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AIR FORCE 
SBIR 08.3 Proposal Submission Instructions 

 
 

The AF proposal submission instructions are intended to clarify the DoD instructions as they 
apply to AF requirements. 
 
The Air Force Research Laboratory, Wright-Patterson Air Force Base, Ohio, is responsible for 
the implementation and management of the Air Force Small Business Innovation Research 
(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) (8:00 am to 5:00 pm EST).  For technical questions about the topic during the pre-
solicitation period (28 July through 24 August 2008), contact the Topic Authors listed for each 
topic on the Web site.  For information on obtaining answers to your technical questions during 
the formal solicitation period (25 August through 24 September 2008), 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. 
 
PHASE I PROPOSAL SUBMISSION 
 
Read the DoD program solicitation at www.dodsbir.net/solicitation for program 
requirements.  When you prepare your proposal, keep in mind that Phase I should address the 
feasibility of a solution to the topic.  For the 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 technical proposals have a 20 page-limit 
(excluding the cost proposal, cost proposal itemized listing (a – h), 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. 
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Limitations on Length of Proposal 
 
The technical proposal must be no more than 20 pages (no type smaller than 10-point on standard 
8 1/2 " x 11" paper with one (1) inch margins).  The Cost Proposal, cost proposal itemized listing 
(a-h), and Company Commercialization Report are excluded from the 20 page limit.  Only the 
Proposal Cover Sheet (pages 1 & 2), the Technical Proposal (beginning with page 3), and any 
enclosures or attachments count toward the 20-page limit.  In the interest of equity, pages in 
excess of the 20-page limitation (including attachments, appendices, or references, but excluding 
the cost proposal, cost proposal itemized listing (a-h), and Company Commercialization Report, 
will not be considered for review or award.   
 
Phase I Proposal Format 
 
Proposal Cover Sheets.   Your cover sheets will count as the first two pages of your proposal no 
matter how they print out.  If your proposal is selected for award, the technical abstract and 
discussion of anticipated benefits will be publicly released on the Internet; therefore, do not 
include proprietary information in these sections.   

 
 

Technical Proposal:  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).  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 at 1-866-724-7457 (8am to 5pm EST). 
 
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. 
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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 
 
Cost proposal information should be provided by completing the on-line Cost Proposal form and 
including the cost proposal itemized listing (a-h) specified below.  The cost proposal information 
must be at a level of detail that would enable Air Force personnel to determine the purpose, 
necessity and reasonability of each cost element.  Provide sufficient information (a through h 
below) on how funds will be used if the contract is awarded. The on-line cost proposal, and 
itemized cost proposal information (a-h) will not count against the 20 page limit.  The itemized 
listing may be placed in the “Explanatory Material” section of the on-line Cost Proposal form (if 
enough room), or 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 file includes your complete Technical 
Proposal and the cost proposal itemized listing (a-h) information. 
 
      a. Special Tooling and Test Equipment and Material:  The inclusion of equipment and 
materials will be carefully reviewed relative to need and appropriateness of the work proposed. 
The purchase of special tooling and test equipment must, in the opinion of the Contracting 
Officer, be advantageous to the government and relate directly to the specific effort. They may 
include such items as innovative instrumentation and / or automatic test equipment. 
 
      b. Direct Cost Materials: Justify costs for materials, parts, and supplies with an itemized list 
containing types, quantities, and price and where appropriate, purposes. 
 
      c. Other Direct Costs: This category of costs includes specialized services such as machining 
or milling, special testing or analysis, costs incurred in obtaining temporary use of specialized 



AF - 4 
 

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



AF - 5 
 

 
It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, Technical 
Proposal with any appendices, Cost Proposal, and the Company Commercialization Report -- be 
submitted electronically through the DoD SBIR Web site at http://www.dodsbir.net/submission. 
Each of these documents is to be submitted separately through the Web site. Your complete 
proposal must be submitted via the submissions site on or before the 6:00 am EST, 24 
September 2008 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). 
 
 
 
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. 
 
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).        
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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 firms can view 
their information 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 e-mail regarding proposal selection or non - selection.  The e-mail 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 
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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 within 
approximately four months of proposal receipt.  All questions concerning the status of a 
proposal, or debriefing, should be directed to the local awarding organization SBIR 
Program Manager.  Organizations and their Topic numbers are listed later in this section (before 
the Air Force Topic descriptions). 
 
PHASE II PROPOSAL SUBMISSIONS 
 
Phase II is the demonstration of the technology that was found feasible in Phase I.  Only 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 proposals must be submitted electronically at www.dodsbir.net/submission.  The complete 
proposal - Department of Defense (DoD) cover sheet, entire technical proposal with appendices, cost 
proposal and the Company Commercialization Report – must be submitted by the date indicated in 
the invitation.  The technical proposal is limited to 50 pages (unless a different number is specified 
in the invitation).  The commercialization report, any advocacy letters, SBIR Environment Safety 
and Occupational Health (ESOH) Questionnaire, and cost 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.)  The preferred format for submission of proposals is Portable 
Document Format (PDF).  Graphics must be distinguishable in black and white.  Please virus check 
your submissions.  
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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 Web site 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 
 
In addition to all the Phase I contractual deliverables, 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 
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/ 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 Web site 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). 
 
****************************************************************************** 

 
SPECIAL INSTRUCTIONS  

 
These special instructions apply only to Air Force Topic AF083C-068 – Technologies for the 
Rapid Curing of Composite Parts, and are in addition to the Air Force 08.3  instructions. 

         
         

This is a Manufacturing SBIR topic.  The primary focus of Phase I of this effort is to demonstrate 
innovative technologies to enable rapid curing of organic matrix composite materials which are 
qualified for use on DoD platforms.   In addition to demonstrating the proposed technology 
solution, successful offerors should also consider the technical, business and transition plans 
necessary to lower the risk of technology insertion into the manufacturing processes of a DoD 
weapon system Production supply chain. 
 
The Air Force plans on awarding multiple Phase I contracts on this topic.  Each Phase I contract 
will be limited to $100K.  These Phase I contract awards will be normal 9-month efforts with six 
months planned for the technical effort and an additional three months allowed for reporting.  The 
Air Force plans on awarding one Phase II contract worth up to $3+M and lasting for 24 months.  
Phase II proposals will be by invitation only.  At that time, special instructions will be provided 
for the Phase II proposals.   
 
Successful offerors will benefit from consideration of technical as well as manufacturing and 
business readiness levels when preparing responses to Manufacturing SBIR’s.  Guidance and 
information on these three readiness measures can be found in the SBIR Mall Web site located at 
http://sbirsttrmall.com/Library/Default.aspx.  Identification of the return on investment (ROI) 
through a quantitative cost reduction analysis should be addressed as this SBIR is targeting rapid 
composite curing, decreases in the overall process cycle time, and innovative processing out of 
the autoclave.     
 
These special instructions apply only to Air Force topic AF083C-071 -  Non-Metallic 
Conductive Material for ESD/EMI Applications, and are in addition to the Air Force 08.3 
instructions. 
 
The Air Force plans on awarding multiple Phase I contracts for these topics.  Each Phase I effort 
will be limited to $100K.  We anticipate that these phase I efforts will be the traditional nine 
months with seven months planned for the technical effort and an additional two months allowed 
for reporting (total: 9 months). 
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The Air Force plans on awarding one Phase II contract worth up to $4+M.  Phase II proposals 
will be by invitation only.  At that time, special instructions will be provided for the Phase II 
proposals.  Examples of the additional information needed in the Phase II proposal package 
include the following:  innovative technical approaches to address the critical processes and 
associated return on investment (ROI).  Also, it is expected that the Phase II proposal will include 
both a business plan and a transition plan.  These plans will document the offerors ability to 
address all aspects necessary to ensure implementation of the innovative approach to manufacture 
upon completion of the Phase II award. 
 
We anticipate that the phase II effort will be a traditional two years technical effort with an 
additional three months allowed for reporting. 
 
 
****************************************************************************** 
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Air Force Program Manager Listing 
 

   Contracting 
Authority 

 
Topic Number 

 
Activity 

 
Program Manager 

(for contract 
questions only) 

    
AF083-001 thru AF083-010 Directed Energy Directorate Ardeth Walker Susan Thorpe 
 AFRL/RD (505) 846-4418 (505) 846-3404 
 3550 Aberdeen Ave SE   
 Kirtland AFB NM 87117-5776   
    
    
AF083-013 thru AF083-032 Human Effectiveness 

Directorate 
 
Sabrina Davis 

 
Kellye Fisher 

 AFRL/RD (937) 255-3737 (937) 255-5216 
 2610 Seventh, St, Bldg 441   
 Wright-Patterson AFB OH 

45433 
  

    
    
AF083-034 thru AF083-058 Information Directorate Janis Norelli Lynn White 
 AFRL/RI (315) 330-3311 (315) 330-4996 
 26 Electronic Parkway   
 Rome NY 13441-4514   
    
    
AF083-062 thru AF083-085 Materials & Mfg. Directorate Debbie Shaw Kim Yoder 
AF083C-068,  AF083C-071 AFRL / RX (937) 255-4839 (937) 255-4628 
 2977 Hobson Way, Rm 406   
 Wright-Patterson AFB OH 

45433 
  

    
    
AF083-088 thru AF083-099 Munitions Directorate Jill Barfield Mimi Martin 
 AFRL / RW (850) 882-3920 (850) 883-2675 
 101 West Eglin Blvd. Suite 143   
 Eglin AFB, FL 32542-6810   
    
    
AF083-101 thru AF083-110 Propulsion Directorate Laurie Regazzi Mary Lykins 
AF083-117 thru AF083-124 AFRL / RZ (937) 255-1465 (937) 656-9752 
 1950 Fifth Street   
 Wright-Patterson AFB OH 

45433 
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AF083-111 thru AF083-116 

 
Propulsion Directorate West 

 
Chanda Smith 

 
Melissa Petter 

AF083125 thru AF083-126 AFRL / RZO (662) 275-5930 (661) 277-9553 
 5 Pollux Drive   
 Edwards AFB, CA 93524-7033   
    
    
 
AF083-128 thru AF083-173 

 
Sensors Directorate 

 
Claudia Duncan 

 
Debbie Bucher - PI 

 AFRL / RY (937) 904-9764 (937) 255-3585 
 2241 Avionics Circle, Rm 

N2S24 
(937) 904-9155 Kevin Riley – P II 

 Wright-Patterson AFB OH 
45433 

 (937) 255-5762 

    
    
AF083-175 thru AF083-182 Air Vehicles Directorate Larry Byram Traci Schafer 
 AFRL / RB (937) 904-8169 (937) 255-8958 
 2130 Eighth Street   
 Wright-Patterson AFB OH 

45433 
  

    
    
AF083-184 thru AF083-224 Space Vehicles Directorate Danielle Lythgoe Jean Barnes 
 AFRL / RV (505) 853-7947 (505) 846-4695 
 3550 Aberdeen Ave SE   
 Kirtland AFB, NM 87117-5776   
    
    
AF083-225 thru AF083-230 Oklahoma City Air Logistics 

Center 
 
Becky Roberts 

 
Tay Ashford 

 OC-ALC / ENET (405) 736-2158 (405)739-8092 
 3001 Staff Drive, Suite 2AG70A   
 Tinker AFB, OK 73145-3040   
    
    
AF083-233 thru AF083-239 Ogden Air Logistic Center Craig Shaw Lt Kirk Andrews 
 OO-ALC / LHH (801) 586-2721 (801) 777-0199 
 6021 Gum Lane   
 Hill AFB, UT 84056-2721   
    
    
AF083-240 thru AF083-246 Warner Robins Air Logistics 

Center 
 
Greg Sutton 

 
Nita Steinmetz 

 WR-ALC / ENSN (478) 327-4127 (478) 926-3695 
 450 Third Street, Bldg. 323   
 Robins AFB, GA 31098-1654   
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AF083-249 thru AF083-254 Air Armament Center Ramsey Sallman Daniel Burk 
 46 TW / XPXR (850) 883-0537 (850) 882-0168 
 101 West D Avenue Bldg. 1    
 Eglin AFB, FL 93524-6843   
    
    
AF083-255 thru AF083-260 Arnold Engineering 

Development Center 
Ron Bishel 
(931) 454-7734

Sue Tate 
(931) 454-7801 

 AEDC / XRS   
 1099 Schriever Ave   
 Arnold AFB, TN 37389-9011   
    
    
 
AF083-262 thru AF083-268 

 
Air Force Flight Test Center 

 
Abe Attachbarian 

 
Deanna Wright 

 AFFTC / XPR (661) 277-5946 (661) 277-3833 
 195 East Popson Ave, Bldg. 

2750  
  

 Edwards AFB, CA 93524-6843   
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Air Force SBIR 083 Topic Index 
 
 
AF083-001  Modeling of High-Average-Power Solid State Lasers 
AF083-002  Improved Analysis Techniques for Characterizing Jitter in Beam Control 

Systems 
AF083-003  Atmospheric Characterization for Laser Propagation 
AF083-004  Fiber Laser Beam Combining 
AF083-005  Innovative, Lightweight Methods For Thermal Management of HEL Mirror 
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Air Force SBIR 083 Topic Descriptions 
 
 
AF083-001   TITLE: Modeling of High-Average-Power Solid State Lasers 
 
TECHNOLOGY AREAS: Sensors, Weapons 
 
OBJECTIVE: Improve mathematical models and computer codes to calculate the properties of the output 
beams of high power, solid-state lasers.  
 
DESCRIPTION: This topic is applicable to high energy laser system concepts for future system 
applications. Computer simulation is an important aspect of the development of high-average-power solid-
state lasers for application as directed energy systems (power in the range of 10s to 100s of kW). In order to 
minimize heating of the gain medium and to maximize overall efficiency, such lasers are pumped with 
diode lasers. New diode-pumped solid-state laser configurations are under development and are being 
scaled to high power, and computer software is needed to predict their performance and to aid in their 
design. Existing computer simulations for laser devices can accurately model the laser gain media and its 
interaction with the laser beam in an optical resonator or amplifier configuration. However, these existing 
simulations are less capable in dealing with heating of the gain media as the result of high-power operation 
and with the interactive effects between non-uniform heating and the optical field. Further, the gain media 
is often cooled in real time during lasing, so heat transfer effects must also be accurately modeled. Finally, 
high-average-power lasers frequently incorporate active control including intra- and extra-cavity adaptive 
optics to compensate for optical aberrations introduced by gain media heating and optical/pumping non-
uniformities, so that simulating these systems is becoming increasingly interdisciplinary. Existing laser 
device computer simulations do not provide these needed capabilities.  
 
An integrated, high-fidelity computer code is needed to include (1) models of laser gain media and their 
interaction with the laser beam; (2) modeling of gain media heating and heat transfer to an active cooling 
system; (3) wave optics algorithms to treat diffractive effects; (4) modeling of active or adaptive optics 
elements inside the optical resonator, and (5) the ability to address interactive effects among all elements. 
Gain media of interest for such lasers are frequently crystalline or ceramic YAG-doped with Nd or Yb 
atoms. Other host media may be of interest. The code should be able to predict the output power and beam 
quality of a laser with a specific design. The code should also be a useful tool for optimizing the designs of 
lasers and for determining the scaling limitations of laser concepts.  
 
PHASE I: Develop an approach for computer codes to model a range of high-average-power lasers. Select 
algorithms for the various elements of the laser and study their appropriateness.  
 
PHASE II: Implement and demonstrate computer codes for high-average-power lasers. Test the approach 
on at least two existing lasers for which experimental data are available.  
 
PHASE III / DUAL USE: Military application: Analysis of concepts for high-average-power lasers 
programs. Commercial application: Use to design commercial lasers. Code will also apply to low and 
moderate power lasers. 
 
REFERENCES: 1.  K. Contag, et al., "Simulations of the lasing properties of a thin disk laser combining 
high output powers with good beam quality," Proceedings of the SPIE - The International Society for 
Optical Engineering; 1997; vol. 2989, p. 23-34. 
 
2.  A. E. Siegman, "Laser beams and resonators: Beyond the 1960s," IEEE Journal of Selected Topics in 
Quantum Electronics; Nov-Dec 2000; vol. 6, no. 6, p. 1389-99. 
 
3.  A. W. Kennedy, J. B. Gruber, P. R. Bolton, M. S. Bowers, "Modeling gain-medium diffraction in super-
gaussian coupled unstable laser cavities," Applied Optics; vol. 44, no. 7, p. 1283-7, 2005. 
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4.  G. D. Goodno, et al., Coherent combination of high-power, zigzag slab lasers, Optics Letters, vol.31, 
no.9, p.1247-9, 2006. 
 
5.  K. N. LaFortune, R. L. Hurd, J. M. Brase, and R. M. Yamamoto, Intracavity, adaptive correction of a 
high-average-power, solid-state, heat-capacity laser, Proceedings of SPIE - The International Society for 
Optical Engineering; 2005; v.5708, p.1-7 Conference: Laser Resonators and Beam Control VIII; Jan 25-27, 
2005; San Jose, CA. 
 
KEYWORDS: laser, model, simulation, theory, computer model     
 
 
 
 
AF083-002   TITLE: Improved Analysis Techniques for Characterizing Jitter in Beam 

Control Systems 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Develop improved analysis approaches and algorithms to identify cause/effect relationships 
from beam control test data. Modified test and instrumentation techniques are allowed.  
 
DESCRIPTION: This topic is applicable to high energy laser (HEL) system concepts for future system 
applications. One aspect of airborne HEL system performance is beam alignment jitter. Jitter smears the 
HEL beam on target, reducing its integrated intensity and therefore its target damage capability, so it is 
desirable to develop beam control technologies and control architectures that minimize beam alignment 
jitter.  
 
Jitter is caused by mechanical and acoustic disturbances applied to the components of the beam control 
system. In many commercial laser systems used in a laboratory or factory environment, beam jitter is 
minimized by implementing a very stable, stiff mechanical structure that maintains precise alignment of the 
beam control components (mirrors, windows, lenses, etc.). However, for future airborne HEL systems, the 
disturbance environment (bending, vibration, acoustic noise) is much more severe, and stiff/heavy 
mechanical structures are unacceptable because of platform weight/volume constraints. Thus, the approach 
to minimize beam alignment jitter in airborne applications typically involves a combination of a 
lightweight, stiff structure; passive/active vibration isolation; and active beam train alignment subsystems, 
using beam position sensors and beam alignment servos slaved to an inertially-stabilized reference. These 
components are all tied together with an overall control architecture and control algorithms. These beam 
stabilization systems reduce beam alignment jitter due to environmental and platform disturbances but they 
also introduce some additional jitter because of sensor/actuator noise and reference errors (“noise” 
sources).  
 
In the on-going efforts to develop and demonstrate technologies and concepts to minimize beam alignment 
jitter, it is critically important to distinguish between and understand the contributions of both disturbances 
and noise to the residual beam alignment jitter. This information is key to optimize the performance of a 
given design and to identify areas where further technology development would provide the greatest 
performance gain. However, testing and data collection/analysis to evaluate beam alignment performance 
and to assign cause/effect to the sources of residual jitter are complex in several ways. First, ground-based 
jitter characterization is difficult because most of the jitter is due to airborne disturbances, which can only 
be poorly approximated in a ground test. Airborne testing usually involves target boards with simulated 
targets and beam measurement sensors but there are limited opportunities and testing is very logistically 
complex and expensive. A number of direct and indirect measurements are possible—accelerometers along 
mechanical disturbance paths, imaging of beam patterns, added laser alignment beams and/or sensors. Data 
analysis techniques include power spectra, coherence (both simple and multiple/partial) and correlation. At 
present, the limitations of current data collection and data analysis techniques often result in dealing with 
singularity or the inability to uniquely assign residual jitter to specific sources.  
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Improvements in the test protocol and data analysis algorithms that improve our ability to identify cause 
and effect relationships in the data are needed. Testing should be conceived with adequate (but minimally 
redundant) measurements and should allow for manipulation of the control system characteristics to 
support the prescribed analysis. Among possible analysis techniques, blind deconvolution (e.g., “cocktail 
party” source separation) techniques appear promising but have not been applied to problems involving 
strong distorting paths like resonant structures. Coherence techniques reveal correlation but fall short in 
revealing causation and relative contribution to the output.  
 
This technology should find use in air/space platforms and information systems technology in support of 
vibration, line of sight and spectral analysis testing. 
 
PHASE I: Define test and analysis approaches for unambiguous cause/effect relationship in beam control 
system models provided by the government. This should include improved frequency resolution for closely 
spaced spectral components. Preliminary algorithms should be demonstrated on these models. 
 
PHASE II: Further develop analysis algorithms and test using data provided by the government. Develop a 
small optical testbed that includes multiple disturbances and noise sources to demonstrate the effectiveness 
of these techniques. On a government prototypical beam control system, develop instrumentation and test 
approaches that maximize the identification/differentiation of disturbance and noise sources. 
 
PHASE III / DUAL USE: Military application: Line of sight (LOS) stabilization testing and performance 
characterization of military optical pointing systems for HEL, laser free space communications, 
reconnaissance imaging. Commercial application: LOS stabilization testing eye safe illumination 
surveillance systems for border monitoring/homeland defense. Tracking structural borne disturbances 
(aircraft/civil structure monitoring) for defects. 
 
REFERENCES:  
1. Tryphon Georgiou, "Tools for Multivariable Spectral and Coherence Analysis," 
http://www.ece.umn.edu/users/georgiou/files/report2007.pdf. 
 
2. D. O. Smallwood, "Using Singular Value Decomposition to Compute the Conditioned Cross-Spectral 
Density Matrix and Coherence Functions," 66th Shock and Vibration Symposium, Biloxi MI, pp. 109-118, 
Oct 1995. 
 
3. J. S. Bendat and A. G. Piersol, Random Data: Analysis and Measurement Procedures, 2000. 
 
4. P. Stoica and R. Moses, "Introduction to Spectral Analysis," 1997. 
 
5. Intae Lee and Te-Won Lee, "Independent Vector Analysis for Real World Speech Processing," SPIE 
Vol. 6576, 657602 (2007). 
 
KEYWORDS: Disturbance identification, spectral resolution, noise/disturbance differentiation, laser beam 
stabilization, model identification  
 
 
 
 
AF083-003   TITLE: Atmospheric Characterization for Laser Propagation 
 
TECHNOLOGY AREAS: Sensors, Battlespace 
 
OBJECTIVE: Develop an innovative methodology to accurately characterize atmospheric turbulence 
properties along laser propagation paths for laser communication and other laser-based systems.   
 
DESCRIPTION: Current approaches used to characterize and model atmospheric turbulence are often not 
sufficiently accurate for laser communication (lasercom) and other laser-based systems. This was shown in 
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recent attempts to  correlate propagated beam measurements with simulation predictions. Advances in 
applied theoretical turbulence models suggest that existing atmospheric turbulence measurements (e.g., the 
Fried parameter (r0), scintillation, and Greenwood frequency) do not capture enough information to 
completely characterize turbulence along a propagation path. Phenomena such as: 1) turbulence anisotropy 
and inhomogeneity, 2) variations of inner-scale and outer-scale of turbulence, as well as 3) strong 
departures from Gaussian statistics in driven turbulence are not included in typical descriptions of 
atmospheric optical paths. Without accurate knowledge of the turbulence properties along the path, 
lasercom devices must be built and tested with models and simulations that may lack critical detail, an 
expensive task. Additional measurements of atmospheric turbulence parameters are required to fully 
understand atmosphere turbulence behavior, and these measurements must then be correlated with detailed 
physical models of atmospheric turbulence.  
 
The goal of this research is to develop both: 1) the appropriate models and 2) the corresponding field 
measurements to allow propagated beam statistics to be consistently and accurately predicted. This 
involves: 1) defining atmospheric turbulence quantities with measurement resolution requirements, 2) 
designing new measuring hardware or new uses for old hardware, and 3) building a theoretical, physics-
based model that implements the measurement results to accurately predict the atmospheric turbulence 
effects on a laser wavefront. Applications include scenarios with high levels of turbulence, i.e., Rytov 
values of 0.3 and above. 
 
The models and measurements will be defined in Phase I, with prototype measurement hardware designed. 
In Phase II the measurement hardware will be built and tested along a well diagnosed atmospheric path and 
the model accuracy tested.   
 
PHASE I: Design a prototype device (or set of devices) that can characterize an arbitrary turbulent 
atmospheric path beyond the current measurements of the Fried  parameter (r0), isoplanatic angle, and 
scintillation. Approaches should be anchored to appropriate physical models of the atmosphere.  
 
PHASE II: Build and test a fully functional system to characterize turbulence along arbitrary atmospheric 
paths. Demonstrate the system along a well diagnosed atmospheric path.  
 
PHASE III / DUAL USE: Military application: Laser beam propagation is primary in laser systems 
effectiveness. Accurate path characterization will benefit all laser-based systems, lasercom, laser 
illuminators, and high-energy lasers. Commercial application: Laser communications have broad 
commercial uses such as commercial satellite links. Earth based astronomy has potential uses for such 
systems and measurements. 
 
