well as innovative processing approaches for producing these with the goal of enabling significantly higher laser performance near a wavelength of one micron and more importantly at eye safe wavelengths and in the mid-infrared spectral region (2 to 5 microns). The potential contractor is encouraged to consider innovative material solutions that surpass the commercially available materials. Suitable approaches could involve major improvements to the properties of existing materials or new materials with significantly enhanced properties.  In either case, the potential for this improvement must be justified in the proposal to be based upon solid scientific evidence.

PHASE I: Materials and/or material processing techniques shall be developed that enable significant improvement in the operation of fiber lasers as described above.  The materials shall also be characterized, and demonstrations performed that clearly show the potential for this improvement.

PHASE II: The contractor shall further develop the proposed material and/or the relevant material processes as well as to fully demonstrate the material properties and its usefulness for commercial and military applications. All necessary manufacturing processes for commercialization of the material and/or product shall be developed as well.

DUAL USE COMMERCIALIZATION: Military application: A broad range of applications would be impacted including laser radar, countermeasures, and the remote detection of chemical and biological agents. Commercial application: Commercial benefits would be for medical laser procedures, scientific instruments, and remote chemical detection for pollution prevention

REFERENCES: 

1. Y. Jeong, J.K. Sahu, D.N. Payne, and J. Nilsson, “Ytterbium-doped large-core fiber laser with 1.36kW continuous-wave output power,” Optics Express, Dec 2004, Vol. 12, pp. 6088. 

2. J. Limpert, A. Liem, T. Schreiber, F. Roser, H. Zellmer, and A. Tunnermann,“Scaling single-mode photonic crystal fiber lasers to kilowatts,“ Photonics Spectra, May 2004, Vol. 38, p. 54.

3. L.N. Durvasula, Editor, Fiber Lasers: Technology, Systems, and Applications, Proceedings of SPIE, June 2004, Vol. 5335. 

4. L.N. Durvasula, A.J.W. Brown, and J. Nilsson, Editors, Fiber Lasers II: Technology, Systems, and Applications, Proceedings of SPIE Vol 5709, April 2005.

KEYWORDS: laser, fiber, directed energy, laser host, photonic crystal fiber

AF071-138 
TITLE: Thermal History Sensor for Extreme Environments
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Development of existing sensing technology for monitoring thermal exposure of components in extreme environments with the goal of condition-based maintenance. 

DESCRIPTION: The mechanical properties of materials are strongly dependent on the history of thermal exposure and can degrade due to thermally activated microstructural processes. Degraded properties can in turn lead to compromised performance and, in the extreme, catastrophic failure of components; consequently, knowledge of the thermal history of a component is crucial to predicting the degradation of properties and anticipating/preventing failures. This knowledge can also be used to predict service life based on real-time condition, rather than arbitrarily removing a component from service based on hours of operation. A thermal history sensor capable of operating wirelessly in severe environments has been developed (Ref 1) which records a fingerprint of the thermal history in an array of crystallizing glass-ceramic substrates(2,3). The sensor may be read after the exposure by measuring the transmittance of the glass-ceramic substrates. A pattern-matching algorithm may then be employed to identify the thermal exposure corresponding to the fingerprint by comparison with a database of known fingerprints (4,5). Due to the fact that the crystallization of glass-ceramics typically occurs between 700 and 1200°C (2,3), the sensor will be useful in a variety of high temperature, severe environment applications in which knowledge of the thermal history is important for life-prediction or quality assurance purposes. The glass-ceramic materials comprising the sensor must be chosen to function in the temperature and time window of interest and will vary between applications. Example applications include monitoring of turbine engine components, thermal protection systems, heat treatment of refractory materials, and nuclear power generation. 

Successful implementation of this sensing technology (Ref 1) will require the development of software and hardware necessary for reading and interpreting the sensor. Methods for sensor construction and attachment as well as for reliable, reproducible extraction of the transmittance of the glass-ceramic substrates comprising the sensor are required. A portable system with a handheld reader that can read attached sensors is desirable for ease of deployment and use in remote locations. Software to run the transmittance measurement, to interpret the resulting thermal history fingerprint, and to provide diagnostic feedback regarding the health of the component are necessary. The benefits accrued to the USAF and warfighter through successful development and implementation of the sensing technology are reduced costs by preventing premature replacement of components (condition-based versus schedule-based maintenance) and improved safety by identifying components with compromised properties. 

PHASE I: Develop and demonstrate approaches for one or more critical aspects of the sensor such as sensor construction/attachment, reliable and repeatable extraction of fingerprint, and implementation of software to identify thermal exposure using database of known thermal history fingerprints. 

PHASE II: Development of prototype hardware to extract thermal history fingerprint from sensor and interfacing of hardware and interpretation software from Phase I. Demonstration of thermal history identification using prototype sensors, hardware, and application-specific thermal history fingerprint database. Optimization of sensing technology for specific AF applications. 

DUAL USE COMMERCIALIZATION: Military application: Condition-based maintenance of components operating in extreme environments such (aerospace systems, power generation, etc.) resulting in failure prevention, improved safety, and cost savings. Commercial application: Condition-based maintenance of components operating in extreme environments such (aerospace systems, power generation, etc.) resulting in failure prevention, improved safety, and cost savings.

REFERENCES: 

1. G.E. Fair, R.J. Kerans, and T.A. Parthasarathy, “Thermal History Sensor,” U. S. Pat. No. 6 974 249, 2005.

2. G.H. Beall, “Design and Properties of Glass-Ceramics,” Annu. Rev. Mater. Sci., Vol 22, pp. 91-119, (1992).

3. W. Holand and G.H. Beall, Glass-Ceramic Technology, pp 75-189, American Ceramic Society, Westerville, OH, 2002.

4. K.J. Albert, N.S. Lewis, C.L. Schauer, G.A. Sotzing, S.E. Stitzel, T.P. Vaid, and D.R. Walt, “Cross-Reactive Chemical Sensor Arrays,” Chem. Rev., Vol. 100, pp. 2595-2626, 2000.

5. S.M. Briglin, M.S. Freund, B.C. Sisk, and N.S. Lewis, “Vapor Detection, Classification, and Quantification Performance Using Arrays of Conducting Polymer Composite Chemically Sensitive Resistors,” IEEE SENSORS, 2002.
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AF071-142 
TITLE: Nondestructive Evaluation (NDE) for Silicon Carbide (SiC) Optics
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop NDE techniques and equipment to detect both defects and internal trapped stresses at the surface and through-the-thickness of polycrystalline SiC-based mirrors. 

DESCRIPTION: Polycrystalline SiC based materials are being considered for the next generation aerospace (lightweighted) mirror structural substrates because of their low density and coefficient of thermal expansion (CTE) as well as their high strength, stiffness and fracture toughness.  These materials can potentially serve as a single wideband optical structural material to replace both Be and glass optics for a range of temperature from cryogenic to high temperatures. The NDE of glass optics usually involves polarized light birefringement measurements that enable both defect identification and internal stress estimations. However, this technique has not been successful for non-transparent substrate like SiC and Be. Currently, these materials can only be screened for reliability by proof testing in an actuated, interferometry test bed.  This is very expensive (both in time and money) because it requires a fully finished mirror. If the mirror changes figure during testing, the part is discarded as scrap.  In this SBIR topic, new NDE methods are being sought that can inspect SiC based mirror substrates (through thickness) for both defects and internal stresses. The technique should be applicable to inspection at various steps along the production route including as-produced, machined, figured, finished, and coated. In the Phase I proposal, the offeror should present a clear detailed description of their inspection methodology including all advantages and disadvantages. Assumptions should be supported with physics argument and pertinent data from past experience or from the literature. They also need to provide some estimate of the resolution and sensitivity of their technique including minimum defect size and stress level that is detectable as a function of part thickness and lightweighted substrate geometry (honeycomb open or closed backed). Additionally they should compare these figures of merits with those of other methods. The goal of this program is to develop and demonstrate advanced NDE technologies for SiC-based materials to help minimize cost, rejection rates, and increase reliability. In Phase I, the offeror will have to demonstrate feasibility of their method on 1- to 2-inch diameter by ¼-inch-thick SiC flat disks that are processed to contain defects and internal stress. [The offeror will have to procure these from a SiC vendor].  In Phase II, the offeror will have to scale up their process to be able to identify defects in at lease 4- to 6-inch diameter lightweighted SiC mirror structures. This proposed development effort is performance enabling and pervasive for systems such as Space Based Infrared High, the Space Based Surveillance System, and the Space Tracking and Surveillance System.  The technology may also be applied to next generation kill vehicles and directed energy systems.

PHASE I: Investigate potential NDE methods for the characterization of both defects and internal stress contained within poly-SiC-based materials. Demonstrate resolution and sensitivity on samples which contain subsurface damage and trapped stress produced during the fabrication and figuring stages.  

PHASE II: Focus on the optimization and scale-up of the technique to inspect small (4- to 6inch-diameter) lightweighted SiC mirror substrates. Track damage during the processing, figuring, finishing, and coating stages. Include design/develop/construction of a breadboard prototype system to demonstrate the innovation and to obtain the operational specifications as well as the limits of the technology. 

DUAL USE COMMERCIALIZATION: Military application: Develop and implement specific NDE technology for characterizing SiC-based optics being considered for imaging telescope systems (STSS and EKV) and directed energy reflectors (ABL and ARMS). Commercial application: SiC are being considered for numerous industrial applications including parts for the jet and diesel engine community. A viable NDE method will be required to assess the reliability of these parts.

REFERENCES: 

1. E. Brinksmeier, “State-of-the-art of non-destructive measurements of sub-surface material properties and damage,” Precision Engineering, October 1989, Vol. 11, No.4, pp 211-224.

2. J. A. Randi, J. C. Lambropoulos and S. D. Jacobs, “Subsurface damage in some single crystalline materials,” Applied Optics, 20 April 2005, Vol. 44, No. 12

3. N. L. Hecht, P. P. Yaney and G. A. Graves, "The Use of Laser Raman Microprobe Spectroscopy for Investigating Residual Surface Strain in Selected Ceramics," Proceedings of the Conference on Fractography of Glasses and Ceramics III, The American Ceramic Society, Westerville, Ohio, 1995, pp. 367-384.
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AF071-146 
TITLE: Deeply Buried Hardened Target Fuze
TECHNOLOGY AREAS: Weapons

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

OBJECTIVE: Develop a non-inertial sensor and associated signal analysis algorithms for reliably sensing the presence and characterizing voids during penetration of a hardened target.

DESCRIPTION: “Smart” fuzes for penetrating weapons currently utilize various algorithms to detect the presence of layers and voids (i.e., empty spaces, such as floors) in a hardened target.  The analysis is performed on the output from a set of accelerometers, but the dynamic penetration environment introduces a large amount of mechanical noise that makes detection difficult.  Additionally, the dynamics of the penetrator itself is highly variable even under nominally identical impact conditions.  This uncertainty can be mitigated through the use of additional sensing means.

AFRL/MNMF, in conjunction with AAC, seeks to develop novel approaches and the underlying technologies to augment the detection of voids and layers by inertial sensors.  The output of non-inertial sensors is expected to improve the recognition of target features from a sensor fusion standpoint, potentially providing an orthogonal (statistically independent) information stream.  With further refinement, using complementary information may enable “brilliant” fuzes that can recognize particular target features (such as a surrounding media) in addition to events (such as impact with a hardened concrete layer).

Eligible approaches can utilize any non-inertial means to probe the environment, such as electromagnetic radiation.  The approach can be active, passive, or a combination of several types.  However, the approach must fit within the physical constraints of a fuze (a cylinder approx. 3 in diameter and 6 in long) without modifying the existing warhead casing or other internal components of the warhead.  

The penetration of a target involves rapid movement through disintegrating media.  The resulting debris field is a potential source of interference for the detector(s). Additionally, the harsh environment of penetration gives rise to spurious broadband noise that might degrade the signal-to-noise ratio of particular approaches.  All features of the sensor must be able to survive and function under extreme mechanical loading, with instantaneous accelerations exceeding 100kg (i.e., 100,000 times the acceleration of gravity) possible over a several millisecond time span.

The recognition of target features must also be nearly instantaneous, with a decision rate greater than 5 kHz; this implies a much faster sensor sampling rate.  For example, a weapon traveling at 500 fps must be able to recognize a layer or void in much less than 1 ms to obtain one foot resolution while preventing aliasing and improving detection confidence.  

The expected radial detection range from the axis of the weapon must be greater than 5 ft; detection of near-field (<6 in) features is desirable.  The sensor must be able to detect at least three voids in a 15 ft. target.  Use of the candidate method(s) for cavitation measurements in penetration experiments will also be explored.

PHASE I: Perform an analysis of alternatives (AOA) trade study to identify and justify the best concept(s) for non-inertial void detection and layer counting during hard target penetration.  Provide a “proof-of-concept” benchtop demonstration of a brassboard non-inertial sensor. 

PHASE II: Demonstrate functionality of a hardened prototype of the proposed sensor concept during impact loading of ~30kg for 1 ms.  Perform field testing to demonstrate robustness and accuracy of the concept.

DUAL USE COMMERCIALIZATION: Military application: A successful effort will have military application in future hard target smart fuzes that will be used within hard target weapons such as the BLU-109. Commercial application: Potential commercial uses include automotive testing (crash tests), search and rescue, and vehicle design for dynamic control.

REFERENCES: 

1. Jane’s Defense Weekly

2. Munitions Directorate Homepage <http://www.mn.afrl.af.mil/>

3. Military Handbook of Fuzes, MIL-HDBK-757(AR), 15 April 1994. (Public Releasable via USA Information Systems, Inc; www.usainfo.com, 757-491-7525)

4. CAF-90-I/II-A Hard Target Smart Fuze ORD

KEYWORDS: Smart fuze, fuzing, void sensing, void detection, layer counting, hard target, penetration environment, programmable fuze, sensor, non-inertial, accelerometers. 

AF071-147 
TITLE: Compact Broadband Antennas
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: This topic holds the greatest potential for meeting the technical needs of our warfighters supported by PEOs and Centers.

OBJECTIVE: Develop a compact wideband (VHF to L Band) transmit/receive antenna with uniform gain over a wide azimuthal field of view for small aerial vehicles (UAV/AGM/Decoy).  

DESCRIPTION: The operational bandwidth of some advanced airborne tactical RF systems requires the use of several antennas to cover multiple bands.  In an effort to reduce real estate on the airborne systems for future additions, and cut down on interference between these antennas, innovative solutions that enhance RF efficiency and performance of small broadband antennas are of interest.   These antennas must be designed for the small surface area of a typical small aerial vehicle (UAV/AGM/Decoy) but the invention is not limited on the airframe (i.e. may be installed in the nose, fins, conformal, etc.).  The objective antenna should have the following features:  (1) capable of omni-directional coverage in azimuth, (2) capable of operation over the frequency range of 30 to 2000 MHz with an instantaneous bandwidth of at least 700 Mhz, (3) transmit and receive capable, and (4) operation at high levels of efficiency (efficiency, gain, VSWR, good performance at the low end of the bands, etc.).  The effort should analyze the predicted performance of the selected antenna (implemented in the vehicle’s airframe), dome material, and thermal and aerodynamic effects.

PHASE I: Demonstrate proof-of-concept of antenna design using computer modeling tools or fabrication of a laboratory model antenna system with limited measured data.

PHASE II: Develop, fabricate, and test a prototype (laboratory model) antenna and compare to design predictions.  If a laboratory model was developed during Phase I, demonstrate further maturity of the design.

DUAL USE COMMERCIALIZATION: Military application: A successful demonstration of this technology could lead to nulled antenna inferference and create an enhanced RF efficiency. Commercial application: The dual use potential will vary depending on the particular technology that is developed.

REFERENCES: 

1  Mailloux, R. J., "Phased Array Antenna Handbook," Artech House, 1994
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Engineering Handbook, McGraw-Hill, 1984
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AF071-149 
TITLE: Low Erosion Materials for Reaction Jet Control Systems
TECHNOLOGY AREAS: Air Platform, Materials/Processes, Weapons

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

STATEMENT OF INTENT: Enhanced capability to defeat highly maneuverable air targets

OBJECTIVE: Develop low erosion materials for high-temperature reaction jet control systems.

DESCRIPTION: A need exists to significantly increase our capability in air superiority missile systems. Enhanced missile airframe agility is required to provide off-axis intercept capability and to enlarge the target no-escape-zone.  Reaction jet control (RJC) technologies have the potential to provide future missiles with unprecedented maneuverability without degrading beyond-visual-range performance. A typical RJC system is comprised of a set of three to six independently actuated hot gas valves located about the circumference of a tactical missile.  In operation, the valves redirect a portion of the motor exhaust to generate control forces in the pitch, roll and yaw axes of a missile. The valve mechanism typically consists of a light-weight plug that opens and closes against a seat.  The biggest technical challenge to such a RJC system is the development of low-cost, lightweight plugs and seats that can withstand the extreme temperature and erosion environment of an air-to-air missile motor exhaust.  The use of refractory metals with high temperature and erosion characteristics, such as rhenium, are unacceptable for tactical missiles due to their high weight and cost.  Thus, low cost, light weight materials such as carbide ceramics and coated carbon-composites are desired for the RJC hot gas valves. Whatever material is pursued, it must be suitable to low-cost processing and part manufacturing.

PHASE I: Identify and define candidate materials and/or material processing techniques for RJC hot gas valves.  The materials should be capable of functioning in the exhaust flow of a tactical rocket motor. Materials shall be evaluated through analysis and/or test of small specimens.

PHASE II: Demonstrate the benefit of the material concept generated in Phase I by fabricating, processing, and characterizing a hot gas valve plug and seat.  A full-scale plug and seat are to be tested using the hot gas flow of a flight-like tactical rocket motor. The ability to dynamically cycle the plug against the seat during the test is highly desired. 

DUAL USE COMMERCIALIZATION: Military application: Air-to-air tactical missiles. Ground-to-air intercept missiles. Such materials can also be used at the leading edges of hypersonic aircraft. Commercial application: Potential applications would be in high temperature regions of commercial aircraft engines and commercial space launch vehicles.

REFERENCES: 

1. Jean-Gabriel Faget: Composite material hot gas valve systems for interceptor guidance and control; AIAA-1999-2648,  AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, 35th, Los Angeles, CA, June 20-24, 1999

2. M. J. Ostrander, J. L. Bergmans, M. E. Thomas, and S. L. Burroughs: Pintle motor challenges for tactical missiles; AIAA-2000-3310, AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, 36th, Huntsville, AL, July 16-19, 2000

3. U. Papenburg, S. Walter, M. Selzer, S. Beyer, H. Laube, and G. Langel: Advanced ceramic matrix composites (CMC's) for space propulsion systems, AIAA-1997-3391, AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, 33rd, Seattle, WA, July 6-9, 1997
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AF071-150 
TITLE: Rocket Motor - Dual Pulse
TECHNOLOGY AREAS: Air Platform, Weapons

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

STATEMENT OF INTENT: Enhanced capability to defeat highly maneuverable air targets

OBJECTIVE: Develop technologies supporting dual-pulse solid rocket motor for future air supremacy missiles. Goals are to improve end-game maneuverability, extend flight time, be insensitive munition compliant. 

DESCRIPTION: In order to fully realize the potential performance benefits of using dual-pulse rocket motors without compromising existing performance, insensitive munitions compliance, or service life, several technological challenges must be overcome. Since the dual-pulse motor requires additional components (igniter train, inter-stage pressure bulkhead/membrane), maintaining or improving the total impulse is a significant challenge. Investigating the following technology areas would support successful development of dual-pulse tactical motors: 1) Efficient packaging schemes for igniter / bulkhead, maintaining high propellant density (lbm/cu-in volume); 2) Advanced propellants (higher specific impulse; impulse per mass of propellant); 3) Higher mean operating pressure motor case; 4) Improved insensitive munitions compliance (fragment resistance, slow and fast cook-off, etc); and 5) Improved motor service life (propellant aging, mechanical and chemical degradation/interaction with the liner). Overall system performance objectives include extended time-of-flight, improved maneuverability, improved insensitive munitions compliance, and extended service life.

PHASE I: Identify and fully define one of the above referenced technology areas to investigate in depth, and develop a research approach that includes a proposed methodology for demonstrating the results. 

PHASE II: Demonstrate the results of the particular technology enhancement concept and show how it would contribute toward achieving the overall system performance objectives mentioned above.

DUAL USE COMMERCIALIZATION: Military application: Air-to-air tactical missiles. Ground-to-air intercept missiles. Commercial application: Small, suborbital rocket and sounding rocket activities (e.g. providing low cost, short duration hypersonic flight experiments for basic research in high temperature material development).

REFERENCES: 

1. ADA411214 “Advanced Cryogenic Solid Hybrid Rocket Engine Developments: Concept and Test Results”, ORBITAL TECHNOLOGIES INC MADISON WI, JUL 1998, St.Clair, Christopher P.; Rice, Eric E.; Knuth, William H.; Gramer, Daniel J. 
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4. ADA042377 “Investigation of Electro-Hydraulic Pulse Motors for Aircraft Utility Functions”, LOCKHEED-GEORGIA CO MARIETTA, MAY 1977, Rumrill,Edwin W., Jr.;Lewis,Frank D.
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AF071-151 
TITLE: Improved Grid Fin Manufacturing Techniques
TECHNOLOGY AREAS: Materials/Processes, Weapons

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

STATEMENT OF INTENT: Low cost manufacturing contributes to lower munition total cost

OBJECTIVE: To identify and develop improved, low-cost grid fin manufacturing techniques for miniature air-launched munitions.

DESCRIPTION: Grid fins have been shown to improve munition performance by reducing control actuator hinge moments, providing linear aerodynamics, and by compact carriage in internal bays through ease of fin folding.  The former Soviet Union applied grid fins for years on a number of their strategic missiles and air-to-air missile designs.  More recently, the United States has applied grid fins to a number of laboratory munition programs, as well as for the Massive Ordnance Air Blast (MOAB) acquisition program.  A draw back of these programs has been the high cost of manufacture of the fins.  Typically the fins were manufactured through milling of aluminum billets, an expensive method.  Some progress has been made in the use of water jet milling, but the costs still exceed those of traditional planar fins.  The purpose of this topic is to explore new methods of grid fin manufacture that will lead to a net zero cost increase over conventional techniques.

PHASE I: Identify potential materials (both metals and composites), manufacturing, and assembly/joining methods as applied to a representative grid fin design.  Demonstrate at a coupon level the ability to meet the tight tolerances associated with grid fin construction. Project fin cost-to-produce estimates.

PHASE II: Demonstrate several, preferred manufacturing, and assembly/joining methods on a full scale fin design. Determine manufacturing cost estimates on these preferred methods. Conduct loads testing to evaluate ability to endure flight conditions. 

DUAL USE COMMERCIALIZATION: Military application: Applications of low cost manuafacturing methods could be extended to cruise missile and UAV programs. Commercial application: Automotive and commercial aviation industries could benefit from the novel composite material manufacturing methods, as applied to complicated shape components.

REFERENCES: 
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KEYWORDS: grid fins, aerodynamic control, composite manufacturing, lattice fins, composite assembly, composite joining methods

AF071-152 
TITLE: Propulsion for Miniature Munitions
TECHNOLOGY AREAS: Air Platform, Weapons

OBJECTIVE: Develop propulsion system technologies applicable to future miniature munitions that maximize flight endurance time and/or operate efficiently and optimally at all subsonic flight conditions.

DESCRIPTION: In today’s Global War on Terror the United States military has had to adapt to sustained operations over large areas. In order to meet the operations tempo, to keep troops out of harms way, and to adapt to an ever changing mission scenario, versatile, affordable miniature munitions that can adapt to the battlefield environment and perform in sustained operations are required. Typical propulsion technology has been focused on much larger man-rated aircraft, but in recent years, it has become evident that use of unmanned vehicles has been increasing but efficient, affordable propulsion systems are not available to meet the needs of smaller weapons and UAVs. There are 2 specific needs for small munitions.  The first is to power a small, 100 lb (with 25 lbs of fuel) weapon for long periods of time (24 hours) at slow speeds (100 knots) with approximate altitude of 1,500 ft above ground level.  The propulsion system of interest would provide Brake Specific Fuel Consumption on the order of 0.5 lbs/HP-hr efficiency in a small package (~1 lb/hp).  On the opposite end of the spectrum, the propulsion system of interest would be capable of operating very efficiently at the high end subsonic speeds (0.8-0.9 Mach), at both high altitudes (40K feet) and low altitude (500-1000 feet), and operate very efficiently at very slow speeds (70-120 knots). The objective of the SBIR is to develop technologies to increase the performance, affordability, adaptability and versatility of small engines for miniature munitions.

PHASE I: Develop technological concept (materials, fuels, etc.) for a propulsion system technology that will meet one of the objectives. Describe operational benefit of technology. Demonstrate feasibility of technology and compare to existing technology. 

PHASE II: Develop, test and demonstrate an operable prototype that fulfills the technological concept from Phase I. Establish a viable business model to produce and support the application of the product.

DUAL USE COMMERCIALIZATION: Military application: This technology would have applicability in small military UAV applications and miniature missiles and munitions. Commercial application: Technology developed on this program may have applicability in small commercial UAV applications.

REFERENCES: 

1. http://www.mn.afrl.af.mil/

2. http://www.pr.afrl.af.mil/

3. http://www.afrlhorizons.com/Briefs/Apr04/MN0308.html/

4. http://www.ndiagulfcoast.com/events/archive/30th_symposium/day2/Korn/ndia-mr-korn.pdf/

5. Conference Proceedings, Advisory Group for Aerospace Research and Development Paris (France), "Variable Geometry and Multicycle Engines", Mar. 1977, AGARD-CP-205, Accession #: ADA040189.

6. Boyer,Robert C., Meador,Jay D., "Variable Cycle Engine Control System Definition Study. Turbine Engine Technology Demonstrator Component Development Program, Project 668A. Controls Development Program.", Mar 1976, Accession #: ADA036175 

7. McKenna,R. F., "Organic Rankine Cycle Silent Power Plant, 1.5 Kw, 28VDC.", 22 SEP 1975, Accession # ADA139160.
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AF071-153 
TITLE: Innovative Fuze Technology Research
TECHNOLOGY AREAS: Materials/Processes, Weapons

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

OBJECTIVE: Research and develop innovative technology for application in air-delivered munition or submunition fuzes.

DESCRIPTION: The Fuzes Branch of the Air Force Research Laboratory Munitions Directorate (AFRL/MNMF) develops, demonstrates, and transitions technologies that have application to fuzes for air-delivered weapons, including (but not limited to) guided and unguided bombs, missiles, and submunitions.  Fuzes must reliably remain in a safe mode until the appropriate post-deployment environments (such as freefall) are sensed; the fuze must then arm the weapon and, upon receiving a signal from a target detection device (TDD), initiate the explosive fill (or other damage mechanism).  

AFRL/MNMF thus seeks proposals for innovative technologies that can be integrated into the design or testing of air-delivered weapon fuzes.  Areas of broad technical relevance include environmental (pressure, temperature, acceleration, etc.) and TDD sensors (acoustic, electrostatic, magnetic, optical, RF, millimeter wave, sub-millimeter wave, etc.) with applications for all aspects of fuze operation needed to support the air-to-surface and air-to-air weapon missions.  Some specific research areas of interest include, but are not limited to the following: 1)  Creation of a software architecture, design rules, control algorithms, and/or operating system(s) that will enable commercial-off-the-shelf processors to reliably process safety critical fuze functions while meeting safety board criteria for long-term verifiable performance, 2)  Develop a miniature, jam-resistant, greater than 250 kilobits/second shock-hardened wireless Data Link for two-way communication during a 250 pound class weapon’s deep underground penetration event, 3)  Investigate methods/techniques for improving the shock survivability of inventory hardened fuzes (FMU-143, FMU-152) used in penetrating weapons; e.g., techniques for eliminating gaps/air voids between the fuze and fuzewell, 4)  Develop a hardened, passive, unpowered, tri-axial device that irreversibly and measurably changes some physical configuration or property without relaxation/hysteresis to record the peak acceleration as a back-up data point for tests when a hardened fuze data recorder fails, 5)  Develop a miniature passive or active sensor capable of identifying case breakup and/or severe trajectory instability during a hardened penetration event for the purpose of salvaging the fuze function and high explosive detonation.  Technology must operate inside existing fuze well as an add-on to existing fuze components and have low false alarm rate, 6)  Develop laboratory and field techniques for simulating multi-axis environments experienced by a fuze during a hardened penetration event, 7)  Develop conformal sub-millimeter wave antennas for active imaging fuze applications, 8) Develop lower-cost active imaging millimeter wave, and sub-millimeter wave fuze sensor components for expendable munitions, and 9)  Develop high-speed target classification and aimpoint selection algorithms for active imaging fuze sensors. 

PHASE I: A successful program will demonstrate the concept through design or testing in Phase I.  

PHASE II: Subsequent Phase II efforts will involve developing and demonstrating a breadboard version of the technology.

DUAL USE COMMERCIALIZATION: Military application: A successful demonstration of this technology will lead to applications in all classes of air-delivered munitions and submunitions. Commercial application: The dual-use potential will vary depending on the particular technology that is developed.

REFERENCES: 

1. Munitions Directorate Homepage <http://www.mn.afrl.af.mil/>

2. Military Handbook of Fuzes, MIL-HDBK-757(AR), 15 April 1994. (Public Releasable via USA Information Systems, Inc; www.usainfo.com, 757-491-7525)

3.  “Radar Reflectivity of Land and Sea”, M. W. Long, Lexington Books,  ISBN: 0-669-00050-7.
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AF071-154 
TITLE: Ladar Seeker Technologies 
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Research and develop techniques for high resolution 3D imaging ladar to include optical multidiscriminant techniques.

DESCRIPTION: Imaging ladar systems must be compact, inexpensive and reliable if they are to be seekers on autonomously guided munitions. Novel ladar systems, ladar system components, or ranging techniques which offer range resolution less than 12 inches, range precision of less than 3 inches, an amplitude dynamic range of at least 10 bits, and operate at eyesafe wavelengths have the greatest priority. For ladar applications addressing multidiscriminant seeker technologies: co-registration of 1/20 of a pixel across channels is required; all systems should address nth pulse detection (up to 4 returns per pixel) for imaging occluded or obscured targets. Coregistration of long wave infrared (LWIR) passive imagery with traditional ladar imagery is of interest. Innovative ideas must lead to a low-cost, medium-range (2-5 km) imaging ladar seeker constrained to a total system volume of less than 250 cubic inches. Current ladar components include lasers, optical detectors, optical scanners, transmit and receive optics, and ranging electronics. High energy eye-safe (>1.5 micron wavelength) laser and focal plane arrays (>256x256) for optical detection that offer or support single-shot imaging of a scene are of particular interest. Novel techniques to electronically scan the single-shot transmitter and receiver are of particular value in eliminating current gimbal requirements. This will drastically reduce weight and cost. Also of interest are techniques for improved signal-to-noise for laser ranging, techniques that lend themselves to implementation in small packages, and techniques that allow imaging with eye-safe wavelengths in the near to mid-IR range. Exploration into the use of multiple laser wavelengths, phase information, and polarization information to increase ladar system performance is highly encouraged. Proposed components and techniques should be capable of implementation in small, low cost packages for use on autonomously guided munitions deployed from aerial platforms. Proposals to improve ladar components should include an envisioned ladar system architecture that utilizes the proposed component. Proposed schemes should be appropriate for implementation in a laboratory breadboard setup. 

PHASE I: Phase I of this project should investigate the performance of the proposed component or technique through modeling & simulation or fabrication of critical elements of the design. The results will be used to establish a prototype component or system design and outlined in a detailed report. 

PHASE II: Phase II of this project would involve the construction and delivery of a prototype component or ladar system based upon the design developed in Phase I. 

DUAL USE COMMERCIALIZATION: Military application: Munition seekers, airborne reconnaissance & surveillance, targeting systems, lasers, optical detectors, & optical scanners. Commercial application: Remote sensing applications for environmental monitoring, security systems, geographic surveying, industrial monitoring applications, & collision avoidance sensors for transportation systems.

REFERENCES: 

1. Cohen, M. J., et al. "Commercial and Industrial Applications of Indium Gallium Arsenide Near Infrared Focal Plane Arrays." Proc. SPIE, 3698, (1999), 453. 

2. Dries, J. C., et al. "Two-dimensional Indium Gallium Arsenide Avalanche Photodiode Arrays for High-Sensitivity, High-Speed Imaging." IEEE LEOS Proceedings, 2002. 3. Boas Gary, “Ladar Images in Three Dimensions”, Photonics Spectra, February 2003 

KEYWORDS: laser radar, ladar, laser ranging, direct detection, coherent laser radar, laser applications, optical scanners, optical detectors, focal plane array, LWIR, multispectral 

AF071-155 
TITLE: Acquisition and Tracking Algorithms for Multi-Resolution (Foveal) Sensors 
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

OBJECTIVE: Develop algorithmic techniques for controlling the resolution of programmable multi-resolution (foveal) sensor systems and processing the resultant imagery. 

DESCRIPTION: Many biological systems (vertebrates) have vision systems with varying spatial resolution in order to optimize the use of their resources. Typical cameras have uniform spatial acuity and produce full-resolution images of its full field-of-view at a fixed frame rate. In order to readout and process the data with limited resources, trades must be made between resolution, field-of-view (FOV) and frame rate. Foveal cameras of interest have frame-to-frame programmable spatial acuity, allowing for lower resolution in regions that are less interesting and high resolution in regions of interest (ROIs). The spatial down sampling is done on or near the focal plane array (FPA) before readout, reducing the throughput and processing requirements. This capability allows the system to simultaneously maintain a wide FOV for surveillance, high resolution on ROIs for identification of any objects of interest, and fast frame rates for tracking those objects. In order to perform useful tasks with this technology, intelligent decisions about how to manage your spatial resolution must be made based on scene content. One possibility is having a man-in-the-loop watching the FPA output and making decisions about what objects in the scene may be of interest. Another approach is to have sophisticated algorithms processing each frame of data and making autonomous decisions about where to place high-resolution windows. For many military applications, having a full-time man-in-the-loop is not practical. Applications such as missile warning systems (MWS) on military or civilian aircraft, early launch detect and track (ELDT) for ballistic missile defense, and wide area search for critical mobile targets could all benefit from this technology. One example might be a munition that flies over the battlefield with the ability to engage several critical mobile targets with sub-munitions. It could search for targets by maintaining a wide FOV in order to maximize the probability of detection. When a target is detected, the system would have the ability to maximize the number of pixels on target in order to identify the target before engaging. High frame rates would allow it to precisely track the target. While identifying or tracking one target, it could still maintain its wide FOV, searching for additional targets. Additionally, the lower data rate would allow for images to be transmitted over lower bandwidth wireless channels for other tasks such as intelligence or man-in-the-loop target verification prior to engagement. State-of-the-art multi-resolution sensor technology operates in both the visible and infrared spectrums. This technology seeks to minimize the bandwidth required to maintain high frame rates, full FOV, and high-resolution in regions of interest. Some basic target detection and target tracking algorithms have been developed for proof-of-concept purposes. More robust algorithms are required. Algorithms should address such things as platform motion and robust target detection, tracking, and identification. Biologically inspired approaches, such as human gaze control, are of interest. Innovative algorithms that utilize the sensor’s variable resolution capability to improve performance are of interest.

PHASE I: The phase I effort will develop and demonstrate algorithmic techniques with limited capability to detect, track, and identify targets from a moving platform using a multi-resolution sensor. Additionally, the techniques need to be characterized and analyzed to identify limitations. 

PHASE II: The phase II effort will refine the Phase I algorithms to be robust. Methods will be developed to overcome any limitations identified in Phase I. At the end of phase II, the algorithms should be robust enough to detect, track, and identify a target during an actual flight test of an IR or visible foveal camera. A specific application will be demonstrated. 

DUAL USE COMMERCIALIZATION: Military application: Applications such as missile warning systems on aircraft, early launch detect and track for missile defense, and wide area search for critical mobile targets could benefit from this technology. Commercial application: This technology has several potential applications outside of the military such as security surveillance, law enforcement, search and rescue, and drug enforcement.

REFERENCES: 

1. Z. Wang, L. Lu and A. C. Bovik, "Foveation scalable video coding with automatic fixation selection," IEEE Trans. on Image Processing, Vol: 12 No: 2, February 2003.

2. S. Lee, M.S. Pattichis and A.C. Bovik, "Foveated video quality assessment," IEEE Transactions on Multimedia, Vol: 4 No: 1, March 2002. Page(s): 129-132

3. P. L. McCarley, Mark A. Massie, and J. P. Curzan, “Large format variable spatial acuity superpixel imaging: visible and infrared systems applications”. SPIE Proc., Infrared Technology and Applications XXX, vol. 5406, pp. 361-369, Orlando, 2004.

4. Curzan, J.P., C. R. Baxter and M. A. Massie, “Variable Acuity Imager with Dynamically Steerable, Programmable Superpixels”, SPIE Aerosense Infrared Technology and ApplicationsXXVIII, Seattle, WA., 2002. 
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AF071-156 
TITLE: Enhanced Detection of Hidden Targets Using Multi-Discriminant Ladar
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Exploit multi-discriminant Ladar to develop algorithms for improving the detection of hidden objects and targets employing camouflage, concealment, or deception.

DESCRIPTION: Traditional Ladar sensors provide intensity and range information that can be used to derive textural features and 3D geometric descriptors for image analysis and object/target detection and recognition. When objects of interest are camouflaged or hidden within deep forest foliage, detection results from intensity and range data only has been unfavorable. Future Ladar sensors and systems under development today will have a multi-channel measurement capability. This includes the ability to transmit and receive at multiple wavelengths, capture multiple hits from a single pulse, and measure the polarimetric scattering properties of the imaged scene. These improved systems with polarization, multi-spectral, and multi-hit measurement capacity are called multi-discriminant (M-D) Ladars. It is desired to exploit M-D Ladar data for improvements in detecting and locating man-made objects even when they are heavily obscured.

Unfortunately, with the addition of multi-discriminants comes the curse of dimensionality. The dimension of the feature space where detection and classification decisions are made becomes unwieldy. Techniques are needed to reduce the dimensionality of the feature space while preserving class separation. Traditional linear approaches, such as Principal Component Analysis (PCA), reduce dimensionality by discovering linear subspaces based on eigenvector/eigenvalue analysis. However, M-D does not necessarily exist in linear subspaces. Nonlinear methods are necessary to understand the true nature of these multi-dimensional data spaces to better design classifiers. It is desirable to investigate and develop nonlinear dimensionality reduction techniques for the M-D Ladar problem. One approach is to assume the data exists on an embedded nonlinear manifold. Some modern nonlinear mapping techniques include kernel PCA, support vector machines (SVM), isometric mapping and locally linear embeddings. 

NOTE: Only contractors who have or can obtain security/facility clearances should offer proposals under this topic. Also, any proposals submitted must be unclassified (see section 5.6 of the solicitation)

PHASE I: Derive features and metrics from polarization, multi-spectral, and multi-hit Ladar imagery. Develop algorithms to separate man-made vs. natural regions. Demonstrate performance improvements of M-D target/object detection over that achievable when using intensity and range information only.

PHASE II: Optimize Phase I algorithms to improve robustness to variations in environmental conditions and sensor data quality. Design and develop the architecture and software to fuse M-D features with geometric shape-based detect, class, and ID algorithms to construct an improved Ladar ATR algorithm suite. Compute metrics (e.g. confusion matrices, ROC curves) demonstrating M-D Ladar ATR performance.

DUAL USE COMMERCIALIZATION: Military application: The resulting object detection and recognition system would have applicability in both civilian and military markets including security, surveillance, and guided submunition systems. Commercial application: The resulting algorithms would have application to commercial mapping, environmental mapping, forestry surveying, and archeology (finding ruins under canopy).  The developed techniques would be used to automate map segmentation by vegetation as well as find man-made structure in dense vegetation. 

REFERENCES: 

1. Tenenbaum, Silva and Langford., “A Global Geometric Framework For Nonlinear Dimensionality Reduction,” Science, vol. 290, pp. 2319--2323, 2000.

2. Coifman, Lafon, Lee, Maggioni, Nadler, Warner and Zucker, “Geometric Diffusion as a Tool for Harmonic Analysis and Structure Definition of Data: Diffusion Maps,” PNAS, 102(21): 7426-7341, 2005.

3. Roweis and Saul, “Nonlinear Dimensionality Reduction by Locally Linear Enbedding,” Science, vol. 290, pp. 2323-2326, 2000.
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AF071-158 
TITLE: ASPIRE: A Survivable, Programmable, Integrated Recorder for Experiments
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop a robust, integrated, g-hardened miniature “data recorder on a chip” to reliably record data from penetrating weapon tests.

DESCRIPTION: Field and laboratory tests are used to test the survivability and functionality of “smart” fuzes for penetrating weapons.  One example is a rocket sled test, where a test warhead mounted on a rocket sled is accelerated down a track and impacted into a target structure (such as hardened concrete).  Data recorders are used to record the output of test sensors and/or the function of various fuze components at impact—these recorders provide the same digitizing function as commercial data acquisition (DAQ) products in a miniaturized, hardened form.  However, the duration of the test (several seconds) coupled with the severe impact loads makes it an extremely harsh environment for electronics to reliably trigger and function without loss/interruption of recorder power or data.  Compounding the problem is that test article recovery takes many hours and sometimes several days.  Traditionally, this long delay will drain the recorder battery and cause a loss of all test data due to the volatility of the recorder memory.  With the very high cost of field tests, this data is invaluable and often irreplaceable making loss unacceptable.  

Recent developments in non-volatile random access memory (NVRAM), high energy density capacitors that act as batteries (“capatteries”), rechargeable polymer batteries, and similar technologies provide the foundation of enabling technologies that when integrated will lead to a reliable, robust recorder that mitigates many of these problems.  Thus, AFRL/MNMF seeks to develop a highly-integrated, robust, g-hardened miniature data recorder to reliably record data from penetrating weapon tests.

To maintain compatibility with demonstrated survivable power supplies, the recorder must require less than 7 V supply with approximately 200 mAh of energy available.  Additionally, the recorder must have internal power regulation for either 3.3 or 5V lines with typical current draw of 100 mA and peak draw up to 300 mA for sensors and other discrete components.  A monolithically-integrated capattery or rechargeable battery is required to provide back-up power for up to 10 s should the primary power supply be damaged under test.  The recorder, including both the back-up and primary battery, will be required to have a miniaturized form factor with a volume of less than 0.7 in3.  

The recorder must have the capability of digitizing 3 or more channels at 12-bit resolution at a minimum 50 kSa/s sampling rate per channel (200 kSa/s for Phase II).  The data must be sampled continuously and stored in pre-trigger cache memory for at least 1 s before being written to a non-volatile memory (e.g., NVRAM) using a “simultaneous write” with minimized latency (<<20 us).  Each channel must also have the following features:  (1) a variable, 10 kHz (minimum) anti-aliasing filter, (2) differential input (i.e., instrument amplifiers), (3) programmable gain, (4) programmable bias.  The data recording will require two separate trigger inputs with optical isolation.  The first will provide a power-up signal and start recording on a latched voltage event or threshold cross.  The second will provide a reference time stamp, tell the system to power down (go into “sleep” mode), and record the most recent data.

The recorder module will also be required to provide its own reference time (such as an oscillator, etc.).  Additionally, due to the programmability requirements, a USB interface is required to interface with the recorder controller and external networking and communication feedthroughs.  It is envisioned that the architecture of the system will allow for additional components and features to be added in a modular fashion.  

The recorder will be required to function in two representative impact environments:  an impulse load with peak acceleration of 100 kg for 20 us, and a longer duration impact profile of 40 kg for 1 ms.

The Phase II effort will add features to the Phase I baseline such as an integrated triaxial accelerometer and 3 internal channels to record the output, full digital programmability, extended non-volatile memory record length, 3 additional external channels, and the ability to communicate/network with other recorders to provide additional channels or extended memory.  The system will also be required to be compatible with wireless (incl. inductive/capacitive) interfaces being developed for programming/downloading test data without test article recovery.

PHASE I: Design a prototype data recorder that satisfies the requirements outlined in the description.  Demonstrate prototype functionality under shock.

PHASE II: Demonstrate a next-generation recorder with integrated, triaxial acclerometers, higher sampling rates and full programmability.  Perform field testing to demonstrate robustness and accuracy of the recorder in realistic environments.

DUAL USE COMMERCIALIZATION: Military application: A successful effort will have military application for field and laboratory data acquisition. Commercial application: Potential commercial uses include commercial data acquisition products (such as laboratory testing modules) and ruggedized instruments (such as chemical agent detectors).

REFERENCES: 

1. Munitions Directorate Homepage <http://www.mn.afrl.af.mil/>

2. Military Handbook of Fuzes, MIL-HDBK-757(AR), 15 April 1994. (Public Releasable via USA Information Systems, Inc; www.usainfo.com, 757-491-7525)
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AF071-159 
TITLE: Real-Time Active Sensor Target Scene Generator 
TECHNOLOGY AREAS: Weapons

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

OBJECTIVE: Develop Innovative Low Cost Technique for Generating Major RF Scatterers in a Simulated Scene including Real-Time Updating their Range, Velocity, and Radar Cross Section 

DESCRIPTION: Target detection and classification through the use of active imaging techniques is required for the next generation of short-range, high-resolution, high-speed fuzes.  Active systems provide a high probability of detection and excellent countermeasure resistance against advanced surface and air targets.  Unlike previous short-range sensors architectures, modern concepts are software driven programmable devices that use sophisticated radar signal processing techniques.  The robustness of these new designs now exceeds the capability to thoroughly evaluate their operating envelope using a modern multi-channel RF hardware-in-the-loop target simulator.  The issue is that the existing target simulator architectures can not affordably generate enough scatterers in the scene to adequately represent operational scenes.  Although operating frequencies of these active sensors could range from 1-800 GHz, the key to this effort is manipulating the down-converted intermediate frequency to create the multiple scatterers needed and then updating the characteristics real-time as the sensor moves through the scene.  For purposes of this effort, the problem can be partitioned into two levels of performance.  The first level would be a 2-D rendering of a scene.  This 2-D scene is defined by the plane normal to the surface of the earth and intersecting the velocity vector of the sensor flying through the scene.  The 2-D scene rendering could also be called the ground profiling mode.  The second level of performance would be a 3-D rendering of the scene.  This would include a flat earth rendering along with man made objects with enough detail to support evaluation of target detection and classification algorithms for short range active imaging sensors.  The 3-D scene rendering could also be called the active imaging mode.   As a starting point assume the ground profiling mode starts an altitude no greater than 3 kilometers and the active imaging mode starts at an altitude no greater than 100 meters.  Both would be falling to the earth at depression angles from 10 to 90 degrees and velocities from 25-500 meters per second.  The ideal implementation of this concept would be non-cooperative in that the target scene generator would operate autonomously with respect to the short range sensor for which it is generating the scene.  The sensor’s transmitted energy would be radiated or injected into the simulator where it would be manipulated to add the appropriate scene and then radiated or injected back into the RF sensor under test.

PHASE I: The Phase I effort will be a thorough concept refinement and analysis to show as a minimum a realistic 2-D scene generating concept with a development path to the 3-D performance.

PHASE II: The Phase II effort will demonstrate feasibility of the chosen concept.

DUAL USE COMMERCIALIZATION: Military application: Modern software driven sensor developments would use this robust, dynamic hardware and algorithm testing environment as a software validation tool prior to live drop testing of the assets. Commercial application: This technology will be poised to provide the only affordable solution for realistic scene generation to aid in hardware and software development for specific sensor applications.

REFERENCES: 

1.  “Introduction to Airborne Radar”, G. W. Stimson, SciTech Publishing, Inc.  1998.

2.  “An All-Digital Image Synthesizer for Countering High-Resolution Imaging Radars”,  R. T. Ekestorm and C. Karow, Nava Postgraduate School Thesis, September 2000; AD# ADA381835.

3.  “A Comparison of DDS and DRFM Techniques in Generation of ‘Smart Noise’ Jamming Waveforms”, C. J. Watson, Nava Postgraduate School Thesis, September 1996; AD# ADA324218.

4. “Fuze Air-to-Surface Technology (FAST) Program”, Program Research and Development Announcement  (PRDA), www.fedbizopps.gov , 2003.

KEYWORDS: Active Imaging, Fuzing, Scene Generation, Active Sensors, Digital RF Memory, RF Target Simulator

AF071-160 
TITLE: Subterranean Warfare
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop an unconventional means for digging that may be utilized on small subterranean vehicles.

DESCRIPTION: The key to every engagement is the ability to hold all targets at risk. The enemy continues to use hard, and deeply buried targets or target locations with a high potential for collateral damage, and both are difficult to access and defeat.  For example, a target containing biochemical weapons may be built beneath a hospital making it both hard to reach and sensitive to attack.  Conventional munitions sometimes lack the lethal precision or capability to engage these targets.  

A subterranean vehicle could engage these types of targets in an effective manner, avoiding both collateral damage and unnecessary risks to our troops.  It could be deployed a safe distance from the target and autonomously navigate itself to the target while detecting, identifying, and then avoiding buried obstacles such as pipes, wires, boulders and even other buildings.  This vehicle would be able to penetrate the surface either through deployable techniques or on its own.

Conventional digging techniques have limited application for small vehicles.  It’s more likely that a revolutionary approach to digging, involving biologically inspired and/or unconventional physical and chemical approaches, would provide better results.  It is also possible that a system of vehicles may be used to dig, each performing a different task. The major difficulty in subterranean mobility is trying to develop an efficient technique for small platforms that dig several meters below the surface.

For this program, it is envisioned that research will focus on an efficient biologically inspired, physical, and/or chemical approach to digging.  It is important to demonstrate a technique for penetrating and digging below the surface.  Digging technology should fit form factor for a small (12 in. max. dimension) vehicle.  It is also important to optimize power requirements.

PHASE I: Produce a conceptual design, identify key requirements and predict the performance of the proposed digging technology concept.  Concept should establish the ability to penetrate the surface and continue to navigate at least one meter below the surface.  Power requirements are vital and should not exceed 200 Whs.  Focus on identifying critical parameters such as: power requirements, soil density, penetration depth, etc.

PHASE II: Develop, test and demonstrate an operable prototype or suitable device that fulfills the technological concept.

DUAL USE COMMERCIALIZATION: Military application: Technology developed on this program will have military application for hard buried targets in urban areas. Commercial application: There are possible commercial applications in geological research, farming, and mining.

REFERENCES: 

1. AFRL/MN Campus Challenge Solicitation, MNK-BAA-02-0001 – Neutralization of a Hardened/Deeply Buried Target: http://www.fbodaily.com/archive/2001/12-December/05-Dec-2001/FBO-00000154.htm

2. General Dynamics – WormTM: http://www.gd-ais.com/Capabilities/Productpages/WORM.htm
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AF071-161 
TITLE: Imaging Penetration in Geologic Materials 
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Develop the techniques and equipment necessary for imaging trajectory deviation and cavity creation phenomena during penetration events in geologic materials.

DESCRIPTION: There exists a need, critical to national defense, for understanding the mechanisms that affect penetrator trajectories during penetration through clay, silt, sand, and soil at impact velocities of 1,500 to 4,000 feet per second.  Scaled experimentation has shown penetrator instabilities in such media at such velocities, but we lack the understanding of this phenomenon.  At present we can predict trajectory deviation and cavity creation in such media using physics based models.  However, confirmation of these predictions is difficult because no current techniques or equipment are capable of imaging such events.  Current techniques only provide static, two dimensional images and are limited by the thickness of the target material between the x-ray and the penetrator.  The current need is to image, in real-time, the trajectory deviation and cavity creation during penetration of a sand/soil target at high velocity.    

The goals of this effort will be 1) To investigate new and innovative concepts, techniques, and equipment for imaging a penetrator as it moves through various media 2) To develop the selected concepts, techniques, and equipment 3) To demonstrate through testing that they are technically and financially feasible, and produce accurate images of the penetration event in the media specified 4) To evaluate the technical risk associated with each proposed technique 5) To develop the methodology for proposed concepts and equipment, data reduction techniques, test requirements, and control parameters 6) To provide a hierarchy of recommendations 7) To perform scaled penetration tests which evaluate the most capable and reliable techniques and 8) To document all aspects of the effort, to include test data, which will be used in support of analytical, computational, and theoretical model development.

Approaches to the problem are not limited to any specific means of investigation.  It is understood that various techniques may work in some media but not others.  This is acceptable, so long as there is a method for each of the mediums of interest.

Having a reliable technique for imaging soil penetration events in real time will provide immense insight into the dynamic response of various penetrating weapon systems.  This insight will allow researchers to develop the technology required to reduce trajectory deviation and adverse cavity creation effects.  Improved penetration technologies will directly contribute to the effectiveness of major Air Force weapon systems.        

PHASE I: Develop the proposed techniques, methods, and equipment.  Demonstrate through testing that they are technically and financially feasible, and produce accurate images of the penetration event in the media specified.  Evaluate the technical risk associated with each proposed technique.

PHASE II: Develop the methodology for proposed concepts/equipment, data reduction techniques, test requirements, and control parameters.  Provide a hierarchy of recommendations.  Techniques which provide the most capability and best reliability will be developed for use in scaled penetration tests through varieties of media.  Resulting data will be used in analytical, computational, and theoretical models.

DUAL USE COMMERCIALIZATION: Military application: Military applications include more accurate bombs, penetrators, sub-munitions, warheads, projectiles, etc. Commercial application: Commercialization uses include petroleum exploration and recovery, mining measurements, and tool development.

REFERENCES: 
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AF071-162 
TITLE: Prediction Methodology for Manufacturing Readiness Assessments
TECHNOLOGY AREAS: Information Systems, Materials/Processes

STATEMENT OF INTENT: In the absence of collective sharing of production information, both prime contractors and their supporting suppliers will seek to manufacture components in such a manner that they optimize within their organization alone.  Resources will be allocated to those tasks that benefit the financial outlook of the independent organizations irrespective of the impact those decisions may have on the outcome of a specific program.  This produces program yields that are sub-optimal and clearly not in the best interests of the Air Force.  Increased communication with suppliers and integrators for the production of critical components is needed and is critical for eliminating waste and for increasing production yields.  A methodology is needed that, when implemented, would allow a seamless flow of production information to be provided through the supply chain from producers to the integrator. Combining near real-time supplier information with simulation and communication tools would allow for a predictive assessment of yield to be accomplished and allow for a steady improvement of production yields to be realized.   

OBJECTIVE: Provide a methodology to perform near real-time prediction of production yields for the AMRAAM program. This methodology would integrate critical component information from key suppliers and tie into legacy systems both at the prime contractor and suppliers to assist in the supplier phase of predictive analysis.  A desired by-product is increased partnering through knowledge-sharing to achieve the desired yield goal.

DESCRIPTION: This effort is a Phase One SBIR submission. The contractor will design a methodology for using advanced state-of-the-art IT Technology and vertically integrate that methodology throughout the supply chain for a weapon system integrator.  A key performance goal of this effort will be to identify areas of production that are being conducted in isolation and communicating vital information to and from these areas, providing visibility throughout the supply chain – from warfighter to supplier.  Completion of this effort will be essential for an accurate assessment of production readiness.  The Manufacturing Readiness Assessment (MRA) is a formal process that can provide the current status of manufacturing as well as a production rate and cost forecast based on key attributes of the supply chain. Developing components for demonstrating and validating this technology will be required as part of this effort. 

PHASE I: The contractor will design an effective methodology for web-based communication to reduce waste in the supply chain, thereby improving overall production yields.  A vertical integration advanced state-of-the-art IT Technology throughout the supply chain should be investigated.  The contractor should investigate methodologies that will assist in the estimation of production costs, technical maturity and associated production yields for the Original Equipment Manufacturer (OEM). 

PHASE II: Using the results from Phase I, the methodology will be implemented and applied as a portion of a Manufacturing Readiness Assessment (MRA) to assess the maturity of program ready to enter the production phase. 

DUAL USE COMMERCIALIZATION: Military application: This technology can be commercialized and implemented as a module to standard Manufacturing Resource Planning (MRP) systems. Also decision support to all programs that rely on integrated supply chain. Commercial application: Technology could apply to any production program.

REFERENCES: 
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AF071-163 
TITLE: Tailorable Weapon Effects for Minimizing Collateral Damage
TECHNOLOGY AREAS: Weapons

OBJECTIVE:  The objective is real-time selection of reaction rate in energetic materials.

DESCRIPTION:  Several studies (see references below) have shown that it is possible to vary the reaction rate of energetic materials (i.e., combustion, deflagration, detonation) via the initiation stimulus (shock, impact, thermal, electrical).  Continuous variability in reaction rate is highly desired but not essential.  Overall explosive yield might be varied with multiple initiation sources; in this arrangement, the first source would deflagrate a portion of the explosive charge, and after a user-defined time delay, the second source would detonate the remaining portion. 

For weapon applications, the time to ignition (i.e., start of stimulus to steady-state deflagration) must be short (< 100 milliseconds), predictable, and repeatable.  Technologies should be compatible with melt-cast and/or plastic-bonded aluminized explosives.   Energetic materials other than melt-cast explosives and PBXs are acceptable if these materials have desirable characteristics (e.g., controllable reaction rates) that can be exploited, but this topic is not intended to promote the development of new explosive formulations.  

PHASE I:  The contractor will develop novel approaches for varying explosive effect (i.e., yield or other metric) and use physics-based models to evaluate the concept(s).  Small-scale testing to show proof-of-concept is highly desirable.  Merit and feasibility must be clearly demonstrated during this phase.  

PHASE II:  The contractor will: test and fully characterize the initiation source in small-scale experiments; use the resulting experimental data to validate the models from Phase I; design a second generation device; and, demonstrate that the device produces an exploitable selectable effect.

DUAL USE COMMERCIALIZATION:  The military applications might include: (1) selectable effects warheads suitable for military operations in urban terrain (MOUT); and (2) controlled neutralization of improvised explosive devices (IEDs).  The commercial applications might include: (1) safer, more environmentally-friendly destruction of obsolete or expired explosives used in oil exploration, mining, and quarrying; (2) fabrication of novel ceramics not possible in Combustion Synthesis (CS), or Self-propagating High-temperature Synthesis (SHS) reactions. 

REFERENCES:
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2.  J. Kim, K. Kim, D.E. Wilson, D.R. Peterson, and N.T. Clemens, “Neutralization of Explosives by Plasma Jet Impingement: Feasibility Study,” IEEE Trans. Plasma Sci., Vol. 28, No. 1, pp. 312-322 (Feb. 2000).
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AF071-164 
TITLE: Virtual GPS Jammer Airborne Wavefront Simulator Technology
TECHNOLOGY AREAS: Weapons

OBJECTIVE: Research and development of a small, mobile, GPS jammer wavefront simulator capable of supporting GPS static and dynamics testing.

DESCRIPTION: The technology to accurately assess the capability of emerging anti-jam (AJ) GPS munition technologies in a high dynamic environment is limited. Current methods rely on a mix of contractor and government facilities including laboratory simulations and flight test environments. The current methods do not provide an accurate assessment of AJ GPS system performance under high dynamics in the presence of persistent dense high J/S environment. The current systems are based on old technology and methods.  Current analysis is based on a mix of Laboratory and open air tests.  The Laboratory instrumentation systems used to date are rather large, suffer in their ability to accurately provide a suitable stimulus to the GPS system under test, and cannot support flight testing in high dynamic inertial environments. 

The problems associated with open air testing is that the test environment is not controllable and flight clearances for denial of GPS signals must be coordinated and approved before testing can occur. Obtaining a clearance to jam the GPS spectrum is becoming extremely hard, especially with high J/S levels, limiting testing to a small number of remote test areas during restricted time slots. The increased sophistication of GPS anti-jam technology and resulting jamming immunity against a multiple high power GPS ground transmitters precludes the practicality of open air jamming. 

The purpose of this effort is to investigate novel technologies to develop a mobile, digital GPS jammer wavefront simulator capable of supporting static laboratory testing, ground based mobile testing, and airborne high dynamic testing.

PHASE I: Investigate the feasibility of developing a jammer wavefront simulator capable of accepting dynamic inertial inputs and generating simulated jammer wavefront RF outputs relative to the platform, CRPA and virtual jammer locations. The goal is a system capable simulating 20 jammers to a 5 CRPA.

PHASE II: Development and demonstration of a Phase I prototype system.  Prototype must demonstrate the capability to accept platform inertial, jammer location and antenna configuration data then generate virtual jammer wavefronts relative to the host platform and jammer locations. Wavefront simulator output will be mixed with GPS satellite signals and injected into a candidate receiver.

DUAL USE COMMERCIALIZATION: Military application: Potential military applications include testing of advanced anti-jam technologies Commercial application: Potential commercial applications includes testing of future civilian systems, in particular systems that may use advanced GPS systems.

REFERENCES: 
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AF071-165 
TITLE: High Speed Active RF Synthetic Scene Generation 
TECHNOLOGY AREAS: Weapons

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

OBJECTIVE: RF Synthetic Scene Generation Optimized for One Transmitter and N number of Simultaneous Coherent Receivers

DESCRIPTION: Target detection and classification through the use of active imaging techniques is required for the next generation of short-range, high-resolution, high-speed fuzes.  Active systems provide a high probability of detection and excellent countermeasure resistance against advanced surface and air targets.  Unlike previous short-range sensors architectures, modern concepts are software driven programmable devices that use sophisticated radar signal processing techniques.  The robustness of these new designs now exceeds the capability to thoroughly evaluate their operating envelope using modern PC workstation flyout simulations and RF scene generation tools.   Although there are RF scene generation codes available that offer multiple coherent receiver modes, they are extremely slow when compared to the iterative design processing needs of a robust air-to-air and air-to-surface sensor simulation.  Operating frequencies of interest for these active imaging sensors are 1-800 GHz.  Sources of RF scattering in the synthetic scenes include natural and man-made background objects along with targets of interest.  Background objects may consist of the following materials: sand, gravel, asphalt, concrete, brick, short grass, tall grass, and foliage.  Targets include every metallic and non-metallic fabricated object that the Air Force could potentially attack.  A robust, high-speed, coherent, imaging scene generator that meets the AF’s needs must address the following three areas:  1) a 4-pi steradian representation of each antenna element’s pattern (each element could use the same or a different antenna file).  2) For a defined coherent processing interval (CPI) compute the received energy from each major scatterer in the scene and include the following effects:  a) Phase shift due to weapon/scene/target relative motion, b) Proper phase relationship as radar is modulated with step frequency, linear FM, or other technique, and c) Proper phase relationship as multiple modulations sweeps occur during the CPI; 3)  Leverage existing target file databases for target definition, and 4)  Simulate the last 100 meters of weapon/ target encounter (endgame) fast enough to be useful for the iterative design of the radar, radar signal processing, image processing algorithms, and warhead fire control algorithms. The resultant simulated output file from the radar front end would be the analog In-phase and Quadrature-Phase (I&Q) signal that represents the down-converted received signal from each antenna as if it were produced by a digitizer in a real radar implementation during a coherent processing interval.  Radar signal processing techniques could then be applied across all the received elements to emulate Doppler beam sharpening, digital beam forming (DBF), or other advanced radar processing techniques.  Implementation is preferred on Windows PC workstations that may be networked for distributed simulation. 

PHASE I: The Phase I effort will be a thorough concept refinement and analysis to show a realistic development path for a scene generator that addresses all of the Air Force’s needs for a robust, high-speed, coherent, imaging scene generator.

PHASE II: The Phase II effort would create the synthetic scene generator, perform validation testing, and perform baseline timing runs.

DUAL USE COMMERCIALIZATION: Military application: This software capability would enable the iterative design of advanced fuze sensors that use Doppler Beam Sharpening and Digital Beam Forming algorithms Commercial application: As low-cost, high-performance, short-range, software-driven active sensors proliferate, this technology will be poised to provide the only affordable solution for realistic complex RF simulations.

REFERENCES: 
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AF071-172 
TITLE: Improved Bearing Compartment Sealing for Gas Turbine Engines
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Develop and demonstrate innovative concepts and solutions for improving gas turbine engine oil wetted bearing compartment sealing quality and performance capability.

DESCRIPTION: Since bearing compartment seals are located in the heart of gas turbine engines, low leakage rates over the engine inspection/overhaul intervals are of paramount importance to consistent overall engine thermal efficiency and fuel consumption.  Bearing compartment seals must also be durable and meet full engine life at elevated seal operating temperatures, varying seal surface speeds, varying seal differential pressures, and also be compatible with various generations of gas turbine engine lubricating oils, all in the presence of axial shaft motion.  Degradation of these seals over time can have a deleterious effect on the life, and, therefore, increase the cost of ownership of turbine engines.  Typical bearing compartment seals are carbon based, and carbon is an inherently brittle material, which results in added maintenance cost when seals are broken during assembly or handling.  Due to the operating environment and current design methodology, these seals are also subject to housing fretting wear. Nonetheless, carbon seals remain the primary choice because of their lightweight and resistance to wear.  This SBIR topic seeks new improved sealing concepts (new materials, coatings, and design configurations).  Application should result in new improved shaft-to-ground seals and possibly counter rotating intershaft seals for advanced fighter engines.  The ideal outcome after a Phase II effort in executing this topic would be a new validated seal design demonstrating technology capable of being incorporated into advanced fighter engines for bearing compartment sealing.  The seal demonstration and validation should incorporate some or all of the following: 1) new configuration concepts, 2) new materials, and/or 3) new surface treatments and or coatings.  These should be applied as required to both the seals (currently carbon) and the runners and housings.  The housings are titanium and should remain so, although treatments and or inserts may be incorporated.  The new seal designs should demonstrate as many of the performance characteristics and improvements listed below as possible.  

[1] Robust resistance to handling and installation damage.

[2] 5,400-hour operational life or greater with minimal wear or fretting of any part of the sealing system.  Any validation should include consideration of operation at low humidity altitude conditions.

[3] Improved allowable radial clearance motion with a goal of 0.100 inch.

[4] No degradation in sealing performance after 6 months of storage on a shelf or installed in a stored engine.  Understanding of exudation behavior of any carbon material used should be demonstrated.

[5] Low air and oil leakage at delta pressure conditions from 2 to 85 psid (outside pressure high), especially at low delta pressures. 

[6] 450 feet per second rubbing velocity capability for grounded seals, and 1,200 feet per second for intershaft seals, if proposed.

[7] Air temperatures outside of the compartment up to 900 °F.

[8] Allowable shaft axial motion up to 0.250 inch.

[9] Compatibility with oils and preservative fluids used in the engine (e.g., MIL-PRF-7808L Grade 3, MIL-PRF-23699F C/I).

The validation should include computer simulation, lab and bench top testing, rig testing, and, if possible, engine testing.

PHASE I: Demonstrate the feasibility of various concepts (new materials, coatings, and/or design configurations) that address the performance and durability issues cited above.  Provide a plan for practical deployment of the proposed seal design.

PHASE II: Develop and validate a sealing demonstration of sealing solution technologies that could be incorporated into advanced fighter engines to improve the performance characteristics as outlined in the description above.

DUAL USE COMMERCIALIZATION: Military application: Successful sealing concepts when incorporated into military gas turbine engines would improve performance and lower costs. Commercial application: Successful seal designs for military engines will be applicable to commercial gas turbine engines as well both for commercial propulsion and for ground power generation applications.

REFERENCES: 
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2. Turbomachine Sealing and Secondary Flows 
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AF071-173 
TITLE: Nonintrusive Augmentor Sensors
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop state of the art nonintrusive diagnostics for determining augmentor flow behavior and assessing augmentor performance parameters.  

DESCRIPTION: A new design system for advanced augmentors is required to enhance performance and reduce cost, schedule, and risk.  Such a system must involve physics-based models validated through experimental/statistical data.  In situ data at realistic temperatures and pressures is required at multiple points in the flow for fluid-dynamic parameters and multiple chemical species simultaneously.  Techniques that show potential for achieving these goals include line-of-sight absorption for multiple-species concentrations and temperatures; multibeam techniques, such as coherent anti-Stokes Raman scattering (CARS); planar techniques, such as planar laser-induced fluorescence (PLIF) and particle-image velocimetry (PIV); and high-speed digital imaging. Instrumentation is required to track the interactions of acoustical modes with temperature, species, and heat-release fluctuations within the augmentor of modern turbine engines. 

PHASE I: Design approaches to measure fluid-dynamic parameters (e.g., temperature, velocity, heat release) and chemical species with high temporal and spatial resolution in high-temperature, high-velocity, low-pressure augmentor environments.  Develop a plan to validate this capability in an augmentor rig.

PHASE II: Finalize, implement, and validate the measurement system developed under the Phase I effort using an augmentor test rig at realistic operating conditions.  Turbine engine manufacturer support is encouraged.

DUAL USE COMMERCIALIZATION: Military application: Propulsion systems (e.g., gas turbine engine combustors and augmentors, scramjets); power generation; combustor/augmentor diagnosis, control, and health management. Commercial application: Commercial aviation and power generation, heating, process control, combustion-mediated synthesis, atmospheric/environmental chemistry.

REFERENCES: 
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2. Kohse-Hoeinghaus, K. and Jeffries, J.B., “Applied Combustion Diagnostics,” Taylor & Francis, New York, 2002.

3. Goldstein, N., Lee, J., Adler-Golden, S., Richtsmeier, S., Jin, X., and Arana, C., “Temperature and Temperature Profile Measurements in the Combustor Flowpath Using Structured Emission Thermography,” ASME Paper GT2003-38695, June 2003.
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AF071-174 
TITLE: Improved Heat Release Model for Augmentor Screech Characterization
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop and validate a reduced order heat release model for prediction of unsteady heat release in augmentor combustion systems.

DESCRIPTION: Combustion in the augmentor is governed by many unsteady physical processes.  These include, but are not limited to, fuel spray breakup, fuel spray atomization, fuel evaporation, scalar mixing, combustion kinetics, and flame vortex interaction.  Each of these physical processes must be resolved computationally, modeled, or ignored when simulating combustion in an augmentor.  In cases where there is a stable flame, these processes are usually linearized, making them easy to model, or these processes are sometimes ignored.   This is not the case in an unstable flame where these processes are nonlinear and there is feedback between all of these physical processes.

In many state of the art computational fluid dynamics (CFD) codes, combustion is simplified to make the codes tractable.  These simplifications ignore the nonlinear and coupled nature of the physical processes associated with unstable combustion.  As a result, current CFD codes can typically predict the frequencies of combustion instability but can not accurately predict the phase relationship between coupled processes or the amplitude of the instability.  Advances in CFD are ongoing.  With improved models and computational speed, CFD will one day be able to resolve combustion instability processes accurately. Until then, reduced order models are still required to give engineering estimations of combustion instability.  

Current state of the art in combustion instability modeling breaks the problem into two areas:  flame dynamics/heat release and acoustics.   In the area of flame dynamics/heat release, much of the current combustion instability work centers around the simple flame/heat release models developed over the past 20 years.  Bloxskidge et al. (1988), Fleifil et al. (1996), and Dowling (1997, 1999) and Ghoniem (1999) have constructed models in which the flame is considered laminar or turbulent.  The heat release is modeled as a function of the flame speed and several system time constants.  The time constants are a function of the fluctuating velocity and the geometry.  These models also assume that the flame region is thin; thus, reactions are fast and complete reaction occurs across the thin flame.  In these models, the kinetics of the flame are routinely ignored.  The assumption of thin flames also leads these authors to model the flames with a flame progress variable, or G-equation, for flame location.  These assumptions have produced reduced order models that are excellent engineering tools for some combustor applications.

In the augmentor, different flame assumptions apply.  The inlet conditions are characterized by 1) high temperature, 2) vitiated flow, 3) 3 atm to subatmospheric pressure, 4) high subsonic compressible velocity, 5) highly turbulent inlet flow, 6) turbulence enhancement by bluff body flame holders, 7) overall stoichiometric combustion, and 8) both well mixed and not well mixed fuel/air regions.  Based on these conditions, the flame in the augmentor is dominated by turbulent mixing as well as by the kinetics of the combustion process.

Due to the bimodal nature of the fuel/air mixedness, there are two types of flame reaction zones.  The premixed regions of the augmentor produce well-defined flame zones.  The nonpremixed regions of the augmentor produce distributed regions of the flame that extend the entire length of the augmentor duct.  These two very different flame zones necessitate a different approach for the modeling of heat release.  New heat release/flame models must capture both the concentrated heat release associated with the turbulent well-mixed flame region as well as the distributed heat release associated with the nonwell-mixed regions.  

PHASE I: Develop a conceptual heat release model that captures the bimodal nature of augmentor flames.  Use the conceptual and existing heat release models to predict heat release on a simple instability case.  Compare each model and use the results as a baseline for measuring Phase II success.

PHASE II: Continue development of a model that captures the bimodal nature of the mixing in augmentor systems.  Verify and validate the developed model with experimental data over a wide range of conditions analogous to augmentor operating conditions.  Demonstrate a 20 percent improvement in the model's ability to predict temporal and spatially resolved heat release over the baseline established in Phase I.

DUAL USE COMMERCIALIZATION: Military application: Validated models can be transitioned to military gas turbine OEMs by incorporating them into existing reduced order combustion instability models for augmentor application. Commercial application: Improved augmentor designs can contribute to future civilian aircraft propulsion designs, such as supersonic business jet concepts that utilize augmented gas turbine propulsion technology.
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AF071-175 
TITLE: Flame Ignition/Extinction Model for Static Stability Prediction
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Develop easily implemented, robust models for computational fluid dynamics and chemistry (CFDC) that can accurately predict ignition/extinction over a wide range of augmentor conditions. 

DESCRIPTION: Over the past 50 years, high-performance gas turbine engine requirements have continued to push the state of the art in flame stabilization technology for augmentors. Because of these performance requirements the conditions which the augmentor is required to hold a flame at have changed substantially. In current augmentor systems, inlet conditions such as temperature, vitiation level, operating pressure, velocity/Mach number, and turbulence levels are the most severe ever experienced. Trends for future augmentor systems would indicate that these conditions will become even more severe.

The ignition/extinction design systems in use today by the engine original equipment manufacturers (OEMs) are typically one-dimensional, empirically based, reduced-order models. These models use the global parameters of the augmentor as variables to assess flame stability. These empirical models are rooted in empirical studies conducted 50 years ago (e.g., King (1957) and Dezubay (1958)). The models have been extended as more detailed experiments have been conducted (e.g., Fuji (1981, 1984) and Sjunnesson, and Nelsson (1992)). 

Two significant faults lie in the models currently being used. First, the models were validated at velocities, pressures, and temperatures well below the current operating conditions of augmentor systems. Lack of proper validation leads to significant extrapolation errors in these models. Second, the models assumed one-dimensional steady processes in the augmentor; thus, inlet parameters were used for empirical variables. Recent research has shown that combustion in the augmentor is neither steady nor one-dimensional. Augmentors today are dominated by many unsteady physical processes that occur locally in the flow. These physical processes include, but are not limited to, fuel spray breakup, fuel spray atomization, fuel evaporation, scalar mixing, combustion kinetics, and flame vortex interaction.

Results from recent experiments conducted at Air Force Research Laboratory also indicate that vortex shedding is a major driver of flame stability. These experiments indicate that these flames are dominated by several different vortex shedding phenomena, including Kelvin Helmholtz, baroclinic, and Karman street vortex shedding. These vortex shedding patterns are also seen in the modeling by Erickson, Soteriou, and Mehta (2006). 

The local conditions in today’s augmentors greatly deviate from the global parameters what were used to calibrate existing empirical models. Because of this, new models are required that capture the local physical phenomena. The advent of fast and inexpensive computers has ushered in a new age of modeling in the combustion community. Current commercial CFDC codes are capable of performing time-varying simulations of entire combustor and augmentor configurations. These simulations capture many of the local phenomena that govern the flow. 

CFDC codes are able to capture this phenomena because they employ a variety of models to simulate the physics of the complex flow. Current CFDC simulations employ the latest in unsteady calculation techniques, such as detached eddy simulation (DES) and large eddy simulation (LES). These calculation techniques contain highly validated subgrid turbulence models. The turbulence models vary in complexity from simple algebraic models to complex models that estimate the dynamic nature of the turbulence. A host of combustion models are available with these CFDC tools. Combustion models currently used are well outlined by Peters (2000) and Fox (2003). Combustion models include Flamelet models, probability density function (PDF) closure models, linear eddy method, eddy breakup, and linear eddy dissipation, to name a few. All of these models are formulated based on varying assumptions about the flame. Finally, kinetics models employed in CFDC are as simple as mixed is burned to extremely complex mechanisms with hundreds of species and reactions.

The plethora of turbulence, combustion, and kinetics models presents a real challenge for stability modeling. Which is the correct set of models to accurately simulate the ignition/extinction problem? Are new models required to improve the accuracy of CFDC? In their recent publications, Erickson, Soteriou, and Mehta (2006), Porumbel, and Menon (2006), and Frueby (2006), all simulated the complex flow behind a bluff body employing different turbulence and combustion models for a very limited set of operating conditions. In their results, some of the combustion and turbulence models accurately predicted the vortex shedding phenomena for a given stoichiometry while others did not. These simulations also were not compared with detailed experimental data at the same conditions.

Extensive research is required to discern the optimum set of turbulence, combustion, and kinetics models for the accurate prediction of ignition/extinction. This research should not be limited to existing models in CFDC codes. This research should evaluate the cutting edge of model development research to discern those models that could improve the state of the art in CFDC prediction. The optimum set of models needs to be validated over the broad range of conditions that the augmentor operates. This optimum set of models also needs to be validated with results from existing research and sector rigs as well as for full engine conditions. This optimized set of tools would result in more efficient evaluation of current and future augmentor flame holding technology, resulting in reduced development and production cost of current and future augmentor systems.

PHASE I: Identify candidate turbulence, combustion, scalar mixing, and kinetics subgrid models. Detail an approach to systematically test candidate models in prediction of ignition/extinction over a wide range of augmentor conditions. Identify required experimental data for model validation.

PHASE II: Determine the optimum set of models for the prediction of flame stability based on the approach outlined in Phase I . Where required, develop new models to be incorporated into the optimum set. Conduct extensive model validation with existing or new experimental data. Deliverables are user-defined functions and calibrations that can be incorporated into existing CFDC codes.

DUAL USE COMMERCIALIZATION: Military application: Models generated effort can be validated for sector rig and engine conditions and transitioned to military gas turbine OEMs for incorporation into their existing augmentor design systems. Commercial application: Improved augmentor designs can contribute to future civilian aircraft propulsion designs such as supersonic business jet concepts that utilize augmented gas turbine propulsion technology.

REFERENCES: 1. DeZubay, E.A., “Characteristics of Disk-Controlled Flame,” <i>Aero Digest</i>, pp. 54-57, 1950.
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AF071-176 
TITLE: Integrally Bladed Rotor (IBR) Sustainment
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Investigate innovative concepts for sustainment and life enhancement of turbine engine IBRs.  Emphasis is given to innovative repair and inspection techniques and methodologies.

DESCRIPTION: Modern military gas turbine engines utilize IBRs, also known as blisks, for advanced fan and compressor applications.  Being built as a single piece of hardware, IBR-based components present a new and unique sustainment challenge.  Traditionally, gas turbine engine fans and compressors have been designed with inserted blades, and sustainment methods have been based on the ability to repair or exchange individual blades and disks.  As a single piece of hardware, with structural coupling among all airfoils and the adjoining disk, individual components can no longer be separated, and maintenance must be performed on the whole stage.  The ability to sustain IBRs in a safe and affordable manner is critical to the DoD, specifically the USAF.  The technologies developed and demonstrated under this topic will provide improved understanding of IBR structural dynamics emphasizing inspection, repair, and life practices that enable increased IBR durability and aircraft safety.  

PHASE I: Identify an innovative process and demonstrate the feasibility of the approach, to significantly impact the DoD’s ability to sustain IBR components for gas turbine engines through the ability to extend and qualify remaining life in fielded components. 

PHASE II: Mature the technologies identified in Phase I and perform verification experimentally on representative hardware.

DUAL USE COMMERCIALIZATION: Military application: Includes the inspection, maintenance, and repair of turbine engine IBRs. Commercial application: Includes the inspection, maintenance, and repair of turbine engine IBRs.

REFERENCES: 
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AF071-177 
TITLE: NoniIntrusive High-Frequency Flow Measurements in Turbines
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Develop a system capable of obtaining high-frequency, nonintrusive pressure and temperature measurements on a rotating turbine research rig. 

DESCRIPTION: High-frequency events within the turbine are a major factor impacting increases in both design life and performance. The turbine designer relies on highly resolved and precise pressure and temperature data collected from turbine research rigs to fully understand the performance and design life. Currently, turbine research rigs rely on pressure transducers, thermocouples and surface-mounted heat flux gauges to characterize these high-frequency events. Installation of these items has become quite expensive and adds additional complications to the test procedure, not to mention the limitations on transferring the data from the rotating turbine to the stationary frame. Furthermore, these transducers by their nature are discrete point measurements, and this limits the information that can be gathered. For issues like performance or heat transfer, accurate knowledge of the entire surface pressure and temperature becomes critical. Identification of shock phenomena, transition locations and separation regions are all difficult to infer from onboard pressure transducers. From a heat transfer point of view, most failures are point failures, meaning a given region is inadequately cooled, or a secondary vortex flow brings hot gases to a particular region. With onboard transducers, this is apparent only if the transducer was in the proper location, and will likely not be at the peak. 

It is, therefore, desired to have measurement techniques developed that view large portions of the airfoils and can obtain highly resolved data at a rate comparable to blade passing events (10 to 100 kHz) within the pressure and temperature range of turbine research rigs (25 to 120 psia, 0 to 450° F). 

Current state of the art nonintrusive optical methods do not respond quickly enough to changes in pressure and temperature to characterize events within a rotating turbine.  The current methods take an average over a relatively wide surface, thereby washing out the effects that are desired. To obtain the needed spatial resolution, the desired method needs to be capable of acquiring data, with a high signal-to-noise ratio, over a very small time window (of the order of 1 microsecond). This must be a continuous process to obtain the full spatial field as the rotating component passes. Additionally, the relatively low air temperatures used in turbine test rigs and the high degree of temperature accuracy required precludes the use of infrared (IR) sensing technology. The technology from this program would represent an improvement in optical imaging methods and the ability to quantify spatial events of interest to the turbine designer. This aids both in lifing an existing part as well as identifying exactly where the problem is so that a future design can reduce its impact or eliminate it. This type of data can also be readily used by computational fluid dynamics (CFD). There are very few spatially resolved data on rotating components available to validate codes. The potential for reduced life cycle cost and improved efficiency are of great interest. These benefits have the potential to improve turbine engine sustainment, safety, and readiness.

PHASE I: Identify a concept for a system to make high frequency (10 to 100 kHz), spatially resolved pressure and temperature measurements over a large region. Demonstrate the feasibility of the concept, including trials on static components to validate data acquisition techniques and resolution.

PHASE II: Develop a prototype of the system identified in Phase I and implement in a full rotating test rig. Focus on obtaining data at a high rate to capture spatial events such as shock identification or cooling flow spreading rates, and on further development of optical methods and the data reduction tools. Demonstrate the prototype system in a full rotating turbine test rig.

DUAL USE COMMERCIALIZATION: Military application: This system would improve the ability to quantify spatial events during turbine tests, which is critical to improving turbine life and performance, especially for conditions seen by military turbines. Commercial application: This topic represents an improvement in nonintrusive measurement technology.  This system would improve measurement capability at engine manufacturers, universities and research institutions.
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AF071-178 
TITLE: High Performance, Compact Capacitors for Pulse Forming Networks
TECHNOLOGY AREAS: Ground/Sea Vehicles, Weapons

STATEMENT OF INTENT: Convert prime electrical energy into short pulses needed to energize loads

OBJECTIVE: Develop state of the art, high performance, high energy density capacitor dielectrics for high voltage, pulse power applications. 

DESCRIPTION: Compact, high energy density, pulse power capacitors will be the enabling technology for many future weapon systems the Department of Defense (DoD) plans to pursue. These capacitors will be used in pulse forming networks (PFNs) for the conversion of prime electrical energy into the necessary short pulses of energy needed to energize loads such as directed energy, kinetic energy weapons, and high power microwaves. State of the art concepts should primarily include novel dielectrics with high voltage breakdown strengths (>800 V/um), and a low loss (<1%) capability. Proposals may also include superior developments or improvements to impregnants, foils, conductors, and/or advanced packaging concepts that will enable leading edge, pulse power, high energy density capacitor capabilities with microsecond delivery rates.  An energy density of >5 J/g for a packaged capacitor device is the objective.  Emphasis is also on weight and size reductions for the pulse power capacitor device/concept. Attention to thermal management issues within the capacitor device is critical due to a need for increased life (>5,000 shots), increased pulse repetition rates to > 50 pulses per second (pps), and high voltage reversal tolerance (>50%); interconnects, packaging, and manufacturability issues are also to be highlighted. The proposed research should provide a substantial reduction in size, weight, and volume of the capacitor component over state of the art devices while delivering superior electrical and thermal performance. 

PHASE I: Demonstrate innovative capacitor approaches with substantial improvement in capacity, voltage breakdown strength, and dissipation factor. Prototype laboratory capacitors should be fabricated and tested to demonstrate the feasibility of the technology.

PHASE II: Demonstrate the development of prototype capacitor components using innovative dielectric materials/impregnants, advanced high density packaging, manufacturing technology, or a combination thereof. Actual application testing should be performed and electrical, thermal, and life assessments made.

DUAL USE COMMERCIALIZATION: Military application: Military applications include high power microwaves, Air Force electronic attack, directed energy, and kinetic weapons for the DoD. Commercial application: Potential applications include portable pulsed power systems, rock-fragmenting, electric utilities, aircraft engine ignition systems, and deep oil and/or well drilling.

REFERENCES: 

1. Weise, Th.H.G.G., Schuenemann, B., Mergenthaler, Ch., Grieb, T., and Weber, R., “High Energy Density Capacitors,” 2004 12th Symposium on Electromagnetic Launch Technology, Snowbird, UT, 25-28 May 2005, pp.255-258.

2. Slenes, K.M. and  Bragg, L.E., ”Compact Capacitor Technology for Future Electromagnetic Launch Applications,” 2004 12th Symposium on Electromagnetic Launch Technology, Snowbird, UT, 25-28 May 2005, pp.243-247.