REFERENCES:  
1. Y. Kimura and R. H. Kraichnan, ”Statistics of an advected passive scalar,” Phys. Fluids A, 5 (9) pp. 
2264-2277 (1993). 
 
2. Jayesh and Z. Warhaft, “Probability distribution, conditional dissipation, and transport of passive 
temperature fluctuations in grid-generated turbulence,” Phys. Fluids A 4 (10), pp. 2292-2307 (1992). 
 
3.  S. B. Pope, Turbulent Flows, Cambridge University Press, Cambridge, 2000.  
 
4.  R. G. Frehlich, “The effects of global intermittency on wave propagation in random media,” Appl. 
Optics, 33 (11), pp. 5764-5769 (1988). 
 
5.  R. J. Hill, “Review of Optical Scintillation Methods of Measuring the Refractive-Index Spectrum, Inner 
Scale and Surface Fluxes," in Waves in Random Media 2, pp. 179-201, (1992).  
 
KEYWORDS: lasers, turbulence, propagation, laser communications, laser illuminator, high energy laser, 
atmospheric turbulence, inner-scale, outer-scale, turbulence anisotropy, turbulence inhomogeneity  
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AF083-004   TITLE: Fiber Laser Beam Combining 
 
TECHNOLOGY AREAS: Sensors, Weapons 
 
OBJECTIVE: Analysis and simulation of novel high-power fiber laser arrays, to determine feasibility, 
identify risks, establish operating ranges, and critically compare competing beam combining technologies.  
 
DESCRIPTION: This topic calls for novel high energy laser (HEL) system concepts for directed energy 
applications. Specific tasks foreseen for HELs include, but are not limited to, long-range remote sensing, 
target designation and illumination, precision engagement, and self-defense. Electrically pumped solid state 
lasers are primary candidates since their energy supply is clean and rechargeable. One of the most 
promising members of this group is the semiconductor diode-pumped fiber laser, as this laser has high 
beam brightness due to its single transverse mode structure, high electrical and optical efficiency, and 
efficient thermal management. Proposals are called for achieving breakthroughs in beam power and 
brightness by coherently combining the beams of a number of individual fiber laser oscillator or amplifier 
modules. Specifically, the relevant parameters are total continuous wave or average beam power, beam 
quality (i.e., high power concentration in the central far field lobe), high conversion and thermal 
management efficiencies, system compactness and robustness (e.g., absence of free-space optics), which 
includes optical, thermal, and mechanical stability studies. It is mandatory that any proposed investigation 
addresses in totality both power scaling and scalable beam quality issues as minimal requirements. More 
specifically, we seek proposals for developing improved physical models or computational methods that 
will make performance predictions under untested operating conditions, determine operating ranges, and 
help identify anticipated obstacles and challenges. Recommended is that system modeled and parameter 
values (e.g., fiber type and wavelength) be grounded in the high power fiber beam-combining testbed that 
is being completed in the AFRL Directed Energy Directorate, and close collaboration be maintained with 
one or more of groups using this, with the objective to establish the winning approach among various 
methods of fiber laser beam combining.  
 
PHASE I: Model single fiber laser/amplifier operated under extreme conditions, including essential 
nonliner/thermal effects; perform preliminary investigation of at least one compound system, or 
comparative analysis of two or more, with identification of associated experimental groups using the 
testbed.  
 
PHASE II: Perform detailed theory-modeling analysis of system initiated in Phase I, perform critical 
comparison of theoretical and experimental results of test bed, and do pilot comparative system analysis to 
evaluate performance under realistic operating conditions, such as atmospheric effects, mechanical 
stability, etc.  
 
PHASE III / DUAL USE: Military application: Demonstrate uses in land, air, or space-based platforms and 
propose industrial partnerships in material processing or other applications. Commercial application: 
Stabilization testing eye safe illumination surveillance systems for border monitoring/homeland defense. 
Tracking structural borne disturbances (aircraft/civil structure monitoring) for defects. 
 
REFERENCES:  
1. Shirakawa, A., Saitou, T., Sekiguchi, T. and Ueda K, “Coherent addition of fiber lasers by use of a fiber 
coupler,” Opt. Express 10 1167–72 (2002). 
 
2. Cheo, P. C., Liu, A., King, G. G., “A high-brightness laser beam from a phase-locked multicore Yb-
doped fiber laser array,” IEEE Phot. Tech. Lett. 13, 439 (2001).  
 
3. Augst, S. J., Goyal, A. K., Aggarwal, R. L., Fan, T. Y. and Sanchez, A., “Wavelength beam combining 
of Yb fiber lasers,” Opt. Lett. 28 331–3 (2003). 
 
4. T. Shay, et al., Opt. Express, 24, 12015 (2006). 
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5. Corcoran, C. J. and Durville, F., “Experimental demonstration of a phase-locked laser array using a self-
Fourier cavity," Appl. Phys. Lett., Vol. 86, Issue 20, May 16th, (2005). 
 
KEYWORDS: Coherent Beam Combining, Phase Locking, Spectral Beam Combining, Spatial Mode 
Filtering, Coupled Oscillators  
 
 
 
 
AF083-005   TITLE: Innovative, Lightweight Methods For Thermal Management of HEL 

Mirror Subsystems 
 
TECHNOLOGY AREAS: Weapons 
 
OBJECTIVE:  Investigate and develop innovative, unique methods for lightweight (LW) thermal 
management of high energy laser (HEL) LW optics. Use these LW thermal mitigation approaches on many 
HEL mirror applications.  
 
DESCRIPTION: This topic investigates approaches for thermal management of lightweight optics for HEL 
mirror applications. This effort supports the Airborne Laser (ABL) program as well as other HEL laser 
programs, by addressing a key technology issue associated with these programs. Active and passive 
methods for thermal management are of interest for both web-based and foam-core lightweighted optics.  
Temperature rise of HEL mirrors is a function of incident laser power, intensity and duration, and coating 
and substrate bulk absorption. The mirror temperature rise profile can degrade mirror performance and may 
cause coating/system failure; it is the limiting factor for lasing time and the system duty cycle. Current 
estimates range from 180KJ to 6 MJ, would possibly be deposited over a time of 100 seconds, with the heat 
load conducted to and stored in the thermal management systems, and then removed from the platform 
within an hour or so. Traditional mirror heat removal methods (e.g., by conduction, convection or 
radiation) have insufficient time constants for heat removal and may further degrade the system optical 
performance (e.g., closed cycle liquid cooling rapidly removes heat but causes jitter in the wavefront, and 
adds weight and complexity to the system).  Purely convective methods also have limitations. Innovative, 
novel and unique phase change materials that allow the absorption of peak thermal loads during mission 
operations and then dissipate the heat during the non-operating portion of the mission should be considered 
for research and development. However, these types of storage and then removal of heat techniques will 
only be considered if they are able to become faster, LW and smaller in volume. The ideal desire is to seek 
innovative solutions to be able to keep the mirrors at approximately constant temperatures during operation 
to maintain high beam quality, while keeping the weight and volume of this heat management system small 
and compact. 
 
The primary objective in Phase I is to study, analyze and identify the most promising lightweight (LW) 
thermal mitigation approaches for a HEL mirror and to demonstrate their viability through analysis.   
 
AFRL will provide a government furnished equipment (GFE) HEL mirror and mount. 
 
PHASE I:  Determine feasibility of LW thermal management techniques for HEL mirrors. Accepted 
thermal analysis methods will be used to analyze, investigate and determine technique feasibility. An 
analytical report is required. Size, volume, weight and power requirements shall be estimated for a 
proposed hardware design.  
 
PHASE II:  Develop prototype thermal management hardware (HW) and integrate with a prototype HEL 
mirror system. AFRL will provide a GFE HEL mirror and mount. Prototype HW does not need to be 
initially LW but must show HW is traceable to being lightweighted. The prototype HW/GFE HEL mirror 
will be operated in a variety of realistic HEL and environmental conditions with the required 
instrumentation to determine performance.  
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PHASE III/DUAL USE:  Military application: Modify HW subsystem and apply to AFRL HEL programs 
to ensure operational effectiveness. The HW subsystem should be transferrable to other AF airborne or 
relay mirror platforms. HW solutions are expected to have broad applicability to DoD and intelligence 
agencies.  Commercial application:  Topic is applicable to many commercial functions where heating 
occurs, such as laser drilling, laser machining, laser welding, laser communications, laser cutting and laser 
fusion.  
  
REFERENCES:     
1.  M. E. Sorge, “Thermal Management for Relay Mirror Payloads”, 20 July 2006 
 
2.  William A. Goodman, Marc Jacoby, Daniel Marker and Ryan Conk, “Advanced Lightweight SLMS™ 
Primary Mirror for an ‘ATL-like’ Beam Director”, 2007 Directed Energy Professional Society Beam 
Control conference, Monterey, California, 19-23 March 2007. 
 
3.  Marc T. Jacoby and William A. Goodman, “Material properties of silicon and silicon carbide foams”, 
Proc. of SPIE Optical Materials and Structures Technologies II, Vol. 5868-20, San Diego, CA, August 
2005, ed. William A. Goodman.  
 
4.  J. B. Hadaway, P. Reardon, J. Geary,; P. Stahl, R. Eng, “Cryogenic quilting or print-through of various 
lightweight mirrors”, Proceedings of SPIE Cryogenic Optical Systems and Instrumentation X  Vol. 5172-
03, San Diego, August 2003. 
 
5.  M. E. Sorge, “EAGLE Space Relay Mirror Pilot Program for AFRL/DE – Virtual Concept Design 
Center”, Aerospace Report No. TOR-2003(1214)-2717, 9 July 2003. 
 
6.  William Goodman, Marc Jacoby, David Reicher, Paul Black, Lewis DeSandre, Patrick Saunders, Daniel 
Marker, and Captain Ryan Conk, “SLMS™ and SiC-SLMS™ Technology for High Quality Wavefront 
Control of HEL Tactical Airborne and Relay Mirror Beam Control Applications”, Directed Energy 
Professional Society Annual Meeting, Lihue, HI, November 2005. 
 
7.  M. Kartz, S. Olivier, J. Brase, C. Carrano, D. Silva, D. Pennington, C. Brown, “High-Resolution 
Wavefront Control of High-Power Laser Systems”, International Workshop on Adaptive Optics for 
Industry and Medicine, Durham, U.K., July 1999. 
 
KEYWORDS: lightweight (LW), thermal management, phase change material, high energy laser (HEL), 
relay mirrors 
 
 
 
 
 
AF083-006   TITLE: Low Cost Intelligence, Surveillance and Reconnaissance, Unmanned 

Aerial Vehicle (UAV) 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles 
 
OBJECTIVE: Innovative low cost unmanned aerial vehicle concept/design with extended endurance, 
payload capacity for multi-sensor packages (with focus on small lasers) and low operating cost/logistics 
needs.  
 
DESCRIPTION: DoD and other government organizations have a growing need for intelligence, 
surveillance and reconnaissance (ISR) and target designation systems capable of providing timely ISR data 
and target clarification to those responsible for ensuring secure unit operations. UAVs today are typically 
either low payload/low endurance systems for use only under highly restricted local conditions or are very 
large platforms requiring a high cost and complex support network. The need is urgent for a low cost UAV 
that can be transported by and launched and operated by a two-person team from the back of a small truck 
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or trailer. User needs also require that these low cost UAVs have a suite of flexible (plug and play) 
capabilities to include sensing for ISR, persistent surveillance and laser target designation. The 
incorporation of small lasers on this platform to meet these mission needs is stressed to encourage 
innovative use of directed energy technologies to meet this immediate user need. 
 
It is intended that this UAV will have the capability to serve as the airborne platform for an unmanned 
aircraft system (UAS) with the following attributes:  
(1) an endurance of 18+ hours,  
(2) can accommodate a 10-15 pound highly capable day/night sensor system payload,  
(3) can down-link real-time sensor data to operators on the ground,  
(4) laser designate ground targets,  
(5) can be flown by a non-pilot operator via simple commands from a portable laptop computer,  
(6) can fly for long distances under global positioning system/autopilot control (with command update 
availability via satcom),  
(7) can transfer command to a deployed forward team, and  
(8) can be recovered safely and easily with minimal airframe damage.  
 
For commercial use, this UAS needs to meet the requirements necessary for the system to operate safely in 
US airspace.  Actual requirements for US airspace operation have not yet been defined by the FAA.   It is 
clear that a reliable form of “sense and avoid” for the UAV, comparable to a manned aircraft’s requirement 
to “see and avoid,” will be necessary to permit flight of a UAV that is not under visual observation.  
Research indicates several sense and avoid systems are under development, including optical, acoustical, 
and others and these developers understand that these systems need to be small and light enough to be 
flown on a UAV. This UAV will be  developed to have enough payload capacity to handle a sense and 
avoid system, as well as a radar transponder, also likely to be required by the FAA. 
 
PHASE I: Prepare a high level design for a low cost UAV with attributes listed above. Consider using 
commercial off-the-shelf (COTS) sensors, lasers, communication and other on-board electronics to meet 
mission requirements.  
 
PHASE II: Develop a proof-of-concept prototype. Include a UAV demonstration with working 
sensing/targeting equipment in a UAS operational scenario. Develop computerized UAS training for 
system operation in an operational environment. Provide prototype design for the UAV to house equipment 
needed for safe operation in US airspace. Perform initial flight test experiments and performance 
assessment.  
 
PHASE III / DUAL USE: Military application: Surveillance, special operations team planning, airfield and 
force protection, improvised explosive device detection, target laser designation, infrastructure protection 
and ISR. Commercial application: Law enforcement, search and rescue, and coastal and border 
surveillance. 
 
REFERENCES:  
1. UAS Unmanned Aircraft Systems, The Global Perspective, 2007 – 2008, USAF White Paper. 
 
2. Unmanned Systems Roadmap 2007 - 2032, Memorandum for the Secretaries of the Military Depts, 
Chairman of the JCS, Chiefs of Staff (USA, USAF), Chief of Naval Ops, Commandant of the Marine 
Corps, Director (DARPA); Secretary of Defense publication. 
www.acq.osd.mil/usd/Unmanned%20Systems%20Roadmap.2007-2032.pdf 
 
3. Additional information provided by TPOC includes Summary, Cost, Exception, Sensor Payload, Speed, 
Endurance, and Special Interest Item/Payload Clarification. (See Word document uploaded to SITIS). 
 
4. Additional Information from TPOC in response to incoming FAQs from prospective proposers.  (See 
Excel document uploaded to SITIS). 
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KEYWORDS: UAS, UAV, ISR, laser designator, plug and play, endurance, payload, launch, recover, 
satcom 
 
 
 
 
AF083-007   TITLE: Compact, Submicrosecond Discharge Pulsed Power Capacitors 
 
TECHNOLOGY AREAS: Electronics, Weapons 
 
OBJECTIVE: To develop compact, high voltage, pulsed power capacitors with submicrosecond discharge 
rates, long life (~10^6 shots) utilizing novel dielectric materials and packaging techniques.  
 
DESCRIPTION: The energy density of pulsed power subsystems for high power microwave (HPM) 
systems remains limited by the storage capabilities of the dielectric subsystem, which may consist of either 
capacitors or solid dielectric lines. Gigawatt-class HPM systems generally operate from megavolts to 
hundreds of kilovolts with pulse durations no more than several hundred nanoseconds long. The state-of-
the-art for commercially available pulsed power capacitors approaches 2 J/cc. However, in practice 
repetition rate (as high as 100 pps), discharge rate < 0.1 microseconds and lifetime requirements for HPM 
systems limit the energy density of these capacitors to less than 0.5 J/cc. Compact, high energy density 
pulsed power capacitors with long lifetimes capable of fully discharging their stored energy in less than 0.1 
microseconds are needed to increase the energy density and performance of compact, pulsed power systems 
that will enable HPM applications on airborne platforms. Innovative approaches that incorporate the 
development of both high breakdown strength, low loss (tan delta < 0.005) advanced dielectrics and 
improved metallization and packaging techniques are needed to produce higher energy density and longer 
lifetime packaged, pulsed power capacitors. The combination of long lifetimes and high energy density 
necessitate developing a configuration that mitigates electric field enhancements throughout the entire 
device. In addition, demonstrating an understanding of the device electrical performance as a function of 
electric field, temperature and frequency will be essential to successfully achieve the desired goals. 
 
PHASE I: Demonstrate the feasibility of achieving 15 kilovolt, submicrosecond discharge packaged 
capacitors with energy densities of > 3 J/cc and lifetimes > 100,000 shots. 
 
PHASE II: Demonstrate and deliver 5 fully packaged prototype 15 kilovolt pulsed power capacitors with a 
packaged energy density of > 3 J/cc and lifetimes > 100,000 shots capable of submicrosecond discharge at 
repetition rate of (objective) 30Hz or (threshold) 10 Hz.  
 
PHASE III / DUAL USE: Military application: directed energy systems, high power microwave generators, 
power modulators, particle accelerators, advanced radar systems. Commercial application: medical x-ray 
equipment, particle accelerators, advanced radar systems, defibrillators, utility distribution substations, 
machining equipment. 
 
REFERENCES:  
1. F. MacDougall, J. Ennis, X. H. Yang, K. Seal, S. Phatak, B. Spinks, N. Keller, C. Naruo, T. R. Jow, 
“Large High Energy Density Pulse Discharge Capacitor Characterization,” Presented at 15th IEEE 
International Pulsed Power Conference, June 13-17, 2005, Monterey, CA. 
 
2. T. A. Hoskings, M. A. Brubaker, “Annular Form Factor Film Capacitors”, 2005 IEEE Pulse Power 
Conference, June 2005, pp. 1227-1230. 
 
3. X. Qi, S. Boggs, “Analysis of the Effects of End Connection Quality on the Dielectric Loss of Metallized 
Film Capacitors," IEEE Trans. Dielectrics and Electrical Insulation, 11 (6) pp. 990-994. 
 
4. B. Chu, X. Zhou, K. Ren, B. Neese, M. Lin, Q. Wang, F. Bauer, Q. M. Zhang, “ A Dielectric Polymer 
with High Electric Energy Density and Fast Discharge Speed," Science 313, July 2006, pp 334-336. 
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5. Qi, X., Ronzello, J.A., Boggs, S., “Dielectric Properties of Metallized Paper-Film Capacitors,” IEEE 
Trans. Dielectrics and Electrical Insulation 12 (6), pp. 1235-1240. 
 
KEYWORDS: pulsed power, capacitors, dielectric, high energy density 
 
 
 
 
AF083-008   TITLE: Tunable Dielectrics for Gigahertz, Pulsed Power Applications 
 
TECHNOLOGY AREAS: Air Platform, Weapons 
 
OBJECTIVE: To develop dielectrics demonstrating a combination of nonlinear response to electric fields, 
high permittivity (1000’s) and very low losses (<0.0005) at frequencies in the range of 800 MHz to 1 THz.  
 
DESCRIPTION: Delivering precision effects and full battlespace awareness are capabilities that are crucial 
for maintaining the superiority of the U.S. Air Force into the future. Many technologies facilitating these 
capabilities require devices that are robust, highly efficient, compact, powerful (>10 MW) and tunable to 
operational frequencies ranging from the high radio frequency to terahertz. To realize the full potential of 
these devices, the development of high performance, nonlinear dielectrics materials are needed.  
 
Conventional ferroelectrics are known for high permittivites and strong, nonlinear response to an applied 
electric field under certain conditions. Their response is controlled both by the lattice dynamics of the 
material and the presence of defects. The loss tangent of the material typically exceeds 0.005 and is 
inversely related to the permittivity. Also, dielectric response (permittivity and tunability) decreases at 
frequencies in the range of interest (800 MHz to 1 THz). Innovative approaches are needed to provide the 
unique combination of electrical properties at frequencies within the 800 MHz to 1 THz range. Potentially 
useful approaches may explore theoretical and experimental aspects of developing novel, nonlinear 
dielectrics, including but not limited to new chemical compositions, thin films, hybrid composites and, 
multiple phase composites (ferroelectric, paraelectric, antiferroelectric). Teaming with a dielectric 
manufacturer is highly recommended during Phase II. Multiple phase I awards are anticipated based on 
approaches focusing on tunability over different frequency bands (>400 MHz wide) within the frequency 
range of 800 MHz to 1 THz. 
 
 
PHASE I: Demonstrate the feasibility of an electric field tunable dielectric with high variable permittivity 
(>500); low losses (tan delta <0.002) at room temperature over a frequency band >400 MHz-wide within 
the frequency range (shown above). Demonstrate scaling to high power applications (100's A, 10's of kV) is 
feasible.  
 
PHASE II: Demonstrate and deliver 20 individual prototype units of electric field tunable dielectrics with 
high variable permittivity (>500) and very low losses (tan delta <0.002) at room temperature over a broad 
frequency band (>400 MHz wide) within the frequency range 800 MHz to 1 THz that are each capable of 
handling >3 kV.  
 
PHASE III / DUAL USE: Military application: Directed energy weapons, ultra wide band radar, voltage 
controlled oscillators, phased array antennas, tunable filters and phase shifters. Commercial application: 
Voltage controlled oscillators, tunable filters, phase shifters, compact, tunable (narrowband and wide band) 
microwave devices, communications and cellular telephones. 
 
REFERENCES:  
1. Y. Xu, Ferro-electric Materials and Their Applications, (Elsevier, North Holland, 1991). 
 
2. H. Ikezi, J. S. DeGrassie and J. Drake, “Soliton Generation at 10 MW Level in the Very High Frequency 
Band,” Appl. Phys. Lett. 58(9), (1991) 986-987. 
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3. A. M. Belyantsev and A. B. Kozyrev, “Multilayer Heterostructures with Asymmetric Barriers as New 
Components for Nonlinear Transmission Lines to Generate High-Frequency Oscillations in the 100-300 
GHz Range," International Journal of Infrared and Millimeter Waves 23(10), (2002) 1475-1500. 
 
4. S. S. Gevorgian, E. L. Kollberg, “Do We Really Need Ferroelectrics in Paraelectric Phase Only in 
Electrically Controlled Microwave Devices?," IEEE Trans. on Microwave Theory and Techniques 49(11), 
(2001) 2117-2124. 
 
5. A. K. Tagantsev, V. O. Sherman, K. F. Astafiev, J. Venkatesh and N. Setter, “Ferroelectric Materials for 
Microwave Tunable Applications,” Journal of Electroceramics 11, (2003) 5-66. 
 
KEYWORDS: nonlinear dielectrics, ferroelectrics, paraelectrics, anti-ferroelectrics, nonlinear transmission 
lines 
 
 
 
 
AF083-009   TITLE: High Power Microwave Frequency Selective Surfaces 
 
TECHNOLOGY AREAS: Sensors, Weapons 
 
OBJECTIVE: Design, validate, build, and test high power-capable (0.5-1 MW/cm^2, ~100 nsec pulse 
widths) frequency selective surfaces (FSS’s) at L-band (~1-2 GHz) for high power microwave (HPM) 
applications.  
 
DESCRIPTION: FSS’s are commonly used to limit electromagnetic interference (EMI) and radar cross 
section (RCS) associated with antennas.  However, when designing HPM systems, problems associated 
with air and material breakdown must be addressed.  At the present time, many advanced materials, 
including FSS’s, are not employed in HPM systems due to breakdown concerns.  This leads to EMI and 
RCS problems with HPM systems. 
 
A complicating factor in designing HPM components is the fact that breakdown events are difficult to 
predict.  Electromagnetic simulation is extremely valuable in the design phase to limit the risk of 
breakdown.  However, field levels that cause breakdown are not precisely known and breakdown events are 
often dependent on microscopic surface characteristics, which are also not well known.  These unknowns 
lead to uncertainty in any computation to predict breakdown.  Thus, validation of the power handling 
capability of a design requires both simulation and experimental validation. 
 
Innovative designs are needed to allow FSS’s to be employed in HPM systems.  0.5 to 1 MW/cm^2 power 
handling is required.  Frequencies across the microwave spectrum are of interest, with emphasis on L-band. 
While power handling is the parameter of most importance, other performance parameters, such as resonant 
frequencies and bandwidth, as well as productibility, thickness, weight, and cost are important.  Further, 
innovative methods to predict, test, and validate the power handling capability of FSS designs are needed.  
Successful proposals to this topic must address all of these concerns. 
 
PHASE I: Conduct innovative research to identify novel designs for high-power capable FSS's.  Carry out 
detailed analysis of one or more design concepts to assess performance, power handling, and technology 
abilities and deficiencies of each concept.  Carry out a limited design proof of principle experiment. 
 
PHASE II: Complete design and build a prototype of the most promising concepts.  Demonstrate the 
electrical properties of the FSS's at low power.  Design and execute a high power proof of principle 
experiment and address the mitigation of the highest risk technologies associated with the design.  Validate 
the power handling capability of the FSS’s.  Show a clear path to platform and HPM source integration.  
 