3. MacDougall, F.W., Yang, X.H., Ennis, J.B., Cooper, R.A., and Seal, K., “High Energy Density Capacitors for EML Applications,” 2004 12th Symposium on Electromagnetic Launch Technology, Snowbird, UT, 25-28 May 2005, pp. 229-232.

4. Hudis, M., “Technology Evolution in Metallized Polymeric Film Capacitors Over the Past 10 Years,” in Proc. 16th Capacitor Resistor Technology Symp, New Orleans, LA, March 11-15, 1996, pp. 200-208.

5. Edwards, L.R., “Reliability Performance of Pulse Discharge Capacitors”, 17th Capacitor and Resistor Technology Symposium, Jupiter, FL, March 24-27, 1997, pp.292-297.

KEYWORDS: dielectrics, polymers, capacitors, impregnants, pulse forming networks, Marx bank, power electronics

AF071-179 
TITLE: Advanced Combustor Designs Utilizing Inlet Swirl for High Acceleration of Gravity (G) Combustion
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

STATEMENT OF INTENT: Develop advanced combustor design

OBJECTIVE: Develop advanced combustor designs preserving existing inlet swirl, thereby increasing overall engine efficiency.

DESCRIPTION: Legacy combustor designs generally include a diffuser which removes the inherent swirl out of the flow before it reaches the combustor inlet.  However, novel ideas such as high g combustion utilize high circumferential flows to decrease combustor size allowing for inter-turbine burning (ITB) and providing increased efficiency.  Initial designs for these high g combustor/ITB concepts have included bleed air being forced into the circumference of the combustor cavity at an angle to attain the high g flows.  This work seeks to utilize the inherent swirl found exiting the compressor and/or turbine to generate the high g flow necessary in the circumferential cavity to attain high g combustion.  Successful designs would result in improved overall efficiency, decreased combustor radius, and decreased weight.

PHASE I: Numerically analyze several different swirl-conserving combustor/ITB inlet designs.  Identify critical design parameters that impact combustion in naturally induced swirl environments. Demonstrate feasibility of at least two numerically optimized designs.

PHASE II: Experimentally test each optimized design, compare experimental and numerical results.  Continue to refine the swirl conservation design with experimental results.  Demonstrate design ability to conserve swirl, producing high circumferential flows in a circumferential cavity where combustion is occurring.

DUAL USE COMMERCIALIZATION: Military application: The weight and size reductions possible through the proposed research would significantly benefit military applications from small unmanned aerial vehicles (UAVs) all the way to larger aircraft. Commercial application: The design proposed can benefit commercial and military gas turbine users, as well as ground-based and auxiliary power units.
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AF071-180 
TITLE: Novel Augmentor Concepts for High-Cruise-Mach-Number Vehicles
TECHNOLOGY AREAS: Air Platform, Space Platforms

STATEMENT OF INTENT: Establish a design space for compact augmentors

OBJECTIVE: Establish a design space for compact augmentors that have supercritical fuel injection and/or do not use flameholding devices due to the rapid reaction rates at advanced augmentor conditions.  

DESCRIPTION: Conventional augmentor systems rely on cooled flameholding devices to stabilize the combustion process.  These devices are typically bluff bodies that are positioned in the hot flowpath.  Due to high inlet temperature, the fuel injection sites are located on the flameholder, very close to the recirculation zone of the flameholder. This provides a means to inject the fuel into the flowpath before it can autoignite and cause damage to the flameholder.  Due to close coupling of the fuel and flameholder, static and dynamic stability of the system are a real challenge.  Conventional flameholding systems carry with them a debit to the engine cycle.  Aerodynamic flameholders in the wake of the engine require cooling air, which results in net losses to the engine performance.  Further aerodynamic flameholders produce a pressure drop in the cycle, which also robs the cycle of performance.  

In a turbojet engine operating at supersonic speeds, the inlet conditions of the augmentor are so severe that large amounts of cooling would be required to cool aerodynamic flameholders.  Further, augmentors operating at high Mach (ram) conditions at supersonic cruise conditions have short reaction times, making flameholding devices possibly unfeasible, because the high temperatures in this system nearly ensure autoignition of the fuel regardless of proximity of the fuel injection to the flameholder.  These systems will also operate at such high temperatures and pressures that the fuel may be supercritical as it is injected into the augmentor.

Due to the limitations of aerodynamic flameholders in high-cruise-Mach-number systems and the state of the fuel as it enters the augmentor, novel flameholding concepts are required.  Since the engine conditions are near the autoignition limit, and the fuel is typically supercritical, flameholding concepts that take advantage of these phenomena may prove to be useful.  Operating at these conditions, however, means that the flame must rely on turbulent mixing to assure that the correct fuel/air mixture is within the flammability limits.  Due to the flame fluctuations from these processes, acoustic instabilities can arise from these phenomena.  As a result, combustion instabilities (SCREECH) in autoignition-mode augmentors may pose a serious design challenge.  Future systems that operate at high Mach conditions are well outside the design space currently known by designers.  Therefore, understanding the physical processes and generating the design space for these augmentor systems are needed.

PHASE I: Determine the feasibility of eliminating conventional augmentor flameholding devices and relying on autoignition for flame stabilization.  Identify advanced concepts. Develop detailed plan to demonstrate advanced augmentor concept and map out design space.

PHASE II: Conduct experiments in relevant environments that demonstrate key technical parameters.  Explore the sensitivity of parameters such as supercritical fuel injection, autoignition, mixing, and augmentor geometry on the augmentor performance.  Design, fabricate, and test novel flameholding concepts and compare results to baseline flameholding designs.

DUAL USE COMMERCIALIZATION: Military application: Models and design concepts generated in the Phase II effort can be validated for engine conditions and transitioned to military gas turbine OEMs for incorporation into augmentor design systems. Commercial application: Potential commercial applications include supersonic business jet and flameholding concepts for interturbine burner designs used in ground-based power and commercial propulsion systems.
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AF071-181 
TITLE: High Temperature Electronics for Spacecraft Power Management and Distribution 
TECHNOLOGY AREAS: Sensors, Electronics, Space Platforms

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

STATEMENT OF INTENT: Develop High Temp Power Electronics components for Space, an extremely high priority technology for this PEO

OBJECTIVE: Investigate high temperature power electronics components to determine their applicability and payoffs for spacecraft power management and distribution systems.

DESCRIPTION: As part of the More Electric Aircraft initiative, the Air Force Research Laboratory has led significant development and technology transition efforts in high temperature power electronics (HTPE) components, including power semiconductors, capacitors, and magnetics. To date, these components have seen limited use in spacecraft applications, including power management and distribution (PMAD), due to the inherent conservatism of this portion of the aerospace electronics marketplace.  These applications have, in many cases, more stringent thermal requirements than terrestrial applications.  

Spacecraft PMAD systems use a number of DC-DC converters to convert bus voltage to usable power by various payload elements. The application of high temperature electronics components should enable the DC-DC converters to operate at higher temperatures, enabling increased efficiency and decreased thermal management mass.  Inserting HTPE components into the next generation of spacecraft PMAD systems should enable an increase in specific power capability to greater than 70 W/kg. The radiation tolerances of these components need to be assessed to determine the radiation shielding requirements.

PHASE I: Perform investigations to estimate HTPE payoffs in decreased total system mass taking into account increased efficiencies, waste heat rejection, and radiation shielding for spacecraft PMAD applications.

PHASE II: Fabricate and deliver key system components, as defined in Phase I, for testing. Demonstrate breadboard system which shows traceability to a flight system with a specific power > 70 W/kg. Demonstrate lifetime traceable to two times the typical lifetimes for state of the art solar cell/battery systems. 

DUAL USE COMMERCIALIZATION: Military application: Increase the utility and performance of satellite systems for military applications. Commercial application: Commercial communications satellites and NASA interplanetary missions could use this technology.
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AF071-182 
TITLE: Ultracapacitor for Satellite Energy Storage
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics, Space Platforms

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

STATEMENT OF INTENT: Intent is to develop ultracapacitors, an extremely high priority technology with this PEO

OBJECTIVE: Develop a flightworthy ultracapacitor suitable for insertion into current generation of space vehicles.

DESCRIPTION: Prolonging the duration of satellite operations and satellite design life is of great interest to the Air Force. Satellite design life can be reduced as the battery storage capacity degrades over the mission lifetime. Satellites utilize chemical-based batteries such as lithium ion for power storage. Relative to batteries, ultracapacitors can source greater power for a given weight, charge in seconds rather than hours, and function over a broader range of temperatures. Despite their lower energy density, ultracapacitors could supplement battery power during periods of peak loading to increase operating lifetime. Recent research in carbon nanotubes (CNT) electrodes has shown promise towards increasing ultracapacitor storage capacity and suggesting that they may play an increasing role in satellite power in the coming years. The purpose of this topic is to further the development of reliable ultracapacitors suitable for use in future space missions. Goals include capacitance > 10,000 farads at 3.3V, capable of operating through >500,000 charge discharge cycles with negligible performance degradation. Additional goals include operating temperature range from –40 degrees C to +80 degrees C and radiation total dose tolerance > 1 E6 rads (Si). Evaluate materials and processes that are consistent with technical objectives including size, weight, capacitance, number of charge discharge cycles, radiation hardness, and operating temperature range. 

PHASE I: Design one or more ultracapacitor systems and simulate operational performance characteristics for both slow discharge and also for fast times (<100µm). 

PHASE II: Define tradeoffs, finalize the designs, then fabricate and characterize one or more prototypes.

DUAL USE COMMERCIALIZATION: Military application: Military applications include any application where battery loading varies significantly in future satellite power applications. Commercial application: Ultracapacitors are used in copy machines and high-end car stereo amplifiers. Ultracapacitors can greatly improve these and add other satellite related applications.
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AF071-183 
TITLE: Nanofluids for Heat Transfer Enhancement in Aircraft Systems
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop a nanofluid thermal management system concept for enhancing heat transfer performance and weight/volume savings of at least 25 percent in aircraft heat exchangers that use PAO and jet fuels.

DESCRIPTION: Thermal engineers strive constantly to improve the performance of the thermal management (TM) systems used in advanced aircraft. New materials and processes are candidate improvement strategies and a lot of testing and qualifications are necessary. Nanofluids (NFs) are evolving coolant materials which offer the potential for heat transfer performance enhancements. This concept for improving the thermophysical properties of coolants is a fairly new research area. NFs have been found to exhibit up to 150 percent higher thermal conductivity and 3 times enhancement in critical heat flux (CHF) compared to the basic fluids from which the NFs are produced. A variety of finer nanoparticles are available commercially in substantial quantities to enable the production of NF suspensions. A wealth of research data is available in this new area to start exploring the benefits in real application scenarios. Cooling, the major subset of TM problems, related to aircraft systems is a big technical challenge for the designers and airframe integrators. The advent of nanoparticles processing methods and their unique properties (such as thousand times larger surface-to-volume ratio and ability to remain in suspension indefinitely) spawned the idea of designer-coolant development using carbon nanotube (CNT), Al2O3, Cu, CuO, etc. in coolants such as poly alpha olefin (PAO), water, and ethylene glycol. The long term chemical and mechanical effects of nanoparticle additives on the flow lines and pumps are yet unknown. The Air Force (AF)seeks novel exploitation and technology maturation strategies of the single phase NF concept, including the cost versus benefit aspects, for AF applications involving PAO or liquid-to-air heat exchangers (HXs).

PHASE I: Select key elements and establish a preliminary design, analysis, and experimental approach for quantitatively demonstrating the concept of heat transfer enhancement using NFs. This shall include assessment of candidate aircraft HX specifications for running laboratory experiments.

PHASE II: Perform detailed design, analysis, fabrication, and testing of a proof-of-concept test bed for hardware. Analyze results and optimize heat transfer enhancement parameters for real application scenarios. Develop molecular dynamic models to corroborate test results.  Project possible weight/volume savings and new TM options.  Five gallons of new nanofluid coolant shall be delivered to the AF.

DUAL USE COMMERCIALIZATION: Military application: Military applications include cooling systems improvements in tactical air platforms and cargo aircraft. Commercial application: Commercial applications include retrofitting of improved HXs into the fleet of various airlines, terrestrial heat exchanger systems, and automobiles using similar cooling devices.
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AF071-184 
TITLE: Improved Fuel-Lubricated Bearing Technology 
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop enhanced jet-fuel-lubricated bearings for small aircraft and missile turbine engines.

DESCRIPTION: Advanced fuel-lubricated bearings in missile engines are an attractive approach over conventional oil-lubricated bearings due to substantial benefits that result from the elimination of the conventional recirculating lube system. Benefits include reduced engine cost and weight, reduced specific fuel consumption, and increased range. These benefits are consistent with the goals of the efficient small scale propulsion concept and other small expendable engine concepts being considered by the Air Force.  However, jet fuel does not possess the lubricating qualities that typical turbine engine oils do, particularly when the engine bearings are required to operate at extreme conditions of load, speed, and temperature. Hence, the antiwear additive tri-cresyl phosphate (TCP) has been successfully used in JP-10 fuel to enhance its tribological properties.  Also, due to the poor lubricating properties of fuel, fuel-lubed bearings typically use advanced materials such as carbon-carbon (C-C) composite cages and Si3N4 rolling elements to reduce bearing heat generation and to improve overall bearing performance. These materials offer significant bearing performance benefits over conventional materials and hence, it is desired to further develop them for fuel-lubed bearings. Other issues include the necessity to green run the engine prior to use and long-term storage. The objective of this SBIR topic is to develop enhanced fuel-lubricated bearing technology that addresses the issues identified above. Specifically, ideas are being sought for 1) alternative methods for pre-seasoning or conducting engine green run of fuel-lubed bearings, 2) developing an effective long-term storage methodology for engines with fuel-lubed bearings, 3) maturing manufacture of C-C cages for fuel-lubed bearings, or 4) exploring optimum antiwear additive technology for fuel lubricants. 

PHASE I: Develop technological concept and demonstrate feasibility of technologies that address performance and lubricity issues of fuel-lubricated bearings. Interaction with small engine manufacturer is highly recommended.

PHASE II: Develop, test, and demonstrate an operable prototype that fulfills the technological concept.  Establish a viable business model to produce and support the application of the product.

DUAL USE COMMERCIALIZATION: Military application: Technology developed in this program will have several military applications, including cruise missiles, decoys, and small aircraft engines. Commercial application: Technology has potential for small commercial or general aviation aircraft turbine engines.

REFERENCES: 
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AF071-185 
TITLE: General Hypersonic Propulsion
TECHNOLOGY AREAS: Air Platform, Space Platforms, Weapons

OBJECTIVE: Develop technologies that improve high-speed (>M4), air-breathing propulsion and extend the use of these systems to varied applications (i.e. weapons, space access, and high-speed atmospheric flight).

DESCRIPTION: Hydrocarbon fueled supersonic combustion ramjets (scramjets) are expected to be capable of operating at speeds greater than Mach 4. Most recent design and test experience with scramjet engines is at relatively small scale, with engine air flows at 10 lb/s or less. In general, the Air Force needs to push the technology such that the scramjet can operate effectively over a broad range of Mach numbers with minimal variable geometry features, maintain thermal balance using only the fuel burned as an on-board heat sink, integrate with other propulsion cycles without significant loss of integrated system performance, and scale up to much larger devices – perhaps by a factor of 100 over current technology. This topic is aimed at technologies that 1) extend the operating range of the scramjet from Mach 3-8 with manageable compromise to its high Mach performance; 2) extend the thermal balance point of the scramjet to Mach 10 through advances in fuel formulation, reduction in engine surface to volume, material selection, or more efficient structure cooling schemes; and/or 3) mitigate performance losses at off-design operating conditions and during engine cycle transitions.

The expected payoffs are to broaden the effective operating range of the hydrocarbon-fueled scramjet, make it more effective in combination with other propulsion cycles, and develop the analytical tools required to significantly increase the engine scale over current technology and to scales beyond the existing national capacity for ground-test of the devices.

Phase I:  Develop innovative concepts that extend low-end scramjet operability, high-end thermal balance point, or enhance the utility of the scramjet in combination with other propulsion cycles.  Perform detailed numerical analyses or perform subscale testing to demonstrate feasibility of the concept. Modeling and simulation can be used to demonstrate feasibility as well as guide critical experiments within subsequent phases. 

PHASE II: Fabricate and evaluate prototypical device or hardware to confirm predictions at acceptable scale. Develop a technology transition and or insertion plan for future systems and commercial ventures.

DUAL USE COMMERCIALIZATION: Military application: New and innovative high-speed propulsion technologies are equally applicable to military and commercial space launch applications. Commercial application: Techniques for engine scaling over two orders of magnitude are also useful for commercial applications. This would allow testing in smaller scale to reduce the cost of physical test and evaluation.
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AF071-186 
TITLE: Advanced Chemistries for Electrochemical Energy Storage Devices
TECHNOLOGY AREAS: Ground/Sea Vehicles, Weapons

OBJECTIVE: Identify, investigate, characterize, and apply new ideas for advanced battery applications.

DESCRIPTION: Rechargeable lithium ion technology has demonstrated specific energies exceeding 200 Whrs/kg for a wide variety of applications in cell sizes ranging from 2 to 200 ampere-hours including micro electromechanical systems (MEMS) cells.  What's coming after lithium ion batteries?  The Air Force seeks advanced battery chemistries to provide batteries that operate at significantly higher specific energies approaching 350 Whrs/kg or specific power approaching 2 kW/kg.  Chemistries that can be applied to small systems (i.e., MEMS or soldier power) or large applications (i.e., aircraft or high-power weapons) will be considered.   Chemistries that demonstrate open circuit voltages > 4.5 volts or enhanced specific capacity electrodes beyond state of the art lithium ion chemistries are of particular interest.  For this effort, cycle life of 1,000 deep discharges is desired.  Component materials such as electrolytes, solvents, anodes, cathodes, electrode substrates, insulators, or packaging materials, with some outstanding characteristic will be considered.  Offerors should propose and incorporate advanced chemistries into experimental cells of at least 2 ampere-hours in size.  Initial experiments may be performed on cells of less capacity, but contract deliverables shall be at least 2 ampere-hours in size.  Projections of specific energy values, for cells of 50 ampere-hours in size, shall be presented considering all cell hardware such as case, terminals, electrode active material, substrates and electrolyte to demonstrate the potential increase in specific energy.  The proposed innovation should be compared with current state of the art materials.

PHASE I: Identify and define components/materials that result in superior energy storage devices. Demonstrate the feasibility of the new chemistry with proposed mechanisms and thermodynamic calculations detailing the improved performances of the component and the scaling laws for its performance.

PHASE II: Provide a detailed plan, that is device centric, for specific battery systems utilizing new chemistries resulting from the first phase.  The new chemistry should be incorporated into prototype devices with all the associated compatibility and engineering problems with neighboring components addressed, evaluated, and resolved. 

DUAL USE COMMERCIALIZATION: Military application: Military applications include aircraft and UAVs, on-board power for missiles, high pulse power for directed energy weapons, and on-board power for space applications with extended mission times. Commercial application: Commercial applications include portable power for tools and electronics, clinical/medical applications, and hybrid vehicles.
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AF071-187 
TITLE: Advanced Large Diameter Air Seals
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Identify innovative, high efficiency, large diameter dynamic air seal concepts, capable of accommodating large axial and radial deflections, for turbine engine applications.

DESCRIPTION: Large rotating components in turbine engines require a compliant seal between the component and static structure to limit leaks of high pressure air.  These leaks have a dramatic impact on cycle efficiency.  This seal must offer low contact friction (resistance) in order to be durable and have adequate life.  A requirement exists for a large diameter seal (> 60 inches) that can accommodate centrifugal and axial growth of 0.150 inches or more due to loads on the rotating engine components.  The minimum surface speed should be 1200 ft/sec and the minimum operating temperature of 800° F.  Current seal technology (brush seals or knife edge seals) are typically limited to deflections of less than 0.030 inches without serious degradation and leakage.  An innovative approach is needed to develop a highly effective “floating” seal that can accommodate the stated requirements.

PHASE I: Identify a (or several alternative) highly efficient, advanced, compliant seal concept(s).  Conduct a conceptual design and proof of concept demonstration of a representative seal for turbine engine applications in a relevant environment.

PHASE II: Develop, fabricate, and test a prototype seal in a relevant (engine) environment (> 60 inches diameter, >135 psia delta pressure, >800° F, >1200 ft/sec).  The seal must demonstrate the ability to accommodate large deflections (>0.150 inches radial and axial) while maintaining an effective seal.

DUAL USE COMMERCIALIZATION: Military application: A high efficiency seal concept with improved durability and efficiency will increase range and power, while reducing operating costs of military systems. Commercial application: Commercial gas turbine engines are similar to military engines and also would benefit from improved seals.  Operating costs and fuel consumption are critical characteristics of commercial aircraft.

REFERENCES: 
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AF071-188 
TITLE: Novel Electric Power Generator for Airborne Applications
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Develop a novel, optimized, high-speed electric power generator.

DESCRIPTION: Today there are a variety of conventional power generators, (permanent magnet, switched-reluctance, induction, and synchronous wound-field), being used in the aviation and aerospace industry, each with their own advantages and disadvantages. These generators have been around for quite some time, with incremental improvements in each machine as technology progresses. Currently, characteristic tradeoffs between weight, volume, power, redundancy, power factor, operating temperatures, operating pressures, electrical/mechanical drive methodologies, efficiency, control methods, hard/soft magnetic characteristics, etc. must be taken into account when determining the optimum generator type to be used in an aircraft system. Novel rotating machine ideas are desired that will improve the machine characteristics which exist today while mitigating the negative characteristics. It is desired that the novel generator developed will contain one or more unconventional design elements that will maximize the beneficial characteristics of the conventional machines. Hybrid-type machines are acceptable as long as the advantages outweigh the disadvantages over the conventional machines and exceptional improvement is displayed. The objective of this topic is to design a subscale 50 kW to 100 kW proof-of-concept generator that is scalable up to 300 kW. 

Design goals of scaled prospective 300 kW generator should include the following:

1. normal operating speeds greater than 15,000 rpm and up to four times 15,000 rpm range

2. power density range of 0.10 lb/kW to 0.15 lb/kW, or better 

3. ability to operate at high ambient temperatures.

Additional valuable design objectives to consider include the following:

4. high reliability/fault redundancy

5. minimization of interrelated systems footprint (control electronics, thermal management, etc.)

6. motoring capability at sea level and altitude

7. ability to be switched off instantaneously.

Criteria for design concepts are flexible to encourage innovation. 

PHASE I: Design a generator and provide a complete physical explanation of its operation. Criteria for proof of scalability with demonstration objectives specific to generator innovative concept shall be created. Computer model simulations of the generator are desired where appropriate. 

PHASE II: Continue optimizing the generator through modeling and simulation. Fabricate and assemble the machine design into a prototype generator. Test and demonstrate the proof of concept by validating the appropriate critical design elements of the program. Demonstration of design concepts could include, but are not limited to, speed, redundancy, control, and thermal management system.

DUAL USE COMMERCIALIZATION: Military application: Military applications include aircraft power and power for directed energy weapons. Commercial application: Commercial application include back-up generators for hotels, office buildings, and hybrid vehicles.
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AF071-189 
TITLE: Optimal Durability and Reliability Testing of Gas Turbine Components
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Based on probabilistic life prediction methods and theory, investigate the potential to develop optimal durability and reliability test methods for military gas turbine engine components that minimize the test cost and test time while maximizing the accuracy of the component life prediction.

DESCRIPTION: The validation of turbine engine durability and reliability design predictions usually requires a significant number of test experiments. These experiments involve the construction of a considerable number of expensive test articles operating under very demanding environmental conditions in specialized test cells. To adequately predict component durability and reliability sometimes requires that a component be tested to failure, which further increases the cost. Innovative approaches are needed to design accelerated stress test programs for gas turbine engine components to yield durability and reliability data in a timely and cost-effective manner. The knowledge base developed through recent advances in life prediction and damage accumulation models may offer significant insights into the failure processes of turbine engine components.  These insights may lead to the development of optimized test procedures that strike a balance between the number of test articles and test hours needed to achieve a required level of accuracy and the cost associated with hardware fabrication and test. 

PHASE I: Formulate the requirements and define the test methodology necessary to demonstrate the durability and reliability of military gas turbine engines with a minimum of hardware and test hours. 

PHASE II: Produce a reliable, documented set of test procedures outlining the processes, procedures and alternatives to adequately demonstrate the durability and reliability of military gas turbine engines. The test procedures shall be validated in an actual engine or rig test program in conjunction with an engine manufacturer or government test facility.

DUAL USE COMMERCIALIZATION: Military application: The test methods developed would directly apply to all military engine development programs, engine component improvement programs (CIP), and engine component rig test programs. Commercial application: The test design methods developed would directly apply to the Federal Aviation Administration Certification Process for civil commercial aviation.

REFERENCES: 
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AF071-190 
TITLE: Instrumentation for Hypersonic, Air-Breathing Engines
TECHNOLOGY AREAS: Air Platform, Space Platforms, Weapons

OBJECTIVE: Develop innovative flow diagnostics and engine structure sensors for high speed, air-breathing propulsion system maturation and demonstration in short-duration ground and flight testing.

DESCRIPTION: Air-breathing propulsion engines to support high-speed flight, above Mach 4, are difficult to mature to desired levels of readiness without the use of in-flight experimentation. The high enthalpy associated with simulating high-Mach conditions results typically in ground-test air that is contaminated with particulates or combustion gas products, or results in steady-state test times that are short -- measured in milliseconds. Also, in ground tests of such engines, high-fidelity simulation of key engine transients, such as ignition and acceleration, is difficult or impossible. Thus, flight testing of hypersonic engines is a crucial part of the development process. Acquisition, processing, and transmission of engine performance, operability, and durability from a flight test, while meeting the standards of a typical ground test, remain challenging.  The following, in particular, are areas of interest:  local skin friction and heat flux; core flow properties of temperature (T), pressure (P), and species concentrations; and, engine area change.  All need to be measured in flight with the accuracy, speed, and spatial density typical of a ground test. This announcement is broad in that focusing on any one or more of these issues is acceptable.

The payoff is making flight testing, even of short duration, a source of high-quality and high-density flow and structure data to complete the development process for high-speed engines, as opposed to a demonstration of fully matured hardware.

PHASE I: Develop concepts for measuring basic engine performance, operability, and structural integrity. Concepts must enable measurement of a specific parameter (e.g., skin friction or area change) at reasonable accuracy and spatial resolution (specified below), have a tolerance for high temperatures from 425 K within an instrument bay and up to 1,000 K near combustor surfaces, and provide data rates of at least 100 Hz:  Target values for measurement error (within quoted value) and spatial dimension/resolution are as follows:

1.  Surface skin friction and heat flux:  10% of value; 15 mm<sup>2</sup> surface area.

2.  Core T, P, and species concentration: 10% of value; 3 mm, though averaging across duct spanwise dimension is acceptable.

3.  Engine flowpath area: detect changes as small as 2% of flowpath area; 25 mm along flowpath axis.

Additional performance targets include the following: lifetime at least 10 minutes during scramjet-powered flight; respective volume and weight of instrument package less than 1 L and 2 kg; power consumption less than 10 Watts.

PHASE II: Validate the instrument/sensor in a ground test of an appropriate engine component. Demonstrate the utility/accuracy of the measurement and tolerance to the expected environment. While the instrument/sensor may still be in a bread-board configuration, acceptable data rates and power consumption must be demonstrated. Miniaturization strategy must be confirmed.

DUAL USE COMMERCIALIZATION: Military application: Success will yield instruments that can be used in any propulsion application: thermal environment and packaging and power consumption requirements of hypersonic propulsion should be the most severe. Commercial application: The primary applications are clearly both military and commercial. Such instrumentation can be applied to certified engines as part of the engine control instrumentation.
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AF071-199 
TITLE: Affordable Pulse-Power Module for Nonthermal Ignition and Plasma Surface Modification
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Design, develop, and demonstrate the operation of a pulse-power module to create nonequilibrium atmospheric plasma for combustion enhancement and control.

DESCRIPTION: Recent advances in the short-pulse high-voltage sources allow for the creation of atmospheric pressure nonequilibrium plasma where the electron mean energy is much greater than neutral gas thermal energy, which can be nearly at room temperature. Atmospheric pressure nonequilibrium plasma sources have been developed for high flux photon/radical generation for a wide variety of industrial applications. (1) Short-pulse high voltage devices have been used to initiate the combustion process via the creation of reactive species/vacuum ultraviolet (VUV) photons in nonthermal plasma. The voltage pulse rise time, pulse duration, pulse energy and output impedance scaling are necessary to develop a robust pulsed high voltage system which can be used for combustion enhancement under adverse conditions, such as high altitude engine relight and/or short combustor residence time.  (2) The low gas temperature of the high-pressure plasma produced by high voltage short-pulse devices will open up new plasma processing applications, such as the treating of plastics, glass, and polymers. Plasma-chemical methods suitable for coating and surface treatment can replace conventional galvanic methods, and they have the potential to be less harmful for the environment than the galvanic chemical coating process. To create these discharges, it will be necessary to develop pulse forming networks geared for each application. (3) The Air Force wishes to follow up on research on high-repetition-rate pulse systems to improve the performance and reliability of this type of device and potentially decrease the total manufacturing cost, and thereby opening up the commercial market for these devices. A pulsed-power module that can output a variable voltage (10 kV to 50 kV), a variable pulse duration (30 nsec uo to 150 nsec), and a variable pulse repetition rate (200 Hz and 3 kHz) and output impedance near 50 ohm is required. The necessary energy per pulse depends on the application. For low pressure turbine combustion, roughly 50 to 300 mJ per pulse may be required. For scramjet combustion, roughly 200 to 800 mJ per pulse may be required. Smart electronics that will detect and prevent arcing is desirable. The variables mentioned above do not need to be continuous variables; discrete component design will be acceptable. 
 

PHASE I: Design a pulse-power module and demonstrate the proof of concept operation of the high-voltage pulser which can be scaled up to meet the described pulser specifications.

PHASE II: Develop a pulse-power module and demonstrate the scaling of the high-voltage pulse, pulse rise time, pulse duration, repetition rate, pulse energy, and output impedance. Demonstrate the hardware operation by creating atmospheric pressure nonthermal plasma for either ignition/combustion enhancement and/or plasma surface modification. Deliverables include a high-voltage pulse power hardware module.

DUAL USE COMMERCIALIZATION: Military application: Develop prototype pulse-power modules for turbine afterburner combustion instability control, high-altitude UAV flame holding, pulse-detonation engines, and/or scramjet combustion. Commercial application: Develop prototype pulse-power modules to create nonthermal plasma for materials processing, biomedical sterilization, and/or water purification.
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AF071-203 
TITLE: Enhanced Bondline Inspection Using Computed Tomography (CT) for Solid Rocket Motor Aging and Surveillance
TECHNOLOGY AREAS: Materials/Processes

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

Statement of Intent: Develop data processing methodology to eliminate distortions, this is an very important topic to the PEO

OBJECTIVE: Develop techniques to analyze bondlines in CT images where the curvature of the SRM dome causes distortion (elongation of individual bondline constituents) and prevents detection of critical flaws suc 

DESCRIPTION:  X-ray CT is the nondestructive inspection technique used to evaluate the integrity and monitor aging and surveillance of large SRMs. CT is the only method available to actually look inside the SRMs and verify structural integrity. The ability to detect changes in SRM bondlines over time is limited by image distortion caused by curvature of the domes in the head and aft ends. Annular and zoom reconstructions can help, but the distortions still remain. Due to the distortions, the automated analysis, using a system such as the Air Force’s Automated NDE Data Analysis System (ANDES), cannot be accomplished. We need a data processing methodology and technique that will work with automated analysis of digital Nondestructive Evaluation (NDE) data, conventional 2D image analysis, and computer 3D rendering, with a system such as TeraRecon’s i-View 3D Analysis Workstation. This distortion is inherent in all CT images where the X-Ray beam is not perpendicular to the surface being CT scanned. This limits the detectability of critical flaws in the bondline, which in turn limits the ability to accurately predict adverse aging trends in individual SRMs and the ICBM missile fleet. The desired capability would be able to extract mathematically definable surfaces, e.g. a mathematic cylinder, or region between two or more bonding surfaces for evaluation. The extracted surface or region should then be stored in a file format that is compatible for processing with existing automated analysis or visualization systems. While the main interest is SRM motor bondlines, this approach should be able to extract other regions of interest, such as adhesive bonds in rocket nozzles, O-rings and their bounding surfaces, and SRM insulators and cases.

PHASE I: Phase I should include: Identification of the candidate methodologies and mathematical techniques to be used, development of one or more proof-of-concept test of promising technologies to accomplish the objective, and a plan for expanding the proof-of-concept into a prototype solution of technologies that are viable candidates for supporting ICBM aging and surveillance programs.

PHASE II: Phase II should include: Demonstration of prototype methods on actual CT images acquired on SRMs, investigation of the technical challenges involved regarding the implementation of the techniques into both the Hill AFB ICT 1500 and 2500 CT systems, development of a plan to integrate successful technologies into ICBM aging and surveillance programs and algorithm/software documentation.

PHASE III DUAL USE APPLICATIONS: 

Military application: The focus of this development is ICBM sized solid rocket motors. However, this technology could also be applied to tactical and space motors as well as the inspection of some aircraft structures. Commercial application: Although the military application would be SRMs, this technology could be used on any industrial CT system with the same results. It could support the commercial space launch and aircraft industries.
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AF071-204 
TITLE: Turbopump Cavitation Tools
TECHNOLOGY AREAS: Space Platforms

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

STATEMENT OF INTENT: Develop improved turbopump modeling tools, this has extremely high priority to the PEO

OBJECTIVE: Develop tools with improved modeling capabilities for cavitation related turbopump instabilities. 

DESCRIPTION: Cavitation in liquid rocket engine turbopumps can result in critical damage to both the turbopump as well as components downstream of the turbopump.   Failures of this component due to cavitation surge and rotating cavitation can cause key failures resulting in the loss of key assets, or the delay in deploying those assets.  In addition, the lack of sufficient design tools results in more conservative designs with added weight or reduced expected life limiting the mission envelope for these systems.

Tools are being sought which will address deficiencies in one or more of the following areas:

a)
cavitation bubble formation and blockage; 

b)
cavitation damage to blades; 

c)
head fall-off due to cavitation;

d)
cavitation induced instabilities. 

e)
other cavitation phenomena to be described by the proposer.

The proposals will identify which areas the tool will address in the proposal with a clear description of the potential improvement over the current state of the art. The purpose of this SBIR is to develop or improve design tools capable of predicting cavitation in rocket engine turbomachinary.  In addition, this SBIR will identify key validation cases that can be used for the study of cavitation.

PHASE I: Identify and develop the tools and models to be used to study cavitation in very high pressure turbomachinary and identify potential verification and validation cases and necessary test matrices for the study of cavitation in Rocket Engines.  

PHASE II: Continue development of cavitation tools and models and integrate the cavitation tools into either a stand-alone or existing modeling tool to better understand cavitation.  Utilize the verification and validation cases with the code to insure the applicability of the code.  Deliverable for this phase will be the model(s) and tool(s) developed as well as the validation data collected.

DUAL USE COMMERCIALIZATION: Military application: Use the tool for the design and analysis of rocket engine turbopumps. Commercial application: Use the tool for the design and analysis of rocket engine turbopumps.
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AF071-205 
TITLE: GENERIC:  Materials and Process Development for High Performance Polymer Matrix Composite Rocket Components
TECHNOLOGY AREAS: Materials/Processes, Space Platforms

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

OBJECTIVE:  Polymer Matrix Composites (PMCs) have the potential to increase rocket performance by decreasing the weight of components.  This program will develop & demonstrate innovative PMCs for rocket components.

DESCRIPTION:  Materials development for rocket applications poses significant technical challenges due to the harsh environments in which they operate.  The interior of a solid rocket motor (SRM) can reach temperatures greater than 3000<sup>o</sup><sup>C</sup>.  For this reason an ablative insulator is typically used to shield the rocket motor case, limiting the bulk case temperature below the glass transition temperature of the composite matrix.  In addition, the external temperatures of a solid rocket motor can exceed 340<sup>o</sup><sup>C</sup>.  Materials that are developed for liquid rocket engine (LRE) applications must survive severe service environments (including operating temperatures of -400<sup>o</sup><sup>C</sup> to 4000<sup>o</sup><sup>C</sup>), show good wear resistance, and have a high heat distortion temperature. Considering these requirements, the use of PMCs in rocket applications presents considerable challenges. However, PMCs have the potential to increase the performance, reliability, and affordability of rocket propulsion. These features are critical to the advancement of space access and DoD missile programs.  

Recent joint DoD/NASA/Industry efforts demonstrated the need for innovative technology development efforts for these materials.  In particular, developing materials that will reduce the inert weight of the rocket is critical.  Consider that a 44% weight reduction for a solid rocket motor represents a 7.4% payload increase and a 10% increase in thrust-to-weight ratio of a LOX/ Kerosene engine results in a payload increase of approximately 200 lbs.  By reducing the inert weight of either a liquid or a solid rocket system, significant improvements in payload capabilities are possible.  Examples of enabling technologies for polymer matrix composite rocket components include, but are not limited to, high temperature composite resins, advanced ceramic and/or carbon based fibers for SRM cases, and various cost-effective thermoplastic LRE components such as ducting, turbine seals, shrouds and nozzle extensions.  

The insulated case of a boost or orbit transfer solid rocket motor comprises about one-half of the inert weight of the rocket.  An increase in performance of these systems as well as LREs can be realized by reducing the total weight of the vehicle.  For example, increasing the thrust to weight ratio of a liquid engine from 80 to 100 decreases the dry weight of the rocket by 7.6%.  This will result in decreased acquisition costs.  Additional benefits of PMCs can also be realized as the next generation of systems is developed.  Next generation SRMs will operate at higher speeds and may require external thermal protection systems, provided existing state-of-the-art composite matrices are utilized.  A high temperature-capable composite resin offers the design engineer an expanded list of options, including the reduction or elimination of the external insulation.  Reduction or elimination of the exterior insulation directly influences the overall inert weight of the motor.  In volume limited systems, the reduction or elimination of the exterior insulation reduces not only the overall inert weight but also increases the propellant mass fraction of the motor and, therefore, the delivered energy per unit mass at the system level. 

There are several methods in which the engine/motor weight can be reduced using these technologies.  For example, the weight of the composite SRM case/LRE structural jacket can be reduced by reducing the thickness of the case/jacket or reducing the density of the materials utilized.  This can be accomplished by producing materials with higher specific strength and stiffness and/or reduced density.  The development of new fibers for composites is an enabling technology to achieve this goal.  In addition to the performance benefits, there exists a national need for the domestic development of advanced fibers for aerospace applications.  Most high performance aerospace fibers have either been discontinued or the manufacturing of the fibers has shifted overseas.  In either circumstance, this is a serious concern for the aerospace community and national security.

High performance thermoplastic PMC development may also be an enabling technology for cost-effective liquid and solid rocket components.  The use of high performance thermoplastics has been hindered in the past by the high cost of the materials.  With the increased use of these materials, some of which are qualified on the F-22, E3 Sabot, EH-101 helicopter and Airbus A320, the demand for the materials will increase and the cost will decrease substantially.  In addition, the processing of these materials does not include costly autoclave curing cycles, thus reducing the processing time and decreasing the cost to manufacture the component.  The use of nanoparticles to modify these materials may also improve properties due to increased crystallization of the polymer, as well as decreasing microcracking and making the material more compatible with the fuels and oxidizers utilized in LREs.  

The proposed material development efforts are anticipated to provide significant enhancement over existing domestic and foreign state-of-the-art materials. To increase the probability of successful transition to Phase III, the technology development efforts proposed should leverage existing capability and rocket technology development efforts to the maximum extent possible. 

PHASE I:  Demonstrate the feasibility and benefit of polymer matrix composites in rocket components.  This work will include a description of the system benefit of the PMC technology as well as analysis and/or exploratory research designed to understand the challenges of using the proposed material solution.

PHASE II:  Fabricate and demonstrate polymer matrix composite prototype rocket component.  The component will be designed so that it can be cost-effectively tested in relevant rocket environments.  In addition, provide a detailed plan for scaling-up and additional testing.  Required Phase II deliverables will also include a prototype rocket component.  

PHASE III DUAL USE APPLICATIONS:  This effort supports current and future DoD ballistic missile and space launch applications. It will also support commercial space launch vehicle development.
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AF071-206 
TITLE: Computational Implementation of Spectral Theory 
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Implement, validate, and optimize an integrated computer software module suite for calculating molecular adiabatic electronic energies and quantum chemical wavefunctions using spectral theory methods.

DESCRIPTION: The design, discovery, and synthesis of new energetic rocket ingredients is systematically guided by robust first principles quantum chemical methods for reliable prediction of the structures, stability, and performance of these materials prior to experimental characterization.  However, quantum chemical calculations based on currently available methods and algorithms, though highly accurate, are severely limited in the scope of problems which can be addressed due to excessive computational requirements in terms of raw CPU speed, memory requirements, and interprocessor communications bandwidth.  For example, current quantum chemical algorithms exhibit computational scaling of N^m, where N is a measure of the size of the energetic ingredient of interest (e.g., number of atoms or electrons in a molecule) and M varies approximately from 3 to 7 as a function of the chosen quantum chemical method.  This means that if the size of the problem doubles from N to 2N, the amount of computation required grows by a factor between 2^3=8 and 2^7=128.  Consequently, quantum chemical calculations are frequently limited to single molecules in the gas phase.  However, the performance of new energetic ingredients is determined by several key condensed phase properties, such as density and heat of formation/sublimation/vaporization.  Accurate prediction of these condensed phase properties using quantum chemical calculations is in general beyond the capabilities of currently available computer hardware and software due to the highly unfavorable N^m scaling.  Empirical and semiempirical methods, which have significantly less computational demand than quantum chemical techniques, are in general insufficiently reliable for accurate prediction of the properties of new energetic ingredients, and therefore are not a viable alternative to quantum chemical approaches.  New quantum chemical methods which retain or improve upon the reliability of currently available methods while simultaneously overcoming the unfavorable N^m scaling are clearly needed.

PHASE I: The effort should include:  computational implementation and validation of the spectral theory method for computing adiabatic electronic energies and wavefunctions of materials containing H,C,N,O atoms and preliminary benchmarks of the spectral theory against conventional quantum chemical methods.

PHASE II: The effort should include: extension of the general computational implementation and validation of the spectral theory method for materials containing H,B,C,N,O,F atoms, algorithmic optimizations, and initial implementation of scalable (parallel) algorithms.  Deliverables should include final software, documentation, training manuals and report of benchmarking results.

DUAL USE COMMERCIALIZATION: Military application: Launch vehicles, gas-generators, explosives, and insensitive munitions are proposed for several military applications. Commercial application: Drug design in pharmaceutical industry.
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AF071-213 
TITLE: False Alarm Rejection (FAR) Techniques for Missile Warning Systems (MWSs)
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Demonstrate that a target and background comparison technique can provide inexpensive and effective FAR for MWS.

DESCRIPTION: Missile warning systems have difficulty providing high probability of declaration, adequate warning time and a low probability of false declaration in severe clutter. Infrared and visible focal plane arrays are being developed with smaller instantaneous field-of-views (IFOV) and offer increased detection/declaration range for MWS. However, the most difficult problem for MWS has been the high false alarm rates caused by severe clutter and man-made objects. A number of discrimination techniques that exploit the spectral, spatial and temporal differences between a target and the background are available, and while effective, they have not reduced the false alarm rate to desired rates. Additional false alarm rejection techniques are needed. 

One false alarm rejection technique not fully investigated is to compare the movement of a potential target with the movement of background objects. As an aircraft is flying, all background objects move in a similar manner while targets move in a different manner. The differences between the movement of the target and background objects can be used to discriminate between them. Potential targets can be compared with background objects over the total sensor field of view (FOV) or it may be necessary to reduce the FOV to the region immediately around the potential target by windowing. Windowing allows higher frame rates and quicker declaration decisions. 

PHASE I:  Conduct a feasibility concept study to identify and determine likely effectiveness of novel algorithms that use relative object movement to reliably discriminate between actual targets and false targets. Show feasibility of the background comparison technique by demonstrating key concepts for additional Phase II exploration.

PHASE II:  Develop and characterize candidate algorithms.  Construct a prototype system to demonstrate concept feasibility in a representative environment.  Demonstrate key technologies needed to build a flyable prototype visible MWS system using background comparison techniques to reduce false alarms. 

DUAL USE COMMERCIALIZATION: Military application: A simple and effective background comparison technique that reduces false alarm rates has military applications for MWSs. Commercial application: A simple and effective background comparison techniques that reduces false alarm has commercial applications for MWSs.
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AF071-214 
TITLE: Directing Monopulse Jamming Toward Antenna of Semiactive or Antiradiation Missile
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Direct an advanced monopulse electronic attack (EA) technique from an aircraft toward the antenna of a semiactive missile rather than the illuminating radar to increase the effectiveness of the countermeasures.

DESCRIPTION: An advanced monopulse electronic attack technique is being developed by the Air Force Research Laboratory to protect aircraft against monopulse target tracking radars. The technique presently is only effective against monostatic radars. This SBIR proposes to extend the applications of this technique to two types of passive radio frequency (RF) homing missiles: semiactive missiles, where the radar transmit antenna is not co-located with the missile antenna, and antiradiation missiles, which home on an emitter on the aircraft. Long-range semiactive surface to air missiles, air-to-air missiles, and air-to-air antiradiation missiles are proliferating and represent an increasing threat to large aircraft such as Airborne Warning and Control System, Joint Surveillance and Target Attack Radar System, and transport aircraft. These missiles employ monopulse antennas and receivers which are not vulnerable to existing EA techniques. The implementation of the monopulse EA technique will be accomplished by employing an electro-optical system on an aircraft to detect an inbound missile and to direct the technique toward the missile’s antenna. The electro-optical system and monopulse EA system would then operate in a coordinated fashion, with the electro-optical system assessing the effectiveness of the technique and providing feedback to the EA system, which would adjust the EA technique to increase the missile’s angle error. The electro-optical system will need a high degree of speed and accuracy when tracking missiles so that the monopulse countermeasures can be directed effectively. A high-speed processor will be required to perform the real time assessment and control function, and the interconnect between the electro-optical and EA systems will require a wide bandwidth.

PHASE I: Investigate and analyze the angular accuracy and dynamic response required for the electro-optic system to respond to missile maneuvers so that advanced monopulse countermeasure system would be able to control the direction of the jamming with sufficient accuracy.

PHASE II: Develop an electronic attack prototype system, including a scaled target which would simulate the electro-optical signature of a threat missile and would also include a monopulse antenna and receiver. A test plan and measures of effectiveness would be developed. Testing and evaluation of the system would be conducted.

DUAL USE COMMERCIALIZATION: Military application: Protect aircraft, including large aircraft and Unmanned Aerial Vehicles from semiactive homing missiles and antiradiation missiles employing monopulse antennas and receivers. Commercial application: The advanced monopulse countermeasure could be used to protect commercial aircraft from semiactive homing missiles employing monopulse antennas and receivers.
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AF071-215 
TITLE: Sensor Architectures for Radar Combat Identification
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIIVE:  Develop advanced radar signature modeling and signal processing techniques to support evolving radar non cooperative target identification (NCTR) capability (air-to-air and air-to-ground).

DESCRIPTION:  Recent advancements in non-cooperative target recognition technology have expanded the quantity of target information available to the war fighter requiring an increased radar signature measurement capability.  Transition candidates are revealing the need for improved analysis techniques to quantify the radar target signature sensing capability.  The combination of new modeling, phenomenology metrics, and signal processing will enable critical research in the area of NCTR system integration.  This effort will support existing/emerging R&D NCTR capabilities.

PHASE I:  Research; 1.Math models relating wideband target signature phenomenology to radar architectural attributes 2.Analytical models mapping calibration, alignment, coherency, â€¦, target motion to signature visibility, uncertainty, accuracy, information content. 3.Signature signal processing for sensor optimization/benchmarking.  

PHASE II:  Prototype and demonstrate concepts addressed in Phase I;1. Validate modeling/advanced signature signal processing techniques using field radar sensor data. 2. Integrate one or more Phase I components to perform trade study between critical sensor architecture attributes and phenomenology quality. 3. Prototype analysis and benchmarking tools to perform sensor software and hardware optimization for improved signature phenomenology.  

DUAL USE COMMERCIALIZATION: Military application: These key sensor technologies will be directly applicable to all tactical, strategic, and reconnaissance DoD systems engaging the state-of-the-art radar CID technologies. Commercial application: This technology is applicable to commercial sensor applications such as in the collision avoidance and medical assessment areas.
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AF071-216 
TITLE: Precision Navigation Grade Fiber-Optic Gyroscope (FOG)
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Improve Fiber-optic gyroscopes

OBJECTIVE: Develop a FOG which significantly reduces error sources such as noise and phase bias drift commonly found in today’s FOGs.

DESCRIPTION: Gyroscopes and accelerometers are the critical components in an inertial measurement unit (IMU).  A promising approach to precision gyroscopes that has not met expectations is the Sagnac interferometric fiber-optic gyroscope (FOG).  A FOG is typically made with an optical fiber which guides light around a loop forming the interferometer.  The basic concept splits light into two waves which pass around a fiber coil in opposite directions.  When light returns to a coupler, the waves are split and sent to a detector.  The intensity of the light at the detector is a direct measure of the interference between the two counterrotating beams and, thus, an indication of the rotation rate of the FOG.  FOGs are more reliable and less costly inertial sensors than mechanical gyroscopes and ring laser gyroscopes (RLGs).  However, current manufacturing techniques require skilled manual labor which negatively impacts the low cost potential of these devices.  In addition, error sources due to the fiber, the light source, and the architecture of the gyro have prevented FOGs from achieving the navigation-grade performance originally sought.  A new, novel approach to the FOG fiber, and/or light source, and/or architecture is desired to develop and produce a high performance navigation grade FOG.  In general, the goal of the program is to significantly improve the error performance (for example, gyro bias < 0.001 °/h) over production FOGs currently available today, while maintaining current size, weight, and power requirements.

PHASE I: Identify the critical technology challenges, synthesize advanced architectures, perform concept feasibility analysis and define the Phase II approach.

PHASE II: The Phase II effort will produce and demonstrate the precision navigation-grade FOG.

DUAL USE COMMERCIALIZATION: Military application: A navigational-grade FOG has the potential to positively impact military and civilian inertial navigation units. Commercial application: These high-precision FOGs would provide a highly reliable, small size, low power, and low cost solution to current navigational requirements.
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AF071-217 
TITLE: Directional Finding for Sources with Unknown Bandwidths and Center Frequencies
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Improve directional finding algorithms

OBJECTIVE: Research, develop and implement directional finding algorithms that are capable of estimating sources with unknown bandwidth and center frequencies.

DESCRIPTION: There are many classical direction of arrival (DOA) estimator[1-4] that can be used to estimate the DOA of ideal narrowband sources with known center frequencies.  However, in some COMINT applications, we may not know key parameters (bandwidths, center frequencies, etc.) of the sources of interest.  The objective of this effort is to develop DOA estimators which are capable of estimating the DOA of these sources.  Assume that we are working with an ideal linear array of antennas with N elements, and that there are M plane waves (with unknown key parameters) impinging on the surface of the array.  The initial goal is to develop working algorithms regardless of complexity, followed by algorithm fine tuning to reduce the algorithm complexity to a point where it can be implemented in modern FPGAs yet still have reasonable estimation errors.

The frequency band of interest is 0.5 to 2 GHz.  Assume that a 400 MHz signal is taken from this band of interest and assume that this 400 MHz signal contains M sources with bandwidths ranging from 300 KHz to 400 MHz and with center frequencies somewhere in the 400 MHz region.  For example, the DOA estimator should be able to take in 0.6 to 1 GHz signals (downconverted to baseband) that consist of three sources with the following parameters that are unknown to the DOA estimator: bandwidth = 0.4 GHz, 350 KHz, and 5 MHz and center frequencies = 0.8 GHz, 0.92 GHz, and 0.7 GHz.  One simple but not highly desirable solution is to partition the 400 MHz into many smaller subbands and then apply the narrowband DOA estimator to the subbands.

PHASE I: Research and develop DOA estimating algorithms for COMINT in cases where the sources’ key parameters are unknown.  Each proposed algorithm should be supported by Matlab simulations and theoretical/numerical error analysis.  Outline processing requirements for the selected algorithm.

PHASE II: Build a four-channel DOA estimator box that is capable of taking in signals with a bandwidth of 400 MHz.  Compare the performance of the DOA estimator box with the theoretical performance computed in Phase I.

DUAL USE COMMERCIALIZATION: Military application: Robust and low-complexity DOA estimators have uses in the aviation, defense and mobile phone industry. Commercial application: (see military application)
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AF071-218 
TITLE: Network-Centric Warfare Radio-Frequency (RF) Real-Time Hardware-In-the-Loop (HITL) Synthetic Battlespace Research Capabilities/Technologies
TECHNOLOGY AREAS: Sensors, Battlespace

STATEMENT OF INTENT: Develop enabling real-time hardware

OBJECTIVE: Develop enabling real-time hardware-in-the-loop synthetic battlespace simulator technologies to transition network-centric warfare capability-based radio frequency sensor/electronic combat solutions

DESCRIPTION: Current RF sensor/electronic combat research methodologies were evolved for platform-centric warfare where the open-air test ranges are utilized to mature, demonstrate, and transition technologies/capabilities to the warfighter.  This approach is time-consuming, requiring extensive/costly flight testing.  Future combat operations will utilize capabilities-based system of systems (SoS) concepts that enhance combat operations through network-centric warfare.  Open-air ranges cannot generate the SoS environments required to develop/transition network-centric warfare RF sensor/electronic combat technologies/capabilities.  Real-time HITL synthetic battlespace simulation provides a cost-effective, collaborative research methodology for evolving network-centric warfare RF sensor/electronic combat technologies/capabilities.  Approaches are sought that lead to the creation of innovative, dual-use real-time HITL simulator technologies, tools, and methodologies that enable the rapid development/transition of capability-based sensor/electronic combat solutions for network-centric warfare.  This research area addresses simulator technologies that could be utilized for evolving advanced RF digital receiver/processor capabilities for specific emitter identification and single/multiship geo-location.  The goal of this research is to evolve affordable dual-use real-time HITL simulator technologies, tools, and methodologies that reduce the cost and time required for developing and transitioning network-centric warfare RF sensor/electronic combat capabilities.  The dual-use simulator technology base established by this research can be applied to developing advanced networked RF sensors for both commercial and military aircraft.  

PHASE I: Identify real-time simulator technologies for transitioning network-centric warfare RF sensor/electronic combat solutions.  Phase I research will define challenges and the Phase II development/demonstration approach.  Phase I risk reduction experiments will show the Phase II approach’s feasibility.

PHASE II: The Phase II effort will implement and demonstrate the critical real-time HITL simulator technologies, tools, and methodologies that enable the rapid maturation and transition of network-centric warfare capability-based RF sensor/electronic combat solutions.

DUAL USE COMMERCIALIZATION: Military application: Real-time HITL synthetic battlespace simulator technologies can be implemented in government laboratories and test ranges for military network-centric warfare research. Commercial application: Real-time HITL synthetic battlespace simulator technologies are dual-use technologies that have commercial applications for markets such as the networked RF sensor industries.
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AF071-219 
TITLE: Remote-Controlled Improvised Explosive Device (RCIED) Detection Identification and Classification Algorithms (RADICAL)
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Develop RF Sensor

OBJECTIVE: Develop active & passive radio frequency (RF) sensors and signal processing techniques to detect, Identify and Geo-Locate(DIG) low power emitters in a clutter environment and adverse channel condition

DESCRIPTION: There has been a drastic increase in both the variety and quantity of communication signals used in military theaters in the past 20 years. The evolving asymmetric threat (e.g., terrorist cells/networks, insurgencies, etc) improvises communication networks using a combination of hardware and technology (military, commercial off-the-shelf, etc.). The diversity of these improvised networks has presented new challenges in terms of the detection, characterization, classification, and exploitation of communication signals for electronic warfare purposes. The techniques used must be multifunctional and accommodate for this diversity, lest they overlook modalities used by threats. RCIED detection is a two dimensional problem 1) The low power emitters must be detected. Identified and geo-located and 2) it must be determined if a particular emitter is tied to an improved explosive device (IED). Even though the primary objective of this effort is to DIG low power wireless emitters it should also try to answer the second question how it is related to an IED. 

Sensing can be classified as passive or active. Passive sensors are opportunistic sensor which intercepts the threat emitters without requiring its own transmit waveform to illuminate the threat emitters. Signal from the emitters can be classified as direct or spurious, examples of such direct signal emitters are GSM, UMTS, Wireless networks. Since direct emission from some emitters such radio controlled cars, key fob, garage door openers might not leave us with any reaction time to apply appropriate countermeasure, spurious emissions can be used to DIG these emitters. Active sensing deals with the technique radiating the emitter with a known source and measuring its response to DIG. 

PHASE I: Investigate active and passive sensing techniques to DIG threat emitters. Develop an optimum RICED detection engine. The feasibility of this detection engine should be demonstrated via MATLAB or other simulation packages. 

PHASE II: The objective of this effort is to validate the conceptual design or architecture developed in the phase I effort by building prototype system and testing in more realistic environment.

DUAL USE COMMERCIALIZATION: Military application: This will enhance the ability to develop countermeasures against with low-power emitters used in RCIED threats .Passive detections techniques can also be extended in solving

spectrum congestion problem Commercial application: Spectrum monitoring is an important building block in developing cognitive radio technology. Detection and characterization of other users or emitters will be useful in detecting spectrum holes.
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AF071-220 
TITLE: Noncoherent Dual Platform Advanced Monopulse Countermeasures (AMCs) Standoff Jammer
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Provide a non-coherent, cooperative dual platform, digital radio frequency memory

OBJECTIVE: Provide a noncoherent, cooperative dual platform, digital radio frequency memory (DRFM)-based, advanced monopulse countermeasure concept jamming system using separate clocks.

DESCRIPTION: With the advent of new technology, the self-calibrating features of the AMC concepts make it more attractive as an onboard self-protection jammer for large standoff jamming and surveillance platforms.  By utilizing a noncoherent, cooperative dual platform concept, wider separation of the jamming antennas can be achieved using separate platforms such as small aircraft or unmanned aerial vehicles (UAVs). Wider separation of the jamming antennas reduces the phase accuracy requirements, thereby reducing physical size and manufacturing costs. 

PHASE I: Create a software model and simulate the noncoherent AMCs concept using separate platforms.Develop a design for a small,DRFM based,noncoherent(using separate clocks)AMC technique generator.The prototype design will utilize commercial-off-the-shelf(COTS)software and hardware as much possible. 

PHASE II: Construct a prototype AMC technique generator based on the design developed in Phase I and test its effectiveness in an anechoic chamber utilizing a hardware-in-the-loop setup.  The test should determine how much variation in time the separate clocks can tolerated before the AMC becomes ineffective.

DUAL USE COMMERCIALIZATION: Military application: A noncoherent, cooperative dual platform, AMC concept jamming system can be used to protect the orbit of a standoff jammer or surveillance platform from active and semiactive missile threats. Commercial application: A noncoherent, cooperative dual platform, AMC concept jamming system can be used to protect commercial airliners and airports from long-range missile threats.

REFERENCES: 

1. Leroy Van Brundt, Applied ECM, EW Engineering, Inc., Dun Loring, Virginia, 1978.

2. Merrill Skolnik, Radar Handbook, McGraw-Hill Inc., New York, New York, 1990.
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AF071-221 
TITLE: Identify Alternative Information Assurance (IA) Mechanisms
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop advanced Information Assurance (IA) mechanisms to ensure timely, trusted information is available on C2ISR networks. 

DESCRIPTION: The DoD’s adoption of the Global Information Grid (GIG) as a means to implement net-centric warfare requires the wide spread distribution and protection of trusted information. To realize this capability, the Anti-Tamper-Software Protection Initiative (AT-SPI) Technology Office, in partnership with ESC’s (551st Electronic Systems Wing (formerly known as Battle Management Systems Wing), seeks to explore and extend innovative Information Assurance (IA) mechanisms to protect C2ISR networks. These IA mechanisms (e.g. code algorithms, network appliances, software applications, automated procedures, etc.) should increase the current capability to identify/track/mitigate network intrusions. Additionally, these mechanisms should have minimal impact on other effective detection mechanisms or network-loading efficiencies and help optimize the IA performance of C2ISR networks. 

Airborne and Ground-based systems working on the fringes of a network experience intermittent drop-offs lasting from seconds to hours.  Once a connection is re-established, the network needs to quickly decide if the entity is, in fact, the dropped system, a new system coming on-line, or a hostile intrusion.  Intrusion identification/tracking requires advanced applications based upon dynamic addressing, and special security techniques. Data from airborne and Ground-based networks has led to a database of suspect access actions which can be used to characterize the necessary IA properties of each network’s environment. It is expected that the proposals will exploit existing USAF IA structures and databases to explore potential new IA mechanisms to develop, validate and enhance network IA environments. Figures of merit in assessing the effectiveness of the mechanisms should include, but not be limited to, improvements in intrusion detection and identification, enhanced probability of predicting the nature of the “intrusion” (i.e. friend, foe or unknown) in structured architectures and reduced false-alarm alerts. 

PHASE I: Conduct analysis, using real data, to develop mechanism descriptions for intrusion identification/ intrusion-tracking techniques to optimize intrusion detection, search and track capabilities within structured architectures/networks. Compare and contrast the candidate mechanisms.

PHASE II: Perform detailed analysis and demonstrate the efficacy of mechanisms for intrusion detection, searching, and tracking in IA environments. Conduct tests to assess the effectiveness of each mechanism. Develop/ demonstrate an automated, near-real-time IA processing mechanism (i.e. network appliance, software application, automated procedure) using real-world military network data sets. 

DUAL USE COMMERCIALIZATION: Military application: Developed products will be used in networks requiring rapid detection/tracking of intrusion, within limited bandwidth, supporting the IA data-collection, and minimizes intruder interference. Commercial application: Developed products will be used in protected commercial networks experiencing unwanted intrusion interference. Potential examples include networks in: medicine, personnel (H/R) processing and banking.

REFERENCES: 

1. AFPD 33-2, "Information Protection"

2. AFI 33-202, Volume 1, "NETWORK AND COMPUTER SECURITY"
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AF071-222 
TITLE: V- Band Radio Frequency (RF) Filters
TECHNOLOGY AREAS: Sensors, Electronics

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

STATEMENT OF INTENT: Wish to develop a wide range of low cost, small RF Filters, a very high priority technology with this PEO technology 

OBJECTIVE: Develop low-cost, miniaturized RF filters suitable for satellite communications applications.

DESCRIPTION: Satellite communications systems are facing increasing pressure to provide higher capacity and more effectively utilize limited frequency spectrum, leading to high modulation modes that increase bits/Hz.  To efficiently operate with a minimum of bit errors at these higher levels of modulation, demodulators will require increasingly selective filters.  V-band is becoming of increasing interest to the Air Force to access additional spectrum, but for demodulators to operate effectively, RF filters capable of operating in the millimeter wave bands will be required.  Because RF filters are widely used throughout the satellite payload, weight is of concern to maintain satellite launch affordability. The purpose of this topic is to develop a lightweight filter prototype. Goals include operating temperature range of –40 to  80 °C, tuning range between 71 to 76 GHz and 81 to 86 GHz, very high quality factor, high tuning speed, temperature stability, and total dose tolerance > 300 Krads (Si).

PHASE I: Evaluate design concepts for miniaturized, high (Q)filters and develop a design meeting performance goals.  

PHASE II: Fabricate a minimum of 10 devices.  Characterize for bandpass characteristics, insertion loss, quality factor, radiation effects, and operating temperature range.

DUAL USE COMMERCIALIZATION: Military application: Military applications include satellite communication terminals.

 Commercial application: Commercial applications include future generations of cellular telephones

REFERENCES: 

1. Cassinese, A., Barra, M., Panariello, G., and Vaglio, R., “Multi-stage Dual-Mode Cross-Slotted Superconducting Filters for Telecommunications Application,” IEEE MTT-S Digest, 2001.

2. Kim, Hong-Teuk, Park, Jae-Hyoung, Kim, Yong-Kweon, and Kwon, Youngwoo, “Low loss and compact V-band MEMS-based analog tunable bandpass filter,” IEEE Microwave and Wireless Component Letters, Vol. 12, No. 11, 2002.
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AF071-223 
TITLE: Wide Bandgap Semiconductor Materials for Advanced Radio Frequency (RF) Applications
TECHNOLOGY AREAS: Sensors, Electronics

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

STATEMENT OF INTENT: Intent is to develop high-quality high power and temp  wide bandgap SiC/GaN  semiconductor materials, a very high priority technology with this PEO 

OBJECTIVE: Develop high-quality wide bandgap SiC/GaN materials and implement techniques for fabrication of high-power and temperature wide bandgap RF devices.

DESCRIPTION: Future radar and communications applications demand higher power density, greater operating voltage, and higher temperature operation of electronics components to enable superior performance and wider bandwidth capabilities.  While silicon is the material of choice for most current RF devices, it is not suited for high voltage, high power, and, hence, high temperature operation due to uncontrolled generation of intrinsic carriers affecting its properties.  Wide bandgap semiconductors such as SiC and GaN have large breakdown voltage and high thermal conductivity, and are ideal candidates for next-generation high-power-density semiconductors.  These materials are also extremely radiation resistant and can be used for space electronics hardware or applications requiring operation near radiation.  Major technological challenges in developing wide bandgap SiC/GaN semiconductors are materials and processing issues.  These include preparation of suitable substrate size and quality, single crystal film growth, defect density control, doping procedures, device fabrication and reliability, thermal management, and other related processing challenges, which ultimately affect the device performance.  This topic seeks to investigate and develop suitable processes for the development of high-quality, wide bandgap SiC substrates and the epitaxial growth of SiC-based and GaN-based materials that can be used for high-power RF applications such as high electron mobility transistors (HEMT) and metal semiconductor field effect transistor (MESFET).The goal is to develop and demonstrate high quality and low cost homo-epitaxial and hetero-epitaxial growth techniques for SiC and GaN that result in a highly uniform and high electron mobility layer across the wafer diameter.

PHASE I: Develop high purity, and uniform thickness 4-inch SiC wafer substrate with sufficiently higher resistivity (>1011 ohm-cm) and lower defect density (<10 MP/cm2) than the SOA commercial SiC wafers.

PHASE II: Design and fabricate capabilities to yield high performance, high reliability, and reproducible wide bandgap devices such as HEMT and MESFET at an affordable cost.  Device performance should address both commercial and military needs in terms of power density and frequency for future radar and communications devices. Develop models to predict device performance including thermal managements.

DUAL USE COMMERCIALIZATION: Military application: This R&D applies to all high-speed data communications related avionics and space. Commercial application: Potential applications: military space, ground, and airborne radars, and commercial applications such as satellite communications, cell phones, and optoelectronics including light emitting diodes.

REFERENCES: 

1.  S. McGrath and T. Rödle, “Moving Past the Hype: Real Opportunities for Wide Band Gap Compound Semiconductors in RF Power Markets,” The International Conference on Compound Semiconductor Manufacturing Technology, 2005.

2.  J. H. Edgar, S. Strite, I. Akasaki, H. Amano, and C. Wetzel, “Properties, Processing and Applications of Gallium Nitride and Related Semiconductors,” INSPEC/IEE, 1999. 

3.  B. Ozpineci, L.M. Tolbert, S.K. Islam, and M. Chinthavali, “Wide Bandgap Semiconductors for Utility Applications,” IASTED International Conference on Power and Energy Systems (PES 2003), Palm Springs, California, pp. 317-321, February 24-26, 2003. 
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AF071-224 
TITLE: Micro Electro-Mechanical Systems (MEMS)-Based Adaptive Optics Systems
TECHNOLOGY AREAS: Sensors, Electronics

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

STATEMENT OF INTENT: Intent is to develop Adaptive Optics systems for space based laser comm, an extremely high priority for this PEO

OBJECTIVE: Develop adaptive optics systems for space-based laser communication systems

DESCRIPTION: As part of the transformational communications initiative, the Air Force would like to increase the performance of below the weather (BTW) unmanned aerial vehicle (UAV) satellite communications (SATCOM) links.  Atmospheric turbulence produces temporary pockets of air with slightly different temperatures, densities, and indices of refraction that can cause data loss as beams are deformed from index of refraction inhomogeneities.  Adaptive optics, which has been used by astronomers to reduce aberration due to atmospheric turbulence and improve image quality, also lends itself to BTW optical communications applications.   By reducing aberration effects, adaptive optics can increase optical communications performance by compensating for atmospheric distortions that can cause beam bending and attenuate beam energy through scattering.  Technologies such as micro electro mechanical deformable mirrors have shown the potential to compensate for optical aberrations resulting from air turbulence.   The purpose of this topic is to develop a compact, lightweight, and robust adaptive optics module that is suitable for insertion on either a UAV or satellite to support BTW laser SATCOM during periods of atmospheric turbulence.

Goals include achieving a design with the "critical component" parameters as follows:

1.
Operating temperature range (-40 to +80 deg. C) 

2.
Compact size (Conformal)

3.
Minimized weight 

4.
Minimized operating power requirements 

5.
Effective wide angular coverage (+/- 60°) 

6.
Wavelength agility

7.
High steering resolution 

8.
Polarization insensitive 

9.
High transmission or reflectance efficiencies 

10.
Dispersion-less

11.     
Adaptive optic modulation speed compliant with atmospheric correction needs

12.     
Adaptive optic compensation rate compliant with non-static, off-axis operating conditions

13.
Radiation tolerance to total dose > 1 Mrad (Si) 

14.
Effective transmission distances from Earth to orbital space

PHASE I: Survey terrestrial adaptive optics designs and select a promising approach lending itself to optics-based correction and active laser beam-forming ability.  Identify key MEMS design and operational parameters.  Through simulation demonstrate the ability of the design to meet described requirements.

PHASE II: Fabricate the Phase I prototype of the MEMS-based adaptive optics design and characterize performance for atmospheric conditions likely to be encountered.  Effectively and successfully demonstrate in a representative field environment.  Identify key areas of reliability risk for the operational requirements and environments mentioned above in the technical description section. 

DUAL USE COMMERCIALIZATION: Military application: Military applications include future SATCOM systems requiring below the weather operation.  Aberration correction is a general enabling feature for optical transmit/receive systems. Commercial application: Optical communications is likely to find increasing use in commercial space applications as the use of optical telecommunications grows. 

REFERENCES: 

1. Doble, Nathan; Williams, David R., “The Application of MEMS Technology for Adaptive Optics in Vision Science”, IEEE Journal of Selected Topics in Quantum Electronics, May/June 2004.

2. Tuantranont, A.; Bright, V.M.; “Segmented silicon-micromachined mircroelectromechanical deformable mirrors for adaptive optics,” IEEE Sel. Topics Quantum Electron., Vol. 8, No. 1, Jan./Feb. 2002.

3. Mali, R.K.; Bifano, T.G.; Horenstein, M.N.,”Development of microelectromechanical deformable mirrors for phase modulation of light,: Opt. Eng., Vol. 36, No. 2.1997.
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AF071-225 
TITLE: Asynchronous Global Positioning Satellite (GPS) Baseband Processing Elements
TECHNOLOGY AREAS: Sensors, Electronics

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

STATEMENT OF INTENT: Develop/Demonstrate asynchronous logic technology for mitigating space radiation effects, an extremely high priority for this PEO

OBJECTIVE: Develop/demonstrate an asynchronous design, synthesis, and simulation tool suite for GPS User Equipment (UE) applications that mitigates Single Event Effects (SEE) and Total Ionizing Dose (TID) radiation effects.

DESCRIPTION: Logic devices based on asynchronous (aka clockless) design methodologies have been in existence for at least 30 years. Recently, some Computer Aided Design (CAD) companies have been proposing that clockless logic design will be required for system on-a-chip integration and for scalable Intellectual Property (IP) logic blocks. Some forms of asynchronous logic design currently use a Null Convention Logic (NCL) signaling scheme to signal local process completion it has been shown to lower power and has processing speeds determined by the Integrated Circuit (IC) technology, not a system clock. However, there are substantial problems with asynchronous logic that must be overcome. 

First, mainstream Application Specific Integrated Circuit (ASIC) CAD tools are generally not available for large-scale synthesis, timing analysis and layout of asynchronous designs. Novel design solutions that provide large (>50kgate) correct-by-design asynchronous logic blocks and their integration at the chip scale are to be investigated. 

Second, most IC design houses avoid asynchronous design use because it can have race conditions, glitches, and timing problems that can render some complex designs unworkable. Highly automated CAD tools that create asynchronous logic that is mathematically proven to be without glitches or races for a given process and layout needs to be developed.

Third, scaling from one generation to another has proven to be difficult as the assumptions about gate delay versus interconnection delay has rendered some asynchronous designs in one generation to be non-functional without redesign in subsequent process generations. Building an asynchronous design methodology that is scalable, and retargetable to future IC generations also needs to be demonstrated.

Lastly, and most importantly, space and ground environmental effects (temperature, total ionizing radiation, single event effects, etc.) in military applications can have profound impact on the functionality of a design. Single Event Upset can flip memory states, Single Event Transients can propagate asynchronous logic pulses. Total Ionizing Dose due to electrons, protons and ions can cause increased delays in logic devices and increases in device rise times. Simulation, analysis and test tools need to be developed to address military environments and to provide robust designs that work reliably under all conditions for the application of asynchronous logic to function properly.

Three high-value GPS receiver problems that this topic will attempt to overcome are: 1) rapid direct m-code signal acquisition, 2) low power Advanced Encryption Standard (AES) cryptographic code generation, or 3) effective digital baseband jammer suppression.

PHASE I: Identify existing asynchronous design tools and their efficacy in mitigating radiation (SEE and TID) effects. Develop alternative strategies and tools to overcome current design deficiencies. Determine the technical merit and feasibility of applying these asynchronous design methods, addressing two of the problems above. Currently the GPS Modernized User Equipment program would benefit if a commercial 90 nm CMOS process were investigated, while GPS Modernized Space Receiver program would benefit if a Rad-Hard 150 nm CMOS process were investigated under Phase I.

PHASE II: Design, simulate, prototype, package and test the GPS receiver functional blocks targeting one of the DoD Trusted Foundries. Provide sufficient test die and documentation to perform all validation testing, and supply an independent gov't test laboratory. Include VHDL design models, test benches, and documentation such that these IP blocks may be reused in higher level ASIC development.

DUAL USE COMMERCIALIZATION: Military application: Across board military applications in asynchronous logic design.(R&D) conducted under this SBIR will create products that include asynchronous design tools & space-hardening asynchronous design tools. Commercial application: R&D conducted under this SBIR will include commercial applications, such as, asynchronous design tools, space-hardening asynchronous design tools, and GPS receiver ASIC intellectual property.

REFERENCES: 

1. Stephen H. Unger, "Asynchronous Sequential Switching Circuits," New York, Wiley-Interscience, 1969

2. Karl Fant, "Logically Determined Design: Clockless System Design with NULL Convention Logic," New York, Wiley-Interscience, 2005.
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AF071-226 
TITLE: Digital Antijam (AJ) Processing Application-Specific Integrated Circuits (ASIC) for Hand-held Global Positioning Satellite (GPS) Receiver
TECHNOLOGY AREAS: Information Systems, Electronics

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

STATEMENT OF INTENT: Design advanced ASIC for GPS handhelds, a very high priority for this PEO

OBJECTIVE: Design, develop, fabricate, and test a low-power ASIC implementing digital AJ processing for GPS hand-held receivers.

DESCRIPTION: Over the last several years, AJ technology for GPS user equipment (UE) has evolved from analog processing to more robust digital signal processing techniques like space time adaptive processing (STAP) and space frequency adaptive processing (SFAP).  As a result of the significant size, power, and cost constraints associated with GPS hand-held receivers, these AJ enhancements have primarily been directed to avionics and vehicular GPS receivers.  While externally mounted AJ accessories have been developed to supplement the limited inherent AJ capabilities of military hand-held receivers like PLGR and DAGR, there are significant issues with their operational viability for dismounted applications.  An AJ solution for hand-helds that is both fully integrated with the hand-held unit and transparent to the user is required to meet the Navwar requirements for the dismounted soldier.  What is required is to leverage the advances in microelectronics for ASIC and STAP/SFAP algorithm implementation for development of a low-power digital AJ ASIC suitable for integration within a hand-held receiver.  This will be one of the technology enablers for a complete integrated AJ solution for hand-held receivers.  The capability objectives for the ASIC are as follows:

1. Process at least two (desired four) channels each of L1 and L2 digital data (12 bits desired, 8 bits minimum) at IF and/or baseband with an input data rate and bandwidth compatible with P(Y)-code and M-code signal processing requirements (e.g., 60 to 90 MHz real sampling rate, 24 to 30 MHz bandwidth)

2. Power consumption ¡Ü0.6 watts

3. Size and input power voltage consistent with hand-held receiver designs such as DAGR

4. AJ performance: 1 to 3 broadband noise  (depending on number of input channels implemented) and one partial band jammers: ¡Ý25 dB suppression; 1 to 3 broadband noise (depending on number of input channels implemented) and three narrowband jammers: ¡Ý30 dB suppression 

5. Environmental requirements compatible with military hand-held receivers like DAGR.

PHASE I: Perform tradeoff studies, modeling, and simulation, as required, including simulating power, size, cost, AJ performance, and environmental requirements.  Develop ASIC requirements and preliminary macro cell design, and perform modeling and simulation to evaluate performance of initial design. 

PHASE II: Perform ASIC detailed design and develop VHDL code for ASIC fabrication. Develop test breadboards (FPGAs for example) to evaluate performance of critical/risky circuit features. Perform bit-level simulation of the ASIC to evaluate key performance requirements. Prepare a technical report describing Phase II efforts and final ASIC performance requirements. Provide VHDL code for ASIC fabrication.

DUAL USE COMMERCIALIZATION: Military application: Will have applications for all GPS Military. Commercial application: Fabricate ASICs based on the design and VHDL code from Phase II. Develop an evaluation board for testing in a simulated jamming and GPS environment.  Perform ASIC testing against Phase II requirements

REFERENCES: 
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4.  All-Digital,Spatial Anti-Jam GPS Receivers: Architecture,Implementation and Initial Performance Results, ION GPS 1999,Session D6, Bradley J. Bazuin, Craig fassler,et al
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AF071-228 
TITLE: Plasma Sheath-Tolerant Radio Frequency (RF) Systems on Hypersonic Air Vehicles 
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

STATEMENT OF INTENT: Develop plasma sheath measuring instruments, an extremely high priority for this PEO

OBJECTIVE: Develop innovative instrumentation for hypersonic air vehicles to characterize the hypersonic plasma sheath, measure antenna performance parameters, and enable RF systems to perform in spite of plasma

DESCRIPTION: Air vehicles flying at hypersonic speeds are expected to take on a growing role in future air operations.  These vehicles will need reliable RF systems to perform communication, navigation, reconnaissance, targeting, and terminal guidance.  High temperature flow and the resulting airframe heating create a plasma sheath that alters the phase and amplitude of radio signals transmitted and received by the vehicles and often blacks them out altogether.  Blackout affects all military and civilian reentry vehicles, including the Space Shuttle, and prevents them from receiving communication and global positioning system (GPS) signals.  Even in the case that the signals are not entirely blacked out—as might be the case for X-band radar—the sheath remains a lossy, dispersive, inhomogeneous, and fluctuating medium.  These characteristics pose a significant challenge for wideband RF systems using conformal arrays for communication, radar, or GPS reception.  Such a system must contend with spatially and temporally varying antenna matching characteristics.  Several hypersonic flight test opportunities are planned for the FY08 to FY12 period, leading to future operational hypersonic air vehicles.  Modern RF instrumentation must be developed to fly on these vehicles and measure antenna matching and mutual coupling characteristics, as well as plasma sheath thickness and density.  Frequencies of interest include those used for communication (ultrahigh frequency, UHF), telemetry (S-band), radar (C- and X-band) and GPS (L-band).  The instrument must be capable of miniaturization and easy, conformal integration with the flight vehicle thermal protection system.  The instrument will ultimately enable conformal antenna arrays covered by a plasma sheath to be adaptively optimized in flight, allowing the RF systems to be employed effectively in spite of the plasma sheath.

PHASE I: Develop innovative RF instrumentation to measure antenna performance and plasma parameters during hypersonic flight, using state-of-the-art technology capable of miniaturization and integration with flight vehicles. Model and simulate equipment to predict its performance, size, weight, and power.

PHASE II: 1) Develop a compact, lightweight hardware prototype of the Phase I design.  2) Test the prototype in a terrestrial plasma chamber to establish performance characteristics.  3) Deliver an instrument that can be qualified for flight test.  

DUAL USE COMMERCIALIZATION: Military application: The technology developed in this effort applies  directly to communication, navigation, reconnaissance, targeting, and battle damage assessment systems for future Air Force hypersonic air vehicles Commercial application: The technology developed in this effort will enhance the communication and navigation capabilities of future commercial spacelift and civil hypersonic aerospace systems, including those of NASA.
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AF071-229 
TITLE: Multibeam X-band Phased Array Antenna for Responsive Space Operations
TECHNOLOGY AREAS: Sensors, Electronics, Space Platforms

OBJECTIVE: Develop/demonstrate low-cost multibeam subarray to support tracking, telemetry and command (TT&C) or mission payload operations in responsive space operations.

DESCRIPTION: Current Government satellite control networks (SCNs) employ large reflector type antennas for satellite TT&C or mission payload operations. With fixed gain, constrained operability, and long maintenance/repair down time, reflector antennas are not efficient in support satellite operations (SATOPS). It does not provide reserve capacity for surge SATOPS loading. In addition, the limit data rate for S-band reflector antennas has driven many space systems to build their own mission- unique antennas in high bands for TT&C. This trend is contrary to the National Security Space Office (NSSO) directive to reduce SATOPS support infrastructure by increasing sharing of antennas. Thus, the reflector antennas exclusively used so far for SATOPS are not adequate to meet future needs, and electronically scanning array (ESA) must be used. The ESA offers superior performance in comparison to existing reflector antennas such as simultaneous multiple beams, gain on demand, fast beam scan/switch, responsiveness to surge load, low life-cycle cost (LCC) etc. [1-4]. The objective of this research could be to develop a basic building block, a 4-by-4 subarray, for an X-band ESA in support of future SATOPS. The focus of this effort, aside from the technical performance, could be on total array cost. The goal is $100 per element in large quantities. The array could provide simultaneously one transmit beam and four independent receive beams. The multilayer tile structure should be implemented in microstrip/stripline configuration and could include the following layers: radiating element, 90-degree hybrids for circular polarization (CP) five RF manifolds, digital circuitry for array control and beamsteering, power distribution, including necessary vertical vias and RF feed troughs, and the active layer(s) that will contain diplexer, phase shifters/time-delay units (TDU), and low noise amplifiers/power amplifiers (LNA/PA). Specifically, the contractor shall perform the following tasks: 1) perform the array architecture design tradeoffs, 2) select the layer materials, 3) lay out the circuitry of each layer including active layer, 4) simulate the array performance, 5) define the fabrication processes, and 6) estimate the array cost. Fabricate a 4-by-4 subarray, testing in far-field range.

PHASE I: Activity shall include the paper design of a 4-by-4 element subarray, a basic building block of an ESA for supporting X-band SATOPS. This includes: an array architecture design trade-off study, selection of layer materials, circuitry layout for each active layer, and array performance estimation.

PHASE II: Perform detail numerical simulation and refine design tradeoffs in terms of performance, fabrication, reliability, and cost. Fabricate and test (far-field) a 4x4 subarray. Develop a realistic cost model for large quantity production.

DUAL USE COMMERCIALIZATION: Military application: The subarray developed under this program can be also used for the commercial SATOPS and satellite gateway stations. Commercial application: The same design can be scaled down to C-Band and applied to space mission systems such as Global Personnel Recovery System.
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AF071-231 
TITLE: Network-Centric Urban Vigilance
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics

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

OBJECTIVE: Develop the ability to continuously track, tag, and locate (TTL) urban targets such as dismounts and vehicles operating in complex urban setting via a network of unmanned air systems (UASs) working with standoff assets.

DESCRIPTION: The topic goal is to develop the robust ability to continuously track, tag, and locate (TTL) asymmetric threats in urban environments using sensors across the tiers of airborne assets. The recent operations in the global war on terrorism (GWOT) have shown the importance of improving military capabilities in urban environments.. Of particular interest are novel ways of performing cooperative platform multi-sensor tasking and precision tracking of dismounts and vehicles in complex urban settings. This includes use of standoff staring radio frequency (RF) and close-in electro-optical (EO) sensors such as hyperspectral imaging (HSI), video, ladar, etc.  An excellent outcome of this effort would be integrated sensing and signal processing technologies that enable a network of close-in UASs cued and supported by standoff assets to lock on to an urban target for long periods of time and if required, provide targeting level accuracy to weapon delivery assets.  One can envision that larger platforms with larger fields of view (FOV) and long duration flights can cue UASs to cooperatively track targets.  The UASs by virtue of being closer have less issues with obscuration and can bring to bear high resolution, high revisit rate EO/infrared (IR)/HSI sensor modalities to hold on to the targets. Tracking in urban environments is especially difficult because of the high density of potentially confusing targets as well as the large gap times between reports caused by obscuration by urban structures.  Because correct association of reports in the presence of sensor gaps is required to maintain track, exploitation of high spatial resolution and frequency signature data is of particular interest.  Such data can provide a fingerprint of the target that can be recognized from look to look. Networked solutions bring new opportunities as well as new challenges. For example, multiple assets will allow the collective system to quickly collect on the target from multiple directions but the data will be at different resolutions and signal to noise.   Handover between assets is a challenge as feature aided association robustness depends on signature variations that vary with pose. Tracking commercial vehicles and dismounts will require exploiting sensors in new ways.  A novel sensor concept of interest is a hyperspectral imaging HSI video camera. Related video efforts are developing video trackers that make use of target colors and shape. Extending this by using hyperspectral signatures could be particularly useful for dismounts where the frequency spectrum of clothes, hair, and skin may be exploited.  A novel cross sensor and spectrum approach of interest might be the processing of radar and EO data to produce equivalent information that can easily be associated.  In particular, there is some evidence that a dismount’s gait can be extracted from both radar and EO video.  This could support hand off from standoff radars with close in EO systems.  While the emphasis of this effort is cooperating airborne assets, interaction with ground assets could be considered to provide a more robust capability.  For instance, very close in high resolution target signatures obtained by ground sensors could be used to improve the ability of airborne sensors to model targets and thus improve association performance.   To provide some focus to this topic, proposals may consider an urban sniper scenario where the sniper is detected and then tracked as he flees into surrounding crowds. Another scenario could be tracking a vehicle through a city.  We anticipate the focus of this effort will be a combination of simulations and actual demonstrations that explore the feasibility of particular networked sensor concepts.  Sensor and exploitation algorithm tradeoffs are likely.  This topic necessitates multi-pronged approaches including but not restricted to brainstorming, theory, modeling, performance prediction, innovative algorithms, evaluation, and feedback.  The Air Force Research Laboratory Sensors Directorate (AFRL/SNA) personnel would like to work closely with the awarded proposers in each aspect.  Data sources have been identified and can be supplemented by collections using in-house sensors. 