PHASE III / DUAL USE: Military application: Airborne and ground-based HPM offensive and defensive 
systems, high power pulsed radar, countermine and counterimprovised explosive devic missions, and 
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counterelectronics. Commercial application: High power pulsed radar, electromagnetic interference testing, 
and numerous wireless power transmission applications. 
 
REFERENCES:  
1.   B. A. Munk, John Wiley and Sons, Frequency Selective Surfaces Theory and Design, 2000. 
 
2.   W. S. Bigelow, E. G. Farr, J. S. Tyo, W. D. Prather, and T. C. Tran, "A frequency selective surface 
used as a broadband filter to pass low-frequency UWB while reflecting X-band radar," Sensor and 
Simulation Note 506, Jan. 2006. 
 
KEYWORDS: High power microwave, directed energy, frequency selective surface, FSS 
 
 
 
 
AF083-010   TITLE: Innovative UAV-to-satellite communication link concepts using 

adaptive optics 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, 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. 
 
OBJECTIVE: Demonstrate an innovative lightweight, miniaturized unmanned aerial vehicle (UAV)to-
satellite communications link approach using adaptive beam compensation.   
 
DESCRIPTION: In support of high data rate AISR (airborne intelligence, surveillance and reconnaissance) 
the Air Force seeks innovative adaptive optic compensation techniques to minimize the effects of 
atmospheric disturbances. Conventional adaptive optics approaches often use actuators and include moving 
mirrors, adversely affecting the size, weight, power (SWAP) and reliability of the adaptive optics system. 
Electro-optic devices have been shown to be capable of minimizing time-varying atmospheric disturbances 
at greatly reduced SWAP while increasing the reliability. The purpose of this topic is to develop and 
demonstrate a miniaturized phase measurement and compensation system capable of supporting UAV-to-
satellite communications links.  The system should sense and compensate at least three waves of phase 
distortion across an approximately 20cm aperture.  These phase distortions would be due to aircraft 
boundary layer effects and have an appropriate structure function, which may be assumed to go as 
separation squared for this effort.   The compensation system should be able to respond in <30 micro-
seconds and be operable in a temperature range of -40 to +80 degrees C.   The optical loss will be less than 
2dB, including effects such as fill factor. The device should be able to handle optical powers up to tens of 
watts. 
 
PHASE I: Conduct innovative design approaches in area of  terrestrial adaptive optics-based beam-
compensation method in AISR.  Select a promising approach suitable for a UAV-to-satellite 
communications link and verify the approach.  Feasibility of the design should be supported by modeling 
and simulation.  
 
PHASE II: Fabricate and characterize prototype system. Testing relevant to communications links through 
a dynamic atmosphere will be conducted, including optical compensation through an atmospheric simulator 
via closed loop control. Empirical verification of low optical loss and fast response time will also be 
conducted.   
 
PHASE III / DUAL USE: Military application: Adaptive optics enhanced beam compensation techniques 
will find broad application to various communications links applicable to AISR.   
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 Commercial application: Very similar commercial applications will be found in civilian Drug fighting and 
interdiction efforts as well as Commercial security.   
 
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. 
 
KEYWORDS: Adaptive optics, UAV, deformable mirror, satellite communications,  
 
 
 
 
AF083-013   TITLE: New Laser Eye Protection (LEP) Technology for Visors 
 
TECHNOLOGY AREAS: Sensors, 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. 
 
OBJECTIVE: Demonstrate new LEP technologies for highly curved and complex-shaped visors.  This 
topic involves LEP solutions other than the dyes and reflective coatings currently in use. 
 
DESCRIPTION: LEP currently used by USAF forces incorporates cutting edge technologies (absorptive 
dyes and/or reflective technologies) to protect against lasers at a variety of wavelengths in the infrared (IR) 
and visible portions of the electromagnetic (EM) spectrum.  This can be particularly problematic when 
helmet-mounted displays such as the Joint Helmet Mounted Cueing System and the Joint Strike Fighter 
(JSF) system are involved.  Dyes tend to be broadband absorbers–their absorption at wavelengths other 
than the desired wavelength(s) frequently reduces overall luminous transmittance (LT) to levels that are 
unacceptable for night use.  Also, dyes tend to decompose at the temperature of molten polycarbonate.  
This complicates achieving a desired level of laser protection, and dye decomposition products can produce 
unacceptable optical effects.  Dyes can (in principle) be imbibed or coated onto a visor after it is molded, 
but the LT problem remains.  Reflective technologies (dielectric coatings and holograms) are applied after 
the visor is molded and can be made with sharp cutoffs around the wavelength(s) of interest, providing 
much higher LT than dyes.  However, only a select few functional reflective coatings have been placed on 
large or highly curved surfaces, and none have been placed on complex shapes.  Also, protection provided 
by reflective technologies is dependent upon the angle of incidence of the incoming light.  Narrow 
protective notches and high incident angles can cause the wavelength against which protection is desired to 
become uncovered (blue shift).  For a highly curved or complex-shaped visor, some of the light coming in 
from any direction will always be at a high incident angle.  So even if reflective technologies could be put 
onto large, complex surfaces, their usefulness is by no means certain.  Finally, because they reflect light, 
these technologies have been found to produce distracting (and sometimes obscuring) nuisance reflections 
in the visual field, so visual compatibility of the laser protection with the avionics display on the inside 
surface of a visor is likely to be problematic.  This effort will focus on the design, fabrication, and 
validation of a visor that incorporates LEP technologies not currently in use.  The resulting visor will 
provide a minimum optical density (OD) of 4 in the near IR (700  to 1350 nm) but be transparent to visible 
light between 400 and 700 nm and free from internal reflections.  Ideally, the LEP technology solution will 
create a passive barrier that protects against both continuous wave (CW) and pulsed laser emissions, will be 
compatible with incorporation into a polycarbonate visor during molding, and not be angularly dependent.  
The technology must be compatible with, and must not degrade the ballistic protection properties of, 
polycarbonate.  The proposed technology must provide high luminance transmission (minimum of 85 
percent) and be color neutral in the visible range.  This technology must also be compatible with a neutral 
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tint (dye) that reduces light transmittance to 15 percent for daytime operations.  In terms of optical quality, 
it is paramount that negative factors such as haze, distortion, aberration, prism, and artifacts are minimized 
so as not to impair visual performance or create distractions in the visual field. 
 
PHASE I: Perform a technology feasibility assessment, and deliver a description of the conceptual solution, 
data to support the feasibility of the proposed solution, and a brief outline of a Phase II effort. 
 
PHASE II: Execute a technology development plan and demonstrate the proposed solution by delivering a 
visor incorporating the proposed technology with supporting performance data. 
 
PHASE III / DUAL USE: Military application: The U.S. Air Force, Army, and Navy all have requirements 
for LEP for personnel. Commercial application: Potentially any field that uses lasers or laser eye protection 
(e.g., medical/dental laser surgery, lab technicians, welding, manufacturing, and laser research). 
 
REFERENCES:  
1.  “Beam Weapons Revolution,” Jane’s International Defense Review, pp. 34 - 41, August 2000. 
 
2.  Sheehy, James B. and Morway, Phyllis E., “Laser-protective technologies and their impact on low-light 
level visual performance,” Laser-Inflicted Eye Injuries: Epidemiology, Prevention, and Treatment, SPIE 
Proceedings, Vol. 2674, pp. 208 - 218, Stuck, Bruce E. and Belkin, Michael, Eds. (1996).  
 
3.  Visor performance specification, MIL-V-43511C. 
 
4.  ANSI Standard Z136.1. American national standard for the safe use of lasers, American National 
Standards Institute, Inc., New York, 2000. 
 
5.  ANSI Standard Z87.1 American national standard for occupational and education eye and face 
protection, American National Standards Institute, Inc., New York, 1993. 
 
KEYWORDS: laser, visor, eye, protection, laser eye protection, LEP, laser defense, laser filter 
 
 
 
AF083-014   TITLE: Multimodal Synthetic Aperture Radar (MM-SAR) Exploitation 
TECHNOLOGY AREAS: Information Systems, Sensors 
 
OBJECTIVE: Develop efficient automated SAR exploitation capabilities for current and projected 
operational problems. 
 
DESCRIPTION: SAR imaging sensors are gaining widespread application in both military and nonmilitary 
applications across the world.  In its conventional image formation mode, it is considered to be a nonliteral 
sensor in that the imagery does not represent reflected light (as does human vision or electro-optical (EO) 
sensing) but, rather, is a representation of the radar reflectivity/cross section (RCS) of objects in the ground 
scene.  The intensity of a SAR pixel is roughly proportional to the RCS of that point on the ground.  But 
SAR is capable of supporting other modes for imagery analyst-performed exploitation. 
 
Noncoherent change detection (NCCD) processing can be applied to detected SAR images. It offers the 
advantages of processing speed and relative robustness with regard to the requirement to match imaging 
geometries between the mission and reference images.  It offers the disadvantage of a relative lack of 
resolution with regard to detecting disturbed earth or other indicators of activity.  Coherent change 
detection (CCD), exploiting the complex SAR phase history data format, on the other hand, requires more 
precise matching of imaging geometries and longer processing times.  Innovative techniques which employ 
NCCD to cue CCD processing to local areas in the SAR coverage can be expected to reduce false positives, 
produce highly exploitable chips of localized activity, and greatly reduce total processing time.  Dynamic 
imaging (DI) represents a trade between angle diversity and resolution.  In DI, multiple, lower resolution 
images are formed over the synthetic aperture formation period.  It is possible that one or more of these 
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lower resolution images may capture a glint or highly directional specular return from obscured targets 
which would have been lost (washed out) if the entire aperture period had been used to form a single high-
resolution image. 
 
Innovative MM-SAR exploitation tools can reasonably be expected to demonstrate significant advantages 
by making maximum use of the strengths of each of these collection modes while minimizing the impacts 
of their respective weaknesses.  For example, it is reasonable to expect a reduction in missed targets which 
are obscured, which are treated to reduce their radar signatures, or which are in urban clutter while, 
simultaneously, reducing false alarms. 
 
Either actual SAR imagery/data or high-fidelity simulated imagery/data would be appropriate to support 
this research and development effort. 
 
Innovative research is required to gain a better understanding as to how to most effectively employ these 
nonimaging modes (NCCD, CCD, DI), either sequentially (cross-cueing) or in combination (integration).  
Capability-based measures of effectiveness are required to quantify the enhancements to intelligence, 
surveillance and reconnaissance (ISR) exploitation products to be expected from MM-SAR data 
exploitation.  Development and demonstration of a MM-SAR exploitation capability, in a laboratory 
workstation environment, will support the objective assessment of these new exploitation tools. 
 
PHASE I: Research and demonstrate innovative, integrated SAR target detection capabilities which are 
compatible with the perceptual and cognitive capabilities of the intelligence analyst. 
 
PHASE II: Develop and demonstrate a prototype integrated/MM-SAR exploitation capability in a 
laboratory environment. Evaluate military potential of the prototype against the capability-based measures 
of effectiveness. 
 
PHASE III / DUAL USE: Military application: Innovative integrated/MM-SAR exploitation capabilities 
can be expected to greatly enhance standoff ranges, wide area coverage, and adverse weather imaging 
capabilities.  
Commercial application: There is a rapidly growing market in geographic information systems (GIS) for 
application widely diverse domains including land use management, urban planning, disaster assessment 
and recovery, oil spill mapping, etc. 
 
REFERENCES:  
1.  AFRL Human Effectiveness, Warfighter Interface Division:  
http://www.wpafb.af.mil/shared/media/document/AFD-070418-024.pdf 
 
2.  Reconnaissance System Wing:  http://www.wpafb.af.mil/shared/media/document/AFD-061220-004.pdf 
 
3.  GIS:  http://en.wikipedia.org/wiki/Geographic_information_system 
 
4.  Spaceborne SAR System (Foreign): http://www.haaretz.com/hasen/spages/946852.html 
 
5.  Spaceborne SAR System (Foreign):  http://www.isprs.org/istanbul2004/comm3/papers/386.pdf 
 
KEYWORDS: SAR, exploitation 
 
 
 
 
AF083-015   TITLE: Binocular Multispectral Adaptive Imaging System (BMAIS) 
 
TECHNOLOGY AREAS: Air Platform 
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OBJECTIVE: Develop a helmet-mounted display (HMD) system for pilots that adaptively integrates 
shortwave infrared (SWIR), visible, near-IR (VNIR), off-head thermal, and computer symbology/imagery 
into fused visualizations. 
 
DESCRIPTION: Pilots need a visualization system that enables day/night/adverse weather operations. 
Currently fielded night vision and day vision technologies are not integrated and do not work as well as 
needed under many illumination conditions. The opportunity now exists to replace two separate helmet 
clip-ons now in use–-the night-vision goggles (NVGs) based on image intensifier vacuum tubes, and the 
day-target sighting systems based on high-voltage miniature cathode ray tubes (CRTs)—with a single 
integrated day/night/adverse weather visualization system based on low-voltage digital solid-state imagers, 
processors, and displays. The goal of this topic is to create and develop revolutionary pilot HMD 
visualization systems via a spiral development process leveraging recent advances in imaging sensors, 
fusion algorithms, and supercomputing processors. New focal plane array (FPA) sensors with substantially 
improved visualization potential are now becoming available in several bands, including the VNIR, SWIR, 
mid-wave infrared (MWIR), and long-wave infrared (LWIR, aka thermal, aka forward/downward-looking 
IR, FLIR/DLIR). Long-term efforts to develop scene-adaptive multiband image fusion algorithms have 
culminated in software available for implementation in a variety of warfighter visualization tasks to 
optimally combine two, three, or four different sensors of varying resolution. Supercomputing processors 
capable of 150 to 350 billion operations-per-second (GOPS) are becoming available to implement the 
advanced adaptive fusion algorithms in real time (30 to 60 Hz) in the form of either a) application-specific 
integrated circuit (ASIC) chips or b) one to two small boards populated with the latest floating-point-gate-
array (FPGA) packages. All designs sought under this topic should be a binocular for an aviation helmet 
providing a 40º field of view (FOV) with 100 percent overlap and 1:1 magnification. The minimum initial 
effort (threshold) capability demonstration sought is a binocular HMD-mounted SWIR-only system having 
a minimum resolution of 640 by 512 pixels with computer-input for either symbol overlay or 
synthetic/augmented image presentation to the eye. Mid-term performance sought is an increase of 
resolution to 1280 by 1024 pixels. Objective long-term performance sought is 2560- by 2048-pixel image 
resolution, which corresponds to 20:20 visual acuity in a 40º FOV, in the final BMAIS. Scene-adaptive 
fused imagery is desired in addition to the SWIR at all stages of BMAIS development, including the 
possible addition of HMD-mounted VNIR and LWIR sensors, or the use of aircraft-mounted imaging 
sensors in any portion of the electromagnetic (EM) spectrum (including especially, LWIR) to generate the 
fused image displayed to the eyes. All designs and prototypes should meet the space, weight, ergonomic, 
and power (SWEP) requirements for pilot helmet-mounted systems.  
 
PHASE I: Design binocular pilot HMD system sensitive in SWIR and VNIR with inputs for off-helmet 
symbology/imagery. Sensor may be a single FPA or multiple FPAs with electronic fusion.  Display may be 
opaque or see-through.  Processor must enable symbology overlay and fusion of a/c-mounted imaging 
sources. 
 
PHASE II: Fabricate binocular SWIR-VNIR pilot HMD clip-on system suitable for evaluation in a 
representative environment.   Prototype must be demonstrated in a laboratory environment to enable 
symbol overlay and fusion of simulated a/c imaging sensors such as FLIR, SAR and synthetic vision.  
Prototype should meet the SWEP requirements for engineering development into a product for use with 
current helmets. 
 
PHASE III / DUAL USE: Military application: Develop an engineering prototype of a SWIR-only helmet 
system and support a flight test. Develop SWIR/VNIR adaptive fusion helmet system and demonstrate in a 
relevant environment. Commercial application: Develop commercialization plan to include applications to 
Homeland Security operations (e.g., coastal and border patrol) and to commercial aircraft operations in 
adverse weather conditions. 
 
REFERENCES:  
1. Jeff Paul, "Exploit new spectral band (SWIR) & multi-spectral fusion: MANTIS Program Update,” 
Multispectral Adaptive Networked Tactical Imaging System (MANTIS), WBR Soldier Technology US 
2008 Conference (Worldwide Business Research Ltd.,) Arlington, VA, 15 January 2008. 
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2. Goodrich, http://www.sensorsinc.com/whyswir.html for SWIR sensor data. 
 
3. Peter J. Burt, “MANTIS Challenges:  Image Enhancement and Fusion for the Soldier,” IDGA Image 
Fusion Conference, Institute for Defense and Government Advancement (IDGA), January 23, 2007. 
 
4. Raytheon Vision Systems, http://www.raytheon.com . 
 
5. Stu Horn, “Micro Imagers for Sensing (MISI),” stuart.horn@darpa.mil. 
 
KEYWORDS: Pilot, HMD, SWIR, VNIR, adaptive image fusion, supercomputer ASICs, MANTIS, MISI 
 
 
 
 
AF083-016   TITLE: Video and Image Enhancement for Assisting Sensor Operators in Multi- 
   Unmanned Aerial Systems 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Human Systems 
 
OBJECTIVE: Develop interface methods and procedures to support interpretability of sensor imagery for 
tasks involving the simultaneous monitoring of multiple live sensor feeds from unpiloted aerial assets. 
 
DESCRIPTION: Sensor operators of UAVs are tasked with examining video imagery to support essential 
mission decisions. Surveillance is a common mission for UAVs where the quality of the imagery is critical. 
Small and micro UAVs are often employed for these missions and can provide ground forces with 
advantageous information about enemy capabilities and locations. Monitoring video imagery received from 
multiple UAVs is challenging in part because of the quality of the video received. Image 
quality/interpretability is affected by platform characteristics (e.g., stability, airspeed, altitude, and sensor 
resolution), target characteristics (e.g., size, speed, cooperativeness, and quantity), type of imagery (e.g., 
electro-optical (EO), infrared (IR), laser RADAR, synthetic aperture RADAR), and environmental 
characteristics (e.g., lighting, temperature, weather, and scene clutter). Due to these effects, targets and 
other important elements captured in the imagery are not always observable in the raw footage. However, 
there are video enhancement techniques that can extract additional information from the video to facilitate 
sound decision making. Examples of these techniques include, but are not limited to, image stabilization, 
contrast enhancement, high-definition cameras, super resolution, and auto-target detection and tracking. 
Application of such techniques may increase the likelihood that sensor operators will detect and identify 
targets and increase their confidence in the presence and type of targets. 
 
This S&T effort will contribute to future warfighting needs in situation awareness, visual interface, 
intelligent aiding, and decision support. The benefit of effective video enhancement and interpretation to 
the warfighter comes from enabling a robust time-critical targeting capability: reduced cycle time through 
automated information fusion, precision location, identification, and tracking of agile and mobile targets, 
and timely indications and warnings of enemy force movement. 
 
 
PHASE I: Develop and design a video enhancement breadboard-level toolset for human-in-the-loop 
evaluations in an AFRL testbed. Create a plan for testing the design in two scenarios provided by AFRL: 1) 
intelligence, surveillance, and reconnaissance (ISR) and 2) close-air support troops in contact (CAS-TIC). 
 
PHASE II: Implement a brassboard-level toolset in a research control station provided by AFRL and use 
video for operator-in-the-loop simulator evaluations. Metrics shall be developed to evaluate the 
effectiveness of the enhancement techniques in terms of video quality/interpretability in the context of the 
missions and scenarios identified in Phase I. Develop a plan for flight testing a prototype. 
 
PHASE III / DUAL USE: Military application: Application to a USAF system and installation and testing 
at a USAF test site will occur during Phase III. Military applications include UAS strike and ISR. 
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Commercial application: Civil applications include law enforcement and security (e.g., border patrol, 
forestry, urban patrol). 
 
REFERENCES:  
1.  Garside, J.R. and Harrison, C. (1999). “Real-time adaptive video image enhancement,” Proceedings of 
SPIE Conference on Enhanced and Synthetic Vision, Vol. 3891, Orlando, FL. 
 
2.  Liu, Y.S. and Huang, T.S. (2000). “Input/Output and Imaging Technologies II,” Proceedings of SPIE 
Conference, AOARD Technical Report ADA398459. 
 
3.  Rahman. Z., Jobson. D.J., and Woodell, G.A. (2004) “Retinex processing for automatic image 
enhancement,”  Journal of Electronic Imaging, Vol. 13, pp. 100 - 110. 
 
4.  Repperger, D.W., Pinkus, A.R., et al. (2006). Stochastic Resonance Investigation of Object Detection in 
Images. U.S. Air Force Research Laboratory Technical Report ADA472478. 
 
5.  http://labs.live.com/photosynth/default.html. Modeling a collection of high-resolution photographs of a 
place or an object and displays them in a reconstructed three-dimensional space. 
 
KEYWORDS: video enhancement, multi-UAS, operator interfaces, supervisory control, cognitive 
workload reduction, digital image stabilization, target tracking, contrast enhancement, stochastic resonance, 
super resolution 
 
 
 
 
AF083-017   TITLE: Smart Automatic Jettisoning Device for Helmet Mounted Display 

System (HMDS) 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Human Systems 
 
OBJECTIVE: Develop a smart, helmet-mounted, autonomous, lightweight system to automatically jettison 
a HMDS in a harsh environment prior to inducing injury to the crewmember. 
 
DESCRIPTION: Current HMDS are mounted to aircrew members’ helmets to improve performance by 
providing night vision enhancement, by enabling look-and-shoot weapons cueing systems, and by 
providing continuous aircraft information to the crewmember.  The added weight and resulting center of 
gravity shift of these systems can increase the probability of injury to the crewmember in the event of 
ejection or crash landing.  The additional surface area of the HMDS can also increase aerodynamic loading 
during ejection which also results in an increase to the probability of injury.  Creation of simple 
force/acceleration HMDS release systems have been developed and tested, but these systems have been 
unacceptable since helmet accelerations encountered during air combat maneuvers (ACM) can be near or 
can exceed the peak accelerations encountered during ejections.  Although there are differences between 
the directions, rise times, and pulse shapes of accelerations encountered during ACM and ejection/crash, 
simple mechanical systems cannot differentiate between these.  There are also concerns about the ability of 
simple mechanical systems to retain their designed release levels over time due to repetitive mounting and 
removal of the HMDS. 
 
 
PHASE I: Analyze helmet motions/accelerations during ACM/ejections/crashes, differentiate between 
normal ACM helmet motions/accelerations and those during ejection or crash onset.  Develop breadboard 
prototype that could be exposed to these environments and tested to see if environments can be 
differentiated. 
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PHASE II: Develop prototype smart HMDS release system that will remove the HMDS only during 
exposure to the ejection/crash environments. Demonstrate functionality in ACM and ejection/crash 
environments in tests provided by AFRL. 
 
PHASE III / DUAL USE: Military application: Potential military applications of this technology could 
benefit users of night vision goggles (including ANVIS-9, PNVG, and the developmental NVCD) and 
other modern display systems (i.e., JHMCS, JSF). Commercial application: This technology could be used 
for items like auto binder releases on skis/snowboards and possibly as a real-time warning system if an 
athlete is likely to suffer from concussions/injuries due to impact. 
 
REFERENCES:  
1. COMPARISON OF TIME-FREQUENCY CLASSIFICATION METHODS FOR INTELLIGENT 

AUTOMATIC JETTISONING DEVICE OF HELMET-MOUNTED DISPLAY SYSTEMS HATIM 
F. ALQADAH, H. HOWARD FAN, University of Cincinnati, Cincinnati, OH; and JOHN A. PLAGA, 
Air Force Research Laboratory, Wright-Patterson AFB, OH, 
http://ieeexplore.ieee.org/iel5/4301199/4301200/04301355.pdf 

2. Biodynamics database -- https://biodyn1.wpafb.af.mil. 
 
KEYWORDS: helmet, helmet-mounted display, helmet-mounted display system, HMD, HMDS, separation 
device 
 
 
 
 
AF083-019   TITLE: Full Multiplex Holographic Display (FMHD) 
 
TECHNOLOGY AREAS: Information Systems, Human Systems 
 
OBJECTIVE: Develop full-parallax digital three-dimensional (3-D) display with no moving parts, video 
rate imaging based on holograms or hogels, no special viewing apparatus, and using a gesture glove 
interface. 
 