PHASE I: Likely tasks include concept development, feasibility studies, and tradeoff studies/analyses. Phase I offerers should identify data and metrics to be used.

PHASE II: More fully develop and explore concepts. Might develop prototype sensors and algorithms and then demonstrate them on surrogate or actual airborne platforms to show improvements in urban tracking.  Data and metrics must be identified.  Offerors are encouraged to have an onsite presence at AFRL to support data needs and transfer of algorithms into AFRL labs. 

DUAL USE COMMERCIALIZATION: Military application: Urban target tracking is key requirement to prosecution of threats to urban operations such as roving mounted and dismount patrols, green zone protection, and high-value asset protection. Commercial application: Homeland defense, border surveillance, and law enforcement require urban target tracking. The research supports moving and fixed security surveillance systems.
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AF071-232 
TITLE: Modeling Operational Automatic Target Exploitation (ATE) and Tracking Systems
TECHNOLOGY AREAS: Sensors, Electronics, Weapons

OBJECTIVE: Develop real-world performance estimation models, evaluation techniques, and fusion models for multimodal sensing to anticipate, find, fix, track, understand, and assess objects of interest. 

DESCRIPTION: The Air Force Research Laboratory (AFRL) is assessing different sensor fusion/ATE and tracking techniques that could be fielded for operational use. To address the questions of whether or not the systems are useful to transition, it is paramount to determine the expected performance of the ATE and/or tracking systems over operational conditions. The expected performance can be gleamed through theoretical, simulated, or empirical analysis; but the best approach is the union of all three methods in a unified performance model (PM). Exercising ATE and/or tracking systems on operational data can give a real-world regression assessment of what is capable. Simulated results can expand the operational performance prediction over emerging data. Finally, theoretical results would afford curves/surfaces of performance that determine whether figures of merit can be achieved. The goal is to start with operational scenarios and determine what sensors, systems, and processes are being used or planned to be used and determine the expected performance capabilities of the exploitation. The offerer should address either the sensor fusion/ATE area or the area of tracker performance to provide the best resource management utilization for tracking targets in a single pass. The first area of interest would require a 1) a sound operational scenario that includes deployed or emerging sensors and data extraction techniques (i.e., formats and ancillary information), 2) a detailed ATE methodology that supports the data exploitation, and 3) a design of experiments demonstration using collected and simulated data from which to derive a theoretical PM. The optimal proposed strategy would be one that includes experience with deployed systems, real-world data analysis, performance documentation, and theoretical justifications of performance. The latter area of interest would include 1) developing mechanisms for the detection and characterization of tracker data association ambiguity, and 2) developing methods for representing the ambiguity/performance prediction to a sensor resource manager such that sensor asset rerouting or rescheduling can be accomplished to potentially resolve the tracking ambiguities. The project is intended to support sensor management techniques which require a model of the combined sensor/automatic target recognition (ATR) techniques performance prediction models or the tracking models. Each respondent should concentrate on either the ATE research or the tracking problem. Phase I production include summaries of various methods, experiments, metrics, and performance results. 

PHASE I: Develop an operational automated exploitation performance prediction and/or tracking performance prediction and estimation strategy with appropriate evaluation criteria. Design, implement, and test the system over data. Deliver  methodology, data used, test results, interpretation of results and recommendations for further work to AFRL.

PHASE II: Extend the system with a comprehensive set of metrics, information needs, and theoretical performance capabilities over various operating conditions and domain experts (e.g., image analysts). Products would include delivered software design and effective use of methods over collected data. 

DUAL USE COMMERCIALIZATION: Military application: The techniques developed under this SBIR would be useful for supplying performance models to train a variety of algorithms for antiterrorism missions. 

Commercial application: Domains that could benefit from automatic target exploitation performance modeling and tracking performance modeling include 1) medical diagnosis, 2) quality inspection, and 3) disaster assessment.

REFERENCES: 
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AF071-233 
TITLE: Efficiently Computing and/or Compensating for Object Variability for Automatic Target Recognition (ATR) Applications
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Mitigate the cost of simulating object variability for automatic target recognition ATR algorithms

DESCRIPTION: Objects, especially ground objects, tend to have a lot of variability (objects added or removed, articulation, etc.). The traditional method for characterizing how variability affects scattering, and thereby the automatic target recognition ATR algorithm, is by developing a number of different instances of the model, computing the results for each instance, and then processing this data. This traditional method tends to be resource intensive to the point of being cost prohibitive for a study of any relevant size. An innovative approach needs to be developed that can allow a less resource intensive method for computing the scattering from variable objects for radar-based ATR.

An alternative approach is to develop ATR algorithms that have the ability to compensate for object variability without losing the ability to differentiate between object types (e.g., differentiate between an Escalade and a Hummer, regardless of whether either has anything removable attached to the outer body). This approach may just utilize various ATR algorithm techniques or it may include inverse scattering techniques also.

PHASE I: Develop an innovative method for computing the scattering from objects with a high degree of variability and an ATR algorithm that can compensate for object variability or one of the two. Determine the parameters over which the method or methods are applicable.

PHASE II: Further refine the method or methods developed in Phase I. Show that the method works for a dataset of reasonable size.

DUAL USE COMMERCIALIZATION: Military application: All ATR systems have to deal with variability, so there will be many military-based ATR applications for this work. Commercial application: Rather than just detect obstructions, automobiles could be fitted with the capability to detect and identify deer or other moving obstructions that the driver should avoid.
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AF071-234 
TITLE: Site Surveillance Through Integration of Unmanned Systems
TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics

OBJECTIVE: Develop near-term technologies and concepts enabling unmanned systems to provide persistent semi-autonomous area surveillance; detect, recognize and respond to threats; and continually track targets. 

DESCRIPTION: This research topic is intended to attack the problems associated with employing limited numbers of small unmanned air vehicles (SUAVs) and other unmanned system resources to provide persistent ISR and enable tactical units to more effectively control and monitor large or multiple areas of interest (AOIs).  The Air Force Research Laboratory (AFRL) is interested in developing near-term technologies and concepts to provide secure monitoring and threat assessment of areas of interest (AOIs). Small unmanned air vehicles (SUAVs) and other unmanned systems can be employed to reduce the number of personnel required to monitor and control AOIs in a tactical environment. However, the effectiveness of these systems is dependent on the ability of personnel to properly deploy, integrate and manage the systems and then interpret, assess and respond to the data they receive. The focus of this effort is the assessment, development and exploitation of affordable technologies and concepts to enhance the utility, robustness and effectiveness of small unmanned systems.  This research effort is directed toward the exploitation of primarily mature sensors (EO/IR video and unattended ground sensors) and systems to enable the rapid transition of technologies to the warfighter. The following technology areas are key to assuring a persistent site surveillance capability with unmanned systems: 

1) Algorithms and concepts for sensor/platform deployment, coordination and control to optimize situational awareness and automate object tracking/surveillance and sensor management tasks. 

2) Technologies enabling robust, automatic, real-time, cooperative change detection, registration and geo-registration of visible and infrared (IR) video and imagery from multiple sensors.

3) Sensor/data fusion and exploitation techniques to improve the performance and reliability of unmanned systems and provide rapid, reliable detection and identification of threats. 

4) Affordable, secure, wireless data, video and control links for SUAVs and other unmanned systems.

5) Sensor pointing, control, and stabilization algorithms and concepts to enhance the quality of video data and facilitate the precise geo-location of objects in the imagery.

PHASE I: Assess and demonstrate the potential of candidate technologies to address the key areas listed above. Establish metrics and quantify the potential utility of these candidate technologies.

PHASE II: Develop and demonstrate the functionality of key technologies and end-to-end persistent site surveillance concepts employing integrated unmanned systems. Build upon the metrics established in Phase I to quantify the effectiveness of the technologies developed in Phase II. 

DUAL USE COMMERCIALIZATION: Military application: Persistent site monitoring for detection of threats such as IED placement or insurgent movements,tracking and prosecution of mobile threats, green zone protection,and high value asset protection.  Commercial application: Homeland defense, border patrol, urban target tracking and commercial security and surveillance systems.
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AF071-235 
TITLE: Advanced Signature-Matched Hyperspectral Change Detection
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

OBJECTIVE: Investigate advanced methods for detecting specific materials in hyperspectral image data based on realistic temporal changes between successive observations.

DESCRIPTION: The ability to remotely detect military targets hidden in background clutter such as foliage and urban areas is of great interest to the Air Force.  By exploiting specific signature content of targets relative to background clutter materials, hyperspectral imaging presents one promising method for achieving this capability.  Unfortunately, the great diversity of materials in realistic background areas often results in false alarm rates that are higher than desired.  By imaging areas successively over time, change detection presents a promising discrimination method for detecting changes in target state (e.g., insertion, deletion, or movement of targets) with a lower false alarm rate.  Prior research has provided a proof of concept of hyperspectral change detection, but has been generally limited in three ways: 1) they are based on a simple, space-invariant, affine model of background change, 2) they rely on fine, subpixel registration between successive images that is difficult to achieve in practice, and 3) they generally detect anomalous change without regard to the specific spectral character of the change. 

The focus of this effort is to explore novel change detection methods that specifically address the aforementioned limitations of the current state of the art.  The signal processing methods should be based on generalized phenomenological models that capture possible space-variant and nonlinear temporal changes between hyperspectral images (e.g., changes in shadowing), and should support high clutter rejection even in the presence of unknown mis-registration between images.  Furthermore, the detection of specific target state changes is of prime interest to this topic as opposed to nonspecific, anomalous changes.  Such signature-based methods should be able to incorporate both laboratory and in situ spectral signature data.

PHASE I: Establish a theoretical foundation for a novel hyperspectral change detection process addressing the limitations of the current state of the art.  Develop a baseline algorithm and perform proof-of-concept experiments using realistic hyperspectral imagery to establish the method effectiveness.

PHASE II: Refine the baseline processing algorithm into a robust hyperspectral change detection process for hyperspectral imagery from various sources.  Thoroughly evaluate the detection performance as a function of operating conditions.  Implement the algorithm on a computing platform that supports turn-key operation by a moderately trained image analyst.

DUAL USE COMMERCIALIZATION: Military application: Detection of difficult military targets, including camouflage, concealment, and urban clutter Commercial application: Civil remote sensing applications such as climate change monitoring and agricultural remote sensing, as well as law enforcement and border surveillance applications.
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AF071-236 
TITLE: Adaptive Multiwaveform Laser Ranging and Detection (LADAR)
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop an adaptive multiwaveform LADAR sensor that can generate arbitrary optical waveforms customized to meet a wide variety of target sensing requirements.

DESCRIPTION: Previous laser ranging and detection systems have utilized a simple optical pulse train for target sensing.  Only the power, pulse-width, and repetition rate could be changed.  This limits the amount of information that can be recovered from a target scan.  Recent advances in photonics technology now make it possible to add further dimensions to laser radar sensing.  The LADAR waveforms can be changed in real time to increase target detection and identification performance.  By varying the waveform’s temporal amplitude, phase, polarization, and frequency content, future LADAR sensors will be able to detect additional target characteristics as well as operate effectively under challenging environmental conditions.  Increased resolution from tailored waveforms will also aid in the identification of friendly forces, distinguishing them from noncooperative targets, leading to higher confidence before allowing lethal strikes.  Combined with advanced signal processing, this will open a new generation of smart LADAR sensors capable of conducting a broad range of terrestrial and aerospace surveillance, identification, targeting, assessment, and force protection missions.

PHASE I: Develop and evaluate a compact multiwaveform LADAR sensor design.  This should include modeling and laboratory experiments to clearly establish sensor feasibility.

PHASE II: Fabricate a prototype multiwaveform LADAR sensor and demonstrate its adaptive operating characteristics on a moving platform in a simulated field environment.  Report all technology development and test results.  Analyze potential product opportunities for synthesized waveform LADAR sensors.  Deliver a transition plan describing the timetable, resources, and activities necessary for transition.

DUAL USE COMMERCIALIZATION: Military application: Target detection/identification/tracking/designation; optical countermeasures; search and rescue; chemical detection; antiproliferation and treaty compliance; and Homeland Security sensing. Commercial application: Medical diagnosis; environmental monitoring; natural resources exploration; transportation safety; industrial security; space exploration.
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KEYWORDS: LADAR, photonic, arbitrary, waveform, generation, laser, sensing

AF071-237 
TITLE: Compact Quantum Dot Mode-Locked Lasers for Arbitrary Waveform Generation
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Utilizes quantum dot mode-locked lasers for arbitrary waveform photonics,[1-2] improving  pulse width, power, stability. Explore multisection cavity to reduce pulse width, increase peak power.

DESCRIPTION: Photonic systems have revolutionized telecommunications, computational capabilities, detection, and sensing systems. In this project, we want to understand the operating characteristics of short pulse, smaller than 5 ps, quantum dot mode locked lasers, and to determine the operating parameters of the device including the gain and absorption.  It has been noted in the literature that the experimental challenge is to push the pulse width of passively mode-locked monolithic lasers down to about 0.2 ps, the bandwidth to about 50 nm, and the peak power to greater than 5 watts by using novel device geometries.

With the introduction of the quantum dot gain media to semiconductor lasers, the ability to tailor the active region to suit the mode-locked laser cavity and thereby produce a low threshold, low noise condition is leading to a reexamination of the passive mode-locked semiconductor laser as an ultra-short pulse optical source [1-2-3].  For the typical repetition rates of interest, 3 to 10 GHz, the laser cavity is on the order of 5 to 15 mm in length, which results in very low mirror and cavity losses that are unsuitable for quantum well gain regions.  For the latter design, the bulk of the pump current is wasted on achieving optical transparency and producing unwanted spontaneous emission noise.  On the other, hand in the quantum dot laser, the dot density can be easily modified to match the low cavity losses and thus minimize the transparency current density.  Other advantages of quantum dots are the lower saturation intensity that is needed to bleach the absorber section and the ability to run the gain section under strong inversion for high peak pulsed powers.  These features make monolithic quantum dot mode-locked lasers easier to lock and operate.

By virtue of their wide, flat, and inhomogeneously broadened gain spectrum, quantum dot lasers have been viewed as ideal candidates for generating ultrashort, ps pulses.  Quantum well Fabry Perot lasers can only be driven slightly above threshold before mode-locking collapses due to the preference of single mode operation with increasing bias current.  In principle the wide spectrum of the quantum dot Fabry Perot laser defeats the single mode tendency and allows for pulse width reduction by locking a broader spectrum of modes.  In realizing this goal, however, some practical challenges are encountered.  The inherently random distribution of sizes and shapes in the existing self-assembled quantum dot technology produces a graininess in the gain spectrum that can favor modes that are not contiguous in wavelength.  This trend raises the issue of group velocity dispersion GVD in quantum dot lasers that could be limiting the narrowing of the pulse width.  Although the variation of the index with carrier density is known to be very small in quantum dot lasers as evidenced by the small linewidth enhancement factor [4], little is known about the index dispersion with wavelength and its dependence on photon density, dot density, or dimensions.  The objectives of this project are to map the group velocity dispersion as a function of these parameters and to work towards a more uniform, smoothly varying quantum dot gain envelope. 

A passively mode-locked quantum dot laser source with an order of magnitude lower timing jitter (as low as 0.4 ps) than previously shown by the best quantum well devices and peak powers of 0.5 W for pulse widths of around 5 ps has been successfully demonstrated. The elimination of costly driver electronics in achieving these results is a significant step towards realizing low cost, compact, and ultrafast optical sources.  Further improvements in this performance can be realized once there is a clearer understanding of the device operating parameters such as gain, absorption, and group velocity dispersion.

PHASE I: Investigate, model, and perform critical experiments on innovative nanophotonic material and process technologies.  Accomplished through appropriate research and then design and analysis of the quantum dot device.  Simulation of simple rate equation models.  Report on technology demonstration.

PHASE II: Further develop the proposed material and/or the relevant processes to fully demonstrate the properties of the quantum dot device through qualification tests, performed to validate the design and performance.  Establish manufacturing processes for commercialization.  Report on all technologies demonstrated, testing accomplished, data obtained, and analysis of the program with lessons learned.  

DUAL USE COMMERCIALIZATION: Military application: This technology could lead to future military applications in unmanned combat vehicles, remoting of fixed receive and transmit capabilities, and in other new aerospace vehicles. Commercial application: Jet flight control, reusable launch vehicles, drive-by-light, industrial automation, cellular communications sites, fiber-to-the-home, cable TV, optical communications, ultrafast computer chip clock.
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AF071-238 
TITLE: High Efficiency, Multi-aperture Optical Phased Arrays
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Satellite clock biases, coherency between different signals and constellations, effects of different bands, dynamics, interference, etc. Base level design,  and provide simulated performance matrices.

DESCRIPTION: Conformal, highly efficient, rapid, random access laser beam steering is needed for many sensing and directed energy applications, including pointing and tracking, imaging, and designation as well as for high average power laser weapons.  One highly attractive approach is to use arrays of small, low cost subapertures to synthesize the required full aperture.  Such an approach has the potential to be scalable in size and is readily adaptable to many applications.

This approach will require three key technology developments: 1) Subapertures capable of high efficiency beam steering and shaping, 2) techniques to phase the multiple apertures together in a random environment that includes effects of atmospheric turbulence and platform motions, and 3) architectures to maintain high fill factor, or alternatively to maintain high Strehl ratio in the far field.  Desired characteristics in each of these areas include: 1) Subapertures capable of simultaneous transmit and receive, switching speed of under a millisecond, and steering the beam to +/- 45o_ degrees with greater than 90 percent efficiency. 2) Phasing techniques that provide compensation for errors in relative positioning of the subapertures as well as compensation for random phase effects such as atmospheric turbulence. 3) Architectures that achieve a diffraction-limited Strehl (>0.8). 4) The synthesized full aperture should be at least 15 cm in diameter.

Proposals in each or all of these areas are solicited

PHASE I: Components, techniques, and/or architectures should be designed and modeled.   Experimental demonstrations of key aspects of the concepts should be performed.   

PHASE II: The provider should demonstrate the proposed concept and its ability to meet requirements.  This will include the fabrication of required components and testing under representative operational conditions.   

DUAL USE COMMERCIALIZATION: Military application: Potential phase 3 applications include sensing, free space laser communications, and directed energy weapons. Commercial application: Commercial applications are likely in laser communications or sensing, though it is possible that wielding or medical use require efficient and reliable high average power laser beam pointing.   
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AF071-239 
TITLE: Spatially Registered Multispectral Polarimetric Sensor
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Investigate sensor concepts that combine multispectral and polarimetric exploitation of targets as a basis for target discrimination and classification.

DESCRIPTION: The ability to correctly classify target type can greatly enhance the situational awareness of the battlespace; however, detection and classification of military targets using broadband optical sensors can be extremely difficult. To be effective in a wide range of viewing conditions, imaging sensors used in field or airborne situations must exploit multiple characteristics of potential targets to discriminate between target classes and/or between threat targets and clutter.  Promising discrimination techniques used today employ spectral differences, temporal differences, or polarimetric differences in target characteristics as the basis for classification.

Sensor technology has progressed sufficiently that imaging systems when combined with currently available processing power and multiple classification techniques may be able to observe a greater range of target characteristics that can be used as inputs to powerful discrimination techniques, such as fuzzy logic, optical/temporal flow, pattern matching, neural nets, etc. Target characteristics including spectral and polarimetric differences would support the use of these powerful identification techniques.

The focus of this effort is to explore novel ways in which a single sensor can exploit spectral, temporal, and polarimetric characteristics of military targets.  Concepts are desired that provide spatially registered and temporally registered snapshot images of a scene that capture spectral and polarimetric data in the visible, NIR, SWIR, MWIR, and/or LWIR bands.  The instrument should simultaneously provide imaging data in at least two different spectral bands, and polarimetric data with at least two different polarization vectors.  The system should also show growth path potential and/or scalability toward a fieldable unit, such as would be suitable for a portable instrument or airborne platform.

PHASE I: Develop a system design for a high frame rate imaging sensor with multiple spatially co-registered images, each with a different polarization or spectral band.  Technical analysis should be provided that supports the proposed design.

PHASE II: Construct and test a prototype sensor to demonstrate the concept feasibility for the spatially registered multispectral polarimetric sensor. Identify and reduce the risk of component technologies needed to perfect the design and demonstrate the approaches needed toward a field-ready portable system or flight-capable instrument. 

DUAL USE COMMERCIALIZATION: Military application: Target discrimination and classification Commercial application: Remote environmental sensing
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AF071-242 
TITLE: Survivability Sensor Technologies
TECHNOLOGY AREAS: Sensors, Electronics, Space Platforms

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

STATEMENT OF INTENT: Develop sensors and algorithms facilitating geolocation of exoatmospheric bursts. This is a very important topic to the PEO

OBJECTIVE: Develop sensors and algorithms facilitating geolocation of exoatmospheric bursts.

DESCRIPTION: As the role of U.S. Air Force satellites continues to increase, so too will the threat of attack from technically savvy adversary continue to rise.  Sensor technologies protecting satellites from nuclear events, laser, and radio frequency (RF) attacks reduce the likelihood that space assets will be incapacitated by antisatellite attack. The ability to sense the presence of potential threats, locate exoatmospheric bursts, and to sense and shut down power systems sensitive to gamma dot effects can mitigate damage due to gamma rays.  The purpose of this topic is to develop protection capability for RF and optics sensors to survive the manmade threat.  Both active and passive hardening measures designed to protect against the nuclear, laser, and RF threat environments will be considered.  Optical coatings providing adequate thermal characteristics, and able to withstand high- power optical jammers will also be considered.

PHASE I: Investigate SATCOM threat protection sensor-related concepts and technologies.  Choose promising concepts and create innovative protection-related component.  Where possible, conduct modeling and simulation of operation.



PHASE II: Develop one or more prototypes and characterize for SATCOM threat protection capabilities through testing.  

DUAL USE COMMERCIALIZATION: Military application: Since both commercial and military communications satellites are subject to threats from natural and man made environments, both would benefit form this SBIR effort. Commercial application: Since both commercial and military communications satellites are subject to threats from natural and man made environments, both would benefit form this SBIR effort.

REFERENCES: 
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AF071-243 
TITLE: Micro Electro-Mechanical Systems (MEMS) Optical Switching Array
TECHNOLOGY AREAS: Sensors, Electronics

STATEMENT OF INTENT: Develop technologies supporting flightworthy MEMS based optical router 

OBJECTIVE: Develop technologies supporting a flightworthy MEMS-based optical router. 

DESCRIPTION: As a result of rapidly increasing data rates to support future battlefield communications, programs such as the Transformational Satellite (TSAT) program must dramatically improve the efficiency with which data is routed between uplinks, crosslinks, and downlinks in order to limit the space vehicle weight and power consumption.  Conventional electronic-based digital router designs interconnect multiple inputs and outputs by converting optical data streams into digital logic bits, implementing electron-based cross connects following conversion of the electronic data streams back into the optical medium.  As an alternative, connections of optical channels can be made directly in the photonic domain with all optical switching, leading to higher efficiency by using MEMS-based micromirrors to steer optical signals between input and output fibers.  The purpose of this topic is to develop a MEMS-based optical switching array capable of withstanding the space environment.  Challenges include reliability, as MEMS switches should function reliably in adverse environments, vibration, temperature and radiation, manufacturability (including repeatability of material properties and uniformity of processing techniques), scalability, standardization, packaging, and automation.

PHASE I: Design, model, and conduct proof-of-principle demonstrations of innovative MEMS optical switching concepts to instill confidence in the success of the Phase II program.

PHASE II: Fabricate prototype of MEMS-based optical switching array components using designs, models, and demonstrations conducted in Phase I.  

DUAL USE COMMERCIALIZATION: Military application: Military applications include satellite switching. Commercial application: Commercial applications include optical switching networks.

REFERENCES: 
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2. Gangxiang, Shen; Tee Hiang, Chen; Bose, S.K.; Chao Lu; Tech Yoong Chai; J. Lightwave Technology, Vol. 20, No. 2, 2002.

KEYWORDS: sensors, electronics, electronic warfare

AF071-247 
TITLE: Wideband Radio Frequency (RF) Data Recorder and Playback System
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Design and develop a data acquisition system capable of sampling and recording high fidelity RF emissions and a system capable of reproducing the RF emissions from previously sampled events.

DESCRIPTION: There is a desire to collect wideband high fidelity RF data from field tests/experiments. Wideband is defined as >1_GHz instantaneous frequency, with a goal of >5_GHz instantaneous frequency. High fidelity is defined as 8 bits resolution as a threshold and an objective of 12 to 16 bits resolution. The system should be able to collect large amounts of data (>5 Terabytes) in digital form capable of offline analysis and future playback of the same data. The playback system must be able to read the stored digitized data and generate an RF signal. The bandwidths, sample rates, and resolution should be selectable, with the goal of reproducing the signal in the highest fidelity possible. The system should be suitable for laboratory and field test uses (mobile van or aircraft). 

High-end commercially available data recording systems can only provide 1 GHz instantaneous frequency with 8 bits of resolution; however, these do not include an integrated playback system. The field test capabilities of the commercial systems are questionable due to size and number of disks.  Innovative solutions to this problem are sought that would require fewer disk drives and provide the objective sample rates.  Innovative solutions are not limited to improvements in data storage and packaging and can include but are not limited to; new and improved wideband digitization (A to D converters), new and improved Direct Digital Synthesis (DDS) or Arbitrary Waveform Generation (ARB) technologies for signal playback, and new interface and control methods that allow scalable solutions to wideband problems 

PHASE I: Investigate different approaches, analyze the performance under various situations, provide recommendation initial hardware design, and simulate the design. 

PHASE II: The selected design will be further enhanced and prototype development will result. A computer-controlled user interface will be developed. Manufacturability concerns will be addressed by the design. The prototype measured performance will be compared against simulated performance. Phase II will conclude with demonstration and delivery of the prototype system.

DUAL USE COMMERCIALIZATION: Military application: The ability to collect wideband data for military Radar and communications applications is very valuable. The system could also be used in many military imaging applications. Commercial application: Currently available recording and playback systems are narrow band, the ability to collect wideband data is needed for commercial Radar, Communications and Imaging applications.

REFERENCES: 
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AF071-249 
TITLE: Innovative Sensing Techniques for Urban Operations
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Investigate and develop advanced signal processing techniques necessary for radar detection, imaging and characterization of dismounts in urban environments.

DESCRIPTION: As is apparent by the nature of current conflicts, it has become extremely important to be able to sense enemy movements in urban environments. This may include, but is not limited to, military and civilian vehicular movement, dismounted troop movements both outside and within buildings and also imaging of said troops and equipment within the confines of a building. The detection of dismount troops via Ground Moving Target Indication (GMTI) radar is made significantly more difficult than the conventional detection of vehicles by the fact that the target cross section is substantially smaller and the target velocity is very low making the signal/clutter separation problem much more difficult.  One approach to accomplishing this dismount detection and characterization mission is that of a distributed network of sensors, possibly ground-based, airborne, and space-borne, surrounding a city. These sensors must be waveform agile and have the ability to function collaboratively to accomplish the mission. In all likelihood, simply combining detection reports will not be sufficient (i.e., fusion), and signal combining techniques must be considered. Waveform and geospatially diverse techniques, to include the exploitation of the multipath environment, will be needed and will necessitate the development of advanced receive signal processing developments specific to this difficult detection and characterization problem.

This effort will address the following applications:  solutions for existing GMTI radars and future distributed sensor concepts.  

PHASE I: The first step is the analysis of existing signature data on dismounts.  Based on this analysis, propose a suite of innovative signal processing techniques to enhance detection and characterization of dismounts.  Propose a method for modeling dismount motion to create the radar signal characteristics important for dismount detection and characterization.   Finally, propose a set of performance metrics for the detection and characterization of dismounts for a notional distributed GMTI sensor framework.  

PHASE II: Develop and implement the model and processing techniques developed in Phase I for both an existing GMTI radar and a notional distributed sensing framework.  Based on the performance metrics formulated in Phase I, conduct a thorough analysis of required system parameters, deployment characteristics and expected detection and characterization performance for both applications (i.e. conventional GMTI and notional distributed sensing architecture).  

DUAL USE COMMERCIALIZATION: Military application: Sensors for detecting/tracking dismounts in complex urban environments; countering insurgent and terrorist efforts to position and arm Improvised Explosive Devices (IEDs).  Commercial application: Disaster Response; Law Enformcement:  searching for missing, injured, or stranded persons after national or man-made disasters (i.e. earthquakes, explosions, etc).

REFERENCES: 

1. Final Report, USAF Scientific Advisory Board (SAB) Summer Study on Urban Operations, Fall 2005.
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AF071-256 
TITLE: Improving Weapons Bay Acoustical Environments
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop lightweight design solutions to reduce the impact of acoustic-driven fatigue of airframe and stores caused by cavity-driven airflow over open weapons bays.

DESCRIPTION: Provide a solution to address the high-energy acoustic levels experienced within main weapons bays during high-speed, door-open flight.

Results of vibroacoustic flight testing indicate that the acoustic amplitude levels in the open weapons bays are much more severe at high speeds than originally predicted.  These high-amplitude acoustic levels exceed the vibration levels to which armament carried within the bay has been qualified.

Offerors need to address weight as a performance factor in their proposal in addition to the reduction in acoustic levels.  Earlier in the program, spoilers that extended into the airflow at the leading edge of the bay were studied for their dissipating effects on cavity-driven resonance.  Weight was a strong influence in the final selection of the spoiler design even though a more effective but heavier spoiler was available.  Additionally, offerors should consider cost to implement, support, and maintain their concept.

PHASE I: Define requirements for the initial concept demonstration.  In general, offerors will, in a laboratory test environment, demonstrate a reduction in acoustic noise using their concept on an open cavity with characteristics reminiscent of the F/A-22 main weapons bay subject to supersonic flows.

PHASE II: Build upon the developments of Phase I and include on aircraft flight test demonstration.

DUAL USE COMMERCIALIZATION: Military application: With the trend of future military aircraft systems to employ internally carried stores, the development of technology in this area has significant potential to impact the design of these systems. Commercial application: Concepts could have application to reducing acoustic levels in commercial aircraft landing gear and/or cargo bays, etc.

REFERENCES: 
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AF071-257 
TITLE: Enhanced, All-Weather Unmanned Air Vehicle (UAV) Sense and Avoid (SAA) 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Develop a sense and avoid (SAA) technology suite for collision and obstacle avoidance in reduced visibility conditions and/or to avoid hazardous weather conditions. 

DESCRIPTION: The Air Vehicles Directorate (AFRL/VA) is currently interested in technologies to enable UAVs to actively operate under instrument meteorological conditions (IMC), in reduced visibility conditions, during night and twilight conditions, and avoid hazardous weather. 

Weather Avoidance: Pilots rely upon weather forecasters and observers worldwide to avoid and/or mitigate the effects of hazardous weather on aviation operations on a broad area and individual flight plan basis. Despite the advantages of high-technology, skilled meteorologists, onboard weather radar and human judgment/experience, weather effects are a primary factor in the number and causes of aviation accidents and incidents. Hazards associated with convective weather include thunderstorms with severe turbulence, intense updrafts and downdrafts, lightning, hail, heavy precipitation, icing, wind shear, microbursts, strong low-level winds, and tornadoes. Hazardous and inclement weather has a detrimental impact on Air Force flight operations enroute, in terminal airspace and on the ground. Therefore, reducing the effect of weather hazards and delays by establishing an onboard means for weather avoidance is a primary concern for USAF’s ever-increasing UAV operations. 

Operations in IMC: Penetration of thunderstorms carries all of the risks outlined in the paragraph above. In addition to the hazardous effects of weather, there are also mission-related concerns. Many UAVs have an all-weather mission radar capability; thus, an all-weather SAA capability is essential to complement the ability to conduct intelligence, surveillance, and reconnaissance (ISR) in or to simply traverse IMC. For example, customs and border patrol organizations are increasingly relying upon UAVs to help monitor U.S. borders. To sustain these 24/7 operations, flight in IMC and under hazardous conditions will have to be conducted. This can only be realized with UAVs capable of all-weather operations. Likewise, ISR capability must be preserved even in IMC. If carried out in areas or under conditions requiring SAA (e.g., in civil airspace or in high-tempo military airspace), UAVs will experience degraded mission readiness during IMC without an all WX capability. Lack of an all-weather SAA capability will not only impact access to the US National Airspace System (NAS), but also affect the ability to comply with International Civil Aviation Organization (ICAO) rules, and the legal capability to fly due regard.

Problem Statement: The system/method used to avoid weather and conduct SAA in IMC must necessarily be able to distinguish between weather returns and air traffic. The equipment and/or algorithms used must be able to resolve weather returns from potential collision hazards. This situation is made worse during flight in clouds with limited or no visibility. Sensor signal intensity and size of returns may not always be reliable cues for determining if the necessary action is to result in weather avoidance or collision avoidance. 

Other benefits of all-weather SAA:

• All-WX airfield operations—taxi, takeoff, landing, single-ship and in formation. UAVs must be able to establish where on the airfield they are, and conduct SAA in the terminal flight area.

• All-WX adjunct to establishing AAR capability

• All-WX UAV formation procedures

PHASE I: Investigate new and innovative technologies for SAA that would avoid dangerous weather and/or collision threats under reduced visibility. Demonstrate feasibility through modeling and simulation and component prototyping. 

PHASE II: Develop a prototype system and evaluate its performance through simulation and ground and perhaps flight test. Evaluate the system’s producibility and maintainability and demonstrate a degree of commercial viability. 

DUAL USE COMMERCIALIZATION: Military application: This technology would be applicable to any military UAV that intends to operate in other than daytime and perfect weather conditions. Commercial application: This technology would be applicable to any civilian UAV that intends to operate in other than daytime and perfect weather conditions with potential for manned aircraft as well.

REFERENCES: 
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AF071-258 
TITLE: Energy Harvesting (EH) for Small Air Vehicles
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Conduct trade studies on and develop and flight test a small air vehicle that utilizes energy harvesting (EH).

DESCRIPTION: There is growing military interest in the development of small air vehicles (3m span or less) to provide reconnaissance capability.  These vehicles might serve security forces, special forces, and other small units in the field, or they might report directly back to a command center or communicate via a network of similar vehicles.  A common them among these types of vehicles is a near-continuous presence on station.

This requirement introduces a serious design problem for vehicles that use combustion-based propulsion.  Small vehicles simply cannot carry enough fuel to meet long endurance requirements without refueling.  That being said, electric-based propulsion is even worse.  The energy density of batteries does not compare well with chemical fuels.  However, recharging (refueling) an electric vehicle is at least possible, although admittedly challenging.  The usual method employed today is solar cell based.

However, there are alternatives to solar cells for recharging electric-powered vehicles.  All of these techniques can be classified generically as EH.  Typical EH technologies under consideration include solar cells, piezoelectric devices for extracting energy from mechanical vibration (perched on vibrating machinery), thermal devices for converting heat into power, power line induction, soaring (seeking out thermals and ridge lift) and dynamic soaring (extracting energy from turbulence or other velocity gradients such as near ridges and ground effect).

One of the main difficulties of EH technologies is system integration followed closely by a lack of real understanding the place of each EH technology.  Adding to this lack of understanding is the rapid advancement in EH technology, especially in solar cells where relatively low weight and high efficiency are no longer mutually exclusive.  Batteries are also an interesting problem and are advancing rapidly.  Lithium polymers have recently begun taking over segments of the radio-controlled market due to their high energy density.  However, in some circumstances, a high power density is required.  

As just mentioned, the biggest challenge for EH and storage technologies is system integration.  The weight and volume budget for small vehicles is especially tight, which forces designers to think hard about multifunctional structure and structurally integrated concepts in order to get all of the required devices onto the vehicle.  But what is the right mix of technologies, and how are they all connected?  For example, solar cell selection is a strong function of mission requirements, and the best topology of the power train is not well understood.  For example, if excessive power is available, should that power be sent directly to the motor or to the battery?  Although sending it to the battery would mean two losses (into the battery and then out), the excess power available may simply be mismatched (voltage, current, impedance,ect) to the needs of the motor. 

Finally, the state of the art and even into the near future of these technologies indicates that EH alone may not provide enough power for continuous flight.  The vehicle must be able to sense an energy source (sunny location, thermals, power lines, vibrating equipment) and be able to land or attach (perch) at that location.  Both sensing and perching are nontrivial problems.

PHASE I: Conduct trade space exploration on and compare and contrast various EH technologies.  Identify good power train topologies.  Vehicle size is not to exceed 1 m in span or length, and exploratory flight times will range from 20 to 60 minutes. 

PHASE II: Bench test several concepts to verify Phase I analysis.  Produce a flight experiment vehicle based on the results from Phase I and Phase II bench testing.  Test this vehicle both in EH and non-EH modes to verify EH performance.

DUAL USE COMMERCIALIZATION: Military application: Reconnaissance (urban and field) for special and security forces and other small units, remote monitoring, and search and rescue. Commercial application: Pipeline, forest, and border patrols, homeland security, search and rescue
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AF071-259 
TITLE: Obstacle Detection and Collision Avoidance for Micro Air Vehicles in Urban Clutter
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Develop creative algorithms and sensor integration to determine paths that allow (unmanned) micro air vehicles(MAVs) to avoid collisions while in cluttered urban environments.

DESCRIPTION: Military operations must often be performed in urban environments in which enemy forces, assets, and activities can be hidden or obscured. Visual imagery from space, manned aircraft, and even unmanned aircraft can provide some information about an area of operation, but the geometry of observation makes it impossible, expensive, or risky to gather intelligence about vertically obscured objects. The fact that an urban environment can be very cluttered and have many places to hide things complicates the problem.

Flight of a small vehicle through urban warfare environments will involve frequent communication blockages with other vehicles, periodic obscuration of overhead assets, and jamming from enemy forces. In covert operation, low probability of intercept requirements may make it highly desirable to minimize transmission of any form of electromagnetic radiation. This means that reliable communications from or with other vehicles and satellites is a poor assumption. For these reasons, a MAV cannot rely on sensing and processing resources that rely on other vehicles or at other locations. The solution to the path planning must reside on the MAV but be able to take advantage of information from other sources when available.

MAVs provide the possibility for low, slow flying intelligence surveillance reconnaissance (ISR) platforms which can overcome the vertical obscuration of possible targets by flying low enough to look under objects that would block the view from higher altitudes, perhaps be able to look in windows, or obtain views from angles that would be otherwise unobtainable. By being small, providing a low visual and acoustic signature, MAVs may be able to avoid detection or destruction, yet still gather valuable information. However, there are significant difficulties associated with development of MAV-sized vehicles with capabilities for gathering data in cluttered, windy, urban environments.

The key obstacles to the safe navigation of MAVs through an urban environment are buildings, wires and poles, amorphous objects, other vehicles, and winds. Man-made structures are the entities that characterize an urban landscape. Buildings are easily detected using passive sensing, but require active sensing or inertial information on the MAV to do ranging. Wires and poles can be very difficult to detect optically and pose a threat to the safe navigation of an MAV in an urban setting. However, use of active sensing must be scrutinized with concern for power requirements and because it may compromise a covert operation. While undamaged buildings can provide rich features for optical flow calculations, real-world urban warfare environments can be much more amorphous and difficult to characterize. Trees, variations in terrain and other environmental effects often provide no easily usable features, can be hard to detect, and pose a flight path threat. However, some means of avoiding collision with obstacles, other UAVs and manned aircraft is required. A solution to this collision avoidance problem would include integrated sensors and algorithms capable of preventing collision with urban terrain and other aircraft, self-contained independent operation, weighing well under 100 grams, fitting within a MAV, operating within the available power budget, and would not significantly decrease the endurance.

PHASE I: Define algorithms, sensors, and architecture to provide collision avoidance for MAVs, that could, with additional development, meet the power, size and weight requirements of a MAV. Define the pieces of a representative problem and provide analysis and simulation as evidence to support findings.

PHASE II: Develop a realistic demonstration of the conceptual design. Produce a prototype system and hardware-in-the-loop simulation of the collision-avoidance-system capable of demonstrating collision avoidance in a cluttered, urban environment with other vehicles included. The end result will be a prototype capability demonstration.

DUAL USE COMMERCIALIZATION: Military application: Applicable to a wide variety of cooperative UAVs. Potential Phase III military applications include UAVs engaged in combat and ISR missions, or small and micro UAVs used for reconnaissance. Commercial application: Dual use applications include air traffic control, coastal and border surveillance, homeland security, and search and rescue and other law enforcement activities.
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AF071-260 
TITLE: Hardware Component Prototyping for Operationally Responsive Space Access
TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Design, develop, and demonstrate reusable launch vehicle (RLV) concepts and/or key technologies for responsive operations using hardware prototypes and system design tools. 

DESCRIPTION: Emerging suborbital and orbital launch concepts and technologies are being matured by both traditional aerospace companies and new commercial vendors.  The goal of this project is to develop commercial synergism between these businesses and the Air Force, specifically the Air Vehicles Directorate of the Air Force Research Laboratory (AFRL), in Reusable Launch Vehicle (RLV) development.   The Air Force is maturing the concepts and technologies for future RLVs to support Air Force missions requiring responsive insertion of small to medium lift payloads into orbit.  The ability to credibly simulate, predict, and /or demonstrate low recurring flight costs, reliability, all weather capability, and rapid turn time would advance RLV development.  Accurate predictions would aid in the development of an RLV systems-of-systems architecture enabling cost-effective, responsive, and routine delivery of mission assets to and through space.  The technologies are not limited to but may include thermal protection systems(TPSs), integrated system health management (ISHM), full envelope adaptive guidance and control (A-G&C), structures, risk-quantified structural design, subsystems, aerodynamics, operations, and propulsion and flight demonstration concepts.  The attributes of an ideal RLV system are rapid turn time, low-cost operations, vehicle reliability, and all weather availability.  The tools may be integrated with already existing cost, operations, trajectory, or aerothermal models.

PHASE I: Create a design or identify RLV technologies to enable attributes. Define performance metrics for traced technologies. Define hardware component prototypes to demonstrate critical technology levels. Identify system design tools to predict these attributes. Plan a demonstration to validate the tools.

PHASE II: Mature the RLV system design and/or critical enabling technologies.  Design, construct, and demonstrate the hardware component prototypes developed in Phase I.  Develop and validate tools to credibly predict turn time, cost, vehicle reliability, or weather capability.  

DUAL USE COMMERCIALIZATION: Military application: AFSPC/SMC hybrid launch vehicle (aka AReS) and AFRL reusable upper stage programs Commercial application: space tourism; commercial spacelift

REFERENCES: 
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AF071-261 
TITLE: Micro Air Vehicle(MAV)  Flight Data Sensors for Practical Flow Control 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles

OBJECTIVE: Develop and demonstrate through flight tests reliable, high-fidelity MAV air data sensors coupled with a flow separation control scheme integrated with the aircraft flight control system.

DESCRIPTION: Research in response to interest in military and civilian applications of MAVs (here defined as aircraft with maximal linear dimension on the order of 10cm and below) has in recent times included 1) low Reynolds number aerodynamics, both experimental and computational, 2) MAV flight article design, and 3) development of enabling systems and sensors, such as high energy density batteries and robust navigation systems. Much controversy exists regarding whether progress in 2) is more dependent on 3) or 1); that is, whether the critical gaps in the aeronautical engineering of MAVs are more of systems integration or the underlying aerosciences. 

The abstracted problem of MAV aerodynamics is closely related to fundamental issues in laminar-to-turbulent transition, rigorous description of vorticity transport, and coupling between nonlinearities in the structure and the flowfield that is, some of the most celebrated problems in all of continuum mechanics. The presence of massive separation with comparatively simple means of flow reattachment has attracted broad interest in MAV flow control. However, it is possible that MAV aerodynamics laboratory results, for example regarding the presence of large laminar separation bubbles (LSBs) for airfoils in low-turbulence wind tunnels, are of secondary importance for flight-article MAVs. Sources of noise, such as propeller wash, surface roughness, tip vortices for low-aspect-ratio wings, disturbances due to the ambient wind environment, and so forth, conceivably deemphasize the importance of two-dimensional (2-D) airfoil performance gauged in quiet environments, while also obviating the case for certain types of flow control. Meanwhile, for a very small aircraft that are bouncing around either due to gusts or its own maneuvering, the effective angle of attack and angle of sideslip are not easy to define and even more difficult to measure. If the state of the aircraft is not accurately known, then even a robust control system whether a straight flight control system, or, as recently investigated for larger UAVs a system of flow control for flight control, based on a model of the flow physics will likely fail. Furthermore, it remains to ascertain that flow relaxation time (upon actuation by the flow control system) is fast enough, relative to the aircraft flight dynamics; in other words, that the actuation bandwidth is adequate.

Definitive resolution of the above-mentioned controversy is predicated on experimentation in realistic environments: the flight testing of MAV with instrumentation and rigor normally associated with wind tunnels. For proof that a flow control scheme is both necessary (that is, the flowfield really is separated) and effective (it promotes rapid reattachment), one needs to know the full aircraft aerodynamic state, by which we mean the mutual interactions of time-dependent flowfields, aircraft aeroelastic deflections, the aircraft aerodynamic and inertial loads, the resulting flight dynamics, and to close the loop the effect on the flowfield. 

The first portion of this topic is development of innovative, lightweight and high-precision air data sensors onboard a MAV flight article for measurement of quantities including the following: local shear stress (and thus the presence of flow separation), static pressure, vehicle angle of attack and angle of sideslip and local structural deflection of possibly very flexible lifting surfaces. One approach is by biomimetic inspirations for example, hair-like filaments projecting from flight surfaces, which would be sensitive to wall shear stress. The second portion is the development of methods to attenuate flow separation from MAV lifting surfaces, and the flight demonstration of such methods. Of course, the effect of the flow control shall be coupled into the aircraft flight control system.

PHASE I: Pursue feasibility-study concepts for (1) method of separation control relevant for low-aspect-ratio, low-Re wings in propwash and (2) air data sensors suitable to measure the MAV vehicle state in-flight. Explore how the flow control would use the air data sensor information as inputs.

PHASE II: Conduct integrated prototype demo of flight and wind tunnel testing for 1) closed-loop separation control with sufficient bandwidth for flight control; 2) surface shear stress measurement for flow control system inputs; and 3) controlled flight, with effects of flow control on flight dynamics. Verify in flight that the flow control improves aircraft lift to drag ratio, gust tolerance, or both.

DUAL USE COMMERCIALIZATION: Military application: Air data sensors for MAVs and small aircraft in general, flight-testing purposes well beyond just flow control development. Military MAV applications include tagging and urban surveillance. Commercial application: Applications for aircraft flight testing in general are the same as for military. MAV applications themselves include search and rescue, pipeline and powerline inspection, and urban policing.
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AF071-262 
TITLE: Directed-Energy Weapons(DEW) System Air Platform Integration Energy and Thermal Management
TECHNOLOGY AREAS: Air Platform, Weapons

OBJECTIVE: Develop energy and thermal management technologies to enable the integration of DEW onto air platforms.

DESCRIPTION: The use of DEW such as high power microwaves (HPM) and high energy lasers (HEL) present unique energy challenges. These devices are inefficient: therefore, a large portion of the energy required to operate the device is converted to waste heat and must be transferred to a suitable heat sink. For HPM, the average heat load during one shot is on the same order as traditional subsystems and, thus, designing a thermal management system is possible. The challenge is in transferring the heat from the HPM device to a heat sink. The power associated with each shot could be hundreds of megawatts. This heat must be transferred from the HPM beam dump to a sink. The heat transfer must occur at a rate that will support shots in the 10 to 100Hz range. For HEL systems, in addition to the high intensity, there are substantial system level thermal loads required to provide an infinite magazine. Present models are inadequate to analyze these problems, current systems are unable to sustain the energy dissipation required, and the high-intensity heat fluxes applied over a very short duration phenomenon is not well understood. Focused research efforts are thus crucial to enable the utilization of DEW.

Research must be performed to create models and analysis of the complex, multidisciplinary physics associated with these systems.  This will permit technical trades and assessments that are required for and will enable the integration of high-power weapons onto vehicle platforms. 

PHASE I: The R&D effort in this phase is to identify and evaluate the required expansion of current theories, integration framework, modeling techniques and fundamental methodologies to identify and evaluate emerging air vehicle trends and to develop a limited set of parametric or other relationships that relate subsystem characteristics germane to the integration of DEW systems to vehicle level metrics.  Secondly, identify and provide rationale for the most appropriate modeling techniques that can handle both nominal and failure-induced degraded performance for timely trade studies and assessments. The feasibility of these techniques will be demonstrated by the integration of these techniques into existing analysis programs. During this phase, the proposed model technical will be synthesized, the validation requirements of the analytical tool will be outlined, and development risks and benefits will be determine.

PHASE II: In this phase, a prototype trade study and assessment capability for the DEW integration into air vehicles will be developed and demonstrated. It will expand the validation studies done in phase 1 to include a all required subsystems to complete aircraft trade study. It will also develop a technology transition and/or insertion plans.  The analysis tools will be refined, the correlation will be appropriately validated and the performance parameters will be demonstrated and quantified. 

DUAL USE COMMERCIALIZATION: Military application: DEW such as HPMs and HELs and the integration into future tactical fighters and mid-size platforms. Commercial application: The capability developed in Phase I and II will be directly applicable to a diverse industry bases that range from the process industry to nuclear power.
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AF071-263 
TITLE: Feedback Flow Control for a Three-Dimensional Turret
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Demonstrate feedback control and aerodynamic flow control for control of the wake behind a three-dimensional (3D) turret.

DESCRIPTION: The integration of aerodynamic flow control with feedback control has resulted in improved flow characteristics for several U.S. Air Force applications with two-dimensional (2D) geometries.  One particular application of interest to the Air Force is the control of turbulent flow around a 3-D turret affixed to a solid wall at speeds ranging from compressible subsonic to high subsonic.  The 3-D nature of this configuration makes the application of current feedback flow control methods extremely challenging.  For adaptive optics configurations, it is expected that increasing the frequency and reducing the size of turbulent structures in the wake, and thereby reducing the maximum level of the energy spectrum of the flow, will result in reduced aero-optic degradation as an electromagnetic beam passes through the turbulent flow near the turret.  The integration of feedback control improves robustness to changing flow conditions, e.g., Mach and Reynolds numbers and incoming flow direction.  An essential element is a model that represents the dynamics of the input/output relationships with feedback control operating.  As it is envisioned that the application will ultimately be mounted on an air vehicle, sensor and actuator locations are typically limited to the boundary of the turret and/or the solid wall in the vicinity of the turret.  Off-boundary measurements considered for uses other than for the optimization of actuator and sensor locations, determination of actuator effectiveness in the laboratory or simulation, and model development must be amenable to application on an air vehicle as the goal is wake control in flight as well as in the laboratory. 

Laboratory demonstrations show that active flow control can be used with feedback control for a variety of potential applications.  For example, feedback flow control has been used to extend the usable range of angles of attack for a 2-D airfoil, to suppress vortex shedding on a 2-D circular cylinder, and lower acoustic tones in a subsonic cavity.  However, application to 3-D geometries remains a challenge because experimental results clearly demonstrate that 3-D effects play a large role in wake flows.  Successful demonstration of flow control for the turret wake necessitates a dynamic model of the input/output relationships that is accurate when feedback control is operating, actuators and sensors suitable for use in flight, and a control law designed using the dynamical model that can be implemented in real-time applications.

PHASE I: Define a concept for experimental demonstration of the integration of feedback control and aerodynamic flow control for a 3-D turret configuration, including actuators and sensors.  Develop prototypes of the model and control law.

PHASE II: Demonstrate experimentally an aerodynamic flow control methodology that reduces the maximum level of the energy spectrum of the flow past a 3-D turret.

DUAL USE COMMERCIALIZATION: Military application: High payoff military applications include directed energy, laser designation and tracking, laser communication, and high-resolution imagery. Commercial application: Examples of potential commercial applications include laser communication and high resolution imagery.
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AF071-264 
TITLE: High-Frequency Flow Control and Diagnostics in Cavities
TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop and test a high frequency flow control device for use in controlling cavity flowfields. Develop novel supporting techniques to understand and verify the effect of the high frequency actuation.

DESCRIPTION: There exists a need in the U.S. Air Force to understand and control the flowfield in the vicinity of an open cavity (representing a weapons bay or some type of sensor aperture), due to the high acoustic levels and vibration loading produced by these geometric integrations.  Flow control has been applied to the cavity-type integrations, in both experiments and numerical simulations, with some impressive preliminary results.  In particular, pulsing near the cavity leading edge at relatively high frequency has shown great promise.

The only experimental device which has shown a conclusive link between high-frequency pulsing and enhanced suppression of acoustic levels is a rod-in-crossflow.  This device cannot be used in studies or applications where it is desirable to vary frequency, because the operating frequency is directly proportional to the diameter of the rod, which cannot be varied independently.  Pulsed air jets applied at the leading edge of the cavity have demonstrated significant suppression results in numerical simulation, but no physical actuator exists which can generate the required massflows and frequencies used in simulations.  There exists a need for a real physical actuator in this problem area which can operate at relatively high frequency, and can produce a large perturbation at the same time.  The possibility exits that plasma-type  actuation could serve in this capacity.  In addition, it is also desirable to investigate high-frequency forcing of existing devices like the rod in crossflow, for the purpose of extending its useful range of application (enhancing performance, operating at higher Mach numbers).

An additional capability sought is the generation of both surface and off-body data (temperatures, pressures, etc.) for the purpose of demonstrating both effects of the devices as well as illustrating physical mechanisms involved.  To be useful for visualizing and quantifying mechanisms, these techniques would have to generate (as a minimum) instantaneous planes of data on the walls and in the surrounding flowfield.  These novel techniques would also ideally respond at several kHz (current high frequency devices at 1/10 scale operate at up to 5 kHz).

The new high-frequency flow control devices and enhanced understanding of those devices developed here could help improve the state of several key areas that are currently being examined by the U.S. Air Force, over a wide range of frequencies and applications, including open-loop and closed-loop flow control,  weapons separation, flow-structure interaction, and aero-optics mitigation.

PHASE I: Develop a compact, efficient high-frequency, large-perturbation flow control device effective in both subsonic and supersonic flow.  Document design approach.  Develop a novel technique to collect instantaneous planes of data in industrial wind tunnels. Bench test concepts.

PHASE II: Prove the efficacy of these devices and techniques by testing at relevant conditions in a wind tunnel. Develop actuator design methodology. Elucidate the physics of the flow control device using nonintrusive flowfield and/or surface measurement techniques.  

DUAL USE COMMERCIALIZATION: Military application: Applications include enhanced performance for many near term platforms, i.e., F-15, F-16, F-22, Joint Strike Fighter (JSF), unmanned combat aerial vehicle (UCAV), etc. Commercial application: Examples of potential commercial applications include commercial aircraft and general aviation.
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AF071-265 
TITLE: Innovative Flight Instrumentation for Hypersonics
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop novel instrumentation methods, hardware, and installation concepts for near-term application to hypersonic vehicle flight testing.

DESCRIPTION: The Air Vehicles Directorate is currently involved in developing hypersonic vehicle technologies. Hypersonic flight data are necessary for validating the developed analytical models and hardware. The extreme environment in which the vehicle is intended to operate creates challenges in instrumentation development and/or application. Extremely high temperatures are characteristic of this harsh environment. Temperatures approaching 3,000 F are anticipated. The goals of this program are to develop instrumentation and installation concepts to determine vehicle structural and environmental conditions. Desired data include surface pressure, heat flux, temperature, strain, and recession rate. Concept development should focus on application to high-temperature composite structures while maintaining the integrity of the aeroshell in an extreme environment. 

Boundary layer transition is an important parameter to the performance of hypersonic vehicles.  It is critical that it be measured in hypersonic flight both on insulating and metallic aeroshells.  The transition instrumentation, preferably heat transfer measurements, should have sufficiently high frequency response to resolve transition changes due to vehicle maneuvers, such as roll or pitch motions, and should have sufficient sensitivity to resolve the changes in heat transfer associated with these maneuvers.  Techniques for inverse heat transfer methods from thermocouple measurements may also be considered.

PHASE I: Develop concepts for hypersonic vehicle instrumentation. Candidate approaches will be conceptualized and subjected to thermal and/or structural analysis to assess accuracy, durability, and compatibility with the vehicle structure. Prototypes will be designed, fabricated, and tested. 

PHASE II: Promising concepts from Phase I will be developed. Phase II will involve fabrication and test of prototypes in a relevant environment. 

DUAL USE COMMERCIALIZATION: Military application: Space access and hypersonic cruise vehicles. Commercial application: Hot gas flow data for furnaces and jet engines.
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AF071-266 
TITLE: Innovative Control Effectors for Common Aerovehicle (CAVs)
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop a novel control effector concept for CAVs that has increased effectiveness versus mechanical flaps and little/no ablation.

DESCRIPTION: The Air Force is currently investigating CAVs, a hypersonic glide vehicle to investigate atmospheric hypersonic flight.  The proposed project will develop novel control effector concept(s) for CAV systems that provides an alternative to existing mechanical flow deflection concepts.  Conventional control concepts using flaps are prone to ablation effects and provide limited control effectiveness per unit flap area.  Innovative control effector concepts shall be developed and demonstrated (at proof-of-concept level) that will provide equivalent or better control power than conventional mechanical flaps.  Examples of innovative effectors being examined include plasma devices and blowing devices.  Incorporation of these techniques into the CAV system would be highly beneficial.  The payoff for innovative control effector solutions includes improved CAV systems integration, mechanical complexity, weight, range, aerodynamic heating and (potentially) development risk.  Eliminating or reducing the number of moving surfaces on the system using innovative flow control concepts may also eliminate flap seals and reduce the risk of high temperature gases on the interior of the vehicle.

PHASE I: Identify and define a control effector system to CAV  requirements.  The system shall provide equivalent or better control power and must not exceed the weight and volume of the current mechanical concept.  Demonstrate the feasibility of the concept in a small-scale test.

PHASE II: Mature the control system design and/or critical enabling technologies.  Develop, test and evaluate the system developed in Phase I in an appropriate test facility at critical Mach numbers.  Provide a flight-ready system for demonstration on a sounding rocket launched test vehicle in the late 2009 or early 2010 time frame under an Air Force effort.

DUAL USE COMMERCIALIZATION: Military application: The technologies identified and developed for the CAV system may be incorporated in other hypersonic and re-entry systems. Commercial application: Space launch and reentry systems.
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AF071-270 
TITLE: Innovative Propulsion Integration for Mobility Platforms
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop and demonstrate innovative airframe-propulsion integration technologies which free the mobility aircraft design space of the constraints of traditional air-breathing propulsion systems. 

DESCRIPTION: Inlet and nozzle design focuses on providing maximum aerodynamic efficiencies for their respective functions to enable maximal propulsion system performance while minimizing the impact of those functions on the airframe. For a mobility aircraft, this functionality has traditionally been met by the use of podded nacelles hung on the wing. For the nacelle inlet, the flow field is isolated from the aerodynamic influences of the airframe; for the exhaust nozzle, this isolation simplifies design and material selection of other airframe elements. Although these designs have proven successful, and there are notable exceptions to this traditional approach, the more highly integrated designs of future and potential air vehicles will require a more radical departure from this norm. 

For both advanced military and civil aviation applications, the embedding of the propulsion system – a system which is wholly or partially contained within the airframe outer mold line – has proven attractive as it enables a substantial decrease in total air vehicle drag. In addition to the decrease in wetted and frontal area, some blended wing-body designs incorporate boundary-layer-ingestion inlets for further drag reduction, while military vehicles benefit in ways related to survivability. However, these benefits come with a price. Of foremost concern is the maintaining of aeropropulsive efficiency due to less than ideal inlet and nozzle placement and/or aerodynamic flow paths. Inlets for embedded propulsion systems often incorporate turns which may lead to flow separation, thereby increasing distortion and decreasing pressure recovery. Despite the drag benefits, boundary-layer-ingestion inlets suffer from the same detriment by definition. The exhaust nozzle may be similarly less than ideal from an aerodynamic performance perspective, and depending on placement, exhaust gases may wash over large areas of the airframe structure. Although flow control technologies have mitigated some of these aerodynamic pitfalls, further engineering difficulty may include increased structural weight, decreased volumetric efficiency and more complex thermal management requirements. 

To enable new capabilities in air vehicles, innovative airframe-propulsion integration technologies are sought. These advancements should not be constrained by conventional propulsion flow path (i.e., inlet and nozzle) design but are not to regress in the overall capability of the vehicle or are to enable heretofore unseen air vehicle capabilities or concepts. These technologies may be at the integrated propulsion system or at the subsystem level. Examples of the former are (but are not limited to) distributed propulsion, distributed inlet or nozzle apertures, and integration of advanced or unconventional propulsion cycles (e.g., pulse detonation engines or hybrid propulsion). Examples of the later are (but are not limited to) advanced flow control or other aerodynamic technologies for aerodynamic performance improvement, morphing structures for flight condition adaptability, or advanced control concepts or applications which enhance system performance through real-time knowledge and control of system performance parameters. This topic is airframe-propulsion integration technologies as enabling to new air vehicle configurations and is not intended to develop and demonstrate new air breathing engine technologies per se (e.g., new engine cycles or engine component technologies); therefore, the propulsion cycle to be integrated should be beyond the conceptual stage. 

PHASE I: Provide an advanced propulsion system definition and proof-of-concept demonstration through small-scale experiments and/or high-fidelity simulation. Estimated performance and technology benefits assessment for candidate air vehicle application is highly desired but not required.

PHASE II: Validate the proposed technology through prototype hardware demonstrations. This includes an integrated propulsion system or subsystem performance demonstration at conditions and scale relevant to the targeted application air vehicle system, off-design performance determination through experiment or high-fidelity simulation, and air vehicle performance estimates and technology benefits assessment.

DUAL USE COMMERCIALIZATION: Military application: Military application of technologies may enhance the efficiency of current air vehicles, enable new vehicles to fulfill current missions, or provide new means of accomplishing military objectives. Commercial application: Civilian application of technologies may enhance the fuel efficiency of current air vehicles, enable new vehicles to fulfill transportation needs, or provide all new transportation systems.
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AF071-276 
TITLE: Geolocation and Attitude Determination from Laser Communication Systems
TECHNOLOGY AREAS: Air Platform, Information Systems, Space Platforms

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

STATEMENT OF INTENT: Develop dual-use attitude determination and geo-location using laser comm system, an extremely high priority for this PEO

OBJECTIVE: Develop dual-use satellite attitude determination and geolocation capability using laser communications links.

DESCRIPTION: Laser communication links between satellites, like those proposed for the Transformational Communications Satellite (TSAT) program, provide pitch and yaw information on the relative attitude location between adjacent satellites.  If range information is provided and three or more satellites are linked together in a ring type of formation, relative satellite attitude and geolocation can be determined.  Furthermore, absolute knowledge can be determined if one of the satellite's orientation and location is known.  Given this knowledge, users' systems, such as Unmanned Aerial Vehicles (UAVs) or Low-Earth Orbit (LEO) satellites, could use laser communication links as an attitude determination system, thus enabling lighter-weight and less-costly attitude determination hardware on those systems.  Challenges include the transfer of attitude knowledge between same-satellite laser communication terminals, development of satellite ranging systems, and exploration of the complex algorithms required to extract roll attitude information. The object of this effort is to explore advanced hardware solutions coupled with innovative algorithms to provide complete attitude determination for a laser communication system of satellites.

PHASE I: Generate a conceptual intra-satellite tracking system with typical tracking errors (< ìrad) and ranging system with < 10m error. Create the algorithms needed to extract the satellite toll terms and verify performance. Provide sub-scale demo and document results addressing future issues.

PHASE II: Fabricate a complete, operationally functional, satellite attitude determination device (based on selected Phase I technologies) capable of (laboratory-based) military lasercom operation.  Performance test this device under a full suite of environmental extremes, in addition to (among others)

DUAL USE COMMERCIALIZATION: Military application: Will assist all lasercom programs for the military.  Results apply to missions requiring high-bandwidth communication and accurate pointing knowledge. Commercial application: Results apply to military and commercial missions requiring satellite formation flying or other missions requiring high-bandwidth communication and accurate pointing knowledge.
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AF071-277 
TITLE: A System for Mapping the 3-Dimensional Distribution of Cloud Particles
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics, Space Platforms

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

STATEMENT OF INTENT: Develop a Cloud Particle Mapping System, a very high priority technology for this PEO

OBJECTIVE: Develop a cloud particle mapping system capable of measuring particles in place, to be used for designing better lasercom systems for transmission through atmospheric layers with cloud particles.

DESCRIPTION: Mapping of the particle configuration within typical clouds of various types would enable the development of cloud particle models that could be used for laser communications design studies. Accurate mapping can only be done when the cloud environment is probed in a non-intrusive manner. This SBIR topic calls for the design, fabrication and demonstration of a cloud particle mapping system that can sample extensive volumes of various cloud types and produce cross-sectional depictions of the cloud particle distribution by size and shape at selected intervals in a transit of a cloud layer. The success of this project may enable lasercom transmission through terrestrial atmospheric layers having cloud particles and may enable transmission to high-flying Unmanned Aerial Vehicles (UAVs).

PHASE I: Determine the feasibility of an in-situ, non-disruptive cloud particle mapping system, including detailed discussion of minimization of particle motions due to movement of the sampling device through the cloud.

PHASE II: Design, fabrication and testing of a prototype cloud particle mapping system.

DUAL USE COMMERCIALIZATION: Military application: The cloud particle mapping systems would be used for designing military laser communications through terrestrial layers. Commercial application: Useful in research conducted by other government laboratories, such as Department of Energy, National Science Foundation, National Aeronautics and Space Administration.  Instrumentation manufacturers in the private sector could adapt and enhance the basic concept for applications such as modeling radiative transfer through clouds in climate models, and supporting industry that uses laser communications for commercial purposes.  Both airborne and fixed sampling strategies are possible depending on the application.
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AF071-278 
TITLE: High Efficiency Multi-Mode Power Processing Units for Hall Effect Thrusters
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics, Space Platforms

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

STATEMENT OF INTENT: Improve Hall Thruster Efficiency, a very high priority technology for this PEO

OBJECTIVE: Investigate advancements required to achieve high efficiency and low specific mass Hall effect thruster power processing unit operations over extended performance regimes.

DESCRIPTION: Hall effect thruster electric propulsion systems will soon transition to operational military satellite use [1].  The best of these state-of-the-art systems have power processing units with a specific mass of 3kg/kW and anode converter efficiencies of 94% at an operating power of 4.5kW [2].  Future Air Force missions envision utilizing Hall effect thrusters that are operable over a broad performance regime in order to enable a single propulsion system to fill multiple mission roles.  However, current power processing units achieve high efficiencies only at a few discreet operating points.  Advanced topologies and components [3] should be investigated to develop a Hall effect thruster power processing unit with a specific mass and anode converter efficiency equal (or superior) to the state-of-the-art over a range of output currents and voltages that enable thruster-specific impulses ranging from approximately 1,000 to 3,000 seconds at a constant nominal output power of 10 kW.  

PHASE I: Design a Hall effect thruster anode converter capable of operating at greater than or equal to 94% efficiency over a specific impulse range of 1,000 to 3,000 seconds with a specific mass of 3 kg/kW or less. Show performance through simulation or other analytical means. Identify the innovation risks.

PHASE II: Build and demonstrate a breadboard converter based on the Phase I design.  Simulated Hall thruster loads are acceptable.  Demonstrations at subscale power levels are acceptable provided the scalability of the system is shown. Commercial components are acceptable, but a path to space qualification must be described.

DUAL USE COMMERCIALIZATION: Military application: Variable thrust will increase the utility of Hall thrusters for military satellite applications and would meet the stated propulsion goals for the Spiral 2 TSAT program. Commercial application: Commercial communications satellites and NASA interplanetary missions could use this technology.

REFERENCES: 
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AF071-280 
TITLE: Wide-Field-of-View Collection Optics for Infrared Surveillance from Geosynchronous Orbit
TECHNOLOGY AREAS: Sensors, Space Platforms

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

STATEMENT OF INTENT: Develop innovative optics that significantly upgrade the future wide-field-of-view (WFOV) capability of Space Based Infrared Systems, an extremely high priority Technology for this PEO

OBJECTIVE: Develop innovative optics, both at the component and system level, that significantly upgrade the future wide-field-of-view (WFOV) capability of Space Based Infrared Systems (SBIRS).

DESCRIPTION: A critical technology in SBIRS is the optical system.  Future advances in SBIRsSdesire WFOV apertures capable of full-earth viewing with approximately 20-degree full angle.  In addition, the optic design must provide an active or passive means for sun exclusion from the sensor plane.   System design should include capability for two or more wavelengths, which can be accomplished through splitting the incoming light onto multiple sensors, agile filtering or other innovative means.  Systems must also include thermal design and possible coolers.

This solicitation seeks innovative advances relevant to WFOV optical designs at the component or system level.  Concepts at the component level could include large aperture optics, spectral filters, beam-splitters, baffles and other optical elements.  Proposals at the component level should be directed towards the short-wave or mid-wave infrared spectrum or both.    Proposals for advances in focal plane arrays, cryocoolers and processing electronics are responsive to this topic only if part of a system solution.  

Proposals addressing the system level solution can propose to design/develop full infrared (IR) optical payloads or optic benches with multiple critical components.  All designs should be flight-like designs, meaning that they are designed with the intent of going through ground environmental testing to advance the system technology readiness level, but not actual flight.  For example, a proposal that offers an innovative optical payload may interface to ground non-flight electronics for environmental testing, but it should carry flight-like components and thermal design within the payload.  Such decisions in the design trade should be made with the goal of advancing the system-level maturity to the greatest possible extent at reasonable cost.  System level payloads designed for “easy” upgrade of their components are responsive and attractive.  Upgrades would generally be expected to be accomplished in days, not hours.

Proposals can also develop a laboratory test-bed that facilitates rapid testing of other flight components.  An optical system that enables rapid evaluation and flight qualification of sensors, optics, processors, thermal components and algorithms is considered highly responsive and attractive.  In all cases proposals will be judged on the technology advance they provide for a future geosynchronous earth orbit (GEO) IR spacecraft system.

PHASE I: Design an innovative IR component or payload.  Proposers can propose to deliver prototype hardware or detailed systems designs under Phase I.  Proposals will be judged on largest payoff to future WFOV GEO IR systems, risk reduction for a Phase II proposal, and maturity gained in Phase I.

PHASE II: Build, test, and qualify an engineering model of the assembly.  Clearly the amount that can be accomplished under Phase II varies significantly between system-level concepts and component technology.  In both cases, proposals will be judged on their advancement of technological maturity for space flight.

DUAL USE COMMERCIALIZATION: Military application: The proposed research and development effort has strong applicability to the Department of Defense (DoD) IR community Commercial application: The technology has strong applicability to the commercial space imagery community.

REFERENCES: 

1. Humpherys, et al, and V. Sinelshchikov, et al. “Defense and Environmental Objectives for the Russian American Observational Satellites (RAMOS) Program” presented at 18th Annual AIAA/USU Conference on Small Satellites, 2004.

2. Schueler, Carl F. and William L. Barnes. “Next-Generation MODIS for Polar Operational Environmental Satellites.” Journal of Atmospheric and Oceanic Technology: Vol. 15, No. 2, pp. 430–439, 1997.

3. Caulfield, John T., "Next Generation IR Focal Plane Arrays and Applications," AIPR, p. 7,  32nd Applied Imagery Pattern Recognition Workshop (AIPR'03), 2003. 

4. Mill, J., et al. “Midcourse Space Experiment: Introduction to the Spacecraft, Instruments, and Scientific Objectives.”  JOURNAL OF SPACECRAFT AND ROCKETS, 1994.

5. Cox, et al. “Reconnaissance Payloads for Responsive Space.” Presented at AIAA Responsive Space Conference, 2005.

KEYWORDS: Wide Field of View (WFOV), IR, Space Based Infrared Radar System (SBIRS), space imagery, GEO, optical systems

AF071-282 
TITLE: Radar Signal Processing Algorithms 
TECHNOLOGY AREAS: Information Systems, Sensors

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

STATEMENT OF INTENT: Developed better signal processing for extracting target, this is an extremely important topic to the PEO

OBJECTIVE: Develop advanced signal processing techniques and algorithms to optimize multi-mode Space Radar performance for Surface Moving Target Indication (SMTI) and Open Ocean Surveillance (OOS) missions.

DESCRIPTION: The Space Radar (SR) mission includes detecting and characterizing surface moving targets operating in a  variety of background environments with very different clutter characteristics, including on the open ocean and in littoral areas.  Littoral areas, especially at the land/sea boundary, provide difficult challenges due to the overall inhomogeneity and presence of large discrete spikes in sea clutter. Land and open sea areas present similarly stressing but different challenges. Advances in clutter cancellation/suppression techniques for SMTI are required, as well as advances in developing an Open Ocean Surveillance (OOS) mode. In addition to target detection, the SMTI mode should incorporate the capability to extract target characterization information.  This effort should include investigation and maturation of High Range Resolution (HRR) and Inverse Synthetic Aperture Radar (ISAR) modes that extract target profile data or produce SAR/MTI co-products that can be used in determining a two dimensional (2-D) mover signature.  All proposed algorithms and techniques must be assessed against realistic operational constraints in order to determine the impact on system performance. In particular, analyses and/or models that support the resource and performance trades required for optimizing sensor collection times and area coverage rate in operational scenarios for the target characterization algorithms and techniques are required.

PHASE I: Formulate innovative SR signal processing approaches for target detection and characterization in OOS and SMTI modes. Develop and mature basic algorithms and candidate implementing architectures, and the assessment methodologies and criteria for evaluating performance against alternative concepts.

PHASE II: Develop an evaluation and verification model and realistic environmental scenarios for predicting and comparing SMTI and OOS algorithm performance and effectiveness in detecting and characterizing surface moving targets in various clutter and backgrounds environments. Implement recommended algorithms in code; evaluate performance and utility for various SR missions. Document code and results.

DUAL USE COMMERCIALIZATION: Military application: Supports the DoD's ISR capability need for improved  global, persistent detection and characterization of surface moving targets in stressing environments including littoral regions and open ocean. Commercial application: The new methodologies and algorithms have significant potential for commercial applications such as iceberg monitoring, sea traffic control, drug cartel movements, and pollutant monitoring.
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AF071-283 
TITLE: Unresolved Resident Space Object (RSO) Characterization Using Time-Frequency Analysis
TECHNOLOGY AREAS: Space Platforms

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

STATEMENT OF INTENT: Develop methodology for real-time remote, full-feature characterization of RSOs, this topic has high priority to the PEO

OBJECTIVE: Develop methodology for real-time remote, full-feature characterization of Resident Space Objects (RSOs).

DESCRIPTION: A Space Situational Awareness (SSA) requirement is to achieve real-time remote, full-feature characterization of RSOs. It is therefore crucial to characterize dim and unresolved space objects for all-threat sensing. A particular capability need is characterization of small space objects from space-based platforms, such as the SBSS satellite. This topic aims to exploit and demonstrate innovative digital spectral analysis capabilities for RSO characterization, classification, and feature extraction using time-frequency analysis of optical signals. Modern time-frequency analysis methods including Fourier amplitude and phase spectra, power spectral density (PSD), autoregression, wavelet, and other techniques offer powerful tools that can uniquely classify space objects. For example, PSD continua may be used to classify objects by type, while frequency modulations may characterize distinguishing oscillations. High data rate, ground-based astronomical measurements of RSO sequential optical signals may be used to demonstrate potential capabilities of a future space-to-space system. Catalogs of RSO time-frequency behavior may be generated to demonstrate their utility for comparing/identifying unknown objects. The proposed research methods will be evaluated based on the potential capabilities to accurately characterize RSOs for space-to-space sensing.

PHASE I: Identify the optimal time-frequency mathematical methods for characterizing RSOs for space-to-space sensing and assess effectiveness of RSO characterization (may include using actual observation data). Discuss utility of data catalog. Provide validation plan for any analysis tool.

PHASE II: Develop algorithms and a toolkit for characterizing unresolved RSOs from sequential optical signals. The contractor will generate a catalog of RSO behavior based upon time-frequency analysis for space-to-space sensing. The contractor will validate the algorithms and create tools for effective data visualization that support the SSA/RSO characterization mission. 

DUAL USE COMMERCIALIZATION: Military application: Transition the time-frequency analysis toolkit to computer codes for DoD that classify RSOs by type. Commercial application: Transition the time-frequency analysis toolkit to computer codes for remote sensing commercial space applications.

REFERENCES: 

1. Oppenheim, A. V. and R. W. Schafer, "Digital Signal Processing," Prentice-Hall, 1975.

2. Otnes, R. K. and L. Enochson, "Digital Time Series Analysis," John Wiley & Sons, 1972.

3. Kay, K., "Modern Spectral Estimation," Prentice-Hall, 1988.

4. Marple, S., "Digital Spectral Analysis," Prentice-Hall, 1987.

5. Wickerhauser, M., "Adapted Wavelet Analysis from Theory to Software," A K Peters, 1994.

KEYWORDS: SSA, RSO, characterization, classification, time-frequency analysis, SBSS

AF071-284 
TITLE: Modular, Scalable Propulsion Module for ESPA-Based Satellite Dispensing Systems
TECHNOLOGY AREAS: Space Platforms

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

STATEMENT OF INTENT: Intent is to develop an EELV Secondary Payload Adapter (ESPA) based satellite Dispensing system, a technology of very high priority to this PEO

OBJECTIVE: Develop a low-cost propulsion module with simple mechanical and electrical interfaces that can be added to an EELV Secondary Payload Adapter(ESPA) or free-flying small satellite.

DESCRIPTION: Currently, the EELV (Evolved Expendable Launch Vehicle) is the Air Force's primary launch vehicle. Many of the current and future satellites to be launched on EELVs do not fully use the volume and mass capabilities of the system. Therefore, in order to decrease continually rising launch costs, there is a major effort to add secondary payloads to the launches with these primary satellites. To that end, the EELV Secondary Payload Adapter (ESPA) ring [1] was conceived and developed to take advantage of medium-class EELV performance margins in order to provide launch accommodation for multiple micro satellites as secondary payloads. The ESPA resides between the EELV upper stage and the launch vehicle's primary passenger, and up to six micro satellites can separate from it. More recently the ESPA's use has evolved into the primary structure for highly capable free flying small satellites, such as AFRL's Demonstration and Science Experiments (DSX) [2]. The ESPA's unique flexibility is that it can provide these types of launch accommodations on just about any EELV flight that has sufficient performance margin, and there are many such launches anticipated over the next ten years. 

One inherent issue with this approach is that in such rideshares, there is a basic requirement that the primary and any secondaries do not share an orbit. This currently means that the EELV upper stage has to reach the primary's orbit, drop it off, and then re-ignite and inject the remaining components (the upper stage, the ESPA ring and the secondaries) into a different orbit. Inherently, this approach limits the launch vehicle's flexibility to provide secondaries their desired orbits, especially if they all want different orbits. Even if sufficient propellant margin exists, other launch vehicle upper stage mission duration, consumables, and engine re-start constraints can impose strict limits on orbital repositioning capabilities beyond the orbit injection location of the primary payload which often is not ideal for the secondary payloads. If the ESPA platform were upgraded with a dedicated low-cost orbital maneuvering propulsion system, these limitations could be overcome.

To that end, this topic is looking for innovative ways to provide the ESPA ring with an upgraded capability to become its own free-flyer. The basic idea is to separate the ESPA ring from the upper stage soon after the primary's separation, let the upper stage then de-orbit while the ESPA ring and the attached secondary satellites maneuver to one or more differing orbits, dropping the secondaries off into their desired trajectories. Proposers need to identify new and innovative ways of attaching propulsion, basic avionics, power, and simple telecommunications to the ESPA ring capable of supporting multiple ignitions, basic positional ephemeris relays to the ground, and standard separation commands multiple times. The system needs to be able to be packaged either within the ESPA circumference (with enough remaining access for on-launch-pad servicing by technicians between the upper stage and the primary) or within the confines of a single secondary's allotted volume (to be attached similarly to a secondary, but without the capability to separate from the ring). The end result should be a plan to develop and then produce an ESPA On-orbit Maneuvering System (OMS) to enhance the capability of the EELV to launch multiple secondary satellites to their desired orbits once the primary has been deployed to its orbit. Environmental testing of the flight hardware should not be considered in the cost proposal. The system should be inherently low risk and traceable, with the expectation it would eventually have to undergo review commensurate with range safety considerations and minimizing additional risk imposed on a high-value payload. Dry mass of the populated ESPA ring may vary from 400-1,000 kg and the maximum (wet) mass of the ESPA OMS should not exceed 1,205 kg. 

This innovation should uniquely combine the necessary logical control, power, propulsion, and telecommunication to be able to propel up to six secondary satellites into unique orbits from the ESPA ring.  The component technology used should already be flight-qualified; the innovation for this topic lies in the creative arrangement of components to achieve the aforementioned goal.  An ideal innovation for this topic would have a delta V between 800 and 1000 m/s and a mass of 600-700 kg.

PHASE I: Focus on a modular, scalable architecture using commercial off-the-shelf and flight-qualified technology using storable propellants, rather than new development. Goal is a suitable architecture for an ESPA OMS module w/preliminary design level of TRL of 3 or 4. Report expected delta V. 

PHASE II: The Phase II should result in a flight hardware system or subsystem ready for launch. Systems predicted to cost in excess of the Phase II ceiling are considered responsive to the solicitation. The proposer should strive to develop critical components or subsystems to flight hardware status. At the conclusion of this phase, ESPA OMS should be at a Technology Review Level (TRL) 6.

DUAL USE COMMERCIALIZATION: Military application: A Phase III effort would produce operational components or subsystems for customers such as MDA, DoD, NASA, and industry users. At the conclusion of this phase, ESPA OMS will be at TRL 8 or 9. Commercial application: A successful demonstration will greatly increase the utility of ESPA-derived launch opportunities and will increase demand of ESPA OMS systems for use by MDA, DoD, NASA and commercial industry. 
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AF071-286 
TITLE: Decision Support System for Defensive Counterspace
TECHNOLOGY AREAS: Space Platforms

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

OBJECTIVE: To develop and demonstrate automated resource management (RM) technologies that perform management of real-time defensive counterspace (DCS) and space situational awareness (SSA) activities.  

DESCRIPTION: In recent years, there has been a focus towards applying data fusion technologies for the detection and discrimination of spacecraft threats.   The complement of the Joint Directors of Laboratories (JDL) fusion model is the RM model that allows for formal management of each of the JDL fusion levels.  Based upon a-priori information, the RM can provide automated tasking, prioritized response options, or decision aids for user response tasking. These response options need to be more sophisticated than simple checklist-based courses of action in service today, because multiple simultaneous events may necessitate non-linear combinations of time-phased responses. Automated response options provided to operators from RM can be demonstrated to be more suitable than expected from low-experience military or civilian personnel operating only from checklists. In addition, automated RM should significantly reduce the time needed to appropriately respond during periods of space warfare.  RM will advise satellite operators of possible response actions in a timely manner to the situation as provided by Level 0-3 fusion developed for DCS and SSA.  These include: abnormality detection/recognition, abnormal event tracking, event relationship and situation tracking, and mission impact prediction. RM will be driven by the specific individual satellite mission objectives (i.e., Level 3 management outputs). These will be used to drive Level 2 resource relationship (e.g., resource conflicts and synergisms) management, Level 1 independent resource scheduling, and Level 0 signal management.  This proposal seeks to develop prototype Levels 0, 1 and 2 RM algorithms for satellite defense, then demonstrate the RM approach is general enough to be successfully applied to other missions. The resources considered in this effort are satellite defensive commanding (e.g., notifying the appropriate command, closing shutters, changing subsystem operating modes), maneuvering the satellite, modifying the communications, processing management, and sensor and data collection management.   As an example, distributed Level 1 RM can generate relevant cross-unit recommendations. Distributed Level 1 RM at a SOPS could generate RM recommendations that include increased data fusion vigilance for similar problems on other satellites or increased alerting for changes in space environment conditions once environmental impacts materialize. To improve the operator situation awareness and response decision making the proposer should provide for sensor, communications, and/or data collection management, visualization, and reporting.  

PHASE I: The focus of phase I is to develop and demonstrate Level 0 and 1 RM prototypes specifically tailored to an operational unit, such as a satellite operations squadron or center that has direct control over organic resources.  

PHASE II: During phase II the Level 0 and 1 RM algorithms developed in phase I will be refined for more sophisticated threat conditions that could occur in multi-satellite constellations or cross-constellation/cross-network RM situations.  The RM capability will be integrated with Level 0-3 abnormality event fusion using SAS, electromagnetic environment measuring system (EEMS), and space weather data.

DUAL USE COMMERCIALIZATION: Military application: Highly applicable to threat and abnormality detection.  Applicable to Air Force needs. Commercial application: Data Fusion & Resource Management tools are applicable to the management of any process requiring the fusing of multiple heterogeneous information sources in order to improve mission execution.
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AF071-287 
TITLE: Novel Technologies for Hardened Solar Arrays
TECHNOLOGY AREAS: Space Platforms

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

OBJECTIVE: To develop novel technologies which increase the survivability of solar arrays against perceived manmade threats in the space environment and allow continued operation at or near design performance.

DESCRIPTION: Conventional space solar arrays are designed to withstand the mission-specific natural space environment, including but not limited to, temperature extremes, radiation environment (photon and particle), and plasma environment, and to perform predictably and reliably over the mission life. Potential threats such as directed energy lasers may degrade or destroy solar arrays, rendering space assets unusable. Defense systems have usually been designed against a specific set of threats, but today’s technology may not stand well against evolving threats created by readily available laser technology. Protective strategies generally fall into three categories: susceptibility reduction, responsive countermeasures, and anticipatory countermeasures. These may be employed individually or in combination and may be applied at the component, subsystem, or system level. The goal of this topic is to develop innovative protection technology for space solar arrays against potential adverse affects of laser attack  The protection technology may include improved array, module, or cell designs, new materials, and/or active coatings.  Efforts should include modeling of the laser effects on the solar array to understand potential modes of failure or degradation. The technology should enable the solar array to operate reliably at minimal loss in performance after exposure.  