DESCRIPTION: Visualization of inherently 3-D situations—such as deconfliction, intervisibility, air 
operations, satellite constellations, terrain/building structures, and complex battlespace data—is 
significantly hampered when projected onto a two-dimensional (2-D) medium. Despite many attempts 
based on a variety of approaches, all currently available true 3-D displays have unacceptable levels of 
visual artifacts, are far too dim, require too much space and power, and have inadequate user interfaces for 
interacting with 3-D imagery.   Stereoscopic approaches are common but require special headgear, which 
causes discomfort and nausea in many users, diminishes luminance for all viewers, and precludes 
accessibility for multiple and/or unexpected viewers.   Autostereoscopic (no eyewear) 3-D systems based 
on the sequential placement of full 2-D perspective images into horizontal viewing zones (2 to 11 common) 
do not provide a simple walkaround capability have uncomfortably restricted viewing zones for even one 
person, cannot be updated fast enough to prevent image jitter, and cause nausea in most users for use longer 
than 15 min. Autostereoscopic systems based on volumetric approaches (e.g. spinning screen, laser-
scanned cube, depth multiplex 2D) are too dim and too small to be useful.  Autostereoscopic systems based 
on electronic holographic efforts have been too slow and too dim to be useful.  Fortunately, recent advances 
in microprocessors, algorithms, communications, and gesture control technology have now made it possible 
to develop a compact full multiplex digital holographic display system with adequate performance for use 
in operational applications. Computational power to generate full multiplex holograms can be produced 
affordably by use of clusters of consumer personal computers and graphics rendering cards. The hologram 
pixel (sample of the 2-D hologram) should ideally be 500 nm or smaller in size and 14 bits in grayscale for 
adequate discrete representation.   Alternatively, basis representations of holograms based on precompiled 
hologram element (hogel) basis sets require pixels of 20 µm or smaller compared to the 11-20 µm pitches 
now in production for MicroDisplays in a variety of MEMS, OLED, and LCD technologies.  
Nanoelectronic fabrication techniques now being matured by the integrated circuit industry at the 45-nm 
node, together with diffractive optics for pixel or hogel imaging, enable fabrication of hologram pixels 
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(hpixel) across 100 sq inch of a 16-inch wafer. The resulting sampled hologram (70-giga-hpixels) might 
correspond to a true 3-D resolution of several megavoxels in a 30º field of view (FOV). The goal of this 
topic is to capitalize on this opportunity to begin to enable petabyte command and control databases to be 
visualized and controlled dynamically in 3-D with look-around in all directions with artifacts that are 
acceptable by long-term use operators.   Gesture control of the imagery via a sensor-embedded glove is also 
envisioned to make user interaction with 3-D content intuitive.  Solid state 3-D would enhance both ground 
and airborne displays, providing depth information in the cockpit and reducing ambiguity in ground based 
applications.  The technology developed in this topic should be focused on comfortable long-term use by 
multiple simultaneous viewers in air, space, and cyberspace operations centers and be adaptable to airborne 
functions. 
 
PHASE I: Design an FMHD capable of presenting, at a minimum, a full parallax monochrome image at 
any pupil position in a 30º FOV that is viewable in room illumination and controllable with a gesture (e.g. 
glove) interface.  Develop a visual artifact reduction strategy and assess usability and comfort issues. 
 
PHASE II: Fabricate and demonstrate a solid-state FMHD display system at video rate in a laboratory 
environment in a single color with a wearable dataglove interface.  Define a pathway for integration into a 
tabletop multiperson team workstation form-factor that is scalable to wall size.  Demonstrate pathways to 
full color, larger fields of view, and higher resolutions. 
 
PHASE III / DUAL USE: Military application: Complex system visualization for air, space, and 
cyberspace situational awareness, planning, execution of missions in command and control centers; 
battlespace visualization, and medical research. Commercial application: Commercial air traffic control, 
computer-aided design, real-time functional magnetic resonant brain activity imaging, scientific data 
visualization, teaching, entertainment, and medical research. 
 
REFERENCES:  
1  Darrel G. Hopper, “Reality and Surreality of 3-D Displays: Holodeck and Beyond,” Proceedings of 
Society for Information Display Electronic Information Display Conference, London, UK (2000). 
 
2. Mark Lucente, “Computational holographic bandwidth compression,” IBM Systems Journal, Vol. 35, 
349-365 (1996). 
 
3. Douglas Kirkpatrick, “Urban Photonic Sandtable Display,” www.darpa.mil/sto/smallunitops/upsd.html. 
 
4. Realistic 3-D Holographic Visualization Tool, www.zebraimaging.com. 
 
5. Nasser Peyghambarian, “Erasable Holographic Display,” IEEE Spectrum (Feb 2008),” 
http://www.spectrum.ieee.org/feb08/599. 
 
KEYWORDS: True 3-D, air operations center weapon system (AOC-WS), command and control (C2), 
full-parallax, video, solid-state, holographic, hogel basis set, display, gesture controls, warfighter-system 
interface, battlespace visualization 
 
 
 
AF083-020   TITLE: Decision Support for Geospatial Intelligence Analysis 
 
TECHNOLOGY AREAS: Sensors, Space Platforms, Human Systems 
 
OBJECTIVE: To develop and demonstrate innovative processes and products for the application of 
geospatial intelligence capabilities to Air Force requirements. 
 
DESCRIPTION: Geospatial intelligence (GeoINT) is an intelligence discipline comprising the exploitation 
and analysis of sensor information to describe, assess, and visually depict physical features and 
geographically referenced activities on the Earth.  It is comprised of imagery, imagery intelligence, and 
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geospatial data.  The essence of GeoINT is the recognition that useful data and new information, can be 
produced from the integration of imagery with spatial, temporal, and spectral information.  Aligning with 
the mission of the National System for Geospatial Intelligence, the goal is for GeoINT products to provide 
“timely, relevant, and accurate geospatial intelligence in support of national security.”  While conventional 
geographic information systems (GIS) are essentially searchable databases, GeoINT is capable of 
producing actionable intelligence.  The capabilities of GeoINT exploitation are in the early stages of 
development.  The decision-making requirements of the warfighter are expected to drive the evolution of 
GeoINT capabilities.  In addition, it is important to focus the development of GeoINT exploitation and 
analysis technologies on assisting analysts in data fusion and data assessment in an effort to avoid the 
inundation of excess information.  Improved GEOINT data quality, data coverage, and automation are 
anticipated to have a significant increase in analyst efficiency and effectiveness.  GeoINT may be derived 
from a variety of sensors: synthetic aperture radar (SAR), thermal infrared (IR), spectral, seismic, acoustic, 
electro-optical (EO), etc., which may be exploited individually or in combination.  Further, GeoINT 
products may involve the integration of data obtained over geographic areas and/or time intervals.  New 
GeoINT products, both stand-alone and integrated with other intelligence disciplines, are anticipated to be 
of immense value to current and future warfighters, as well as analysts, by providing immediate, precise, 
and actionable intelligence.  Future applications of GeoINT products depend on a responsive information 
technology infrastructure to promote transparency and information sharing in a multi- intelligence 
environment across the Department of Defense and intelligence community, as well as, ensure discovery, 
access, dissemination, and management of all GeoINT data stores through a web-enabled, service-oriented 
architecture.  This is especially necessary in the current and future conflicts which utilize smart weapons 
and demand rapid response and high precision. Operationally relevant metrics are required to support the 
ongoing assessment of both product value and process accuracy and repeatability. 
 
PHASE I: Identify and conceptually a) develop unique, actionable GeoINT products, b) demonstrate 
innovative GeoINT exploitation and analysis methods required to generate these products, and c) define 
operationally relevant metrics linked with the GeoINT methods/products to be used in continuous 
improvement. 
 
PHASE II: The GeoINT processes explored in Phase I will be demonstrated in a realistic architecture to 
produce the new products. The metrics will be applied to assess both the products and the generative 
processes. 
 
PHASE III / DUAL USE: Military application: Remote sensing (land use assessment, beach erosion 
measurement) and development planning (city zoning, traffic analysis) can be expected to benefit from 
enhanced GeoINT capabilities. Commercial application: Emergency preparedness and first responders can 
be expected to benefit from the increased accuracy and depth of GeoINT products. 
 
REFERENCES:  
1.  Intelligence, Surveillance and Reconnaissance Operations, Air Force Doctrine Document 2-9, 17 July 
2007 (www.dtic.mil/doctrine/jel/service_pubs/afdd2_9.pdf) 
 
2.  http://en.wikipedia.org/wiki/Geographic_information_system 
 
3.  http://www.defense-update.com/features/du-2-05/feature-sensor.htm 
 
4.  http://en.wikipedia.org/wiki/Metrics 
 
5.  http://en.wikipedia.org/wiki/GEOINT 
 
KEYWORDS: Geospatial, intelligence, metrics, visualization 
 
 
 
 
AF083-021   TITLE: Visualization of disparate domain operations toward a single effect for 
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improved decision making 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Space Platforms, Human Systems 
 
OBJECTIVE:  Develop novel display techniques to ensure rapid comprehension of an integrated, goal-
oriented picture for effects-based operations which includes fused network health and status information.  
 
DESCRIPTION:  In today’s netcentric warfighting environment, Air Operations Center (AOC) personnel 
have access to an abundance of information about the operational environment. The current AOC focuses 
on the air domain but will increasingly be required to integrate more expansive space and cyberspace 
domain information. Integrating the three domains will provide even more capabilities to the warfighter in 
an AOC, making effects-based planning even more complex by having even more information available. 
Planners in today’s AOCs 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.  
 
Joint Vision 2020 (JV2020) emphasizes the importance of information superiority. JV2020 goes on to 
emphasize that information superiority provides the joint force a competitive advantage only when it is 
effectively translated into superior knowledge and decisions. Effective visualization can help alleviate 
data/information overload and can support information superiority because it is a natural way for a human 
to take in a lot of information. Care must be taken when forming visualizations to ensure uncluttered views, 
smooth work processes and the user’s ability to find significance in the data presented.  
 
Effective operations in an integrated air, space and cyberspace command and control environment will 
require the development of novel display techniques to ensure rapid comprehension and coordination of 
disparate operational actions to address a single effects-based goal. Reaching the overall goal of the 
commander’s intent may be a complex process which involves planning to achieve a number of objectives 
and subobjectives in the various domains. This requires a fused visualization of kinetic and nonkinetic 
activities directed toward a shared effect. Planners want to achieve an effect upon a network (i.e., disable 
communications) or require use of a network to achieve an effect (i.e., psych ops, navigation, transmission 
of ISR data/images). A visualization to seamlessly integrate network effects with other activities across air, 
space and cyber domains would lay the groundwork for improved decision making response time and 
provide flexibility for novel attack profiles.  
 
The purpose of this effort would be to identify and develop visualization techniques that incorporate 
externally fused network health and status data with more traditional operational data toward the rapid 
development of the most efficient courses of action to achieve desired effects. Examples of network data 
would include 1) visualization of red force and blue force network health and status to assess and perform 
cyber battle damage assessment and 2) visualization of health, status, and configuration status of 
disparately managed airborne networks (to include fused TDMA (Link16) and multiple IP-based airborne 
networks) to assess end-to-end network coverage, connectivity, and robustness. Current state of the art 
includes standard desktop computers and inferior large screen displays and does not support clear 
understanding of configuration status of disparately managed airborne networks. Thus, the impact of 
outages in any part of one or more networks cannot be assessed. Beyond being able to quickly identify 
network problems, operators need to be able to quickly understand the impact of outages within red or blue 
networks. It is the emphasis on impact that is necessary for effect-based operations. An emphasis should be 
placed on integrating the current AOC air domain with the space and cyberspace domains. These 
visualizations should significantly improve the speed and accuracy of operator performance in managing 
effects. The required parameters for the product should be scalable, for both differing display technologies 
(i.e., from desktop to large screen shared displays) and for the levels of warfare (e.g., tactical to operational 
to strategic views). The product must comply with the DoD Net-Centric Data Strategy, which states that 
information must be visible, accessible, understandable, trusted, interoperable, and responsive. One of the 
technical challenges with this product will be creating visualizations based on information from a variety of 
data sources which are not likely to be correlated in space and time. Some additional technical challenges 
for the visualizations include: failing to show secondary and tertiary effects, including any undesired 
effects; not covering the full range of potential adversary responses; and not having the necessary data to 
feed the visualizations. 
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PHASE I: Identify, define and assess visualization strategies that show integration in a cross-domain, goal-
oriented effects picture, including fused network health and status data, to aid improved decision making 
response time and provide flexibility for course of action development. Record the results in a report.  
 
PHASE II: Construct a working prototype that shows the cross-domain, goal-oriented effects picture. It 
must be demonstrated in an agreed upon operational scenario and have enough detail to support course of 
action development and evaluation. The model must show netcentric capability for the integration of data 
from disparate data sources. Deliverables include the working model and results documented in a report.  
 
PHASE III Dual Use Applications: Military application: AOCs and other command and control 
environments where disparate data must be fused and understood to develop courses of action in support of 
specific goals. Commercial application: Any activity where disparate data must be fused and understood to 
develop courses of action in support of specific goals, i.e., crisis support, humanitarian support, industry 
and educational institutions.  
 
REFERENCES:  
1. ‘Air Force leaders to discuss new ‘Cyber Command’ http://www.af.mil/news/story.asp?id=123028524 
 
2.  Joint Vision 2020 (2000). Washington, D.C.: U.S. Government Printing Office. 
http://www.dtic.mil/jointvision/jvpub2.htm 
 
3. Joint Publication 1-02 (2000). Department of Defense Dictionary of Military and Associated Terms. 
Directorate for Operational Plans and Joint Force Development, United States Joint Forces Command Joint 
Warfighting Center, Suffolk, Virigina. www.dtic.mil/doctrine/jel/new_pubs/jp1_02.pdf 
 
4. Smith, Edward A. (2002). Effects based operations: Applying network centric warfare in peace, crisis, 
and war.  CCRP Publications. 
 
KEYWORDS: network, airborne network, cyberspace, visualization, taxonomy, data fusion, effects-based 
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AF083-022   TITLE: Visualization for Command and Control of Cyberspace Operations 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Space Platforms, 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. 
 
OBJECTIVE: Develop visualization techniques for planning and execution of Cyberspace operations. 
 
DESCRIPTION: Fulfilling the Air Force mission “… to fly and fight in Air, Space, and Cyberspace” 
requires effective C2 tools for the observation, planning and execution of cyberspace operations.  
Conventional battlespace visualization tools were developed for the physical world (i.e., geospatially 
oriented), where the battlespace, weapons and effects are concrete, often observable entities. Cyberspace 
and its critical electronic infrastructures are an artificial world that must be created, modified and sustained 
by the warfighter. This artificial world of cyberspace has concrete links back to the physical world that 
shape the information landscape, affect the decision-making process, and control the communication 
channels crucial to C2.  
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Standard, geospatially oriented C2 tools are not suitable for providing cyber combatants with comparable 
situation awareness to understand events, evaluate options, and make decisions in the electromagnetic 
domain. The combatants in the cyber domain needs to be able to quickly see and understand not just the 
physical relationships of the traditional battlespace, but also the logical relationships and information 
dependencies in the abstract landscape of cyberspace. Cyber C2 visualizations need to provide information 
for strategy, tactics and execution of effects that may, or may not, have physical correlates.  Examples of 
these cyber events include network attack detection, attack identification, damage assessment, denial of 
service (DOS) warnings, and information warfare or cyber-attack operations. 
 
For example, a commander may be planning to intentionally disrupt a portion of his network to investigate 
a cyber-attack. He will need to understand what ripple effects will occur across the functionally diverse and 
geographically distributed network.  These ripple effects will have both a cyber component (e.g., locations 
that will lose connectivity or suffer degraded performance characteristics) and a real-world component 
(e.g., information about enemy forces may be unavailable or delayed, reducing blue force effectiveness) 
that must be visualized, explored and tasked from within his C2 tools. 
 
Decision makers will greatly benefit from innovative visualization tools that can improve their 
understanding of all aspects of the Cyber domain.  These aspects include 1) the current state of the 
information environment, the physical and virtual battlespace and enemy and friendly capabilities and 
vulnerabilities; 2) the scope and scale of courses of action that affect information or information networks; 
3) the primary effects and ripple effects of an operation in both the physical and cyber battlespaces, and 4) 
the risks for collateral damage associated with cyber warfare activities. 
 
PHASE I: Identify cyberspace characteristics relevant to C2 visualization. Identify correlation methods and 
visualization techniques to understand battlespace, operations, and effects. Define metrics to evaluate 
efficacy. Document results in a written report, including mockups of proposed visualizations. 
 
PHASE II: Construct a working prototype to demonstrate integrated visualization of cyber data showing 1) 
the status of information environment, 2) its effect on the conventional battlespace, and 3) the status of 
information operations. Evaluate effectiveness using metrics defined in Phase I. 
 
PHASE III / DUAL USE: Military application: Additional military applications include command and 
control environments, like the Air Operations Centers (AOCs). Commercial application: Monitoring and 
defending infrastructures (e.g., financial and energy) against cyber-attacks. Visualization cyberspace is 
beneficial for security of commercial communication and information networks. 
 
REFERENCES:  
1.  ‘Air Force leaders to discuss new ‘Cyber Command’ http://www.af.mil/news/story.asp?id=123028524 
 
2.  Laura S. Tinnel, O. Sami Saydjari, and Joshua W. Haines, An Integrated Cyber Panel System, IEEE 
Computer Society, . 
 
3.  Anita D’Amico and Stephen Salas, Visualization as an Aid for Assessing the Mission Impact of 
Information Security Breaches, IEEE 2003. 
 
4.  Tim Bass, “Cyberspace Situational Awareness Demands Mimic Traditional Command Requirements,” 
AFCEA Signal Magazine, February 2000. 
 
KEYWORDS: visualization, cyber, human factors, planning, situation awareness, command and control, 
HCI 
 
 
 
 
AF083-023   TITLE: Assessment Tools for Evaluating Dynamic Flight Simulation and Force 

Cueing Fidelity to Improve Simulation Environment Effectiveness 
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TECHNOLOGY AREAS: Air Platform, Information Systems, 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. 
 
OBJECTIVE: Develop metrics/software to quantify the impact of nonmotion-based and dynamic flight 
simulation fidelity on combat mission performance in aircraft training simulation environments. 
 
DESCRIPTION: Until recently, flight simulators have been used principally as procedural trainers for 
training tasks such as emergency procedures, instrument flight, takeoff/landing, and limited combat tasks. 
Since the late 1990s, the Air Force has been increasingly using simulators to support full combat mission 
training, and has initiated the Distributed Mission Operations (DMO) program to transform Air Force 
training capabilities by including high-fidelity simulation into flying training.  It is widely believed that 
effective full combat mission training requires a more dynamic simulation of the environment than offered 
in the more limited flight procedures applications currently available. However, it has proven difficult in 
practice to measure the effect that differences in dynamic and force cueing environmental realism have on 
training effectiveness.  Today, there are very few automated tools and methods that permit routine tracking 
of the impact of changes in environmental fidelity and varying levels of dynamic system behavior on pilot 
and team performance.  A pilot in a live fly situation constantly experiences various dynamic forces 
resulting from pilot control inputs, the environment, and aircraft state, including aircraft damage/failures. 
While the pilot’s primary perception of the aircraft position, attitude, and acceleration is through out-the-
window visual observation, these dynamic forces provide additional cues, consciously and subconsciously, 
about the acceleration of the aircraft. These cues are typically not found in static simulation environments.  
Dynamic cueing devices, such as centrifuges, motion platforms, moving seats, inflatable G-suits, etc., 
might be useful for increasing the realism of the environment.  However, the contribution of this level of 
realism on pilot performance and training effectiveness has not been empirically established. As simulation 
fidelity improves, the contribution of including dynamic flight characteristics in the environment and their 
impact on training effectiveness and transfer needs to be established. Objective human performance 
constructs and metrics must be identified to address this issue.  Additionally, a software system that permits 
these metrics to be instantiated, applied, and validated in systematic assessments of differing levels of 
fidelity must be developed and validated. This effort will develop, demonstrate, and validate human 
performance constructs and metrics as well as a software suite that instantiates the metrics for evaluating 
the impact of dynamic force cueing systems on pilot combat mission performance.  The capability to 
quantify, in human performance terms, the trade space associated with different aspects of environmental 
fidelity, such as dynamic flight simulation and other cueing devices and feedback, has not been developed 
and is critical to training utility and return on investment assessments that must be in the U.S. and in 
coalition training acquisitions.  Results obtained through these tools, methods, and processes should be 
usable to define the fidelity requirements for simulation of specific dynamic simulation characteristics and 
cues in new training simulators, and to identify the most effective compromises (when necessary) for 
engineering changes to operational training simulators. Finally, the capability developed in this effort can 
be used to determine the most appropriate level of fidelity necessary to supplement tactical in-flight pilot 
training as a means of off-loading flight time from aging in-service aircraft and to set aeromedical 
performance standards. 
 
PHASE I: Conduct a comparative analysis of current methods of instrumentation and performance 
measurement (human physiological and task performance and environment performance).  Identify gaps in 
existing measurement approaches and develop alternative metrics and instrumentation methods appropriate 
for both static and dynamic environments that address identified gaps. Demonstrate software that applies 
exemplar metrics in a static and a dynamic simulation environment.  Technical report and Phase II plan. 
 
PHASE II: Complete metrics and algorithm development. Demonstrate an integrated database that permits 
the isolation of human performance effects associated with dynamic flight and cueing in a dynamic flight 
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simulation environment.  Report recommendations for feedback regarding environment design and 
upgrades and for aeromedical certification and standards using such environments. 
 
PHASE III / DUAL USE: Military application: The products can be applied to evaluating actual aircraft 
flight feedback and cueing systems using simulation during the design and subsystem testing phases prior 
to production. Commercial application: Significant potential to determine dynamic flight capabilities and 
other cueing impacts on training validity and transfer to commercial system effectiveness. 
 
REFERENCES:  
1.  Operational Requirements Document. (CAF [USAF] 009-93-I-A). Washington, D.C. 
 
2.  Leland, R.A., Folescu, C., Mitchell, W.F., "Developing Rapid G-Onset and Sustained G Dynamic Flight 
Simulation (DFS) Capability In Next Generation Human Centrifuges," Aviation Space and Environmental 
Medicine, 1999 70:358.  
 
3.  Szczepanski, C., Leland R.A., "To Move or Not to Move? A Continuous Question," Proceedings of the 
AIAA, 2000, 0161. 
 
4. Flach, J., Riccio, G.E., McMillan, G., and Warren, R., “Psychophysical methods for evaluating 
performance between alternative motion simulators,” Ergonomics, Vol. 29, No. 11, 1986, pp. 1423 - 1438. 
 
5.  Lee, A.T. (2005).  Flight simulation: Virtual environments in aviation, Ashgate Publishing, Burlington, 
VT.  
 
6. Additional Information from TPOC in response to FAQs.  (Word document includes 4 sets of Q&A 
uploaded to SITIS.) 
 
 
KEYWORDS: motion-based simulation, dynamic flight cues, static (non-motion) simulation environments, 
physiological cueing and fidelity, force feedback and training transfer  
 
 
 
 
AF083-024   TITLE: Advanced Visualization Methods for Mission Planning, Course of 

Action (COA) Evaluation and After Action Review (AAR). 
 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Develop a high fidelity visualization environment and toolset for mission planning, COA 
evaluation, execution and AAR.  
 
DESCRIPTION: This effort will develop high-fidelity visualization technologies and tools for critical 
mission planning, execution evaluation, battle damage assessment, and AAR.  Visualization methods, such 
as two- and three-dimensional (2-D and 3-D) displays and multidimensional representations such as virtual 
terrain boards, as examples, will be evaluated for their potential in increasing the fidelity and learning for 
planning, alternative evaluation, and AAR. We expect a successful effort to demonstrate a visualization 
capability in at least two areas of interest, one being tactical combat engagement and the other being in 
either a first responder/homeland security area or one dealing with cyber or information operations.  At the 
present time, warfighters are severely limited in their ability to effectively evaluate alternative courses of 
action and to evaluate mission plans and scenarios in real time and with the level of fidelity necessary to 
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visualize predictive outcomes for mission execution evaluation and after action review.  Data from current 
ops indicate that operational personnel do not have an opportunity to preplan, evaluate and assess mission 
strategy and execution prior to their actual missions. Moreover, there was no capability for teams to 
adequately evaluate and debrief previous missions in a high-fidelity environment that facilitates learning 
and future mission preparedness. This effort will develop a next generation and generalizable visualization 
environment and toolset for planning COA evaluation and AAR. 
 
PHASE I: Conduct a comparative analysis of planning, COA evaluation, and AAR requirements and 
alternative visualization method. Demonstrate a technology to support visualization for mission planning, 
training, and rehearsal. 
 
PHASE II: Develop, refine, and evaluate visualization for relevant battlespace environment. Demonstrate 
preplanning, execution, evaluation and debriefing capabilities to provide high-fidelity mission analysis 
capabilities. Provide data on mission readiness and effectiveness and on improved mission visualization, 
planning, and analysis on combat exercise performance. 
 