PHASE I: Evaluate the potential threats including laser type/wavelength etc., and develop a top level susceptibility analysis of the array against the laser threat.  Design and develop an array protection technology for survival in a space environment based on susceptibility analysis.  Key aspects (solar cell/array electrical performance after exposure to laser energy as defined by the susceptibility analysis) of the proposed technology should be demonstrated, preferably through both modeling and prototype testing to establish feasibility of the approach. 

PHASE II: Using the lessons learned from Phase I, design and fabricate a second generation prototype that will be ready for appropriate ground testing. Survivability at the component, subsystem, or system level should be clearly demonstrated on real hardware which is traceable to incorporation into real systems.

DUAL USE COMMERCIALIZATION: Military application: Technologies developed as a result of Phase II contract(s) will be directly applicable to survivability of solar arrays for military application, ensuring end of life performance goals are achieved. Commercial application: Technology being developed will increase robustness and reliability of commercial satellite power systems.
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AF071-288 
TITLE: Structural Attachments for Rapid Assembly of Satellites
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Develop mechanical attachment mechanisms that allow for the rapid assembly and reconfiguration of responsive spacecraft.

DESCRIPTION: The Air Force is actively pursuing the capability to assemble and launch a satellite within days, or even hours, of a battlefield commander’s requirement. Such an operationally responsive space capability will provide our forces with an asymmetric edge in future conflicts, as the commander will be able to dictate the specific space assets and their specific locations in order to help our forces defeat the enemy. 

In order to meet this goal, the Air Force is pursuing mechanical attachment solutions that allow for the rapid, on-demand assembly of satellites built from stocked components. Such a solution will allow for the complete structure of a satellite, not including internal components, to be aligned, assembled, and locked in place within half an hour. For the assembly of complete satellite systems (including components, subsystems, payloads, etc.), proposed solutions must be compatible with a satellite build process of only 8 hours. Additionally, solutions must allow for a panel to be disconnected and reconnected in order to allow for component swap-out and last-minute configuration changes. 

Proposed attachment solutions should allow for the accurate, stiff, and rapid connection of structural members. Proposed solutions should be stiff enough to ensure the survival of the following satellite: 

    -  Generalized 3’x 3’x 2’ rectangular bus

    -  Bus mass is 200 kg

    -  Center of mass of the bus is located at its geometric center

    -  200 kg payload is attached directly to the top of the bus

    -  Center of mass of the payload is located 2 feet above the top of the bus

    -  Launched on a Minotaur I launch vehicle.

Preference will be given to solutions that require less infrastructure. For these purposes, infrastructure can be loosely defined as the cost and complexity of the machinery required for the placement and attachment of the structural members, and the level of skill required of the technicians performing the job. Additionally, preference will be given to those proposals that address compatibility with electrical, thermal, and other subsystem routing requirements.

PHASE I: Develop concept for mechanical attachment. Provide analysis demonstrating geometric constraints, stiffness/strength, reconfigurability, scalability, and infrastructure required. Produce subscale hardware to demonstrate performance. Prepare Phase II development plan.

PHASE II: Refine concept and develop prototype. Conduct testing, provide detailed evaluation report and recommendations. Testing includes assembly, shake testing, and reconfiguration of structural panels into three architectures representative of JWS-class satellites. Key results: demo of mechanical properties, ease of assembly, modularity, scalability. Provide AFRL/VS with prototype and draft users’ guide.

DUAL USE COMMERCIALIZATION: Military application: Program offices will have tools for rapidly assembling a satellite’s structures. For deployed military forces, technology can be used to set up basing assets in fraction of time it currently takes. Commercial application: Potential commercialization in private sector applications is also possible and encouraged. Potential commercial applications abound in the aircraft, automobile, and infrastructure industry.
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AF071-289 
TITLE: Sensor Management for Rapid Target Tracking and Detection
TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Develop advanced, innovative, real-time algorithms and software for optimal strategy of sensor management and resource allocation in support of global situational awareness and missile defense.

DESCRIPTION: The ability of providing rapid 4 Pi search, 24 hours a day, to detect and track threats requires advances in sensor management and resource allocation in a multi-targets and multi-sensors tracking environment. The problem of sensor management is to determine how to select heterogeneous sensors, sensor modes, and sensor search patterns to maximize their collective effectiveness. Proposed advances should provide the sensor’s optimal assignment in real time and minimize errors on all the target’s dynamics, range, angle, and time stamp while improving network tracking for minimizing data throughput within and between sensors. Additionally, the proposed effort should take into account the possibility of many sensors observing one target to use the benefit brought by the data fusion. Other key features of the method should handle well data latency, sensor registration, tracking accuracies of disparate sensors and scale easily to large numbers of targets and sensors dynamically entering and leaving the global tracking task.

PHASE I: Define scenarios and their characteristics which consist of sensors, targets, motion, and environment. Develop a robust and real-time algorithm to demonstrate advanced sensor managements for a selected scenario. Verify the simulation performance by accessing computational time and convergence speed.

PHASE II: Demonstrate the potential and feasibility of the selected algorithm from Phase I in a realistic environment using realistic data from multiple sensors carried by disparate platforms separated in time and space in coordination with government personnel.  Optimize performance of parameters over which a user has control or no control.

DUAL USE COMMERCIALIZATION: Military application: The technology will facilitate continuous surveillance and integrated war-gaming capabilities. It also provides global conditions and events awareness via near real-time monitoring and assessments. Commercial application: Results from this work will apply to future NASA and commercial applications such as inter-satellite communications, sensor web, space and earth science missions.
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1. Cowley, D.C. and B. Shafai, “Registration in Multi-sensor Data Fusion and Tracking”, Proceedings of the American Control Conference, June 1993.

2. Bar-Shalom, Y. and W. D. Blair, Editors, "Multi-target/Multi-sensor Tracking: Applications and Advances," Vol III, Artech House, Norwood, MA, 2000.

KEYWORDS: sensor fusion, sensor behavior assignment, resource allocation

AF071-290 
TITLE: Advanced Miniature Optical Sensors for Space-Based Monitoring of the Ionosphere and Upper Atmosphere
TECHNOLOGY AREAS: Battlespace, Space Platforms

OBJECTIVE: Develop a concept and design for a low-cost, high-sensitivity optical sensor to provide remote sensing of the ionosphere and/or upper atmosphere from space platforms.

DESCRIPTION: The ionosphere and upper atmosphere have considerable impact on a variety of DoD missions, including communications, navigation, surveillance, reconnaissance and space object identification and tracking.  Efforts to understand and forecast conditions in the upper atmosphere and ionosphere have been hampered by the sparsity of data from routine measurements and observations, which are often single points or limited to specific ground stations.  As demonstrated by the Global Ultraviolet Imager (GUVI) and other recent on-orbit optical instruments, optical measurements from space platforms have the potential to provide large quantities of important measurements and revolutionize space weather specification and forecast activities.  This is especially true for sensors that can be made small enough (in terms of size, power, weight and telemetry requirements) and inexpensive enough to allow their inclusion as secondary payloads on a variety of space platforms or to be employed on microsatellites, while retaining the sensitivity required to accurately measure the very low photon fluxes from airglow or other emission sources.

Innovative concepts for space-based optical remote sensing of the ionosphere and upper atmosphere are desired, especially those that can provide two dimensional spatial coverage (horizontal or vertical) with minimal use of moving parts.  Measurement parameters of interest include ionospheric plasma density, plasma density profiles, and thermospheric composition, density, and temperature.  Concepts employing emissions ranging from ultraviolet (UV) through visible and infrared wavelengths will be considered, although it is expected that individual proposals will focus on only a subset of the parameters of interest and a specific spectral region.  Potential space platforms include polar orbiting satellites such as DMSP/NPOES, and equatorial orbiters such as C/NOFS follow-on missions, where cross-track optical data could potentially image both anomaly crests and all plasma bubbles on every orbit.

Successful proposers will demonstrate an understanding of what emission lines or bands are available, what information they carry, what intensities can realistically be expected, and what the limiting factors on the observation would be (daylight, twilight, moonlight, ground illumination, total photon flux, spatial gradients, etc.).  Successful proposals are also expected to evidence thorough understanding of the trade-offs between spacecraft motion, integration time, spatial resolution, line-of-sight integration effects, and signal-to-noise ratios, as well as design features necessary for successful operation in the space environment.

PHASE I: Develop a concept for a low-cost, low-power, lightweight, high-sensitivity optical instrument for remote sensing of the ionosphere and/or upper atmosphere from orbit, including a detailed formulation relating the measured parameter(s) to the target ionospheric or upper atmospheric quantities.

PHASE II: Develop a detailed design for the instrument concept produced in Phase I.  Produce and deliver a realistic software simulation of the instrument and a functioning engineering prototype from the design and perform ground testing to compare prototype performance with the simulation.

DUAL USE COMMERCIALIZATION: Military application: A successful instrument could be expected to find broad application as a secondary payload on a wide variety of DoD spacecraft, including a C/NOFS follow-on mission. Commercial application: A wide range of civilian space weather applications is possible, as expensive research instruments are followed up by less expensive operational sensors on future missions including micro satellites.
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AF071-291 
TITLE: Data Fusion Visualization Development for OCS/DCS SSA Operations
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Develop a Single Integrated Space Picture (SISP) that is an integrated visualization suite for analyzing large heterogeneous data sets generated by varying data fusion techniques. 

DESCRIPTION: The Air Force seeks to develop an integrated data visualization suite to provide information superiority to the warfighter. Domain experts would use the suite to view data relationships, derived from data mining software tool libraries, that are in turn used to derive higher-level information useful to the satellite command center. Viewed data sets would include data-mined data sets (i.e., new relationships, predictive abilities) and fused data sets (i.e., large heterogeneous data sets fused into a consolidated probability of event occurrence).

As an example of this suite applied to Offensive Counterspace (OCS)/Defense Counterspace (DCS), a satellite command center receives notice that tactical satellites may be under attack. They use standard procedures to determine if satellites are being attacked but the results are ambiguous. They implement the suite to view varying data sets from varying sources (mined, fused) to determine refined results of either an anomalous satellite condition or if an attack is taking place.

PHASE I: The contractor will develop a design and demonstrate limited prototype capabilities that show integration of data mining and data fusion visualization techniques from derived heterogeneous data sets. The contractor will also provide a report that documents the design of such a visualization suite.

PHASE II: The contractor will develop and demonstrate the visualization suite using a variety of data sets, both real and simulated, from mined and fused data sources. The demonstration will show domain experts and satellite engineers the applicability of such a suite and its ease of use. 

DUAL USE COMMERCIALIZATION: Military application: The technology developed is targeted as a decision support console for applications requiring a global view of an environment.  In particular the technology is applicable to SSA and DCS operations. Commercial application: The prototype is applicable to commercial satellite operations where visualization of data mining and fusion results is highly desirable in order to obtain a full picture of a particular scenario.
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AF071-292 
TITLE: New Sensing Capabilities for Space Situational Awareness
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop large field-of-view, high-sensitivity infrared, visible and/or ultraviolet sensors or other innovative sensing approaches to detect and track space objects and/or Coronal Mass Ejections (CMEs)

DESCRIPTION: Improved capability for detecting space objects and space environments affecting satellite performance; e.g., satellites, debris, or solar ejecta, requires advances in electro-optical sensing capability. High-sensitivity, low-background infrared (IR) focal plane arrays (FPA) have benefited from recent advances in increased operating temperatures, dualband (mid-wave, (MW) and long-wave infrared (LWIR), and dual-LWIR) capability, and low background optimization.  Ultraviolet FPAs have also progressed, with dark currents lowered to the point that array uniformity is limited by defects in the detector material.  Advances are also required in broadband white light sensing, for the tracking and specification of CMEs, and the detection of proximity objects by reflected light. This tracking of CMEs, both limb and earth-directed, is critical for space weather forecasting. This topic emphasizes development of low-background, thermal IR FPAs with multi-waveband capability; high-sensitivity ultraviolet FPAs, or compact, white light CME and Resident Space Object (RSO) detectors and trackers. The goal is to obtain focal planes exhibiting background limited performance at backgrounds as low as 5E10 photons/cm2–sec in the IR, and ultraviolet FPAs having noise equivalent photon rates fewer than 10 photons per pixel per read, at frame rates in the 30 to 100 Hertz regime. Tracking CMEs in the inner heliosphere requires observing phenomena that are only 0.1% as bright as the background sky. The successful Solar Mass Ejection Imager (SMEI) (Ref. 5) experiment demonstrated that extremely innovative solutions are needed for controlling solar scattered light, both within the baffle structure and within the imaging optical elements. This topic will also consider exploration of innovative approaches such as coherent and incoherent teraherz (THz) for non-imaging sensors in a format that is lightweight, small, fast, low-power, uncooled, cheap, and capable of on-chip preprocessing. 

PHASE I: Explore innovations to improve the sensitivity of detectors or extend the wavelength region; investigate new concepts for sensing, including wide FOV foveal with single pixel sensitivity. Develop/design instrument concepts and model or demonstrate proof-of-concept devices to demonstrate feasibility.

PHASE II: Refine the most promising innovations considered in Phase I.  Develop and fabricate prototype devices and evaluate their levels of performance. Validate models or assumptions through testing with representative light sources (artificial and night sky). Document a potential development path for Phase III commercialization.

DUAL USE COMMERCIALIZATION: Military application: Military applications of detectors include improved space surveillance capabilities, for which the ability to detect faint objects at great distances is critical. Commercial application: Commercial applications include industrial & auto-emission monitoring, tumor detection, environmental monitoring, manufacturing process monitoring & identification of concealed weapons and explosives.
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AF071-293 
TITLE: Local Area Space Situational Awareness (SSA) Optical Sensor System for Satellites
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE:  Develop low cost and highly capable optical sensor systems to provide local area space situational awareness (SSA) to satellites with minimum impact to the host spacecraft bus.

DESCRIPTION:  Current space systems lack the ability to fully understand and characterize the local space environment in a cost effective manner.  The development of small, low cost, highly reliable and capable optical sensor systems that require few spacecraft bus resources may increase the SSA capabilities of satellites.  The desired optical sensor system may be likened to a "space rated security camera" for inspection of objects in the immediate vicinity of the host spacecraft.  Mechanisms for zoom and gimbaled optical are common attributes of grounds based security cameras while atypical for spacecraft.  Desired optical sensor system characteristics include ultra-wide field of view for object detection and zoom for characterization capabilities better than 25 cm spatial resolution at 10 km.  Additionally, continuous focus throughout the zoom, large depth of field and fields of regard greater than 2 pi steradians are desirable for this system.  Proposed optical sensor systems are restricted to the electromagnetic spectrum ranging from ultraviolet to far infrared wavelengths but should provide some combination of exquisite spatial, spectral, radiometric and/or temporal resolution.  The proposed modular optical sensor system should include optics, focal planes, focal plane electronics, data storage, data processing, and command/control/data interfaces.  The total system mass should be less than 5 kg and require less than 5 watts power from the host spacecraft bus.  Finally, the optical sensor system should employ innovative methods of object detection, object tracking and data storage.

PHASE I:  Develop an initial optical sensor system concept design and model key elements of the proposed SSA system.

PHASE II:  Using the results from Phase 1, fabricate and validate a prototype optical sensor system.  Develop a concept of operations (CONOPS) and modeling/simulation of the proposed optical sensor systems’ on-orbit performance.

PHASE III:  Fabricate and fully test a flight worthy optical sensor system to a protoflight level.

DUAL USE COMMERCIALIZATION:  Military application:  Optical sensor systems of this nature may be used to monitor the local space environment of a high value asset satellite and inspect close-proximity resident space objects (RSO's).  Commercial application:  Optical sensor systems of this quality may be used in austere environments where little or no human maintenance is practical.
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AF071-294 
TITLE: Advanced Spacecraft Thermal Management Technologies
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Develop and validate advanced thermal control technologies for space vehicle applications ranging from nanosats to very large, high-power satellites.

DESCRIPTION: Thermal management is quickly becoming a limiting factor for future military satellite systems.  Because of the high cost per pound for launch, the focus of satellite component technology development has been to increase performance while decreasing mass and size.  As a result, the power density of most spacecraft has significantly increased.  In addition, there are new missions that the DoD would like to perform that are limited by the thermal performance of the system.  For these reasons, the Air Force is actively pursuing critical advances in satellite thermal management.  There are three specific technology challenges that are of interest: 

1.  Reconfigurable Thermal Networks:  Currently, the design, integration, and testing of the thermal control system (TCS) requires years to complete and is a leading contributor to satellite development time.  Because of the long design lifetime and the rapid evolution of technology, satellites are obsolete before they are even launched.  As a result, the Air Force is interested in technologies that will significantly reduce design time by taking advantages of advances in microelectronics, adaptive control theory, responsivonics (responsive avionics for spacecraft) and other fields.  The goal is a reconfigurable TCS that can be tailored on the fly to the needs of the satellite, the mission, and the space environment. 

In addition to the reconfigurable TCS, we are interested in new insulation technologies.  The current state-of-the-art is Multi-Layer Insulation (MLI), which is fragile, requires hours of touch labor and is both difficult to design and quantify in performance.  To that end, we are interested in advanced or reconfigurable insulation technologies that eliminate the disadvantages of MLI.

2.  Advanced High-Power Deployable Radiators:  With advances in solar cell technology and the miniaturization of electronics, new high-power nano- and small satellite concepts have insufficient radiator area.  Therefore, high-power deployable radiator concepts that provide efficiencies on the order of 5 kg/kW are of interest. Concepts under consideration include deployable radiators with very high thermal conductivity and compaction ratios.

3.  High Conductance Thermally Stable Panels and Structures:  Finally, future high-power communication, processors, solid-state laser, and other components are expected to have very high heat rates.  For these applications, panels with a thermal conductivity on the order of 100 W/cm2 are needed.  Also, thermal stability will be important for these components because of their requirements for high precision and to alleviate thermal stresses.  In addition to high-power components, thermal stability is important for large optical and radio frequency (RF) systems.  For these systems, degradation caused by thermal deformation is a significant contributor to the degradation of optical and RF signal quality.  As the size of optical and RF apertures continues to increase, eliminating thermal deformation becomes critical to achieve the full performance of the system.  Technologies are needed to improve the thermal stability of these systems from one end of the structure to the other to within fractions of the wavelength of interest.    

Achieving these challenges will enable a wide range of missions critical to the warfighter. 

PHASE I: Develop conceptual designs of the hardware based on preliminary analysis. Perform sufficient hardware development and testing to verify system requirements can be met. Proof-of-concept experiments shall be conducted to indicate the practicality of the design in meeting requirements and objectives. 

PHASE II: Demonstrate the technology identified in Phase I.  Tasks shall include, but are not limited to, a detailed demonstration of key technical parameters that can be accomplished and a detailed performance analysis of the technology.  A subscale demo is acceptable, but a full-scale demo is encouraged.  Also, model validation testing, a detailed evaluation report, and recommendations are required.

DUAL USE COMMERCIALIZATION: Military application: Advanced thermal management technologies are applicable to all military spacecraft.  Decreasing system mass while increasing component performance is critical for virtually all missions. Commercial application: Potential commercial applications for reconfigurable thermal management include aircraft, automobile, microelectronic applications, or any sector where high power densities are required.
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AF071-302 
TITLE: Radiation-Hard, High-Precision, Agile Star Tracker
TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Investigate schemes and technologies and/or develop a concept design for a star tracker that will provide an increased level of space environment radiation resistance for SBIRs High, SBSS, and STSS.

DESCRIPTION: Current state-of-the-art star trackers exhibit a susceptibility to damage from space environment radiation and may be incapable of surviving the natural radiation environment for the projected design-life of Space-Based Infrared Systems (SBIRS) High, the Space-Based Surveillance System (SBSS), and the Space Tracking and Surveillance System (STSS). The desire is for continued, high performance following accumulation of 300 kRad (Si) of dose (proton and ionizing). Additionally, the current trackers have problems maintaining high precision during a spacecraft slew.

The projected radiation environment for these devices is 300 kRad(Si) total dose (proton and ionizing radiation) over the expected mission life. The device design goal is to minimize total degradation to < 30% in star tracker performance from beginning-of-life values (i.e., End of Life > 0.70 * Beginning of Life performance). The end-of-life performance goal is to provide inertial pointing measurement error of < 1 arc-second. In addition to radiation, other space environmental effects, like extreme temperature fluctuations, must be tolerated while providing required performance. 

Detector/focal plane arrays are also subject to damage by the space environment. Significant past efforts, as well as on-going research, have accomplished much in terms of quantifying the damage extent, morphology, phenomenology and sensor lifetime associated with radiation effects to Charge-Coupled Device (CCD) arrays. CCD-based, or other sensors such as Complementary Metal-Oxide Semiconductor (CMOS) active pixel sensor devices or visible band Positive-Intrinsic-Negative (PIN) hybrids, that exhibit increased resistance to space environment radiation damage effects are highly desirable.

Also sought in this solicitation is the development of an agile star tracker that can continue to operate at “track” rate slews up to 2 degrees/second while tracking. This will require either a “lost in space” feature to rapidly recover from higher rate “acquisition slews” when the star tracker will be unable to operate, or an ability to acquire data from onboard gyros to provide an initial estimate of position upon completion of the acquisition slew and system transitions to track rate slews when the star tracker will have to operate again.

This solicitation is broad based, from architecture changes to components to full systems. Specifically sought are new and innovative schemes and technologies that involve modified production processes, improved or new materials, altered chip packaging, unique sensor types or designs, or other innovative options that will increase the intrinsic resistance of star tracker sensors to ionizing radiation damage. Increased performance during spacecraft slew is highly desirable.

Any proposal submitted must focus on one specific area: the detector/focal plane/sensor; OR an integrated unit. An offeror may submit multiple proposals, either in one area or in multiple areas. 

Significant improvements to radiation and thermal adherence durability of antireflective treatments over those currently used for star tracker optics are required. The contractor shall demonstrate these improvements over repeated thermal excursions from –65 to +65 degrees Celsius from room temperature. A sound basis must also be shown for the radiation hardness capability of the treatment.

Contractors are strongly encouraged to work with system and payload contractors to help ensure applicability of their efforts and beginning work towards technology transition.

PHASE I: Identify and investigate materials, unique device designs, novel sensor architectures, and/or production processes suitable for star tracker component fabrication, resulting in significant improvement in the intrinsic radiation resistance. A proof-of-concept demonstration is strongly encouraged.

PHASE II: Develop and demonstrate an engineering design unit or full-scale prototype that demonstrates the feasibility and efficacy of intrinsic radiation hardening of star trackers. In Phase II, the contractor is required to have radiation testing performed to verify that hardening to protons and total dose of 300 kRad (Si) is established and damage is minimized. 

DUAL USE COMMERCIALIZATION: Military application: Radiation-hardened star trackers are absolutely essential for a variety of military surveillance satellites, including SBIRS High, SBSS, and STSS. Commercial application: Radiation-resistance star trackers enable commercial satellites to stay operational longer and therefore provide a substantial cost savings to the space industrial sector.
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AF071-303 
TITLE: Simulation Tool to Intercept Multiple Missiles Employing Quick and Random Evasive Flight Path Maneuvers
TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop a simulation tool and supporting algorithms for dispatching multiple interceptors to destroy multiple missiles which are capable of randomly changing flight paths on approach to target.

DESCRIPTION: Develop a simulation tool which accurately represents a variety of defensive missile scenarios and military operations and utilizes an efficient computational algorithm to quickly and effectively analyze and integrate flight path data for missiles that are specifically designed to elude interceptors via quick and random flight path changes while approaching target. The challenge is to develop the capability for an in-flight integrated intercepting strategy for multiple interceptors tasked with destroying multiple adversarial missiles as quickly as possible while minimizing the loss of fuel, since the missiles will purposely elude interception for as long as possible to maximize the resources consumed by the interceptors. Key elements of this tool should include search-surveillance-engage modes, formation control and reconfiguration, information exchange, resource management, and flight path data fusion. The development of the proposed technology should also account for realistic constraints on the movement of the interceptors, such as minimum turning radius and maximum velocity, so that issues of coordination and cooperation among the interceptors are addressed. In addition, sets of assumptions and technology enablers used in the development of the simulation tool should be clearly specified. 

PHASE I: Establish the feasibility of an innovative intercepting strategy composed of mission planning, sensor resource management, and time critical response management for a scenario which has less number of interceptors than that of missiles; missiles maneuvering in endo- and exo-atmospheric fields; target engaging with realistic propagation models; and different deception and decoy schemes.

PHASE II: Develop a prototype demonstration of technology that can be used to represent a large class of missile defense scenarios and air/space traffic operations. A proof-of-concept should be able to assess performance and utility of different intercepting strategies via their effectiveness, computational time and convergent speed.

DUAL USE COMMERCIALIZATION: Military application: The technology not only supports several military operations including missile defense, war-gaming, and space persistent patrol, but also provides a global warfighter decision-making tool as well. Commercial application: The results of Phase II can also be applicable to a variety of commercial applications such as air traffic control, track/geo-locate and network routing.

KEYWORDS: Multi-Agent Systems, Cooperative Control, Mission Planning, Resource Management, Response Management, Distributed Sensing, Swarming

AF071-308 
TITLE: Parent Metal Restoration
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a process to apply a low temperature, minimum detrimental thermal stress deposition method capable of depositing dense coatings onto metal surfaces without needing surface preparation.

DESCRIPTION: A cold gas dynamic spray can deposit metal powders at temperatures of 500F to 1000F, or hundreds of degrees below their melting points while current thermal spray methods require the melting of metal powders.   Low processing temperatures avoid problems with both the coating itself and the substrate.  With the coating, low temperatures help prevent the formation of brittle metallic oxides that can compromise the coating interface.  With the substrate, low temperatures can head off thermal stresses that diminish the fatigue strength of the finished component. Examples of parameters of interest are Tungsten carbide-Cobalt (WC-Co) and Chromium carbide - NiCr powders to Titanium and Nickel based substrate.

PHASE I: Research and identify an innovative approach in the development of a proof of concept of a process which meet the defined parameters stated above. Determine technical feasibility and provide description and or demonstration of technology. 

PHASE II: Provide a pilot production process incorporating the technology documented in phase I and test the results in a depot shop. Document results and report on findings.

DUAL USE COMMERCIALIZATION: Military application: The potential military applications for this technology include both the manufacture and repair Gas Turbine Engine (GTE) components for existing and advanced fighter, bomber and helicopter engines. Commercial application: The potential commercial applications include manufacture and repair GTE components in commercial aircraft.
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AF071-309 
TITLE: Wheel Chock improved design
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To provide a significantly improved aircraft wheel chock that meets the MIL-PRF-32058 Type II Class A, B and C requirements.  The end product will be a fully approved and tested non wood wheel chock.

DESCRIPTION: The currently accepted Wheel chock in use at most USAF facilities is one that is defined by a 1949 Air Force drawing. This Wheel chock is made of wood which routinely chips, cracks, and becomes waterlogged, and is a source of Foreign Object Debris (FOD). A Military specification was written by the Air Force focal point for this type of equipment at WR-ALC for a non-wood wheel chock, but suppliers have experienced difficulty manufacturing a product that can meet all of the specification’s requirements.  The main problem is that of designing a product that is hard enough to withstand the force applied by large aircraft, but still sufficiently grip a variety of parking surface and still not be too soft or deformable so as to allow its easy removal from beneath an aircraft tire. The design specification should be written to provide performance criteria for a superior product that meets all necessary physical requirements of a multitude of USAF aircraft.  Successful completion of this SBIR effort will significantly improve aircraft chocking safety for every USAF operational squadron.

PHASE I: This will provide a design specification to improve the current USAF wheel chock.  The data will be provided by some of the following:  empirical results from performance testing, numerical analysis, materials analysis, finite element analysis, or benchmarking of existing similar designs.

PHASE II: Phase II will consist of both operational and performance testing for prototype chocks.  Operational tests will be for military aircraft. The contractor will finalize documentation of design and performance parameters and provide them for inclusion in MIL-PRF-32058.

DUAL USE COMMERCIALIZATION: Military application: Aviation wheel chocks are widely used across the entire US Air Force.  An improved non-wood wheel chock will provide all users with a safer and more cost effective alternative to the wooden product. Commercial application: Aviation wheel chocks are widely used by commercial aviation industries.  An improved non-wood wheel chock will provide users with a safer and more cost effective alternative to the wooden product.

REFERENCES: 

1. MIL-PRF-32058 - Performance Specification Chock

2. Wheel-Track - Aviation

3. Adjustable Rope Type, 18 June 2003

KEYWORDS: chock, wooden, MIL-PRF-32058, maintenance, flightline, safety, aircraft, support

AF071-313 
TITLE: Windscreen Shielding Integrity Monitor
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop a system for in situ monitoring of the shielding integrity of windows and windscreens on electromagnetically hardened aircraft.  

DESCRIPTION: Aircraft that are hardened against the effects of nuclear electromagnetic pulse (EMP), high power microwaves (HPM) or other high intensity radiofrequency (HIRF) environments have electrically conductive screens built into the windows that must be monitored in order to maintain the shielding integrity and battle readiness of the system.  Current procedures using external antennas and sensors require the aircraft to be specially configured in order to make the measurement.  This is time consuming, and often difficult to do at an operating base during bad weather.  This effort is to design and demonstrate a system with sensors that can be built into the aircraft so that only the placement of an external antenna or transmission line is needed to make the measurement.  This will allow the hardness of the airframe to be monitored more easily and will save both time and money.  

PHASE I: Perform an initial design and brassboard demonstration of a shielded window monitoring system.  

Develop an initial commercialization concept and plan.  

PHASE II: Design and build a prototype system.  Demonstrate the accuracy of the system by comparing it to other measurement techniques currently being used.  Develop a business and commercialization plan for a Phase III engineering development and marketing program.   

DUAL USE COMMERCIALIZATION: Military application: Military uses of this technology include hardness surveillance of shielded windows and doors on military aircraft and shielded door gaskets in communications facilities. Commercial application: Civilian sector applications include monitoring of the doors in shielded rooms and communications facilities.

REFERENCES: 

1. C.E. Baum, “A Spiral-Transmission Line Technique for Detecting Slot Apertures in Shield Enclosures,” Measurement Note 37, Air Force Weapons Laboratory, Kirtland AFB NM, December 1987.  

2. C.E. Baum, “Monitor for Integrity of Seams in a Shield Enclosure,” IEEE Trans. On EMC, Vol. 30, No. 3, Aug 1988, and Measurement Note 32, Air Force Weapons Laboratory, Kirtland AFB NM 87117. 

3. C.E. Baum, “Monitor for Integrity of Doors in a Shielded Enclosure,” Measurement Note 36, Air Force Weapons Laboratory, Kirtland AFB NM, Nov 1987.  

4. C.D. Taylor, F. Marcum, and W.D. Prather, “On Using a Sense Wire to Quantitate the Magnetic Flux Leakage Through an Aperture in an Electromagnetic Shield,” IEEE Trans. on Electromagnetic Compatibility, Vol. 31, No. 4, November 1989 and Measurement Note 38, AFWL, November 1989.  

5. W.D. Prather and C.D. Taylor, "Verification of the EMP Hardening of Aircraft Windows and Doors," Hardness Surveillance Memo 2, Air Force Weapons Lab, Kirtland AFB NM, June 1987.  

KEYWORDS: electromagnetics, directed energy, shielding effectiveness, shielding integrity, monitor  

AF071-317 
TITLE: Development of Pulse Water Strip of Tungsten Carbide HVOF Coatings and Chrome Plating on Landing Gear Components
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Demonstrate improved and environmentally friendly stripping process for HVOF tungsten carbide coatings and chrome plating on Landing Gear components utilizing pulse water strip processing.

DESCRIPTION: Landing gear components are typically chrome plated for wear and corrosion protection, and has been or is currently being replaced with HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings.  Chrome plating and tungsten carbide HVOF coatings have no visual differences; hence identification of the style of finish is a concern for overhaul and rework processing.  The stripping techniques for both of these processes require different methods of electro-chemical wet baths and have no affect if used for the incorrect finish (i.e. HVOF strip will not strip chrome and vice versa).  In addition, these existing stripping processes have a number of processing concerns, such as environmental concerns, relief bake requirements, potential arc damage in the stripping tanks and long strip processing times.

Pulse water stripping of either chrome plating or tungsten carbide HVOF coatings would eliminate the identification problem of which strip process to utilize at rework and overhaul, reduce process times, eliminate any relief bakes, eliminate the possibility of arch damage and provide an environmentally friendly process that is easily filtered for waste disposal.   

PHASE I: Demonstrate the feasibility of stripping both chrome plating and HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings on landing gear component alloys.  

PHASE II: Further develop, optimize and implement the approach from Phase I and demonstrate the process improvements by manufacturing multiple development & test articles designed in Phase I.  Mechanical & environmental properties as well as process techniques will be optimized and validated.  Landing Gear alloy qualification testing and actual part strip testing will be conducted

DUAL USE COMMERCIALIZATION: Military application: Multiple uses for both military and commercial landing gear applications.   Any aircraft currently utilizing chrome plating or HVOF tungsten carbide coatings will have applications for this approach. Commercial application: Multiple uses for both military and commercial landing gear applications.   Any aircraft currently utilizing chrome plating or HVOF tungsten carbide coatings will have applications for this approach.

REFERENCES: 

1.  MIL-STD-871, Stripping Procedures.

2. Air Force Drawing 200310641, Coatings, Tungsten Carbide in High Strength Steel High Velocity Oxygen/Fuel Process

KEYWORDS: Landing Gear, chrome, HVOF, pulse water strip.

AF071-318 
TITLE: Development of Castings for Landing Gear aluminum forgings
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Demonstrate improved landing gear components designed for, and produced with, high performance casting processes.

DESCRIPTION: Many landing gear components are manufactured from 7000 series aluminum forgings.  In landing gear structures where high strength, and low cost is desired, 7000 series aluminum forgings are commonly used. Although forgings allow low weight structures and high performance, the cost and associated logistics lead time are significantly greater than castings. New casting alloys with sufficient mechanical properties are entering the market that may offer a performance advantage over the forged 7000 series baseline.  Some of these alloys also have greatly improved corrosion resistance, and would be far more durable in service; two key issues that necessitate periodic depot maintenance (PDM).  Additionally, current casting processes are available that negate the defect issues that plagued cast components in earlier years.  If these technologies are combined and demonstrated successfully, the result would be an aircraft landing gear components with potentially improved performance (weight & operating envelop), lower costs, far shorter logistics lead time, and maintenance-free for it’s service life.  The positive impact to logistics supportability for these landing gear components would be significant.

PHASE I: Demonstrate the feasibility of producing aircraft landing gear components from a casting process, using an existing component design; reconfigured, structurally modeled and analyzed using modern casting alloys.

PHASE II: Further develop, optimize and implement the approach from Phase I and demonstrate the performance improvements by manufacturing multiple development & test articles designed in Phase I.  Mechanical & environmental properties will be optimized and validated.  Aircraft qualification testing, and on-aircraft service evaluations will be conducted.

DUAL USE COMMERCIALIZATION: Military application: Multiple uses for both military and commercial aircraft landing gear applications.   Any aircraft currently utilizing forged aluminum landing gear components will have applications for this approach. Commercial application: Multiple uses for both military and commercial aircraft landing gear applications.   Any aircraft currently utilizing forged aluminum landing gear components will have applications for this approach.

REFERENCES: 

1. AS8860 : Landing Gear Structural Requirements as Listed in the MIL-886X Series of Specifications

2. MIL-A-8860 General Specification for Airplane Strength and Rigidity

3. MIL-A-8861 Airplane Strength and Rigidity Flight Loads

4. MIL-A-8862 Airplane Strength and Rigidity Flight Loads: LANDPLANE LANDING AND GROUND HANDLING LOADS

5. MIL-A-8864 Airplane Strength and Rigidity Flight Loads

KEYWORDS: Aircraft, landing gear, casting, logistics.

AF071-320 
TITLE: Development of Cad Plating Replacement with Zinc Nickel on High Strength Steel Components
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Demonstrate improved and environmentally friendly zinc nickel plating for cadmium plating replacement on high strength steel aircraft components such as landing gear.

DESCRIPTION: Landing gear components are typically cadmium plated for corrosion protection.  Cadmium plating’s EPA emission requirements are scheduled to be further restricted to a level that requires the cadmium plating process to be replaced or its use drastically reduced over the next few years.  Hill AFB Depot is the largest user of cadmium plating in the Air Force.  A new Zinc-Nickel plating is an environmentally friendly process that has excellent corrosion resistance that may meet and/or exceeds that of cadmium plating.  In addition it can be used in all locations that cadmium plating is currently applied so it would be a direct drop in replacement once fully qualified at the Hill AFB depot.  

PHASE I: Demonstrate the feasibility of replacing cadmium plating with a new Zinc-Nickel plating on high strength steel aircraft components.  

PHASE II: Further develop, optimize and implement the approach from Phase I and demonstrate the process improvements by manufacturing multiple development & test articles designed in Phase I.  Mechanical & 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.

DUAL USE COMMERCIALIZATION: Military application: The Zinc-Nickel plating process concept will have multiple uses for military aircraft applications (especially landing gear). Alternate application for cadmium plating. Commercial application: The Zinc-Nickel plating process concept will have multiple uses for commercial aircraft applications (especially landing gear). Alternate application for cadmium plating.

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

KEYWORDS: High strength  steel, cadmium, Zinc-Nickel

AF071-321 
TITLE: Vynyl Ester Resins Without Volatile Organic Compounds (VOCs)
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a process by which vinyl ester resins (VERs) that are free of VOCs can be produced and utilized to develop composite materials for use in composite structures. 

DESCRIPTION: VERs are used in many structural composites because they are easily processed and produce durable finished products with excellent structural properties. However, commercially-available VERs contain between 30-50% styrene monomer. During the curing of vinyl esters, the formation of styrene and acrylate ester copolymers produces the desirable matrix properties. However, the presence of the styrene monomer is problematic for two reasons: it is a source of volatile emissions during processing, and the finished composite material is very susceptible to fire and burns with a soothy flame. 

It is proposed that removal of styrene and replacement with a suitable unsaturated molecule could produce a VER without these drawbacks. Monomers with reduced volatility such as (di)acrylate, hydroxyalkyacrylates, and fumarates could be chemically combined with inorganic molecules like phosphates, borates, silicates (i.e. siloxy), or aluminates to provide a suitably low-viscosity mixture without volatiles, thereby greatly reducing flammability.

PHASE I: Design new process by which VOCs can be eliminated in the production and use of VERS. A feasibility study will be required for this phase’s completion. 

PHASE II: Develop and test a cost-effective manufacturing process to construct commercially viable composite structures without having VOCs present in the VERs. Also, conduct structural analyzes by computerized simulation and construct a prototype composite structure to ensure the structure will meet or exceed air force requirements. 

DUAL USE COMMERCIALIZATION: Military application: Raw composite material will be able to be created without the hazard and negative environmental impacts associated with working with VOCs. Commercial application: Commercial users and manufacturers in that composites will be able to be created without the hazard and negative environmental impacts associated with working with VOCs.

REFERENCES: 

1. ASTM WK3368, Practice for Field and Laboratory Emission Cells for the Determination of Volatile Organic Emissions from Indoor Materials/Products. Website http://www.astm.org 

2. ASTM D7029-04, Standard Test Method for Determination of Reactivity of Unsaturated Polyester & Vinyl Ester. Website http://www.astm.org

3. ASTM D4398-02, Standard Test Method for Determination the Chemical Resistance of Fiberglass Reinforced Thermosetting Resin. Website http://www.astm.org

KEYWORDS: Composites, Volatile Organic Compound (VOC), Vinyl Ester Resin (VER), Composites, Low Cost, Structures 

AF071-322 
TITLE: Development of Nanosteel Chrome Replacement HVOF Coatings on High Strength Steel Components
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Demonstrate improved and environmentally friendly amorphous  nanosteel High Velocity Oxygenated Fuel (HVOF) coating for chrome plating replacement on high strength steel components.

DESCRIPTION: Landing gear components are typically chrome plated for wear and corrosion protection, and have been or are currently being replaced with HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings.  Chrome plating’s hexavalent EPA emission requirements are scheduled to be restricted in January 2006 to a level that requires the chrome plating process to be replaced or drastically reduced.  Tungsten carbide HVOF coatings, while environmentally friendly, have spallation concerns when stress levels approach 80% of the substrate’s yield strength and the cost of the powders have nearly doubled over the past year and are steadily climbing due to limited resources.  HVOF tungsten carbide coatings also require diamond grinding wheels to finish grind as well as aluminum oxide coatings for base metal grinding therefore creating an undesirable equipment changeout during the overhaul process   Nanosteel chrome replacement coatings have the same basic material properties as the substrate, high strength steels, exhibit no visual differences when finish ground from chrome or tungsten carbide coatings, have excellent wear and corrosion characteristics and due to their bending modulus properties should eliminate any spallation concerns.  The current price for manufacturing the nanosteel chrome replacement powder is much lower than the cost of tungsten carbide powders and utilizes the same processing equipment.  The nanosteel coating also may be base metal and final process ground using standard aluminum oxide wheels, which are much less costly than the diamond wheels needed for tungsten carbide coatings and the hassle of changing wheels during the overhaul operation is eliminated. 

PHASE I: Demonstrate the feasibility of replacing chrome plating and HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings with nanosteel HVOF coatings on high strength steel aircraft components.  

PHASE II: Develop, optimize & implement the approach from Phase I & demonstrate the process improvements (such as aluminum oxide coating grinding) by manufacturing multiple test articles designed in Phase I.  Mechanical & 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.

DUAL USE COMMERCIALIZATION: Military application: Any aircraft currently utilizing chrome plating or HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings will have applications for this approach. Commercial application: Any aircraft currently utilizing chrome plating or HVOF tungsten carbide (WC-Co and WC-Co-Cr) coatings will have applications for this approach.

REFERENCES: 

1.  MIL-STD-871, Stripping Procedures.

2. Air Force Drawing 200310641, Coatings, Tungsten Carbide in High Strength Steel High Velocity Oxygen/Fuel Process.

3. MIL-STD-866, High Strength Steel and Chrome Plate Grinding.

4. Air Force Drawing 200310642, Grinding, High Velocity Oxygen/Fuel Sprayed, Tungsten Carbide Coatings.

5. MIL-S-1501, Chrome Plate

KEYWORDS: High strength  steel, chrome, HVOF, tungsten carbide, nanosteel, chrome replacement, HVOF coating

AF071-324 
TITLE: Corrosion Protection via Hydrophobic Coatings
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop materials and procedures to improve corrosion protection and abrasion resistance of aircraft support equipment using coatings containing ultrahydrophobic nanoparticles.

DESCRIPTION: The Air Force, as well as the Department of Defense (DoD), requires new materials and treatment processes to improve the corrosion protection of a large variety of items, including aircraft support equipment.  Operations and equipment in portions of South West Asia (SWA) are particularly prone to corrosion problems due to a large concentration of corrosion causing, or corrosion accelerating, ions in the soil.  Coastal areas, areas of high humidity, recurring fog, and overnight condensation provide the moisture to extract the soluble ions that develop electrolytes necessary for corrosion initiation and propagation.  The abrasiveness of the soil in SWA also exacerbates the problem by degrading protective coating materials by erosion.  Currently, items are coated with thin films of barrier materials to prevent the ingress of water.  After treatment the resultant films lack sufficient wear reduction and corrosion protection properties. 

Recently, novel ultrahydrophobic materials were identified at the Air Force Research Laboratory (AFRL).  These materials utilize micro- and nano-structured surface roughness, in combination with surface chemistry, to produce ultrahydrophobic surfaces.  With application of these materials to a variety of metallic surfaces, the DoD could formulate a more water-resistant coating in order to enhance corrosion protection and abrasion resistance of support equipment surfaces.

PHASE I: Develop new materials and application processes to generate ultrahydrophobic materials in a cost-effective manner.  Characterization of the materials for corrosion protection and abrasion resistance is desired, but not mandatory.

PHASE II: Down select to the most promising materials that can be easily applied and are long-lived.  Prepare samples of support equipment coatings and evaluate the corrosion protection and abrasion resistance.  Evaluate effectiveness and lifetime of the new coatings.

DUAL USE COMMERCIALIZATION: Military application: New water repellent treatments that could be placed on metal surfaces on all DoD equipment. Commercial application: New water repellent treatments that could be placed on metal surfaces will have an extensive market in several industries, including the automotive and construction industries.

REFERENCES: 

1. Final Technical Report, Contract # F09650-03-D-0001, D.O. 5009

2. Mabry, J. M.; Vij, A.; Viers, B. D.; Grabow, W. W.; Marchant, D.; Ruth, P. N.; Vij, I. “Hydrophobic Silsesquioxane Nanoparticles and Nanocomposite Surfaces.", ACS Symposium Series, The Science and Technology of Silicones and Silicone-Modified Materials, Clarson, S. J.; Fitzgerald, J. J.; Owen, M. J.; Van Dyke, M. E. (Eds.), 2006, in press.

3. Zhai, L.; Cebeci, F. C.; Cohen, R. E.; Rubner, M. F. ”Stable Superhydrophobic Coatings from Polyelectrolyte Multilayers” Nano Lett. 2004, 4,1349.

4. Yüce, M. Y.; Demirel, A. L.; Menzel, F. “Tuning the Surface Hydrophobicity of Polymer/Nanoparticle Composite Films in the Wenzel Regime by Composition” Langmuir, 2005, 21, 5073.

KEYWORDS: corrosion, abrasion, ultrahydrophobic, nanoparticles, POSS, water repellent

AF071-325 
TITLE: Improved inspection of Bonded Repairs
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a portable, non-destructive inspection method that can evaluate the strength and condition of a bonded joint for a variety of repair materials and substrates.

DESCRIPTION: The inspection method must detect kissing bonds of bonded joints.  Kissing bonds are those bonds maintaining intimate contact such that sound and heat (typical inspection methods) are trasferred normally but do no actually have a strong, durable bond.  Bonded joints vary in size, repair materials, and substrates.

Kissing bonds are often caused by contamination on the bond line.  When follow-on work is performed to a bad bond of this type, the bond line fails adhesively.  A typical corrective action is to wipe down the surface with MEK.  This verification technique has been verified by in the lab by pull-testing a bonded coupon, but it is impractical for production due to potential damage to the aircraft skin.

PHASE I: Develop and demonstrate a technique capable of assessing the condition and strength of bonded joints in aircraft components.  Demonstrate the proof-of-concept on test articles by determining if there is a kissing bond and the extent of kissing bond. 

PHASE II: Develop a portable system for on-site use. Demonstrate the damage-detection system on actual aircraft structures with bonded joints, and demonstrate that developed software enables identifying the characterization of the defect. Evaluate the efficacy of the damage-detection system by comparing the results with those from conventional testing.  

DUAL USE COMMERCIALIZATION: Military application: All services could use the developed technique to verify strength of new and existing bonded repairs for aircraft and sea-going vessels. Commercial application: Industry could use the technique to verify strength of new and existing bonded repairs for aircraft and sea-going vessels.

REFERENCES: 

1. ASTM-D-4541 Portapull Spec

2. WR-ALC Kissing Bond Test (available Fall 2006)

KEYWORDS: kissing bond, bonded repair, joint, composite, damage

AF071-326 
TITLE: Ambient Temperature-Curable Bond Primer for Bonded Repair
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop an ambient- or low temperature-curable bond primer for aircraft bonded repair application.

DESCRIPTION: A major obstacle in the bonded repair process of airframe members is the ability to perform such repairs in ambient temperature environment.  Currently, the affected members must be heated to a minimum 200ƒ¨F for four hours to cure the primer.  This requirement limits applicability due to 1) the members may act as a heat sink thereby not allowing the repair area to achieve minimal temperature, 2) the area may be confined such that warming blankets or other necessary equipment are unable to reach the repair, and 3) additional disbonding in sandwich structure due to high temperature. 

The minimum threshold for success is a bond primer which cures at or below 180F and has a minimum service temperature of 180F (objective of 350F service temperature).  The objective for success would be a bonding primer with a cure temperature at or below 120F with a minimum service temperature of 180F (objective of 350F service temperature).  Market research shows no primer for this application in this operating range.

Activating agents may be acceptable if they are able to be used in conjunction with the noted limitations and meet environmental standards.

PHASE I: Determine feasibility of proposed bond primer based on USAF requirements and provide data through modeling, simulations, etc. which support decision to proceed.

PHASE II: Demonstration and validation of the ambient temperature curable primer is required in situ or suitable substitute.

DUAL USE COMMERCIALIZATION: Military application: An ambient temperature bond primer would be available for most aeronautical and naval structures currently using bonded repair. Commercial application: An ambient temperature bond primer would be available for most aeronautical and naval structures currently using bonded repair.

REFERENCES: 

1. WR-ALC Process Order ENFA2005-01: General On-aircraft/On-part Grit Blast Sol-gel Surface Preparation Procedure for Adhesive Bonded Aluminum and Titanium Structure

KEYWORDS: bonded, repair, composites

AF071-327 
TITLE: Universal Method of Bonding Steel Repairs to Aluminum Structures
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE:  Develop and validate a method to bond high modulus repairs onto aluminum structure. 

DESCRIPTION:  Bonding of isotropic, high modulus repair materials to aluminum structures are virtually non-existent in today’s Maintenance-Repair-Overhaul (MRO) environment.  The limitations of composites (Low Bearing Strength, reduced Multi-axial load capability) and aluminum or titanium (Low modulus) have either left some requirements unanswered or have increased complexity and cost. Repairs with high multi-axis loading and/or tight geometry (limiting repair thickness) are needed for some applications such as the C-130. Geometry limits the thickness of the repair member and the length available to transfer the load into the repair member.  The required thickness of the repair is determined by the ratio of modulus, and to a lesser extent strength of, the repair material to the original material.  Geometry also requires a sheet metal tolerance level on the thickness of the repair.  Currently we have a verified repair process using Ti-6, AL-4V and Boron uni-tape composite.  Potential cost avoidance would be substantial since typical structures that are candidates for this type of repair (wing planks) have high replacement costs (if spares are even available).  An isotropic, high modulus bondable repair material would be the best solution to this type of damage.  To be effective the following characteristics must be met for the repair.

a. Repair member Young’s modulus greater than 25 msi. (10msi *2.5)

b. Repair member tensile yield strength greater than 90 ksi.    (35ksi*2.5)

c. Repair member tensile ultimate strength greater than 135 ksi. (90ksi*1.5)

d. Repair material must be nearly isotropic

e. Repair material must be able to be fabricated with a thickness tolerance equal to sheet metal tolerances

f. Repair material must be able to be fabricated into complex shapes with edges tapered down 0.020” thick.

g. After installation repair material must be capable of being drilled and reamed for installation of close tolerance fasteners through the repair.

h. Repair material must be capable of being durably bonded to aluminum using adhesives that meet the requirements of MMM-A-132 Type I, class 2 and Mil-A-25463, Type I Class 2.  Specialized surface preparations are acceptable but must have a minimal logistic foot print and must be robust for mil applications.  

Technical Order and SERDP report are available upon request.

PHASE I:  Determine if a combination of repair material, surface preparation, adhesive system, and bonding process are achievable for ensuring durable repairs to aluminum when constraints require a small repair foot print.

PHASE II:  Demonstration and validation of the repair process on aircraft or similar component.  See T.O. 1-1A-1 chapter 8.  

PHASE III DUAL USE APPLICATIONS:  Military application: A bonding repair process for meeting these criteria would be portable to most structural aluminum applications: weather, aeronautical, naval, automotive, or civil.  Commercial application: A bonding repair process would be portable to most aeronautical, naval, and structural applications.

REFERENCES: 

1. FAA Document “PS-ACE100-2005-10038”.  Searchable through www.google.com/unclesam 

2. FAA Document “AC 20-107”.  Searchable through www.google.com/unclesam 

KEYWORDS: bonded, repair, steel, composites, structures

AF071-328 
TITLE: Air Force Self Sufficient Tent
TECHNOLOGY AREAS: Materials/Processes, Human Systems

OBJECTIVE: Identify innovative approaches for providing environmental control and electric power to Air Force BEAR (Basic Expeditionary Airfield Resources) base units. 

DESCRIPTION:  The Air Force (AF) is interested in innovative, integrated, inter-disciplinary system to supporting airmen’s environmental and electric power needs when deployed to remote ‘tent city’ air bases, known as a BEAR base. It is envisioned that heating, air conditioning, lighting, water, electric power, and distributed electric power between tents, could be provided by an integrated approach using novel sources of energy and methods, i.e. solar, thermoelectric, fuel cell or wind, and capable of using JP-8 (aviation kerosene) fuel as required for backup to the alternate energy sources. For example, potable water might be condensed from atmospheric moisture, the HVAC system, a fuel cell, or burner exhaust from a high efficiency thermoelectric generator. Solar powered adsorption refrigeration systems would be in the scope of this project as would tents constructed of smart materials which might serve as photovoltaic or thermoelectric cells or provide heating or cooling via solid absorptive materials incorporated into the fabric. Individual SBIR projects may address an element to the tent system. It is envisioned that each tent be self-sufficient but able to accept or supply power to the base grid as required (distributed power). This system would be an improvement over the current JP-8 fueled heater and grid (diesel powered generator) powered air conditioning system used to heat and cool large (25’ by 75’) tents for housing 25 to 30 airman. Topics will be coordinated with other Department of Defense activities in this research area.

PHASE I:  

Conduct a feasibility study including proof of concept board bread experiments of an innovative element of the self sufficient tent system. Computer simulation of the overall system performance in differing climates and locations would be useful.  

PHASE II:  

Design and build a prototype self-sufficient 25 ft. by 75 ft. tent which will maintain a comfortable indoor environment and 10 kW of electric power.  

PHASE III DUAL USE APPLICATIONS:  

Military application: A self sufficient tent would find many applications in the commercial world for example providing disaster relief housing, remote scientific-study locations, etc. Commercial application: A self sufficient tent would find many applications in the commercial world for example providing disaster relief housing, remote scientific-study locations, etc.

REFERENCES: 

1. http://www.globalsecurity.org/military/systems/aircraft/systems/bear.htm

KEYWORDS: tent, disaster, BEAR, expiditionary 

AF071-338 
TITLE: Digital Schlieren Photography
TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE:  Develop digital Focusing Schlieren photography to replace film-based techniques to optically record high reslution images of rocket sleds and their test articles at velocities up to 11,000 feet per second.  Capability must be rugged enough for fielding outdoors.

DESCRIPTION:  The Holloman High Speed Test Track (HHSTT) uses film-based image motion compensation photographical techniques to create Focusing Schlieren photos of high speed rocket sleds.  Since film processing and film manufacturing continue to be phased out, this capability needs to be replaced by digital cameras.  Current state-of-the-art digital cameras are sufficient to replace HHSTT framing cameras, but the Schlieren cameras have several requirements that will require new developments.  Existing CMOS digital cameras typically move 2 gigapixels/second of data from a staring array of pixels (e.g. 1024x1024).  To obtain Schlieren photography a 3000x1 array will be required to meet the 0.05" resolution requirement.  To obtain this resolution on a Mach 10 rocket sled will require 8 gigapixels per second.  Further, current CMOS chips require about 2 microseconds of exposure time for color applications; there is only 300 nanoseconds of exposure time available if our resolution requirement is to be met.  Finally, the project must also develop the software to recreate an image from the linescan data.  There is some possibility that the requirement for digital Focusing Schlieren photography at very high speeds and high resolution may be met be an approach other than line scan technology and we will evaluate those proposals on their feasability as well.

PHASE I:  Design an ultra high speed digital focusing Schlieren camera which can be fielded outdoors at the HHSTT.  The design will provide vertical and horizontal resolution of at least 0.07" with a goal of 0.05" while imaging a rocket sled at 11,000 feet per second.  

PHASE II:  Build and demonstrate a prototype digital focusing Schlieren camera at the HHSTT on an actual rocket sled test.  Validate the camera function, evaluate its resolution and exposure (and thus velocity) limitations, and validate the software required to create digital images from the line scan camera or other digital technique.  Demonstrate the remote operation of the camera.

DUAL USE COMMERCIALIZATION:  Military application: wind tunnel testing; Commercial application: improved manufacturing via high speed line scan of products on assembly lines

REFERENCES: 

1. Focusing Sclieren Photography at the Holloman High Speed Test Track, Leonard Weinstein and David Minto, 22nd International Congress on High-Speed Photography and Photonics.

KEYWORDS: Schlieren, Focusing, Digital high speed photography, line scan, aeroshock imaging, 

AF071-340 
TITLE: Polarization Projection Control for Space Simulation Chambers 
TECHNOLOGY AREAS: Sensors, Electronics

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

OBJECTIVE: To produce polarization control of projection systems in space sensor test chambers.  

DESCRIPTION: Polarization of radiation from space objects is an important discriminator for space defense systems that view threats or are engaged in space situational awareness (SSA) activities such as satellite health monitoring.  This characteristic is important in the infrared (IR) through the ultraviolet (UV) regions of the electromagnetic spectrum.  The simulation of polarized scenarios would greatly enhance the ground test capabilities that are needed to test space systems that support the communications and surveillance infrastructure in space.  A perfect blackbody would have random (equally weighted) polarization characteristics, but paints, coatings, and other surface control features can introduce polarization on the radiation emanating from space objects.  In the space chambers, current space simulation projectors do not have the capability to control polarization for individual objects in the field of view (FOV) of the sensor under test (SUT). In addition, the use of beam combiners, mirrors, and other optical materials in a test chamber causes the nominally unpolarized radiation from projection sources to be polarized so that it reaches the SUT with a total system-induced polarization.  The SUT many times has a multiple-band sensor system that uses beam combiners and also has an intrinsic polarization introduced into the radiation from the objects that it must detect and discriminate against.  The projection system that simulates the space target must employ polarization manipulation in some form or have some other means of compensating for the energy losses caused by the polarization sensitivity of the SUT.  Output must be in the mid-wave infrared (MWIR) and long-wavelength infrared (LWIR).   The development and demonstration of a concept that can operate under a cryo-vacuum environment (10-7 Torr pressure and 20 Kelvin temperature) and provide independent control of polarization for multiple targets is required. 

PHASE I: Demonstrate a polarization control concept that can operate under a cryo-vacuum environment and provide independent control of polarization for multiple targets (e.g., a 5x5 array). 

PHASE II: Develop and demonstrate a prototype polarization control system capable of controlling polarization of a 512 x 512 array of objects with a pixel size less than 50 microns and switching time (to refresh projection) of less than one (1) millisecond.

DUAL USE COMMERCIALIZATION: Military application: These polarization control devices can be used for test applications and potentially for radiometric modification of space system characteristics. Commercial application: PRIVATE SECTOR COMMERCIAL POTENTIAL: Polarization control devices should be very useful and desirable in the delivery and testing of advanced space systems. 
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AF071-341 
TITLE: Computer Controlled Bore Shaping Hone
TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop an automated system with real-time active control for honing smooth bore tubes.

DESCRIPTION: An automated honing system with real-time active control is required to hone long tube bores up to 200 feet with various shapes of a taper. The system will be given the required diameter profile for the tube to be honed. The system must incorporate an in situ, active, diameter measurement for real-time automated feed-back control of the hone head diameter as the hone is passed through the bore. Space outside the tube is generally limited to 100 feet. Therefore, the system must have the capability to add rod length to hone tube up to 200 feet. Previous approaches utilize drive rods which can sag over the length of the bore and may introduce honing asymmetries. The system must be developed for tube bore sizes from 3.0 to 8.0 inches in diameter and lengths up to 200 feet.  The tubes are threaded together at regular intervals, typically 30 feet.  The use of corrosive electrolytic fluids that may seep into the threaded joints during honing is not permissible.  It is desirable to shape the bore with taper ranging from 0.0 - 0.150 inches over their lengths.  The system (with interchangeable heads for the different bore diameters) should have the bore measurement device built into the hone head to provide feedback to a control system for full automation of the honing process. The prototype system should be rugged, reliable, robust capable of daily honing operations to maintain the taper as the bore diameter grows over time. Bore taper is a major factor in controlling the balloting of high speed projectiles as they move down long bores and balloting leads to structural failure. This system would dramatically increase the performance reliability of existing systems because the barrel taper could be customized for each launch as required. Currently the taper process is done manually in discrete steps and it takes approximately 2 weeks. The automatic prototype developed here should reduce the process time by a factor of 4 and yet provide improved bore smoothing (no steps). In addition the daily maintenance operation would also see improvements.  

PHASE I: Demonstrate the taper honing concept in a 20-foot length of steel tubing with a bore of up to 4.0 inches diameter.

PHASE II: Develop and demonstrate an automated prototype honing system.

DUAL USE COMMERCIALIZATION: Military application: The honing device will find applications in the precision honing of gun barrels for light gas guns. Commercial application: This honing device will have commercial application in the precision machining of short and long tubular products.

REFERENCES: 
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AF071-344 
TITLE: Configurable Dynamic Strain System 
TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics

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

OBJECTIVE: Develop an on-board high-throughput 24-channel data acquisition system for turbine engine strain measurements.

DESCRIPTION: Current systems require extensive wiring from up to 200 stationary bonded-foil strain sensors carrying low-level signals across electrically noisy environments over tens to hundreds of feet. The wiring is ultimately terminated at remotely located instrumentation racks where the signals are then amplified, conditioned, digitized, and read by a data processing system. Migration of these signal processing functions from the remote location to the test cell is required to a) significantly decrease uncertainty and increase bandwidth performance, b) synchronize the sampling instance of many related sensing nodes, and c) reduce engine installation complexity and time. The need is for the development of an on-board high-throughput 24-channel data acquisition system for turbine engine strain measurements to replace the current data system.  Benefits will be 1) a reduction in the number of wires between the test cell and the control room, 2) a reduction of exposure to an electrically noisy environment by the low-level signal wires, 3) automation of tedious tasks such as calibration history, signal conditioning parameters, and channel configuration, and 4) capability to synchronize data capture of physically separated sensors to within +/- 100 nanoseconds.  The inputs to the system are 1/4–bridge 120 or 350 ohm sensing elements with a minimum analog bandwidth of 40 kHz. The system must operate in an environment with a temperature range of 0-65°C and a humidity range 0-60%, non-condensing. The system should have the following attributes: selectable analog filtering with AC coupling; common mode rejection ratio (CMRR) >80 dB above 1kHz; digitization to 16 bits (minimum) with error not to exceed +/- 2%; self-configuring upon start-up as described in IEEE-1451.4; synchronized sampling as described in IEEE-1588; and expandable to 200 channels. The system will require a host computer with system control, configuration, and data storage capability.  Prove the system feasibility by providing an end to end block diagram with identification of critical components and software. 

PHASE I: Demonstrate feasibility of a multi-channel remote strain measurement system for a turbine test facility.

PHASE II: Develop and demonstrate a prototype data acquisition system for turbine engine testing. 

DUAL USE COMMERCIALIZATION: Military application: A valid prototype system should rapidly find applications to the aerodynamics testing industry. Commercial application: On-board data acquisition systems could be used for myriad combustion engine development programs and for monitoring of vibration-prone components.

REFERENCES:  
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KEYWORDS: data acquisition, smart sensor, IEEE-1451

AF071-345 
TITLE: Near-Field Velocity Measurement System for Wind Tunnel Testing 
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

OBJECTIVE: Develop a system for non-intrusive measurements of 3-dimensional air-flow velocity components near the surface of wind tunnel models. 

DESCRIPTION: In wind tunnel tests there are requirements to assess the aerodynamic performance of weapons systems during the system development cycle. Analysis and evaluation tools that can validate system performance and/or identify the source of anomalous test results early in the development cycle have the potential to save millions of dollars by eliminating costly redesign later in the program. Characterization of test article three-dimensional fluctuating boundary layers is important in the evaluation and validation of the computational tools that are used to design and predict the full-scale performance of the system. Complex three-dimensional, vortex-dominated, flow separation phenomena are not well understood. Improvements in CFD capabilities allow limited prediction of such flows, but accurate experimental data are required for continued development and validation of computational methods. A robust system is required that can simultaneously measure three components of velocity in the near-field of a wind tunnel model.  The system should be capable of measuring high-spatial-resolution velocity profiles (0 to 1500 ft/sec ± 10 ft/sec for either component) perpendicular to the model surface over a range from the model surface to at least 1.0-in from the surface. The system should be small enough to fit inside a typical model or carried by a traversing mechanism internal to the model. The system must be able to operate at pressures from 200 psf to 4000 psf and temperatures up to 140 deg F. The system control and data acquisition/processing must be remotely located up to 300 ft from the measurement location; noting that space for and routing of cables can be an issue. 

PHASE I: Demonstrate the feasibility of a system to simultaneously measure three components of velocity. 

PHASE II: Develop and demonstrate a prototype system that can simultaneously measure the three components of velocity.

DUAL USE COMMERCIALIZATION: Military application: Potential military applications include incorporation of these systems into preflight test facilities and/or flight test programs to meet test and evaluation requirements for weapons systems. Commercial application: The measurement technique can be applied to any other industry that requires monitoring and/or improving the efficiency of fluid flow systems.

REFERENCES: 
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AF071-346 
TITLE: Skin-Friction Measuring System for Large Wind Tunnels
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

OBJECTIVE: Develop a sensor system for measurements of the skin-friction distribution on wind tunnel models.

DESCRIPTION: The contribution of skin-friction to the total drag of a wind tunnel model is usually estimated from component measurements of the total drag and the integrated pressure drag. The distribution of the skin-friction force cannot be determined from such measurements, but requires measurements of the local shear-stress on the model. The measurement of the shear-stress distribution is required to evaluate the contribution of the individual components to the total skin-friction drag of a complex wind tunnel model. Accurate measurements of both pressure and skin-friction drag of the complete model is important for extrapolating model results to full-scale. The accurate measurements of the distributions are important in configuration development and CFD code validation. Pressure sensitive paints (PSP) are currently used to provide an accurate, high resolution distribution of pressure on a model surface that can be integrated to obtain the pressure component of the total drag for all or part of the model. A high productivity, low cost technique for measuring the distribution of shear-stress is required to expedite the development of future flight vehicles by identifying areas with high drag early in the test program, to determine boundary layer transition location, and to validate CFD codes that will be used to predict vehicle performance. The system must be robust enough to be operated in a large, production wind tunnel, and should require a minimal amount of time to prepare the model for testing. A coating similar to and compatible with PSP is desirable. MicroElectroMechanical Systems (MEMS) could provide a means for in situ calibration of the coating as well as a potential, interim solution that gives a coarse distribution of skin friction. The target facilities are wind tunnels which operate at Mach numbers from 0.2 to 2.0, total pressures from approximately 0.2 to 2 atmospheres, and total temperatures from ambient to 140 deg F. The acoustic levels in the tunnel are typically in the range of 145 dB, and vibration levels are high at frequencies less than 100 Hz.  

PHASE I: Demonstrate the feasibility of a skin-friction sensor system.

PHASE II: Develop and demonstrate a prototype skin-friction sensor system.

DUAL USE COMMERCIALIZATION: Military application: Potential military applications include incorporation of these systems into test facilities to meet test requirements for shear stress measurements. Commercial application: Skin-Friction Measuring System can be applied to the development of low drag automobiles, and any other industry that requires monitoring and/or improving the efficiency of fluid flow systems.
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AF071-347 
TITLE: Selectable Fiber Optic Cryogenic Test Image Source 
TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

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

OBJECTIVE: Develop fiber array capable of providing multi-band radiation with selectable visible and infrared wavebands in a cryogenic test chamber. 

DESCRIPTION: Missile interceptors depend on infrared and visible signatures of targets to discriminate threats from non threat objects.  Proper detection and discrimination is critical to both mission success and avoidance of collateral damage. The requirement for controlled multiple wavebands is a significant R&D effort since current sources provide for only a single controlled waveband per source.  Typical space sensor test chambers use blackbodies or resistive emitter arrays to project infrared radiation bulky projectors in a single waveband onto a sensor within a cryo-vacuum environment. A new source using a single fiber (for point sources) or multiple fibers (for array sources) is needed to allow the heat-generating source hardware to be located outside the test chamber so the size and complexity of the chamber can be reduced. The fiber source should provide selectable controlled radiation over multiple wavebands to allow simultaneous testing in visible and infrared bands. The sources system could be placed outside the chamber so that spectral bandpass configuration changes could be made while the chamber was on-line; in this case the delivery of the source radiation would be through fiber optics.  These sources may be merely an optical channel for the radiation from an attached source, or they could be the actual radiation generation device (as in a fiber laser). They may also involve merging bundles of fibers from sources of different wavelength regions, and may need to be tapered for optimum optical matching to the chamber collimating optical system. The fiber system will be subjected to the temperature differential from the outside ambient environment to about 20 degrees Kelvin on the optical bench inside the test chamber. The system must be able to provide dynamic mission simulation projection to represent both range closure (as the munition moves toward the target) as well as radiometric changes (representing movement of the target or internal heat sources). An effective pixel size (fiber diameter) of less than 0.5 millimeters and an intensity refresh time of less than 10 milliseconds is required. Effective pixel size (fiber diameter) of less than 100 microns and an intensity refresh time of less than one millisecond is required. The feasibility could be demonstrated using a single fiber (point source) transmission concept capable of providing simultaneous visible and infrared (2 to 11 microns, stretch goal to 20 microns) radiation over a path of 2 meters with variable attenuation for each fiber. The goal is to develop a 512 x 512 array fiber bundle prototype capable of providing multi-band radiation with selectable wavebands in both the visible and IR over a path length of 2 m with variable intensity for each fiber. 

PHASE I: Demonstrate feasibility of the a controlled  fiber-optic based multi spectral infrared and visible radiation system with simultaneous visible and 2-11 micron infrared radiation from a small scale (9x9) array . 

PHASE II: Develop and demonstrate a 512 x 512  array image source prototype.  Large scale arrays allow the projection of complex threat scenes or other complex scenes with multiple objects in the scene, each with a unique spectrum.

DUAL USE COMMERCIALIZATION: Military application: These fiber bundle systems will be available to meet various types of projection needs for different applications of 2-D image sensor testing. Commercial application: This product would benefit any sensor testing system used by government or commercial industry in the production of multispectral sensor.
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AF071-349 
TITLE: NCW-Distributed Area Network Management & Control (N-DANMC)
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop technology to manage and control readiness and quality of encrypted data/voice/video transported over “air/ground-to-ground” distributed NCW assets.

DESCRIPTION: The Air Force Flight Test Center (AFFTC) has a compelling need for innovative research to develop a technology that performs a quantitative measurement of readiness, health, and quality of service for “air to ground” and “ground to ground” transport of data, voice, and video, with and without encryption, over NCW assets. 

The NCW network management and control should not only see and manage the encrypted video, voice, and data streams with user-friendly, switchable live-graphical displays, but also observe the distributed NCW asset network activity in real-time.  The innovative research should explore the effectiveness of the network information flow.  

Currently, there is no fully understood IP6.0 based network management and control technology for transmission of DoD encrypted data over NCW assets. NCW messages pose a serious technical risk as they are encrypted. The research is needed to explore error correction and clock synchronization methods of wireless “air to ground” NCW assets. 

Some of the innovative features of the NCW network and management may be as follows:

1. Security- Monitor the health of the network.  It provides a real-time view of the “health” of the network and monitors the traffic load across the network.  It indicates regions or activities that may need to be tracked closely to avoid potential negative impact.  It alerts operators in real-time to potential dangers and attacks, routing problems, and other conditions that could impact the reliability, performance, and security across the NCW network.

2. Scalability – Ensures the NCW network performing at maximum capacity.  It will track peak daily usage records, anomalous traffic spikes, while proactively mitigating any negative impact on network performance.

3. Reliability – Provides visual status of the entire network.  It can provide tools to the operators to monitor node availability, network capacity utilization, and the quality of services to ensure consistent and reliable high performance services across the network.

4. Performance – Tracking and troubleshooting the network alerts.  It reports performance issues in real-time, allowing engineers to take immediate action to proactively troubleshoot and resolve issues.  It makes networks available and performing at optimal levels at all time.

The intent of this innovative R&D effort is the development of IP6.0 compatible management and control tools for air/ground-to-ground network traffic over NCW assets.

Diversity rather than a singular method in devising the innovative solution is strongly recommended. 

PHASE I: Perform and document the analysis alternatives for IP6.0 compatibility, management and control of health and quality of data/voice/video transport over distributed NCW assets.  

PHASE II: Develop and demonstrate a prototype solution of an IP6.0 compatible NCW information management and control system recommended in Phase-I.

PHASE III DUAL USE APPLICATION: Military:  This topic will develop and provide a prototype distributed mission control system for use in controlling Network Centric Warfare (NCW) systems being tested in widely dispersed geographic areas. Commercial: Develop an economical near-real-time distributed control system for civilian applications such as highly integrated manufacturing facilities dependent upon outside sources.

REFERENCES: 
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AF071-351 
TITLE: Intelligent Neural-network based near Real-time TSPI Solutions (INNRTS).
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop algorithms to perform on-line adaptive Kalman-filtering for tracking of highly dynamic multiple targets.

DESCRIPTION: AFFTC has a compelling need for innovative research to develop on-line intelligent learning algorithms for Kalman filtering for tracking of highly dynamic targets.

The tracking systems in warfare utilize bearing information from sensors contaminated with noise, called Gaussian noise. The target tracking is defined as the ability to reconstruct, in some operational time frame, the location of a target in both space and time using bearing history. 

Tracking of a single target employing Kalman Filtering faces challenges of large bias errors, filter divergence, and selection of error states of the filter parameters which are time consuming and involves trial-and-error tasks on the part of engineering staff. These challenges are more or less understood for single target tracking.  Online Adaptive Kalman filtering has not yet been successfully applied to the single target tracking case.

The multiple target tracking of highly dynamic objects using Kalman filtering poses technical risks of higher complexity including: availability of algorithms for modeling of environments, detection of motion, quantification of relative motion, description of target behaviors, and final identification in tracking. In addition, in turbulent environments, one of the challenging problems is to automatically recover and update background data from a dynamic sequence. Conventional 2D-based tracking algorithms fail when targets greatly change their orientations during motion.  

On-line learning algorithms are the key to the adaptation of Kalman filters for successfully track multiple targets. 

The focus of this innovative research and development effort is the development of online adaptive Kalman filtering suitable for multiple target tracking.  Diversity of solutions rather than a singular method is strongly recommended. 

PHASE I: Perform feasibility and analysis of alternatives to develop online adaptive Kalman filtering for multiple target tracking.

PHASE II: Develop and demonstrate a prototype technology to facilitate on-line adaptive Kalman filtering for multiple target tracking.

PHASE III DUAL USE APPLICATION: Commercial application:  This technology will find use in applications requiring the tracking of moving devices such as those used in precision robotic surgery, remote surveillance tracking of humans, tracking of commercial aircraft, and underwater navigation.

Military application:  The military will find use for this technology in tracking of multiple aircraft 
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AF071-352 
TITLE: Telemetry Metric Adjustment Decision Authorization and Command System (TMADACS)
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop a telemetry-communications metric-adjustment decision, authorization, and command-capability system for simultaneously flight testing multiple sorties, over a limited telemetry-frequency spectrum.

DESCRIPTION: Frequency encroachment, both commercially and privately, has reduced the military telemetry frequency spectrum.  The desire for more telemetry data is currently increasing while the telemetry frequency spectrum decreases.  This causes a problem in effectively scheduling the use of the limited telemetry spectrum. 

Research is needed to determine the feasibility of developing a TMADACS capable of providing mission/airspace controllers with the ability to adjust telemetry communication metrics (through frequency modulation and other means), according to the mission needs, to maximize the use of the limited frequency spectrum.

The TMADACS is intended to be an automated device, located within a mission control facility, which will interface with scheduling infrastructure to assist the mission/airspace controller in determining available metrics. The TMADACS will need an automated interface between the transmission system and the mission/airspace controller to assist in the control functions and have the capability to use various algorithms, hardware/software to ensure proper decision/authorization/command capabilities. 

To meet operational requirements, the TMADACS must provide mission/airspace controllers the ability to evaluate interference criteria between multiple test vehicle, modulation schemes, and ground station telemetry bands. It must also be able to determine decision metrics for automated and manual control of center frequency, modulation scheme, and data rate of on-board instrumentation systems.  

During operation, the TMADACS will need to authorize the use and adjustment of various metrics on the target test vehicle only. The system must provide the capability for the mission/airspace controller to command adjustment of those metrics. In turn, the system must acknowledge interfacing has occurred between the ground control system and the flying system.  This will ensure proper adjustment of the system has occurred.

PHASE I: Develop an initial concept design for a TMADACS used for real-time mission communications metric adjustment. Determine the interfaces needed for integration into the range scheduling infrastructure and the logistics involved in the metric determination by the mission/airspace controller.

PHASE II: Design, develop, and demonstrate a prototype TMADACS system and the required interfaces that will meet the performance characteristics determined in Phase I.

PHASE III Dual Use Application: Military Application:

This development has the potential to optimize the military use of the telemetry frequency spectrum.  This will allow more real time data to be viewed by mission controllers, saving time and money.

Commercial Application: This development has the potential to optimize commercial companies’ use of the frequency spectrum.  This will allow less spectrum to be used for the same applications; ultimately increasing the available spectrum for other commercial and military applications.
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AF071-354 
TITLE: Uncertainty, Sensitivity Analysis, and Design of Experiments in Flutter Testing
TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop an Aeroelastic Uncertainty Analysis Toolbox, capable of isolating uncertainties that result from manufacturing, test execution, and measurement error, that provides analysts with a quantitative assessment of the probability of aeroelastic stability for an aircraft at a given flight condition, throughout the flight envelope, and throughout the aircraft fleet.

DESCRIPTION: Uncertainty analysis (UA) is not used in the conduct of flutter tests due to the extreme difficulties experienced in the application process.

This is unfortunate since the benefits of adapting the UA technology would build greater confidence in test results not only for the test aircraft but also for the entire fleet.   Research into this UA problem needs to be done to overcome the difficulties in isolating and quantifying the sources of uncertainties.  The sources of uncertainty originate from manufacturing of the aircraft, the test execution, and measurement and processing errors.  One method of quantifying the UA is to employ high fidelity aeroelastic simulation technology.  These high fidelity simulations can be used directly or via Reduced Order Models to rerun analysis for flight conditions “as flown” rather than “as planned.”  This will effectively isolate the test execution uncertainty.  The high fidelity simulation can also be used in conjunction with Ground Vibration Test data to isolate manufacturing uncertainties.  During the high fidelity simulations, the “as designed” simulations will represent the design configuration of the aircraft for various flight conditions.  These flight conditions will be the “as planned” conditions.  The “as built” simulations will represent a statistical distribution on key parameters such as skin thickness/stiffness connectivity at the joints, or mass.  One of these configurations will be selected as a “test configuration.”  Simulations will be run for this test configuration near the “as planned” flight conditions.  The conditions near the “as planned” conditions will be the “as flown” conditions.

The desired result of this research will be a toolbox that will closely couple a high fidelity simulation capability with a set of UA tools.  This toolbox should be capable of automatically generating run files and launching aeroelastic analysis to isolate the manufacture and execution uncertainties along with providing uncertainty bounds on frequency and damping parameters throughout the flight envelope for both the test aircraft and the represented fleet of aircraft.  

PHASE I: The objective of phase I will be to develop tools to isolate the uncertainties and demonstrate the feasibility of the toolbox by selecting a simplified aeroelastic case and running “as designed”, “as built”, “as planned”, and “as flown” simulations.

Uncertainty analysis will be applied using simulation data, to demonstrate how the manufacturing and execution uncertainties can be isolated.

PHASE II: The objective of phase II will be to develop and validate the toolbox.  The development of the toolbox will likely require extensive collaboration with Flight Test Center engineers to assure displays are appropriate to support flight test.  

DUAL USE COMMERCIALIZATION: Military application: This toolbox will support flight testing of all forms of aircraft or airborne assets.  It will reduce the risk of catastrophic failures due to aeroelastic instabilities during both test and operation.  The technology will also likely find application to wind tunnel testing.  Commercial application: This technology is also applicable to the commercial aircraft industry during the design and test phases.  In addition there are many industries that struggle with aeroelastic or hydroelastic stability issues that would benefit from this research.  For example, race cars, and indirectly the automobile industry, the mass storage or disk drive industry, and cardiovascular research in the healthcare industry would all find benefits from this effort.
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AF071-356 
TITLE: Optical Ground Vibration Test
TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: Improve speed, reliability, and accuracy of Ground Vibration Tests of military aircraft, wind tunnel, and micro Unmanned Arial Vehicle testing.

DESCRIPTION: Current aircraft Ground Vibration Test (GVT) technology involves instrumenting an aircraft with dozens to hundreds of accelerometers and wiring the accelerometers to a data acquisition system.  The aircraft is supported by a soft support system to isolate the modes of the aircraft from the modes of the facility and the support system.  Shakers are typically set up on the aircraft appendages (wingtips, edges of the stabilizer).  The shakers are used to provide input forces; the accelerometers record the response.  A large percentage of the test schedule is dedicated to setup and teardown of the instrumentation.  

There are systems that use laser technology to measure the position and velocity of a point on an aircraft on a small scale (i.e. one or two measurements on the aircraft).  The intent of this research will be to develop a GVT system that uses laser technology to track the response of an aircraft at up to 500 points at frequencies of up to 200 Hz.  In addition, the system should include a self contained shaker unit that can automatically (or at least remotely) position itself and provide the input forces to the aircraft at the prescribed locations.  Ideally this robotic unit would be wirelessly connected to the data acquisition system.  To provide for the possibility of obscured locations that need to be instrumented that the laser cannot reach (e.g. internal weapons bay points), the GVT should have wireless accelerometers that can easily be attached to these obscure locations.  Finally a soft support system should be designed that is capable of accommodating a range of aircraft from a small Unmanned Aerial Vehicle to a large bomber or cargo plane.  

Some key issues that need to be addressed are: 1. Do the lasers need to have targets attached to the aircraft or can they be optically projected onto the surface?  2. Can one laser be used for multiple measurements or do all measurements need to be time correlated?  3.  Can the laser draw the node lines for individual structural response modes on the aircraft?

It would be very advantageous if the design of the laser system were such that it could also be used to measure the vibrational response of a system being tested in a high speed wind tunnel where the challenges involve a more confined space, the possibility of turbulent airflow, optical path distortion due to variations in flow density, limited access through optical ports, and obstructions to wireless technology.

Finally, the capability of the design to accommodate flight testing of micro Unmanned Aerial Vehicles in a confined space, since instrumenting these aircraft with conventional accelerometers could change the response characteristics due to the influence of the mass ratio of the accelerometer to the aircraft, would be very beneficial.

PHASE I: Produce a conceptual design for an integrated laser measurement device, shaker unit, and soft support system.  Multiple measurements from one laser, indexing the laser to a point on the aircraft, and time correlation between the laser, wireless accelerometers, and the shaker should be addressed.

PHASE II: Develop, test, and demonstrate a prototype system based upon the Phase I design. Additional beneficial features would include the ability of the laser to draw the node lines for individual structural response modes on the aircraft and the ease of adaptation to the wind tunnel and UAV applications.

DUAL USE COMMERCIALIZATION: Military application: This device will be used extensively for ground vibration testing of military aircraft, wind tunnel models, and large turbine engines for ship propulsion systems throughout the development process. Commercial application: This device will find use in vibration testing of civilian aircraft, automobiles, and civil engineering structures such as bridges and high-rise buildings.
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AF071-357 
TITLE: Highly Directive 100 to 300 MHz Super Gain Antenna
TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop a 20 dBi directive antenna for operation in an anechoic chamber.

DESCRIPTION: Typical aircraft communication systems use line-of-sight (LOS) antennas to provide the radio frequency (RF)links for air-to-ground and air-to-air.  The patterns and gain of these antennas need to be measured individually, and more importantly, while installed on the aircraft.  Open-air range testing can be performed to determine that, overall, the communication system is working properly but these tests do not provide a complete characterization of the radiation pattern produced by the antennas.  This can lead to unacceptable performance in certain instances.

In order to fully evaluate the system to determine the envelope of operation, the installed antenna patterns must be measured.  As the frequency of operation is reduced the size of the test antennas is increased. Most antenna ranges and anechoic chambers use log-periodic antennas to measure the radiation patterns and gain of the antennas under test. 

The maximum gain of a antenna is simply defined as the product of the directivity and the efficiency.  When the reference is a lossless isotropic antenna, the gain is expressed in dB of improvement over an isotropic radiator (DBi).  An isotropic radiator is an antenna that radiates equally in all directions. The log-periodic antennas produce a realistic gain of about 6 dBi and produce beamwidths so wide that in many cases this causes excessive measurement error.

Accurate measurements at low frequencies in anechoic chambers suffer from multi-path reflections from the walls, ceiling, and floor even though they are covered with radar absorbing material.  One way to reduce these effects is to use a highly directive test antenna with low sidelobes and a front-to-back radiation pattern ratio of greater than 20 dB.  

There is a real need for a relatively small antenna that produces a directivity of 20 dB and operates from 100 to 300 MHz.  Because of the limited space inside an anechoic chamber, the antenna size needs to be limited to 10 feet by 10 feet by 10 feet and weigh no more than 300 lbs. The small, low-frequency antenna needs to be easy to mount and align, to provide maximum utility in an anechoic chamber.  The antenna should be linearly polarized and have the ability to either switch between vertical and horizontal polarizations or have the ability to easily, and remotely, rotate 90 degrees while mounted on the standing fixture.  The cross-polarized E-field component of the linearly polarized antenna should be at least 20 dB below the co-polarized E-field component.

PHASE I: Design and model an antenna capable of meeting the qualifications and design a prototype that can be built and demonstrated during Phase II.

PHASE II: Using the design from Phase I, build two prototype antennas and demonstrate the gains and polarization by measuring the patterns in a chamber.

DUAL USE COMMERCIALIZATION: Military application: Both commercial and military:  This antenna can be used for chamber testing and communications applications where antenna size is critical, and may translate to other frequency bands. Commercial application: Both commercial and military:  This antenna can be used for chamber testing and communications applications where antenna size is critical, and may translate to other frequency bands.
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