PHASE III / DUAL USE: Military application: This effort provides a uniquely capable and cost-effective, 
deployable high fidelity, interactive planning and evaluation capability that does not exist today for any 
operational combat system. Commercial application: Integrated visualization tools for complex decision 
making tasks do not exist. Integrating key representation and visualization tools and COA modeling and 
simulation methods are needed. 
 
REFERENCES:  
1.  Burgeson, J.C., et al., “Natural effects in military models and simulations: Part III – Analysis of 
requirements versus capabilities,” Report No. STC-TR-2970, PL-TR-96-2039, (AD-A317 289), p. 48, 
August 1996. 
 
2.  Defense Modeling and Simulation Office homepage: www.dmso.mil 
 
3.  “Distributed interactive simulation systems for simulation and training in the aerospace environment,” 
Proceedings of the Conference, Orlando, FL, Apr 19-20, 1995. Clarke, T. L., ED. Society of Photo-Optical 
Instrumentation Engineers (Critical Reviews of Optical Science and Technology, vol. CR 58) 338p. 
 
4.  Brown, B., Wilkinson, S., Nordyke, J., Riede, D., and Huysson, S. (1997). Developing an automated 
training analysis and feedback system for tank platoons (RR-1708; ADA328445). Army Research Institute. 
 
5.  Goldsberry, B.S. (1984). The Effects of Feedback and Predictability of Human Judgment. (TR-84-3; 
ADA145744). Office of Naval Research. 
 
6. Additional Information from TPOC in response to FAQs.  (Word document includes 13 sets of Q&A 
uploaded to SITIS.) 
 
 
KEYWORDS: COA development and evaluation, after action review and visualization, mission planning 
 
 
 
 
AF083-025   TITLE: Gaming for Training and Rehearsal for Fifth Generation Fighter Tactics, 

Techniques and Procedures (TTPs) 
 
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 
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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: Use game-based approaches to develop a high-fidelity tactical training for fifth-generation 
tactical aircraft and missions. 
 
DESCRIPTION: This effort will explore and develop a high-fidelity mission training and rehearsal 
environment for fifth-generation fighters. For our purposes, fifth generation refers to weapon systems such 
as the Air Force F22 and the multi-Service, multi-national F35.  These aircraft represent a substantial 
advance in both tactical capability and in terms of the demands they place on their human operators.  
Although these aircraft synthesize data from more sources than any previous weapon systems, they also 
increase the human information processing demands as well.  To develop a detailed understanding of the 
mission performance parameters of these aircraft, operators must spend significant time learning the 
systems and operating the aircraft in a variety of realistic operational contexts.  One of the most difficult 
and critical activities associated with air combat today and tomorrow is related to realistically training and 
rehearsing TTPs related to these systems and their capabilities. With flying hours being reduced to save 
wear and tear on systems and to reduce fuel costs, a broader range of more learning- and cost-effective 
options for understanding complex systems must be explored.  Given the proficiency and performance 
demands being placed on operators of fifth generation aircraft, there is potentially a gap between the 
mission performance proficiency desired and the availability of realistic training and rehearsal 
environments that can support gaining and maintaining proficiency, not only at the individual operator 
level, but also as part of a larger tactical team. Game-based environments are a target of opportunity for 
research and development as supplemental and complementary tactical training to live fly and high-fidelity 
simulator training. The growing breadth and depth of game-based environments makes them plausible 
potential players in routinely accessible training rehearsal and exercise to support seasoning of operational 
crews.  As an example, tactical employment activities such as time-sensitive targeting are becoming the 
standard as opposed to the exception in tactical execution in the 21st century. The infrequent, but extremely 
critical nature of this kind of complex execution, and the variety of information available to and managed 
by operators, makes it one of the central training and rehearsal targets of need for future warfighting. Given 
these issues, this effort will develop a high-fidelity, game-based environment for individual and team 
training that permits operators to learning and gain proficiency on critical tasks and to manage the tactical 
employment activities of these systems. To facilitate the integration of learning from the proposed 
environment, the technologies developed in this SBIR should integrate virtual and constructive entities for 
realistic support for a variety of tactical scenarios and missions.  Further, the developed environment should 
be able to interface with more full fidelity environments used for training, rehearsal, and exercise. 
 
PHASE I: Conduct detailed mission analysis of fifth-generation missions, common and unique to specific 
AF aircraft. Identify core areas for Phase I exemplar development. Develop exemplar concept. Complete 
final report and plan for Phase II. 
 
PHASE II: Convert identified missions into scenarios and content. Develop, refine, test, and evaluate 
exemplar for relevance for TTP training and rehearsal for specific Af aircraft. Quantify training 
effectiveness and mission readiness enhancement resulting from the environment. Assess training transfer 
potential to live fly exercises. 
 
PHASE III / DUAL USE: Military application: Unique, cost-effective capability that can be included as 
part of a broader continuum of live and virtual training and rehearsal that does not exist today for any 
operational air combat system. Commercial application: Currently no game-based approach to fifth-
generation aircraft combat training that integrates the features of this effort. Potential baseline for other 
combat mission areas is substantial. 
 
REFERENCES:  
1. Allen, J.A., Hays, R.T., and Buffardi, L.C., “Maintenance training simulator fidelity and individual 
differences in transfer of training,” Human Factors, Vol. 28, No. 5, 1986, pp. 497-509. 
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2. Bradley, D.R., and Abelson, S.B., “Desktop flight simulators: Simulation fidelity and pilot 
performance,” Behavior Research Methods, Instruments, & Computers, Vol. 27, No. 2, 1995, pp. 152 - 
159. 
 
3. Burgeson, J.C., et al., “Natural effects in military models and simulations: Part III – Analysis of 
requirements versus capabilities,” Report No. STC-TR-2970, PL-TR-96-2039, (AD-A317 289), August 
1996, p. 48.  
 
4. Defense Modeling and Simulation Office homepage: www.dmso.mil 
 
5. “Distributed interactive simulation systems for simulation and training in the aerospace environment,” 
Proceedings of the Conference, Orlando, FL, 1995. Clarke, T. L., ED. Society of Photo-Optical 
Instrumentation Engineers (Critical Reviews of Optical Science and Technology, vol. CR 58) 338p. 
 
6. Additional Information from TPOC in response to FAQs.  (Word document includes 21 sets of Q&A 
uploaded to SITIS.) 
 
 
KEYWORDS: game-based tactical training, gaming and learning integration, fifth-generation combat 
tactical training, training, rehearsal, assessment 
 
 
 
 
AF083-026   TITLE: Collaboration for Space Situational Awareness 
 
TECHNOLOGY AREAS: Space Platforms, 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. 
 
OBJECTIVE: Develop collaborative technologies to synergize human knowledge for space situation 
awareness and space superiority. 
 
DESCRIPTION: Space is a relatively new domain. Unlike air, sea, and ground domains, space assets are 
mostly persistent requiring 24-hour operations. The assets are controlled by different agencies within the 
government as well as by research organizations and private companies, all of which can be leveraged with 
proper collaboration. Those who operate in the other domains have come to rely heavily on the services 
provided by space assets.  
 
Today space situational awareness (SSA) is far from real-time.  By the time information is collected, 
processed and presented to decision makers it could be too late to react.  This problem is exacerbated by the 
fact that information must come from many organizations all over the world. Unfortunately people that 
should be collaborating often are not due to a lack of enterprise awareness or a hesitation to call on 
someone they have never met. 
  
SSA is a human activity. Sensors generate data and computers process data, but humans are still a critical 
link in applying knowledge and wisdom needed for SSA. However, there are many humans involved in 
space operations who hold various pieces of the SSA puzzle. This concept of collaboration, information 
sharing, and integration among agencies and departments is highlighted in guidelines of the U.S. National 
Space Policy, 31 Aug 2006. A goal of this research is to determine how to link those with the knowledge 
with those who need the knowledge. We envision three key aspects to this research: 
 
Human knowledge index - This capability will provide a way to locate:  
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Witnesses - for example, a satellite operator that first recorded an anomaly. 
Analysts - for example, an engineer who came up with possible causes of an anomaly. 
Experts - for example, an expert in sensor vulnerabilities. 
Methods to collaborate - The contractor needs to determine the best method or methods to link those who 
have the knowledge with those who need the knowledge. Some communication options could be verbal, 
video, speech-to-text, text-to-speech, shared virtual spaces, chat, e-mail, and messaging. For space analysts, 
the method may differ depending on the complexity, urgency, and number of people involved.  
Workflow integration - In keeping with the work-centered support concept[1], the collaboration capability 
needs to conform to or enhance workflow. Our customers have been clear that they don't want more tools, 
so this needs to be as unobtrusive as possible. Typically, this has required integration into a work 
environment rather than a separate computer application. There are also issues with information security 
that will need to be considered. 
 
There are significant challenges to this research. The first challenge will be to understand the cognitive 
dynamics of the enterprise. For example, what knowledge is needed or exists at the Joint Space Operations 
Center (JSpOC), Space Operations Squadrons (SOPS), intelligence agencies, U.S. Strategic Command 
(STRATCOM), and industry? Furthermore, how do the organizational dynamics change as critical events 
unfold? To bound the problem, it may be necessary to focus on a few organizations such as the SOPS, 
JSpOC, and intelligence agencies. The second challenge will be to break down the bureaucratic barriers 
that exist between agencies. Each agency has its own organizational structure and protocols. A 
collaborative system must be versatile enough to allow for effective inter-agency collaboration while still 
maintaining the standard practices of each. 
 
PHASE I: Evaluate the collaboration issues within and between space units. Develop a research plan to 
address these issues including a preliminary design of the collaboration system selected based on 
alternative concepts. Assess feasibility of selected system. 
 
PHASE II: Develop a prototype of the collaboration system working as much in conjunction with the space 
user as possible. Demonstrate the system in an environment that realistically mimics real operations. 
 
PHASE III / DUAL USE: Military application: Build a system that the Air Force can test at operational or 
test facilities. Other military applications could include the collaboration of cross service and allied 
cyberspace commands and units. Commercial application: Some of the concepts may apply to any 
enterprise requiring improved collaboration (e.g., commercial flight operations, NASA operations, 
Homeland Security, and the medical community). 
 
REFERENCES:  
1. Scott, R., Roth, E.M., Deutsch, S.E., Malchiodi, E., Kazmierczak, T.E., Eggleston, R.G., Kuper, S.R., 
and Whitaker, R.D., “Work-Centered Support Systems: A Human-Centered Approach to Intelligent System 
Design,” IEEE Intelligent Systems, Vol. 20, No. 2, March 2005, pp. 73 - 81.  
 
2. Preece, J., Scheiderman, B., & Plaisant, C., (2005). Collaboration. In Scheiderman, B., & Plaisant, C 
(Eds.) Designing the User Interface (pp. 409-450). Boston: Pearson, Addison Wesley. 
 
3. Perry, M.; Agarwal, D., "Collaborative Editing within the Pervasive Collaborative Computing 
Environment," The 5th International Workshop on Collaborative Editing, ECSCW 2003, Helsinki, Finland, 
September 15, 2003. LBNL-53769. 
 
4. Peggs, S.; Satogata, T.; Agarwal, D.; and Rice, D., "Remote Operations in a Global Accelerator 
Network," Proceedings of the Particle Accelerator Conference, Portland, OR, May 12-16, 2003. LBNL-
52947. 
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KEYWORDS: space situational awareness, SSA, collaboration, human factors, shared awareness, space 
superiority 
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AF083-027   TITLE: C2 Assessment of Joint Air Operation Center Cyber Operations 
 
TECHNOLOGY AREAS: Space Platforms, Human Systems 
 
OBJECTIVE: Develop C2 assessment capability to improve Joint Air Operation Center (JAOC) 
effectiveness in functionality in near real-time during exercises and operations.   
 
DESCRIPTION: The Air Operations Center (AOC), in addition to being the senior element of the Theater 
Air Control System, is the operational facility and human-technology system in which the Air Component 
Commander (ACC) has centralized the functions of planning, direction, and control over all deployed air 
resources, regardless of service.  Today’s conflict environment requires the detailed coordination among all 
the military services and many federal agencies.  As such, most AOCs are Joint AOCs (JAOCs) 
commanded by the Joint Force Air Component Commander (JFACC).  Combined Joint AOCs (i.e., when 
others nations are involved) are not the focus of this effort.  Effective coordination among the various 
services and agencies at a JAOC  requires continuous and rapid information sharing, group problem 
solving, error-checking and progress monitoring to support the independence and interdependence of 
functional elements responsible for plans, operations, intelligence, logistics, communications-computers, 
and (to a lesser extent) combat service support.  Existing C2 assessment tools require an extended time 
period to complete.  Examples include Modular Command and Control Evaluation System (MCES; focus 
on prescribing a process of measurement while not describing a set of measures), Headquarters 
Effectiveness Assessment Tool (HEAT;   theatre-level combat operations and operations other than war), 
and Army Command and Control Evaluation System (ACCES; joint theatre-level operations).  The 
proposed innovative tool should provide a multi-dimensional assessment capability of effectiveness in a 
JOAC that can be accomplished in near real-time during exercises and real-world operations, to include 
Cyber and Stability, Security, Transition, and Reconstruction operations. The tool will not only provide 
multiple process feedback loops to allow Commanders to address, for example only, human, task, or 
organizational inefficiencies at various levels in the assessment process before they negatively impact a 
mission but will also provide a training component to improve effectiveness of a JAOC in the long-term. 
 
PHASE I: Develop initial concept design and model key elements of a JAOC C2 assessment tool that 
includes, but is not limited to, a determination of assessment criteria  and an exhaustive search for and 
review of existing military or commercial products and identification of their capability gaps.   
 
PHASE II: Develop, demonstrate, and validiate a JAOC C2 assessment tool that addresses capability gaps 
identified in Phase 1 and provides near real-time process and performance feedback to JAOC Commander 
during exercises and operations. 
 
PHASE III / DUAL USE: Military application: This tool could be adapted and rapidly fielded to Combined 
Joint Air Operations Centers (CJAOC). 
 
Commercial application: This tool will have broad application in Industry for assessment of conditions, 
processes, and outcomes associated with organizational effectiveness.  
 
REFERENCES:  
1.  Air Operations Center (AOC) Standard Operating Procedure (SOP); Twelfth Air Force (12A) Air Force 
Forces (AFFOR). http://www.fas.org/man/dod-101/usaf/docs/aoc12af/part12.htm 
 
2.  Hayes, R.E., & Wheatley, S. (2001).  The evolution of the Headquarters Effectiveness Assessment Tool 
(HEAT) and its application to joint experimentation.  Proceedings of the 6th International Command and 
Control Research and Technology Symposium. 
http://www.dodccrp.org/events/6th_ICCRTS/Tracks/Papers/Track6/120_tr6.pdf  
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AF083-028   TITLE: Training Simulations for Accelerated Acquisition of Cyber Forensic 

Investigation Skills 
 
TECHNOLOGY AREAS: Information Systems, Human Systems 
 
OBJECTIVE: Develop a training capability for acquisition of computer forensic skills that optimally 
integrates didactic instruction with visualization and simulation technology. 
 
DESCRIPTION: Attacks on computers and computer networks have been recognized for years (Schwartau, 
1994) and are currently understood as a growing threat to operations in diverse fields.  A key deterrent to 
unauthorized activity, malicious manipulation, and attacks against computers and computer networks is the 
capability to quickly and accurately identify the offender.  Enablers for prompt identification include anti-
tamper software, data tagging, sensors, boundary management, intrusion detection, and digital forensics.  
The goal of this innovation research is rapid acquisition of skills necessary for very fast online forensics.  
Cyber forensic investigations consist of applying computer investigation and analysis techniques to 
determining the legal evidence for connecting an attack with an offender.  It includes systematic inspection 
of the computer system and its contents for evidence of a criminal act.  Computer forensics requires 
specialized expertise and tools that exceed those for normal data collection and preservation techniques 
available to computer system end-users or system support personnel.  It is a process of determining and 
documenting digital states and events (Computer forensics, 2007).  Computer forensics experts investigate 
data storage devices including hard drives and portable data devices (USB Drives, External drives, Micro 
Drives, etc).  The process involves examination of the computer system(s) and the data that resides on 
media within the computer.  Effective forensic decision making depends on understanding suspected 
offender(s), preserving evidence at the workstation of the offender, the server accessed by the offender, and 
the network that connects the two.  Based upon examination of recovered material, the forensic examiner 
renders an opinion as to whether the system has been used for criminal or unauthorized activities.  
Advanced training technology can be exploited to accelerate acquisition of cyber forensic skills.  Effective 
training depends on acquisition of didactic procedural knowledge and learning-by-doing through realistic, 
simulated exercises.  Computer-driven, simulations represent a sound approach to training decision making 
in complex domains (Pleban, R.J., Eakin, D.E., Salter, M.S., and Matthews, M.D., 2001).  A web-enabled 
training capability would provide important economies by allowing access to training services from remote 
sites 24, 7, and 365.  Because of the complexity of forensic decision making, visualization technology 
could be exploited to facilitate learning and accelerate skill acquisition; particularly by showing temporal 
relationships among origination and destination points for the attack, accessed services, and system 
degradation.  The key technology obstacle for this topic problem is to optimally integrate didactic 
instruction, visualizations, and simulation technology in one platform for a web-enabled training capability 
for rapid acquisition of cyber forensic skills.  The training capability should have a modular design to allow 
training on any forensic tool set.  Although, team training is an important goal, for economy of effort the 
topic problem focuses on individual training. Sharable Content Object Reference Model standards should 
be considered for development of didactic instruction.  High Level Architecture standards should be 
considered for development of computer-driven simulations.  Learning-centered design should be 
considered as a guide for developing user interfaces.  Innovative and creative approaches to addressing 
technical goals are invited. 
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PHASE I: Assess risks and feasibility associated with the advanced technology development effort, 
generate a top-level design, and develop a proof-of-concept training environment exemplar. 
 
PHASE II: Develop, demonstrate, and field test a training capability that optimally integrates didactic 
instruction with visualization and simulation technology for rapid acquisition of cyber forensic 
investigation skills.  
 
PHASE III / DUAL USE: Military application: Acquisition of digital assessment skills supporting 
cyberspace operations.   Commercial application: Aquisition of digital forensics skills for homeland 
defense and banking, medical, commercial,  transportation industries. 
 
 
REFERENCES:  
1.  Arquilla, J. and Ronfeldt, D., Eds  (1997).  In Athena’s Camp:  Preparing for Conflict in the Information 
Age.  (Book call no. 355.343 135).  RAND, Santa, Monica, CA.    
 
2.  Casey, E. (2004).  Digital Evidence and Computer Crime, Second Edition, Academic Press, San Diego, 
CA. 
 
3.  Computer forensics (30 Oct 2007) [On-line].  Available at< http://en.wikipedia.org/wiki/ 
Computer_forensics > 
 
4.  Pleban, R.J., Eakin, D.E., Salter, M.S., and Matthews, M.D. (2001).  Training and Assessment of 
Decision-Making Skills in Virtual Environments (Research Report 1767).  U.S. Army Research Institute 
for the Behavioral and Social Sciences, Infantry Forces Research Unit, Fort Benning, GA.   
 
5.  Schwartau, W. (1994).  Information Warfare: Chaos on the Electronic Superhighway, Thunder’s Mouth 
Press, New York. 
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simulations, visualization technology 
   
 
 
 
AF083-029   TITLE: Hyperspectral Retinal Imaging for Assessment of Retinal Laser 

Damage 
 
TECHNOLOGY AREAS: Biomedical, Human Systems 
 
OBJECTIVE: Investigate changes in the spectral reflectance signature of the retina associated with laser 
exposure and  develop an optimized imaging modality to improve detectability of minimum levels of 
damage 
 
DESCRIPTION: Laser damage observed in the retina of non-human primates (NHP) have a mechanism-
dependent characteristic appearance when viewed through a standard funduscopic imager with lesions 
formed through photothermal processes having distinct visual properties from either photomechanical or 
photochemical lesions.  It is likely that a marked improvement in lesion contrast and therefore lesion 
detectability can be obtained by employing spectrally selective imaging techniques.  Furthermore, 
pigmentation levels across the retina of a single subject and from subject to subject are known to vary.  To 
understand basic principals of laser tissue interaction in the retina it is important to compare damage 
thresholds for select wavelengths to pigmentations levels that can be ascertained through spectral imaging. 
 
PHASE I: Develop a conceptual design for characterizing the spectral reflectance of the NHP retina leading 
to an optimized funduscopic imaging device for measuring the damage threshold of mechanism-dependent 
laser irradiation. 
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PHASE II: Finalize the design established in Phase I and manufacture a prototype hyperspectral imaging 
system for accessing damage in the NHP retina. 
 
PHASE III / DUAL USE: Military application: The technology developed will be useful in transition to 
optical augmentation technology.  Detailed knowledge of retinal reflectance will enable optimal sensor 
design utilized in the detection of ocular reflex signals.  Furthermore, discrimination of reflections from 
human versus non-human retinas will be enabled by this technology, therefore reducing the number of 
false-positive identifications. Commercial application: The technology developed will be widely useful for 
biometric identification systems and assessment and tracking of various retinal diseases which affect the 
spectral reflectance of the retina. 
 
REFERENCES:  
1.  Zuclich, J.A., D.J. Lund, and B.E. Stuck, Wavelength dependence of ocular damage thresholds in the 
near-ir to far-ir transition region: proposed revisions to MPES. Health physics(1958), 2007. 92(1): p. 15-23. 
 
2.  Gilberto Zamora; Paul W. Truitt; Sheila C. Nemeth; Balaji Raman; Peter Soliz, “Hyperspectral imaging 
analysis for ophthalmic applications,” Proceedings Vol. 5314 Ophthalmic Technologies XIV,  13 July 
2004. pp.138-149. 
 
3. Soliz, P., Truitt, P.W., Nemeth, S.C, "Spectrally-based fundus imaging: 
implications for image enhancement and diagnosis of retinal diseases," 
Conference Record of the Thirty-Fifth Asilomar Conference on Signals, Systems and Computers, 2001. 
Volume: 2, 7 Nov. 200, pp 1268-1272. 
 
KEYWORDS: Laser Safety, Retinal Reflectance, Hyperspectral Imaging 
 
 
 
 
AF083-030   TITLE: Dynamic 3D Human Shape Modeling for Intention Prediction from 

Video Imagery 
 
TECHNOLOGY AREAS: Information Systems, Human Systems 
 
OBJECTIVE: To develop a 3D anthropometry- and biomechanics-based digital human shape model from 
video imagery for the identification, anticipation, and prediction of hostile human behavior or intent. 
 
DESCRIPTION: The advancement of imaging technologies has enhanced the capability for conducting 
multi-modal (laser, 2D and 3D video, radar, infrared, terahertz, etc.) and multi-platform (stationary, mobile, 
and airborne) surveillance.  Parallel development is also underway for image processing technologies to 
extract and identify objects from these data.  A majority of these image processing technologies have been 
developed for graphics-based point cloud datasets.  Though adequate for target acquisition, tracking, and 
identification, these technologies have not been sufficiently developed for the detection and identification 
of hostile human behavior.  Rather, to do so, requires a novel cutting-edge dynamic 3D human shape model 
that can model, simulate, and analyze anthropometry and biomechanics characteristics from real time feeds 
from a variety of imaging streams.  A three dimensional (3D) human shape model provides anthropometric 
information of a subject. A dynamic 3D human shape model describes human body shape changes due to 
motion and tracks human motion, thus providing information of shape, poses, and gait. The model will 
enable the identification of abnormalities in the individual body shape variance, rigid body motion and gait, 
postures, facial expressions, and other biometric features.  These abnormalities in turn will be used to 
depict a person’s activity which will enable the prediction of intentions and the discovery of disguises and 
concealed objects.  The integration of this model into the surveillance network will eventually enable an 
intelligent surveillance system that fuses multi-layer information to identify hostile human behavior. 
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Upon completion, the product should be able to:  1) automatically generate a high fidelity dynamic 3D 
human shape model from markerless video imagery, 2) model human shape changes due to both rigid body 
motion and muscle deformation, 3) generate virtual anthropometric landmarks over the human body and 
automatically segment the body based on these landmarks, 4) perform anthropometry-based surface 
morphing to understand human shape variance, and 5) integrate biomechanical parameters and constraints 
such as center of gravity and joint restrictions for the analysis of abnormal gait and posture.   
 
The development of this dynamic 3D human shape model will provide the critical link to enhance current 
surveillance methods into an intelligent surveillance system and will enable the anticipation of human-
borne threat and intention. 
 
PHASE I: Develop key technology concepts for extracting human shape changes, tracking human motion, 
automatically generating anthropometric landmarks and body segments from video data, and perform 
anthropometry-based surface morphing; analyze the current state of dynamic 3D human shape modeling 
and intention prediction from video data; identify key techniques and methodologies for dynamic 3D 
human shape modeling from video data; and initially prove the concept.  
 
PHASE II: Develop key modeling techniques, methodologies, and algorithms; expand the model to 
integrate biomechanical parameters and constraints, to be robust in varied environments containing 
complex scenes, and to construct the entire system structure; prove the concept to demonstrate the 
capability of the technology; validate the model; develop a graphical user interface for the model that is 
user-friendly for end users.  
 
PHASE III / DUAL USE: Military application: Advanced development of the model may allow for rapid 
location of possible concealed human-borne threats in a crowd from near-by and standoff surveillance 
assets. The threat targets situated in complex (multi-object, partially obscured, etc) environments can be 
further tracked or interrogated by security personnel. Commercial application: Homeland security 
operations such as screening, monitoring, search and rescue missions, human figure creation/ animation for 
entertainment, and virtual design and fitting for the apparel industry.  
 
REFERENCES:  
1. Ning, H., Wang, L., Hu, W., Tan, T, Articulated model based people tracking using motion models, 
Proc. Int. Conf. Multi-Modal Interface, 383-388, 2002. 
 
2. Anguelov, Dragomir, Srinivasan, Praveen, Koller, Daphne, Thrun, Sebastian, Rodgers, Jim, and Davis, 
James. “SCAPE: Shape Completion and Animation of People,” ACM Transactions on Graphics 
(SIGGRAPH), 24(3), 2005.  
 
3. Seo, H., Cordier, F., and Thalmann, N.M., Synthesizing Animatable Body Models with Parameterized 
Shape Modifications, Eurographics/SIGGRAPH Symposium on Computer Animation, 2003.  
 
4. Barron, Carlos, and Kakadiaris, Ioannis A., “Estimating Anthropometry and Pose from a Single Image,” 
Proceedings, IEEE Conference on Computer Vision and pattern Recognition, Vol. 1, 669-676, 2000. 
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AF083-031   TITLE: Highly Novel Detection Approaches to Human Volatile Organic 

Compound Signature Identification 
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TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE:  Develop compact and portable instrumentation that can decisively differentiate volatile 
organic compound (VOC) signatures from a component library. 
 
DESCRIPTION:  The need to identify threats from individuals and groups using different sensing 
techniques is ever increasing for both identification of known individuals and persons of interest within the 
Department of Defense. Based on the advancement in differential sensing techniques, it has now become 
feasible to define sensing platforms that include the ability to respond specifically to individual volatile 
organic compounds (VOC) and complex volatile organic compound profiles. These sensing concepts 
typically consist of arrays of sensing elements and include, but are not limited to, piezoelectronic sensing 
devices, field-effect-transistors, colorimetric polymer thin-film arrays, micro-cantilever based sensing, and 
serial-monitoring spectroscopic techniques that have differential responses to specific and complex VOC 
inputs. These concepts, when coupled specifically with pattern recognition algorithms, should enable the 
positive or negative identification of a VOC signature based on correlation and response to control VOC 
libraries. This SBIR is looking for highly novel approaches for VOC identification in an integrated device 
architecture. Topics will be selected for implementation that focus on maintaining a small overall footprint 
(able to be handheld or incorporated into a smaller package), and most effectively combine device 
sensitivity with signal processing approaches that distinguish between learned and experimental VOC 
signatures. Meaningful and specific state-of-the-art metrics will be determined to measure sensitivity, 
specificity, and provide input for the rational incorporation of surface functionalities onto sensing elements 
to improve these two aspects.  Phase II milestones will be inherently linked to stand-off detection of known 
and unknown samples and will typically consist of complex VOC mixtures in the parts-per-million to parts-
per-billion range. 
 
PHASE I:  Develop approaches for the generation of a sensor array that can detect the ratio of a minimum 
of five delivered VOCs. Sensor arrays will be designed with tailored surface chemistries to provide greater 
specificity for VOCs and internal references included to account for environmental conditions.  
 
PHASE II: The offer shall build a prototype device that provides an optical or electrical read-out comparing 
a VOC signature to previously stored control signatures. Device architectures will test and monitor specific 
locations for changes in a VOC signature.  Sensing devices will be self-inclusive, containing internal 
references, pre-separation and pre-concentration devices, and intake devices to increase sample load. 
Milestones will be linked to stand-off detection. 
 
PHASE III / DUAL USE APPLICATIONS:  Military application: Follow-on activities are expected to be 
pursued by the offeror, including civilian application and use, e.g., law enforcement and first responders. 
Commercial application: Commercial benefits include a revolutionary point-of-care diagnostic instrument 
with high sensitivity and specificity for determining level of human performance in a hand-held form-
factor.  
 
REFERENCES:     
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6. Lamagna, A., Reich, S., Negri, M., Boselli, A., Cocco, M., Di Natale, C., Characterization of Different 
Brands Used in a Typical Argentinean Beverage – mate – by Means of an Electronic Nose. Thin Solid 
Films. 418: 42-44 (2002). 
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AF083-032   TITLE: Micro Games for Cyber Threat Awareness 
 
TECHNOLOGY AREAS: Information Systems, 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. 
 
OBJECTIVE: To use casual gaming technology to promote warfighter knowledge and awareness of cyber 
threats and malicious exploits.  
 
DESCRIPTION: Cyber attacks and malicious manipulation of computers and computer networks have 
been recognized for years and are currently understood as a growing threat to operations in diverse fields.  
However, the majority of computer and Internet users do not fully understand the vulnerabilities of and 
threats to computers and networks.  The fact that 409 people clicked on an ad that offered infection for 
those with virus-free personal computers proves people will click on just about anything (Vaas, 2007).  Yet 
computer users are still individually held responsible for the operational security of their systems.  While 
current information assurance training is practical and informative, the application of training is often 
mundane and ineffective (Irvine, Thompson & Allen, 2005).  Enhancing the way we train the critical 
factors of information assurance and cyber threat awareness could help increase retention of key safety 
measures and help protect our computers and networks.  Casual games can be very effective in engaging 
the learner, imparting important information in a timely manner, and aiding in retention of information.   
Casual games are immersive learning simulations that are easy to access, are typically based on Adobe 
Flash, and last from five to 20 minutes. Mini-games include appealing music and stimulating graphics, but 
they also are educational and are perfect when students need to learn skills that can be taught through 
repetition (Aldrich 2007).   Current information assurance training employs a “tell-and-test” instructional 
method, and although it is educational, many users are overloaded and do not retain the information 
relevant to current security conditions.  Retention of critical information concerning frequently used 
exploits (phishing, viruses, worms, spyware, key loggers, etc.), information assurance tools (patches, digital 
signatures, Common Access Cards, boundary management, firewalls, password protector), and how they 
affect computers and networks is more likely to occur if the user is engaged and training goals are clearly 
stated (Oblinger, 2006).  The simplicity of micro games gives the user the ability to focus on content, rather 
than learning the intricacies of the game.  Casual games can easily be downloaded from the Internet and run 
from a variety of systems (computers, cell phones, personal digital assistants) allowing mobile E-learning 
anywhere / anytime.  A web-enabled, training platform that provides didactic instruction on cyber threats 
integrated with entertaining micro games for practicing knowledge acquisitions would provide enormous 
training economy through remote access 24, 7, and 365 from multiple remote sites.  The technology 
challenge is to integrate didactic instructional materials with knowledge acquisition practice through micro 
games on a single web-enabled training platform.  In order for the micro games to keep students up to date 
on the latest cyber threats and exploits, a micro game authoring system would add training agility and 
flexibility.  With an authoring capability, mini-games could be updated efficiently, both as templates and as 
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final content (Aldrich, 2007).  Learning-centered design should also be considered as a guide for 
developing user interfaces.  Innovative and creative approaches to addressing technical goals are invited. 
 
PHASE I: Research risks and feasibility associated with the development of casual gaming environment, 
generate a top-level design, and develop a proof-of-concept exemplar. 
 
PHASE II: Develop, demonstrate, and field test an awareness training capability that optimally integrates 
Information Assurance and exploits within a casual gaming environment. 
 
PHASE III / DUAL USE: Military application: Prepare detailed plans for implementing demonstrated IA 
and exploit awareness training capabilities for Air Force wide distribution on initial training and awareness 
of cyber threats.  
Commercial application: Prepare detailed plans for implementing demonstrated IA and exploit awareness 
training capabilities for applications in the domains of homeland defense, large corporations, educational 
institutions, online industries, general population.      
 
REFERENCES:  
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AF083-034   TITLE: Data access and security in a need-to-share environment 
 
TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE: Develop technology that supports “need-to-share” access for browse-up cross-domain 
solutions by managing the visibility to resources. 
 
DESCRIPTION: Current techniques for access, or visibility, to web resources in the military domain is 
based on a “need-to-know” paradigm, where access to data is based on a priori knowledge of security 
classification and data location, and where access is specified, restricted, and controlled through security 
procedures, based on either policy (PBAC), role (RBAC), or attribute (ABAC) based access controls.  By 
convention, these controls have limited access in one direction, which in the cross-domain context are 
referred to as “”browse-down” solutions.  An example is DIA’s Multi-Domain Dissemination System 
(MDDS), used to help share information within the DoD Intelligence Information Systems (DoDIIS) 
community.  MDDS utilizes commercially available high assurance capabilities (e.g., “high-to-low” bulk 
data transfer guard, “high-to-low” web browsing, and multilevel consolidated web-based repository) to 
enable secure information sharing.  Consequently, there is a large body of existing research focusing on 
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concepts for using metadata for access decisions in “browse-down” cross-domain solutions, however, 
research on “browse-up” cross-domain solutions is still needed. 
 
As the DoD implements the directive to move toward net-centricity, the concept of “need-to-share” 
becomes the new paradigm, where users publish multi-level information through web services, enabling 
consuming users to discover information that is currently available on the web, and what information can 
be retrieved. The concept can be problematic in determining appropriate authorization to even view what 
information is available.  An example use of this concept might be individual users finding information by 
perusing and viewing a “catalog” of information that describes what is currently available through web 
services in the net centric environment. 
   
Browse-up capabilities can create situations where retrieval of information from multiple sources could 
result in an information combination that is at a higher security level than the individual component parts, 
or that is inappropriate for the user’s security credentials. Using the catalog example above, the aggregate 
of the information topics displayed in the catalog could potentially “leak” sensitive information, such as 
reveal ongoing planning activities;  Organization A and Organization B are collecting information about a 
specific area in Country X. The information may be inappropriate for some set of user’s. 
 
The focus of this topic is to investigate and understand the complexities and issues inherent in this new 
paradigm shift. The topic seeks to develop innovative techniques that address need-to-share and “browse-
up” cross-domain capabilities. The research should include examining and identifying existing metadata 
related to access authorization and determine the usage gaps between browse-down and browse-up 
capabilities.  The research should define approaches for handling the release of metadata attributes in a 
Service Oriented Architecture. Understanding these issues is essential, as the DoD transitions from need-to-
know to need-to-share. 
 
PHASE I: Perform research to identify and understand the issues involved in the new need-to-share 
paradigm and develop solutions for browse-up capabilities and viewing information in a Service Oriented 
Architecture.  
 
PHASE II: Extend Phase I research and develop a prototype system for browsing info from multiple web 
sources, based on the Phase I research. Show how it would be used within and outside a target environment 
for immediate application.  
 
PHASE III / DUAL USE APPLICATIONS: Military application: The ability to manage visibility of 
information from multiple sources for Homeland Defense and Law Enforcement, who need to be apprised 
of potentially relevant information from dynamic data sources. Commercial application: Law enforcement.  
 
REFERENCES:  
1. DoD Net Centric Data Strategy, May 2003 http://www.defenselink.mil/cio-nii/docs/Net-Centric-Data-
Strategy-2003-05-092.pdf 
 
2. Guidance for Implementing Net-Centric Data Sharing, April 2006 
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3. Dr. Nancy Reed, “Security Guards for the Future Web”, MITRE Technical Report: MTR 04W0000092, 
Sep 2004. 
 
KEYWORDS: Security, Classification, Information, Assurance, Interoperability, Aggregation,  Security, 
Fusion, Guards 
 
 
 
 
AF083-036   TITLE: Automated Data Transformations for Net-Centric Operations 
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TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE: To develop a system that can easily be configured to support the automatic transformation of 
data exchanged among a dynamic set of NCO systems and components, particularly in cross-domain 
operations. 
 
DESCRIPTION: A key aspect of any data integration endeavor is determining the relationships between 
the source data and the target data. This schema integration task must be tackled regardless of the 
integration architecture or mapping formalism.  Information is transferred between systems and software 
components in a number of formats and with varying fidelities, pedigrees, etc. Technologies are needed for 
management and transformation of data between standards and across domain boundaries.  Under NCO, 
whether an independently developed component system accepts incoming queries (pull mode) or generates 
messages (push mode), it is expected to interoperate with other independently developed systems.  In either 
case, the data generated by a particular system, organized according to its schema, needs to be transformed 
to ascribe to the schemata of the other component systems.  Note that the term “schema” can refer to any 
organized set of information such as structured databases, XML documents and results of service 
invocations that return XML documents.  Having an integration engineer manually generate 
transformations is not feasible; therefore tools are needed to speed this process.  Tools have been developed 
to aid in parts of the process (there are research-developed tools that are good at finding correspondences 
and several commercial tools exist for developing transformation code).  Researchers have built many 
systems to semi-automatically perform schema matching. Schema mapping tools generally provide the user 
with a graphical interface in which lines connecting related entities and attributes can be annotated with 
functions or code to perform any necessary transformations. From these mappings, they synthesize 
transformations for entire databases or documents. These tools have been developed by commercial 
vendors (including Altova’s MapForce, BEA’s AquaLogic, and Stylus Studio’s XQuery Mapper) and 
research projects (such as Clio, COMA++ and the wrapper toolkit in TSIMMIS).  However technologies 
are needed that can perform automated and human assisted transformations between data representations 
using both isomorphic and inferential techniques.  These technologies need to be robust enough to 1) 
demonstrate the ability to identify an appropriate set of minimal mapping relations and formalisms to 
capture the relationships, which should be sufficient for not only representational transformation, but also 
support derivation of the fidelity, uncertainty, etc. of the resulting transformed data, and 2) provide 
actionable results even when faced with widely disparate schema formats/contents and incomplete 
information due to cross-domain restrictions. 
 
PHASE I: Assess multiple technical approaches demonstrating how, using military data standards, data 
(structured databases, XML docs, etc) from multiple systems can automatically be transformed to improve 
NCO. Develop a proof of concept capturing the mappings and exploits them for automated transformation. 
 
PHASE II: Develop a prototype based on the proof of concept to support a dynamic set of component 
systems.  It can be based on a single mediated schema or a point-to-point mapping, but it shouldn’t require 
an exhaustive set of transformations.  Demonstrate new systems can be added without disrupting operations 
and notifications will occur when data transformations reduce the fidelity of the source data. 
 
PHASE III / DUAL USE: Military application: The automatic transformation of data exchanged among Air 
Operations Center (AOC) diverse systems will help the warfighter achieve Network Centric Ops. 
Commercial application: This will improve the integration of schema in commercial systems such as 
banking and health. 
 
REFERENCES:  
1.  D. Aumueller, H. H. Do, S. Massmann, and E. Rahm, "Schema and ontology matching with COMA++," 
presented at Proceedings of the ACM SIGMOD International Conference on Management of Data, 
Baltimore, MD, 2005. 
 
2.  P. A. Bernstein, S. Melnik, M. Petropoulos, and C. Quix, "Industrial-Strength Schema Matching," 
SIGMOD Record, vol. 33, pp. 38–43, 2004. 
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3.  E. Rahm and P. A. Bernstein, "A Survey of Approaches to Automatic Schema Matching," The VDLB 
Journal, vol. 10, pp. 334–350, 2001. 
 
4.  R. Miller, M. A. Hernández, L. M. Haas, L. Yan, C. T. H. Ho, R. Fagin, and L. Popa, "The Clio Project: 
Managing Heterogeneity," SIGMOD Record, vol. 30, pp. 78–83, 2001. 
 
5.  J. Hammer, H. Garcia-Molina, S. Nestorov, R. Yerneni, M. M. Bruenig, and V. Vassalos, "Template-
Based Wrappers in the TSIMMIS System," presented at Proceedings ACM SIGMOD International 
Conference on Management of Data, Tucson, AZ, 1997. 
 
KEYWORDS: Net-Centric, Cross-Domain, Ontologies, Data Standards, Schema 
 
 
 
 
AF083-037   TITLE: Automate Ontological Representation of security classification guides 
 
TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE:  Develop technology for ontology-based software interfaces to facilitate multi-level security 
aiding tools and data to ensure information assurance and data dissemination.  
 
DESCRIPTION:  Security Classification planning and execution is an essential part of any operation, 
program, research and development project, or procurement action that involves classified information. A 
clear, comprehensive security classification guide (SCG) is the principal avenue by which a project leader 
or action officer can ensure adherence to classification determinations. Critical to the classification decision 
process is the interpretation and application of the SCG. With the development of the Global Information 
Grid comes an increase in available information and a demand for vital pieces of information in timely 
order. There are many efforts in the DoD to develop ontologies for operational domains.  With metadata 
defined for these operational domains, incorporation of ontology-based systems will facilitate use of 
emerging semantic technologies, however, this also creates a need for compatible ontology based solutions 
in Information Assurance. 
 
Current security classification processes and systems are constrained by issues with multi-level security and 
level-appropriate application of SCG instructions to dynamically classify information.  Misinterpretation 
could cause exceptional grave damage, as well as over-interpretation could deprive users of vital 
information. Ontology-based software systems are maturing and security ontologies are being developed to 
capture knowledge-rich models and express the complex relationships between information pieces in 
different systems; however, aspects of the security domain are often overlooked, and additionally, many 
SCG pre-exist in textual document form.  Ontology mapping or merging of information between 
operational domains does not address the complex nature of many security classification decisions.  Use of 
ontological approaches in conjunction with semantic-logic rule engines can however reveal improper or 
inconsistent application of security rules.  Using this type of solution allows dynamic and inter-domain 
(SCG-with-SCG) information assurance. This topic aims to advance the underlying elements for 
developing ontology-compatible information assurance solutions in-step with emerging ontology-based 
operational domain solutions.  This would create an opportunity to minimize various human interpretations 
and application of the SCG to sets of information, thus, improving the quality of information assurance 
processes. 
 
This topic focuses on developing an approach and tools to facilitate and automate creation of SCG and the 
inherent security classification rules.  The research should develop a formal ontology for security 
parameters and rules for classification that can extend and apply to many operational domains. A tool or 
tools based on this ontology could then be developed to demonstrate assisted creation of SCG in a formal 
ontological form.  The tools should also include an approach to automate the transformation of textual 
forms of SCG into an ontological form. 
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PHASE I:  Analyze data exchange requirements of prospective tools within the Air & Space Operations 
Center for developing machine to machine interfaces. Develop an approach comprised of the most 
promising approaches and assess its feasibility. Demonstrate the initial design for a prototype application.  
 
PHASE II:  Research and develop the required technologies and prototype, per Phase 1 design.  Develop 
and demonstrate a prototype system that automates SCG transformation for broad ontology-based tools 
integration and use. Demonstrate that the information can be used to support other applications. 
  
PHASE III / DUAL USE APPLICATIONS:  Military application: The ability to automate security and 
privacy policies through semantic markup would enable broader integration of information from domain to 
domain.  Commercial application: (continued from above) This would be of benefit to Homeland Defense, 
eCommerce businesses, and medical record transfer. 
  
REFERENCES:  
1. GAO-06-706, “Managing Sensitive Information: DOD Can More Effectively Reduce the Risk of 
Classification Errors”, www.gao.gov/cgi-bin/getrpt?GAO-06-706. 
 
2. Conference Paper: “Building Problem Domain Ontology from Security Requirements in Regulatory 
Documents”, 2006 international Workshop on Software Engineering For Secure Systems, 20-21 May 2006, 
SESS’06 Proceedings. 
 
3. Dr. Nancy Reed, “Security Guards for the Future Web”, MITRE Technical Report: MTR 04W0000092, 
Sep 2004. 
 
KEYWORDS: Security Classification, Information Assurance, Interoperability, Information Exchange,  
Security Ontology Fusion, Security Guards 
 
 
 
 
AF083-038   TITLE: Information Fusion and Prediction for Space Situational Awareness 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE: Develop automated, predictive algorithms to amass space asset threat picture from all 
intelligence data available to recognize and anticipate hostile space actions. 
 
DESCRIPTION: Currently there are no automated intelligence data fusion and predictive intelligence 
algorithms for accurate and timely Space Situation Awareness, and no innovative research focused in this 
area is being conducted at this time. The Joint Space Operations Center (JSpOC) has an urgent need for 
these automated tools/algorithms to provide intelligence analysts with the capability to assess and 
determine the likelihood a hostile space threat action is in progress and/or will likely happen in the future. 
The AFRL JSpOC Situational Awareness Response System (JSARS) prototype and the neuro-networking 
techniques developed under SBIR AF05-086 provide improved automated ability to detect environmental 
and potential space object collision threats to space assets but this technology does not provide timely 
insight into potential adversary hostile actions against commercial and military space assets. Current 
limitations include an inability to detect intentional threats, the inability to unambiguously identify 
anomalous behavior as environmental or man-made unintentional or hostile, and the inability to collect and 
rapidly analyze relevant threat intelligence information to support timely and effective response options 
throughout the range of military operations. These automated intelligence data fusion and predictive 
intelligence algorithms should be developed such that they could easily be applied within a net-centric, 
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service-oriented architecture (SOA) and easily inserted into processors to support end-to-end integrated 
Space Control system assessments and operations, and provide the Joint Space Operations Center (JSpOC) 
with improved capabilities. The novel algorithms, tools, methods achieved from this innovative research 
will provide JSpOC and National Air and Space Center (NASIC) all-source intelligence analysts with the 
ability to obtain current status of adversarial space forces; to acquire timely, relevant, aggregate, 
anticipatory threat assessments and confidence levels; and to recognize and understand the impacts of 
hostile space events. The algorithms developed under this effort will be directly applicable for transition to 
current and future Space Command and Control (C2) systems and will support NASIC and JSpOC analysts 
with dynamically updating the Enemy Space Order of Battle and will provide Space Predictive Battlespace 
Awareness for current and future space threat assessments and operations necessary for maintaining Space 
Superiority and exercising successful Space C2 operations. 
 
PHASE I: Develop automated intelligence data fusion and predictive intelligence algorithms to determine 
the likelihood a hostile space threat event is in progress and/or will likely happen in the future. Conduct 
feasibility demo. Document automation functions. Provide validated set of performance measures, tools for 
utility assessment. 
 
PHASE II: Evaluate, mature INTEL data fusion and predictive INTEL algorithm prototype modules within 
a real-world space operational scenario that includes realistic adversary counterspace threats. Incorporate 
applications to support testing (eg. displays). Conduct tests to characterize algorithm performance/utility. 
Validate algorithm(s) effectiveness. Deliver algorithm description, test results, Phase III plan. 
 
PHASE III / DUAL USE: Military application: Algorithms will optimize aggregation of military space 
asset (including terrestrial node) threat pictures from all data available to determine if hostile event is in 
progress or likely to happen. Commercial application: Algorithms can be used in commercial space control 
facilities to provide operators with timely, dynamic, accurate threat assessment & prediction capability for 
commercial space asset protection. 
 
REFERENCES: 
1. J.W. Guan, and D.A. Bell, Evidence Theory and It's Applications, vol 1. Studies in Computer Science 
and Artificial Intelligence, 1991. 
 
2. R.P.S. Mahler, Statistical Multisource-Multitarget: Information Fusion, Artech House, Massachusetts, 
2007. 
 
3. David L. Hall and James Llinas, Handbook of Multisensor Data Fusion, 2001. 
 
4. A.N. Steinberg, C. L. Bowman, and F. E. White, "Revisions to the JDL Data Fusion model", NSSDF, 
1999. 
 
5. Simon Banbury and Sebastien Tremblay, Situation Awareness: Theory and Application, 2004. 
 
KEYWORDS: space, situation, awareness, command, control, operational, picture, fusion, prediction, 
anomalous, behavior, threat, hostile, algorithm 
 
 
 
 
AF083-039   TITLE: Data Association and Filtering for Robust Space Control Decision 

Support 
 
TECHNOLOGY AREAS: Information Systems, Space Platforms 
 
OBJECTIVE: Develop prototype that demonstrates operator-tunable data association and filtering 
techniques to identify pertinent, high-valued, actionable information in support of Space Situation 
Awareness 
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DESCRIPTION: Effective Space Control functions require immediate and continuous access to 
intelligence information concerning threats to US and coalition space resources. Multiple stove-piped 
systems produce a massive volume of real-time, near real-time, and non real-time data for analysis.  
Operators can effectively interact with a finite volume of data. Innovative association techniques are 
needed that can reduce the deluge of data to a manageable volume of primarily pertinent information and 
provide the necessary context in which to interpret the information. This would enable operators to focus 
the human decision process over salient pieces of information and more effectively configure the 
techniques. Novel techniques are needed that will improve upon technology that can associate disparate 
pieces of information in a multi-source data stream that, in actuality, are related to the same event.   Key 
technical challenges include but are not limited to the optimization, control, filtering, and ingestion of 
massive amounts of real-time, near real-time, or non real-time data for further situational analysis as well as 
data visualization to support enhanced understanding and situation awareness of Space.   
 
A primary interest is in algorithms that present data relationships to operators, effectively creating a “case 
file” that includes a “chain of evidence” (pedigree).  Innovative solutions are sought for: (a) calculation of 
scores for associations and how those scores are evaluated and combined; and (b) mechanisms for operators 
to remove or reweight association scores as needed.   The resultant technology needs to include information 
pedigree to sustain an accurate confidence assessment. The pedigree should at least include: (a) why a data 
item was included in the associated group and data item source; (b) its calculated score; (c) what scoring 
mechanism was used (in the case where multiple scoring techniques are used to handle the disparate data 
types); (d) what (if any) operator intervention was made to this association (including a list of excluded 
data items); and (e) indication of the sensitivity of the score to scoring mechanism.   
 
Example data sources to support Space Control Decision Support include traditional multi-INT sources 
such as imagery (radar, infrared, electro-optical), surface moving target tracking, electronic emissions, 
textual, unattended ground sensors (ground based motion acoustic sensors), media sources, and human 
sources. Additional space oriented sources could include space weather, terrestrial weather, satellite sensor 
telemetry and health monitoring activity. 
 
Algorithms should be developed such that they could easily be applied within a net-centric, service-
oriented architecture (SOA) or inserted into the Net-Enabled Command Capability (NECC).  NECC is the 
DOD’s new principal command and control program providing C2 capabilities to support the National 
Military Command Center, Joint Force Commanders, and Service/Functional Components to unit level 
commanders. NECC is to replace the current Global Command and Control Systems.  Likewise, these same 
SOA-based algorithmic services should be compatible with Space Situational Awareness and/or Space C2 
processors to support end-to-end integrated Space Control system assessments and operations.  The novel 
algorithms, methods, and new technology paradigms achieved from this innovative research will contribute 
to Electronic System Center’s ability to support Space Command, Joint Space Operation Center, and 
STRATCOM, among others. 
 
PHASE I: Develop algorithms & techniques for operator-tunable data association & filtering to reduce 
operator load to pertinent, high-valued, actionable information. Conduct feasibility demo. Document data 
association & filtering functions. Provide validated set of performance measures for utility assessment 
 
PHASE II: Evaluate mature phase-I services.  Build prototype interoperable with Gov’t-sponsored platform 
such as Predictive Awareness & Net-centric Analysis for Collaborative Intel Assessment (PANACIA).   
Use realistic data sets & scenario, conduct tests to characterize algorithm performance/utility. Validate 
algorithm effectiveness. Deliver algorithm description, test results, Phase III transition plan 
 
PHASE III / DUAL USE: Military application: Algorithms can primarily support Space Situational 
Awareness, IED Forensics, Cyber Situational Awareness and Facility Monitoring domains. Commercial 
application: Algorithms can support related civilian domains such as Homeland Security & Counter 
Terrorism, Disaster Response & Recovery, Environmental Monitoring, Border Crossing & Smuggling 
Detection 
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REFERENCES:  
1.  David L. Hall and James Llinas, Handbook of Multisensor Data Fusion, 2001. 
 
2.  A.N. Steinberg, C. L. Bowman, and F. E. White, "Revisions to the JDL Data Fusion model", NSSDF, 
1999. 
 
KEYWORDS: Multi-INT, Data Association, Data Filtering, Data Mining, and Decision Support, 
Information Fusion, Ontology, IED Forensics, Multisensor Data Fusion 
 
 
 
 
AF083-040   TITLE: Maintaining appropriate classification of data for data agregated through 

federated searches 
 
TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE: Create and develop a web service to ensure all data passing through it is either appropriately 
labeled or route it to another service to gather appropriate labeling, in an assured manner. 
 
DESCRIPTION: Current federated search activities within the Air Force, such as that within the AF Initial 
Service Oriented Architecture Initial Infrastructure Build (IIB), will retrieve information based on keyword 
searches. These capabilities will potentially be extended to pull electronic information together from 
multiple sources to fulfill one information request. When the information retrieved was originally classified 
there was no idea that it would be combined with other seemingly information. This creates a possible 
situation where the aggregate classification of the electronic information will exceed the classification of 
the individual electronic information. This could potentially deliver an aggregate exchange of electronic 
information that would exceed the clearance of the individual requesting the electronic information. 
 
There are a large number of activities and programs within the Air Force that may possibly (or are 
explicitly intended to) generate results spread across multiple security classifications, caveats, releasable 
countries, and other limitations. To appropriately share this information, these activities need to assure that 
there are correct labels on all data and metadata returned, that the recipient has appropriate clearance and 
need-to-know for this information, and that the system(s) involved in the transmission are certified & 
accredited to handle the final, aggregate classification.  
 
Rather than continue to re-implement this capability with each cross 
domain solution, it would be more cost effective to create a single capability to share between future cross 
domain solutions. This capability would need to be adaptable to multiple data types and multiple access 
paradigms, typically indicating in modern technologies a web service approach. This web service should be 
implemented to be applied across multiple different web service portals, at a minimum to follow applicable 
OASIS and W3C standards. 
 
The web service would need to accept information on personnel clearance and need to know from one or 
more sources, potentially in different formats. It would need access to certification & accreditation (C&A) 
data for the system(s) involved, also potentially in multiple formats. It would need to be able to determine 
validity of XML against appropriate schema, specifically including non-repudiation and classification 
labeling. If data or metadata were found to be missing appropriate labeling or other security-required fields, 
the capability would need to forward the data to previously identified labeling authorities, either human 
and/or automated, for appropriate resolution. 
 
Initial capabilities would comprise of a fully SOA compliant service capable of scaling into an enterprise 
environment to generate a high-watermark classification – At a minimum, the service must be capable of 
assuring the most restrictive classifications, caveats, and release-ability generated from all data inputs.  
Other capabilities may also be identified and implemented. External data sources for clearance, C&A, 
XML Schemas, and relabeling are to be assumed available in multiple formats.  
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Service capabilities must also address data aggregation issues across multiple labeled inputs (such as: 
sources and methods).  The developed service must also be “enterprise ready” and provide scalability 
metrics that will identify how the service can stand up to enterprise traffic. 
 
PHASE I: Develop a method for a secure web service as described above that is capable of taking in XML 
based data and metadata about that data, the user(s), and the system(s) involved and create assured 
watermark capability. Assume no aggregation issues across the data. Give a feasibility demonstration. 
 
PHASE II: Extend techniques developed in Phase I to address classification aggregation issues across 
multiple data inputs in a timely and secure and manner including metrics for service scalability into an 
SOA enterprise environment. Develop and demonstrate a prototype system. 
 
PHASE III / DUAL USE: Military application: aggregate classification of documents within government 
community are needed. They include: Joint Ops and FBI/CIA information sharing needs for defense and 
DHS first responder info sharing needs. Commercial application: aggregate classification needs within 
industry include HIPAA and financial regulations who require the special handling of aggregate 
information before sharing it with others. 
 
REFERENCES:  
1.  Oasis Standards: www.oasis-open.org 
 
2.  W3C Enterprise SOA standards:  www.w3c.org 
 
3.  CIPSO Labeling:  
http://www.ietf.org/html.charters/OLD/cipso-charter.htm 
http://tools.ietf.org/html/draft-ietf-cipso-ipsecurity-01 
 
4.  Probabilistic Measure on Aggregations; T. Y. Lin, Department of Mathematics and Computer Science, 
San Jose State University, San Jose, CA; dtd 1990, retrieved 12/24/2007 from 
http://ieeexplore.ieee.org/iel2/319/3856/00143787.pdf?arnumber=143787 
 
5.  554th Electronics System Wing; http://www.hanscom.af.mil/library/factsheets/factsheet.asp?id=5568 
 
KEYWORDS: Federated Search, Aggregation, Security Classification 
 
 
 
 
AF083-041   TITLE: Assurance Validation of Commercial Products Containing IPv6 

Transition and Tunneling Mechanisms on the Air Force Network 
 
TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE: Develop innovative solutions to validate that IPv6 transition and tunneling mechanisms are 
only utilized by authentic and authorized users. 
 
DESCRIPTION: Many, if not most Commercial off-the-shelf (COTS) products, including varied operating 
systems, applications, transition protocols and routing software as well as hardware appliances like 
firewalls and intrusion detection systems, are capable of communicating via native Internet Protocol 
version 6 (IPv6) and/or by means of built-in mechanisms to tunnel IPv6 traffic over existing Internet 
Protocol version 4 (IPv4) networks.  These capabilities could be introduced without authorization or 
knowledge of DoD/Air Force network managers and introduce addtional risks and security vulnerabilities.  
While effective configuration management can reduce these risks, enhanced monitoring and detection may 
be the necessary step to validate as well maintain assurance, especially as the move to a dual stack 
environment per DoD direction will generate authorized users of IPv6 tunnels at a slow but steady pace. A 
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dual stack enviroment is defined in this case as a network with both IPv4 and IPv6 traffic communicating 
simultaneously.  When both IPv4 and IPv6 are being used, as in a transition environment between IPv4 and 
IPv6, the depth of security security defenses is reduced significantly, allowing unsolicited incoming 
messages and bypassing certain network controls.   
  
Research activities might include looking into the feasibility of an expert system to approach both the 
network and configuration management issues, determining which specific Air Force products containing 
tunneling capabilities and their vulnerabilities, exploring the various approaches for mitigating these risks, 
and assessing how these vulnerabilities can be reliably detected and reported.  Research into IPv6 transition 
technologies like the Teredo Protocol (RFC 4380) that provides enhanced connectivity for IPv6 enabled 
applications by providing globally unique IPv6 addressing and by allowing IPv6 to traverse Network 
Address Translation (NAT), effectively providing host to host automatic tunneling for unicast IPv6 traffic.  
Additional research over the complete Open Systems Interconnect (OSI) model, like worms that target 
layer 3 or 4, e.g. blind IP address scanning worms, may benefit from increased connectivity, reaching hosts 
behind NAT'd networks and circumventing firewalls, even providing a means of remote code execution.  
These tunneling mechanisms may also be more susceptible to brute force denial of service attacks as well, 
with more widespread impact than native IPv4, giving rise to "bot" networks, which, if exploited, bypasses 
firewall and perimeter defenses, and could increase the population of bot infected computers more rapidly.   
 
PHASE I: Develop potential mechanisms, processes and systems to provide visibility into transition and 
tunneling mechanisms.  Analyze the reliability and performance of the solutions and present pros and cons 
of the candidate solutions.  Develop system architecture and provide limited prototypes. 
 
PHASE II: Design, develop and demonstrate a prototype tool set in an experimental environment.   
 
PHASE III / DUAL USE: Military application: Such a tool set will have wide application in monitoring 
and maintaining DoD/Air Force networks in the future. Commercial application: Such a tool set will have 
wide application in monitoring and maintaining networks worldwide in the future. 
 
REFERENCES:  
1.  Spence, John. “IPv6 Security and Security Update.” NAv6TF/ARIN XV IPv6 Conference, April 2005: 
http://www.nav6tf.org/documents/arin-nav6tf-apr05/6.IPv6_Security_Update_JS.pdf 
 
2.  Jennings, Cullen. “NAT Classification Results using STUN.” Internet Draft draft-jennings-midcomstun-
results-00.txt (work in progress). February 2004: http://www.employees.org/~fluffy/ietf/draft-jennings-
midcom-stun-results-00.html 
 
3.  Davies, E., S. Krishnan, and P. Savola. IPv6 Transition/Co-existence Security Considerations. Internet 
Draft draft-savola-v6ops-security-overview-04.txt (work in progress). March 2006: 
http://ietfreport.isoc.org/idref/draft-ietf-v6ops-security-overview/ 
 
4.  Symantec. Symantec Internet Security Threat Report: Trends for January 06–June 06. Symantec white 
paper, Volume X, Sept 2006: http://www.symantec.com/specprog/threatreport/ent-whitepaper_ 
symantec_internet_security_threat_report_x_09_2006.en-us.pdf 
 
5.  Hallahan, J. and J. Sanders, "Anomalous Channel Identification Internet Protocol V.6 (ACID-IPV6)," 
AFRL-IF-RS-TR-2006-181, contract #FA8750-04-C-0122 final technical report, May 23, 2006 
(Distribution authorized to US Government Agencies and their contractors; Critical Technology: May 06. 
Other requests for this document shall be referred to AFRL/IFGB, Rome NY 13441-4505). 
 
KEYWORDS: Security, IPv6 transition, 6to4, tunnel, Teredo, information assurance 
 
 
 
 
AF083-043   TITLE: Rate-Adaptive High-Availability RF Links 
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TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Design and assess innovative methods to provide reliable, robust high-data-rate wireless 
links in harsh, rapidly-changing RF environments; maintaining link stability without sacrificing capacity. 
 
DESCRIPTION: Modern communication methods use digital signals to achieve high data rates; a critical 
feature to support sharing today’s massive amounts of data (video, high-resolution imagery), especially 
during time-sensitive, limited “windows of opportunity” for connectivity. However, digital data 
communication suffers from the “cliff effect” where if the signal-to-noise ratio (SNR) falls below the 
designed threshold, then the link is completely lost; resulting in the communication nodes having to repeat 
the complex task of re-acquiring and establishing the link. To avoid this link instability and to ease upper 
layer networking functions, network developers often design these digital links with ample SNR margins to 
cover the worst case scenario. In practice, however, the actual SNR tends to be many dBs better than the 
designed threshold during much of the connection time. This resultant loss of capacity is further amplified 
in highly dynamic settings, as seen in radio frequency (RF) highly mobile wireless environments such as 
airborne networks, where connectivity time is limited. Novel transmission (modulation and coding) 
adaptation techniques maximizing spectral efficiency are necessary to achieve link stability/robustness, 
especially under extreme channel dynamics; i.e. optimizing the modulation level and the code type/rate to 
fit the SNR/channel statistics. Potential solutions may include variable data rate transmission, multi-type 
selective coding, multi-level encoding, unequal error protection, rateless codes, hybrid automatic repeat 
request (HARQ), and advanced multiple-input multiple-output (MIMO) coding & antenna transmission 
schemes with minimal and/or no feedback mechanisms to enable long delay applications such as satellite-
to-ground links. We seek scalable techniques for both line-of-sight (LOS) and beyond-line-of-sight (BLOS) 
links that cover a large (practical) SNR dynamic range, tolerate high frequency of SNR fluctuations, and 
provide stability under potentially long feedback delays. Solutions that require minimal change to existing 
waveforms are preferred. 
 
PHASE I: Design candidate solution(s) that provide robust high-data-rate wireless links, operate in highly 
dynamic environments, and tolerate long feedback delays. Demonstrate, compare, & assess feasibility of 
the candidate(s) via RF wireless network simulation in terms of scalability and system constraints. 
 
PHASE II: Complete design and development of prototype systems that implement candidate solutions. 
Demonstrate within an emulated or actual experimental airborne network environment. Demo environment 
should be heterogeneous, hosting multiple MAC layer technologies (e.g. Tactical Targeting Network 
Technology [TTNT], JTRS Wideband Networking Waveform [WNW], etc., or surrogates) and mobile 
routing algorithms. 
 
PHASE III / DUAL USE: Military application: Reliable mission-critical time-sensitive info flows amongst 
in-theater military aircraft and satcom terminals to provide battlespace situational awareness and enable 
joint tactical edge networking. Commercial application: Solutions can increase network capacity and 
enhance QoS for commercial mobile wireless and satcom systems.  Vendors may commercialize the 
technology for 802.11 WiFi and 802.16 WiMax applications. 
 
REFERENCES:  
1.  U. Erez, G. W. Wornell, and M. D. Trott, “Rateless coding and perfect rate-compatible codes for 
Gaussian channels,” in Proc. Int. Symp. Inform. Theory (ISIT), (Seattle, WA), pp. 528–532, July 2006. 
 
2.  G. J. Foschini and M. J. Gans, “On limits of wireless communication in a fading environment when 
using multiple antennas,” Wireless Pers. Commun., vol. 6, no. 3, pp. 311-335, 1998. 
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3.  G. Caire and D. Tuninetti, “The throughput of hybrid-ARQ protocols for the Gaussian collision 
channel,” IEEE Trans. Inform. Theory, vol. 47, no. 5, July 2001. 
 
4.  D. Chase, “Code combining—a maximum-likelihood decoding approach for combining an arbitrary 
number of noisy packets,” IEEE Trans. Commun., vol. 33, no. 5, pp. 385–393, May 1985. 
 
5.  G. J. Foschini, D. Chizhik, M. J. Gans, C. Papadias, and R. A. Valenzuela, “Analysis and performance 
of some basic space-time architectures,” IEEE J. Select. Areas Commun., vol. 21, pp. 303-320, Apr. 2003. 
 
KEYWORDS: Link Adaptation, Link Stability, Airborne Networking, Radio Communications, Waveform 
Diversity, MIMO, Adaptive Modulation, Adaptive Coding, HARQ, QoS 
 
 
 
 
 
AF083-044   TITLE: Cross-domain solutions for airborne operations 
 
TECHNOLOGY AREAS: Air Platform, Information Systems 
 
OBJECTIVE:  Develop a Cross Domain Solution (CDS) with corresponding rules set for sharing of data 
across US security domains within a manpower-limited, SWAP-constrained airborne environment. 
 
DESCRIPTION:  Airborne operations require the timely sharing of data across US security domains. In the 
short term, a single ground-based release point will likely be used to enable sharing across ground and 
airborne security domains. However, new mission information exchange requirements will require CDS 
implementation on airborne platforms (e.g., airborne gateways) to enable expeditious sharing of time-
critical information among US tactical forces.  Airborne platforms are manpower-limited requiring low 
operator overhead, Size, Weight And Power (SWAP) constrained and require the ability to share 
information across multiple security domains without having to go all the way back to ground-based release 
points to obtain approvals for direct access. Recent modular hardware technology advances provide an 
opportunity to evolve CDS implementations from terrestrial to mobile, tactical edge platforms including 
tactical/airborne gateways. 
 
For the purposes of this topic, a CDS is a controlled interface that allows information to be shared between 
different security domains at different classification levels. This topic is focused on assured information 
sharing among US Services only as a starting point, e.g., from US Secret to Tactical Unclassified. The 
solution should include both Structured and Unstructured Data Handling with corresponding rule sets – 
Structured for formatted, repeatable data and Unstructured for data with no recognizable structure. The 
solution should demonstrate data separation on modular hardware (blade, card or chip) using specific 
applications of interest to airborne, such as web services browsing (query), publish/subscribe or email. 
 
Technology innovation is required for a modular CDS that leverages embedded CDS research (Reference 
2, 3) to reduce the hardware system footprint for controlled exchanges in mobile environments. Technology 
innovation is required to advance CDS capability research areas (Reference 4) through demonstration of 
database queries or publish/subscribe information distribution using I&A credentials across security 
domains. Innovation is also required to leverage current research for software separation of data. A 
promising approach to supporting multiple software partitions running different classification levels is 
based on separation kernel products being developed to support Multiple Single Level Security 
(MSLS)/CDS systems (Reference 5,6).  
 
The solution should allow for remote management and control; should provide for emergency destruction 
capabilities commensurate with secret and sensitive information; and should be modular to allow adaption 
to multiple mobile platforms. A mobile CDS capability was identified as a Cross-Service (Army and Air 
Force) Tactical IA research gap to Dr. Cynthia Dion-Schwarz, Associate Director, Network Technologies, 
DUSD(S&T)/DDR&E in September 2007. 
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PHASE I:  1) Develop alternative information distribution solutions for tactical airborne applications 
leveraging embedded CDS technology. 2) Perform analysis to describe hardware architecture, data 
handling and assured distribution for select applications. Project CDS solution footprints for tactical 
platforms. 
 
PHASE II:  Empirically validate information distribution solutions to assess performance of CDS 
implementations described in Phase I including 1) Develop, test and demonstrate embedded CDS products 
in a laboratory setting 2) Conduct performance tests for CDS alternatives through exercises or modeling 
and simulation 3) Conduct a distributed CDS trade-off analysis to recommend a tactical CDS architecture. 
 
PHASE III / DUAL USE APPLICATIONS:  Military application: Innovation in this area should address 
important enterprise security issues to enable assured information sharing across US forces airborne 
platforms. Commercial application: Airborne security architectures to allow separation of security domains 
aboard next generation IP-enabled civil airliners such as the Boeing 787 are also of interest in the 
commercial world. 
  
REFERENCES:     
1.  TECHNICAL DIRECTION LETTER (TDL) FOR MULTINATIONAL INFORMATION SHARING 
(MNIS) ANALYSIS OF ALTERNATIVES, 22 August 2007, http://www.stf 
ltd.com/images/MNIS_AOA_TDL_Final_22_Aug_07_1430_.pdf. 
 
2.  Unified Cross Domain Management Office (CDMO),  https://www.intelink.gov/mypage/ucdmo 
 
3.  Unified CDMO Key Documents, https://www.intelink.gov/mypage/ucdmo_key_docs 
 
4.  Unified CDMO Gap Analysis: Process and Results, October 4, 2007, UNCLASSIFIED//FOR 
OFFICIAL USE ONLY 
 
5.  J. Alves-Foss, W. S. Harrison, P. Oman and C. Taylor, The MILS Architecture for High Assurance 
Embedded Systems, International Journal of Embedded Systems, 2006, Volume 2, Number 3-4, Pages 239-
247. 
 
6.  G. M. Uchenick and W. M. Vanfleet, Multiple Independent Levels of Safety and Security: High 
Assurance Architecture for MSLS/MLS, Military Communications Conference, 2005, MILCOM 2005, 
Volume 1, Pages 610-614. 
 
7.  Mark Esposito, ISSE Program Manager, AFRL/IFEB, Information Support Server Environment (ISSE) 
Information Sharing Capabilities Overview, April 25, 2007. 
 
KEYWORDS: Cross Domain Solutions, CDS, Airborne Network, Identification & Authentication (I&A), 
Security, Multiple Level Security, MLS, MILS, MSLS, Net-centricity.  
 
 
 
 
AF083-047   TITLE: Robust Engineering via Integrated Design and Analysis 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Weapons 
 
OBJECTIVE: Develop innovative approaches for integrating design and analysis technologies that enable 
robust engineering during development of distributed, real-time systems targeted for dynamic 
environments. 
 
DESCRIPTION: Innovative ideas are sought that allow for more robust engineering of large-scale 
distributed real-time systems. Specifically, how can design information captured in open languages such as 
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the Unified Modeling Language be automatically or semi-automatically used by analysis tools to support 
the development of distributed real-time systems via predicting the impact of design choices on system 
properties such as the need for additional hardware and responsiveness of an answer.  In addition, ideas are 
sought for improving analysis capabilities of software-intensive systems where the software has timing 
constraints and is deployed across a variety of communications and network topologies. 
 
Current techniques require expensive, lengthy, and mostly manual conversion of the design information 
into an acceptable format for the analysis tool. When small, seemingly insignificant, design changes occur 
during development, proper analysis often is not cost effective since it can not keep up with the rate of 
design change. This leads to defect detection during integration and testing phases, where it is significantly 
more costly to repair a defect. 
 
This gap between design and analysis tools with respect to common language and interchange approaches 
is a major challenge to achieving robust systems engineering where solid analysis of software-intensive 
systems should be performed at milestones such as initial and final design reviews.  In addition, these 
challenges contribute in uncertainty as to whether the developers and analysts are even working on the 
same problem/solution.  This uncertainty means the analysis results are largely ignored or senior 
engineering time must be spent doing a manual comparison of two expressions of what is really a single 
solution. 
 
Analysis areas of interest include performance, sizing and real-time analysis. For example, given a certain 
software design, what are the hardware resources needed to satisfy performance and timing requirements.  
Another example is what is the effect of a certain communications/networking topology on the 
performance of a service oriented architecture-based solution.  Physical resources of interest include 
computers, sensors, networks, and communication devices. Solutions that exploit open standards are 
particularly valued as are solutions that address distributed solutions and those that use pipe line based 
architectures. 
 
PHASE I: Define approaches for achieving semi to fully automatic integration of design and analysis tools.  
Appropriate analysis techniques need to be selected and the conceptual approach and design of how to 
integrate the technologies be completed.  Modeling and simulation techniques are applicable. 
 
PHASE II: Develop, demonstrate and validate the concepts and design created during Phase I.  Tools and 
interface approaches would need to be selected, integrated and/or developed.  Demonstration of the 
solution's openness, scalability, and degree of automation in the exchange of design data should be 
performed; as well as accomplishing performance or real-time analysis against a representative DoD 
design. 
 
PHASE III / DUAL USE: Military application: This work would be applicable to any DoD system that has 
distributed and/or real-time characteristics. Commercial application: The telecon, automobile, and 
manufacturing and control industries in general experience the same issues and would find this technology 
useful. 
 
REFERENCES:  
1.  Unified Modeling Language Standard. www.omg.org/spec/UML/2.1.2/, Nov 2007. 
 
2.  UML Profile for Schedulability, Performance and Time Specification. www.omg.org/docs/formal/05-
01-02.pdf January 2005. 
 
3. UML Profile for Modeling and Analysis of Real-time and Embedded Systems (MARTE), 
www.omg.org/docs/ptc/07-08-04.pdf, August 2007. 
 
4.  Wheeler, Thomas, "An Early Look at the UML Profile for Schedulability, Performance, and Time for 
Engineering Large Scale Airborne C2ISR Platforms", 
www.mitre.org/work/tech_papers/tech_papers_04/wheeler_uml/wheeler_uml.pdf, May 2004. 
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5.  Espinoza, Huascar et al, "A General Structure for the Analysis Framework of the UML MARTE 
Profile", www.martes.org/prev/2005/PAPERS/8.pdf, 2005. 
 
KEYWORDS: UML, design, analysis, engineering, robust, realtime, MARTE 
 
 
 
 
AF083-050   TITLE: Communications-On-The-Move (COTM) Antenna Pointing and 

Stabilization System 
 
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. 
 
OBJECTIVE: Develop a Pointing and Stabilization System suitable for Satellite Communications-On-The-
Move(COTM). Consider X, Ku, and Ka bands in the design to address most commercial and DOD satcom 
systems.  
 
DESCRIPTION: In support of warfighter SATCOM while traversing off road terrain in moving vehicles, 
the DoD is pursuing Communications-On-The-Move (COTM) SATCOM links.  The large distances and 
high data rates will stress link performance requirements requiring narrow beams that must accurately track 
moving vehicles.  To support high data rates, satellite to terrestrial links will likely require beam pointing 
accuracies of a degree or less.  Factors contributing to pointing error, including positioner dynamic error, 
positioner static error, in addition GPS/INS drift must be controlled to successfully meet objectives.  The 
purpose of this topic is to develop and demonstrate a COTM pointing and stabilization system that can be 
mounted on a HMMWV (High Mobility Multipurpose Wheeled Vehicle) and maintain a SATCOM data 
link. 
 
PHASE I: Conduct alternative design, feasibility and cost analyses to identify an optimum solution for a 
pointing and stabilization system that could be located on a HMMWV or other military vehicles to provide 
a robust com-on-the-move capability. Develop control system techniques for a Phase II design. 
 
PHASE II: Develop pointing and stabilization system prototype and characterize for stability and pointing 
accuracy over broad range of road conditions, speeds, and environmental extremes. Validate design 
concept through modeling and simulation. 
 
PHASE III / DUAL USE: Military application: Pointing and stabilization systems could support broad 
range of SATCOM and airborne communications links such as AISR (Airborne Intelligence Surveillance 
and Reconnaissance)  
 
Commercial application: High data rate mobile communications links for commercial vehicles such as a 
future generation of General Motors ™ ON-STAR™ communications might benefit from this technology.  
 
REFERENCES:  
1.  Nazari, Sam; Brittain, Keith, Haessig, David, “Rapid Prototyping and Test of a C4ISR Ku-band 
Antenna Pointing and Stabilization System for Communications on the Move”, MILCOM 2004, vol. 1, no. 
31, Nov. 2004.   
 
2. S.Ho and C.C. Davis, "Three-dimensional optical pointing system encoded by radial trifocal 
tensors",Proceedings of SPIE Free-Space Laser Communications Vi, Vol 6304, 2006. 
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KEYWORDS: COTM, pointing and stabilization, beam width, positioner dynamic error, pointing and 
tracking, spot beam. 
 
 
 
 
AF083-053   TITLE: Small UAV Accurate Geolocation and Discrimination 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Sensors 
 
OBJECTIVE: Develop a system concept and processing methods for detection, accurate geo-location, and 
discrimination of stationary and moving ground RF emitter sources from Small Unmanned Air Vehicles 
(SUAV). 
 
DESCRIPTION: Note: This topic addresses a geo-location system development project for various classes 
of specific UAV's.  The use of existing RF emitter geo-location techniques is assumed with some new 
algorithm development expected.  Topic ASC-610 ('Geo-location of RF Emitters') addresses advanced geo-
location methods and algorithms with less specific emphasis on platform type or size. 
 
There is a need and associated requirements within the Air Force (AF) and other Department of Defense 
(DOD) agencies to detect, geo-locate and discriminate emitters of interest in both rural and urban 
environments.  Larger intelligence data demand and fewer manned intelligence aircraft make it difficult to 
meet all intelligence requirements.  Additionally, scenario characteristics such as geometry, obscuration, 
clutter, multi-path, signal detection and signal type may limit the performance of large stand off 
intelligence gathering systems.   
 
This project seeks to develop RF system payloads and associated signal processing for various size SUAVs 
platforms that will perform detection, accurate geo-location and discrimination of multiple emitters.  
System solutions should include both single platform concepts as well as multi-platform concepts.   
 
Signals of interest cover a wide range from VHF through Ku-band (approximately 130 MHz through 18 
GHz).  This range covers communication systems as well as radar.  It is recognized that one system will not 
fit all applications and it is desired to start with communications bands (130 MHz through 2 GHz) and then 
postulate extensions into other frequency bands.  
 
Size, weight and power (SWAP) considerations often limit a systems applications.  For this project various 
classes of SUAVs should be considered.  These classes include small SWAP (inches-cubed volume, sub-
one pound weight, watts of power), medium SWAP (inches-cubed volume, one to ten pound weight, 10’s 
of watts of power), and large- SWAP (5-10 inches cubed volume, 10’s of pounds, 10’s of watts of power).  
The system would include an antenna, receiver hardware, processing hardware, downlink/communication 
hardware and an associated ground station.  System designs should consider extensions to multi-platform 
system concepts where the same hardware may be repeated across several sensors so as to form an 
integrated sensor network.  
 
Algorithm development shall include all the required processing for the given system for the detection, 
geo-location, and discrimination of multiple signals.  Single sensor and multi-sensor techniques will be 
considered.  Algorithms must consider and process advanced communication system signals such as 3rd 
and 4th generation (3G and 4G) mobile phones and Low Probability of Intercept (LPI) radar waveforms 
such as pulse compression and spread spectrum codes.  Algorithms must consider operating conditions 
such as multi-path, obscuration (to some sensors in a multi-sensor system), geometry, synchronization and 
timing between platforms, and processing/memory constraints on the payload.  Processing is expected to 
take place both on-board the SUAV platforms as well as on the ground.  Commercially available datalink 
bandwidths must be considered and will aid in determining the processing trade between on-board and off-
board.   
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Finally, the system developed should co-exist with already available video camera options for SUAV’s. 
This allows for RF detection and location followed by optical validation. 
 
PHASE I: Develop alternative system concepts for a single and multiple SUAV platform geo-location and 
discrimination system. Analyze and select geolocation algorithms. Recommend hardware designs to 
demonstrate conformity to performance and SWAP constraints. Demonstrate performance through 
simulation 
 
PHASE II: Develop a prototype system for the candidate system developed in Phase I.  Further develop and 
refine detection, geo-location and discrimination algorithms for the detection of many signals in an emitter 
rich environment.  Perform bench level lab experiments to demonstrate performance.  With the availability 
of SUAV platforms, conduct an outdoor flight demonstration. 
 
PHASE III / DUAL USE: Military application: Technology developed under this effort has application to 
current problems for groups within the Air Force requiring small SWAP emitter location payloads for 
SUAVs. Commercial application: Technology has application by local civilian emergency organizations 
desiring the ability to geo-locate hand held radio and phone emissions from stranded hikers. 
 
REFERENCES:  
1.  Wiley, Richard G., ELINT: The Interception and Analysis of Radar Signals, Artech House 
 
2.  Volakis, John (Editor), Antenna engineering Handbook, Fourth Edition, McGraw-Hill, New York, NY, 
2007 (Chapter 47, Kellog, Robert; Mack, Eldon; Crews, Cathy, Direction finding Antennas & Systems) 
 
KEYWORDS: Unmanned Air Vehicles, Geo-location, Emitter location and identification, multi-sensor 
geo-location, single sensor geo-location 
 
 
 
 
AF083-054   TITLE: Network Centric Fusion Approaches for Command and Control 

Platforms with Multiple Unmanned Aerial Vehicles 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Battlespace 
 
OBJECTIVE: Develop and demonstrate tools that will enable optimized collection of information while 
maximizing utility across multiple UAV systems. 
 
DESCRIPTION:  Data fusion, track management and command and control with high demand platforms 
and unmanned aerial vehicles providing multiple intelligence information (i.e.: Full Motion Video, Still 
Imagery, Signals, Ground Moving Targets, and Spectral) presents a difficult challenge. The technical 
challenge comes from performing net-centric fusion of multiple UAV sensors to provide tracking and 
identification of hundreds of targets in the battlespace. Optimum flight and sensor control impacts the 
quality of the data collected and the fusion products. In order to fuse data collected from multiple UAVs 
and manage the diverse capabilities of a wide range of airborne sensors deployed above a combat area, 
synchronized planning and command and control of each UAV is essential. Other efforts have developed 
technologies for control of UAVs such as the Joint Project Office for UAVs, ‘UAV Tactical Control 
System’ which provides the UAV operator with tools for communications, mission tasking, mission 
planning and execution ‘and the DARPA, ‘Heterogeneous Unmanned Reconnaissance Team’ (HURT) 
program which allows ground forces to receive video surveillance imagery of the surrounding area and 
request specific information about suspected enemy positions. However, none address the issues regarding 
the coordination, optimization, and management of coincident collection for data fusion. This program 
seeks to explore novel concepts and develop innovative technology to coordinate multiple intelligence, 
surveillance and reconnaissance UAV platforms to optimize sensor resource management for overall 
improvement of multi-INT data fusion in a non-proprietary net-centric environment 
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PHASE I: Design innovative concepts for command and control of multiple UAV systems using algorithms 
providing advanced reasoning and processing. The Phase I research will identify the critical technology 
challenges and define Phase II. A Phase I risk reduction simulation will be conducted. 
 
PHASE II: Develop a prototype application service and software tools focusing on utilizing UAV’s for 
optimal Intelligence, Reconnaissance and Surveillance data collection for multi-INT fusion. Test and verify 
the tools against a government provided scenario and data set. Demonstrate and validate the tools with 
prospective participation in an experimental exercise. Deliverables: Validated Software algorithms 
 
PHASE III / DUAL USE: Military application: Persistent surveillance with UAV command and control for 
optimization can ensure maximum coverage and data collection for situation awareness, analysis and data 
fusion. Commercial application: Can be used by the Department of Transportation, Police Departments and 
Homeland Defense to assess traffic flow and delays, and criminal activities. Open systems frameworks and 
architectures apply. 
 
REFERENCES:  
1.  Llinas, J., “Service-Oriented Architectures, Network-Centric Warfare, and Agile, Self-Synchronized C2: 
Impacts to Data Fusion Process Design”, Information Fusion for Command Support (pp. KN2-1 – KN2-6). 
Meeting Proceedings RTO-MP-IST-055, Keynote 2,  
http://stinet.dtic.mil/oai/oai?&verb=getRecord&metadataPrefix=html&identifier=ADA474190 
 
2.  Stenbit, J., “Horizontal Fusion: Enabling Net-Centric Operations and Warfare”, Department of Defense- 
Information from Senior Leadership, http://www.stsc.hill.af.mil/crosstalk/2004/01/0401Stenbit.pdf 
 
3.  JPO-UAV, “Cooperative UAV Tactical Control System (TCS)”,                                          
http://www.globalsecurity.org/intell/systems/uav_tcs.htm 
 
4.  Elston, J., “Net-centric Cooperative Tracking of Moving Targets”, University of Colorado, AIAA 
<i>Infotech@Aerospace</i> 2007 Conference and Exhibit, 7 - 10 May 2007, 
http://recuv.colorado.edu/~frew/publications/ElstonInfotech07Netcentric.pdf  
 
5.  DARPA, “Heterogeneous Unmanned Reconnaissance Team”, 
http://www.defense-update.com/newscast/0507/news/160507_HURT.htm 
 
KEYWORDS: Net-Centric Fusion, Net-Centric UAV Control, Multi-platform, Multi-INT data collection, 
UAV C2    
 
 
 
 
AF083-055   TITLE: Exploiting Essential Elements of Information from Significant Activity 

Reports (SIGACTS) for Forensic Analysis 
 
TECHNOLOGY AREAS: Information Systems 
 
OBJECTIVE: Research and develop Text Extraction technology to automate extraction of useful entity, 
relationship and event information from SIGACTS and other unstructured textual reports for Forensic 
Analysis.   
 
DESCRIPTION: Significant Activity Reports (SIGACTS) contain valuable information on operational 
situations and events, such as Improvised Explosive Device (IED) Attacks.   Information in SIGACTS and 
other unstructured textual reports can add significant value to multi-sensor-based Forensic Analysis 
capabilities that are being developed to identify and track terrorist networks, in support of the Global War 
on Terror (GWOT).  Information from SIGACTS would complement and enhance structured data sources, 
such as Ground Moving Target Indicator (GMTI) data, now used by Forensic Analysis tools.  
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Unfortunately, Forensic Analysis tools are currently unable to exploit the information in unstructured text 
like SIGACTs.   
 
That is where Text Extraction technology can help.  The objective of this effort is to research and develop 
Text Extraction technology specifically focused on automating extraction of useful entity, relationship and 
event information from SIGACTS and other unstructured textual reports for Forensic Analysis.  
Information extracted from these unstructured reports will then be correlated with structured event data 
currently being processed by Forensic Analysis tools, resulting in a much richer pool of relevant 
information.  This will include additional information relating to the specific events, more detailed 
information on the entities participating in the events (e.g., people, organizations), and information on the 
relationships between entities.   
 
The ability to extract information on the relationships between entities from unstructured text reports is 
particularly important, as it will enable the use of link visualization tools for Forensic Analysis.  Now, not 
only will people doing Forensic Analysis be able to visualize spatial information pertaining to events of 
interest on maps, they will also be able to visualize relationships in which the entities participating in these 
events are involved.  So, for example, an analyst could learn more about known participants in an attack, 
and could potentially identify additional people with whom they are linked (based on the relationship 
information extracted from the unstructured textual reports).  This will provide analysts with a valuable 
additional capability for identifying and understanding terrorist networks supporting IED attacks.  The new 
link visualization capability would thus complement existing spatial visualization tools, providing a new, 
powerful capability for information discovery and analysis.  This will lead to better situation understanding, 
which in turn will provide a stronger foundation for Predictive Battlespace Awareness (PBA).     
 
Because real SIGACTS data will be used in the development of this capability, offerors are required to 
have at least Secret Clearances. 
 
PHASE I: Feasibility Concept.  Research and develop innovative techniques to meet the SBIR Topic 
requirements and assess their feasibility.  Based on these results, develop the initial design for a prototype 
and demonstrate its application. AFRL is pursuing SIGACTS data for analysis and development. 
 
PHASE II: Research and develop a prototype system to extract useful information from SIGACTS for 
Forensic Analysis, per the Phase 1 design.  Demonstrate how this capability complements existing multi-
sensor Forensic Analysis capabilities, such as AFRL’s Forensic Analysis Software Tools for Exploitation 
& Reasoning (FASTER), which is being developed to support the Distributed Common Ground System 
(DCGS).  
 
PHASE III / DUAL USE: Military application: The ability to extract entities, relationships and events from 
SIGACTS, and fuse it with structured GMTI data, will enhance multi-INT forensic analysis, and enable 
visualization of networks, for DCGS.  Commercial application: Law enforcement criminal investigations 
would benefit from technology that extracts information from unstructured text reports, fuses it with 
existing structured data, and enables link visualization. 
 
REFERENCES:  
1. http://www.globalsecurity.org/military/ops/iraq_sigacts.htm 
 
KEYWORDS: SIGACTS, forensic analysis, Text Extraction, information extraction 
 
 
 
 
AF083-058   TITLE: A Hybrid Architecture Approach to Forecasting Adversary Reactions 
 
TECHNOLOGY AREAS: Information Systems 
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OBJECTIVE: Develop a capability to automate support to the C2 Warrior in forecasting adversary 
reactions to time sensitive effect operations. 
 
DESCRIPTION: Higher-order battlefield decision making is increasingly possible due to the convergence 
of several computational techniques.  Complex inferences such as course of action analysis, adversary 
reaction prediction, and combat identification are possible via decomposition of the problem space into 
simpler components and through the application of hybrid numerical and rule-based techniques.  A 
capability is needed that can decompose the problem of forecasting adversary reactions to time sensitive 
effect operations into specific subtasks that lend themselves to automation and facilitate the placement of 
sensors to confirm, refute, and refine those forecasts over time. 
 
“Hybrid Architectures” by design decompose a task into subtasks with an assigned algorithm suitable to 
performing that task.  Algorithms are typically a mix of so-called soft processing techniques (neural 
networks, fuzzy logic, chaos theory, and others) and so-called hard processing techniques.  A variety of 
techniques have been used by commercial industry to discover patterns and predict customer behaviors 
from very large data collections.  However, commercial applications generally work within a single data 
warehouse on generally well formed data.  This capability will mine historical data in several different 
repositories, which often contain contradictory, in-complete, or poorly formed datasets. 
 
Given this challenging environment, finding patterns of abnormal behavior that might indicate patterns of 
adversary behavior and trying to predict reactions to blue force courses of action is difficult at best.  And 
clearly, no one algorithm would be the whole solution, an excellent environment for the application of a 
hybrid architecture approach.  Another issue is that an automated capability needs to be provided that can 
guide an analyst in the search for information to confirm, expand, and refine forecast models. The tool will 
also take into consideration that needed information was not collected and support the analyst in generating 
information requirements so sensors can be tasked to collect missing information, and additional 
information that might apply.  Again, this is an area where no one algorithm is likely to provide the whole 
solution, suggesting the appropriateness of a hybrid architecture approach.  The challenge will be to 
identify those algorithms that lend themselves to each specific subtask that constitute the overarching 
problem of forecasting adversary reactions. 
 
PHASE I: Perform research to identify and understand the issues involved in the application of hybrid 
architectures as potential solutions to decomposing the complex problem of adversary reaction forecasting 
and the placement of sensors to confirm, refute, and refine forecasts over time. 
 
PHASE II: Extend Phase I research and develop a prototype system for forecasting, confirming, refuting, 
and refining forecasts of adversary reactions using information from multiple sources using a mix of hard 
and soft processing techniques. 
 
PHASE III / DUAL USE: Military application: The ability to forecast the enemy’s actions has wide 
application across the joint domain and could be used at the tactical and operational levels of war. 
Commercial application: Complex Event Processing, Trend Analysis, Pattern Recognition, Market 
Forecasts. 
 
REFERENCES:  
1.  [Note:  Ref. 1 has been removed since it is not available to the public at this time.] 
 
2.  http://en.wikipedia.org/wiki/Hybrid_intelligent_system 
 
3. Hybrid Intelligent Systems, Design and Analysis, (Studies in Fuzziness and Soft Computing), O. 
Castillo, P. Melin, J. Kacprzyk, and W. Pedrycz (editors), Springer, 2006. 
 
KEYWORDS: Hybrid architectures, data mining, adversary behavior detection and forecasting 
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AF083-062   TITLE: Aircraft Avionics Temperature Management 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop a light-weight, low footprint, low power consumption, heat management system for 
existing and future aircraft to effectively reduce the impact of high temperatures on avionics equipment. 
 
DESCRIPTION: Aircraft of all kinds are dependent on increasingly complex and numerous avionics 
equipment. Current avionics bays are packed with equipment that produces large amounts of heat that is 
difficult to dissipate and which reduces the effective life of each avionics component. Cockpit avionics are 
subject to similar temperature conditions that cause overheating and mission aborts. This problem is 
magnified in harsh environments with high ambient heat. Through better heat management, the Air Force 
can increase the mean time before replacement of avionics equipment across multiple airframes, increase 
mission capable rates, and reduce maintenance time and costs.   
 
This project is meant to address these problems through the development of a system that can fit in a high-
temperature, space-constrained environment.  This system will encounter avionics bay temperatures up to 
150°F (65°C) and this system is envisioned to reduce these temperatures by 15%.  The goal is to reduce 
temperature to (127.5°/ 53°C) or by (225 Watts/ 768 Btu/hr).  Additionally, since space is limited in most 
aircraft avionics bays, the proposed system should not exceed 1 cubic foot in volume. 
 
PHASE I: Identify and define a system that meets the stated objectives. Develop criteria and measures for 
evaluating effectiveness and performance. Conduct analyses using realistic data to evaluate approach via 
simulation and/or modeling. Proposals should not affect the internal design of any avionics unit. 
 
PHASE II: Develop and implement a prototype of the system developed in Phase I in a relevant 
environment and demonstrate a minimum 15% reduction in ambient avionics bay temperature (which can 
reach up to 150°F), or heat transfer rate (which can be up to 1500 Watts), with 95°F+ ambient external 
temperature. 
 
PHASE III / DUAL USE: Military application: The contractor will develop a heat management system that 
can be installed in wide range of fixed- and rotary-winged aircraft across the Air Force inventory. 
Commercial application: In addition to use on aircraft, this system can be used in the electronics and 
computer technology industries to manage heat from the component to system levels. 
 
REFERENCES:  
1. Beam, Jerry, Topics of Aircraft Thermal Management, Society of Automotive Engineers, #881381, 
September 1988. 
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AF083-063   TITLE: Hyperspectral Infrared (IR) Windows 
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TECHNOLOGY AREAS: Air Platform, Sensors, Weapons 
 
OBJECTIVE: Development of optical materials transparent to portions of the optical spectrum allowing 
environmental protection for airborne Hyperspectral sensors.  
 
DESCRIPTION: A major issue in retaining sensing capability is very high optical transmission and 
durability performance of the IR window. For hyperspectral windows performing at ultraviolet (UV) 
through long wavelengths (LWIR), of particular interest is the capability to survive the airborne 
environment with little deterioration in optical performance. A materials design need for the window 
includes the capability to perform at 90-percent optical transmission in the UV through LWIR over 
hundreds of missions in airborne rain and dust environments, as well as to withstand takeoff and landing 
abuse on marginal runways.  Currently, no IR window material exists with adequate transmission capability 
from 0.3 – 13 microns.  To date, window materials with broad transmission characteristics, such as zinc 
selenide, lack environmental durability, even with coatings. One measure of durability is extent of loss of 
optical transmission from sand particles impacting samples in a simulated test environment. The 
performance required for these windows is a loss of no more than 6 percent in optical transmission as 
measured in the visible waveband for 88 to 105 micron sand particles impacting the test samples at 97 
meters per second normal incidence for a total sand loading of 0.10 gram per square centimeter.  Potential 
solutions may include a) enhanced durability coatings for existing materials, such as zinc selenide; b) 
etching microstructures into more durable IR window materials; c) developing new window materials; or d) 
a combination of the above. 
 
PHASE I: Select and characterize IR materials and processes. Window materials shall be capable of 
transmission over a spectral range from 0.3 to 13 microns. Measure percent loss of optical transmission 
following sand erosion, 88 to 105 micron sand particles impacting the test samples at 97 meters per second 
normal incidence for a total sand loading of 0.10 gram per square centimeter.  
 
PHASE II: In Phase II, fabrication and testing to the performance levels of Phase I of a full size window is 
required, at a minimum size of 8 inches in diameter. Characterize optical and mechanical properties of the 
full size window. Transmission loss should be measured after rain erosion exposure, 2 mm diameter 
raindrops at 200 m/s over the spectral range from 0.3 to 13 microns. 
 
PHASE III / DUAL USE: Military application: Phase II design window should be integrated onto a sensing 
device, and flight tested on board a chosen aircraft. Investigate applications of hyperspectral window to 
other sensing devices/platforms. Commercial application: Improved sensing capability for homeland 
security, border patrol, firefighting and forestry imaging. 
 
REFERENCES:  
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AF083-064   TITLE: High Temperature Solid Lubricants for  Bearings 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop high temperature solid lubricants for bearings used in F-35 engine.  
 
DESCRIPTION: Bearings are a vital part in many aircraft engine control components. For example, high 
mach gas turbine engines will require bearings to operate at 900°F and 1200°F at loads up to 2800lbs. Fluid 
lubricants have limits under these conditions. One approach to mitigate the problem and extend the bearing 
life is to implement a low friction and temperature stable coating which can perform under the conditions in 
a High Mach gas turbine engine. This program seeks to identify a solid lubricant coating to the surface of 
jet engine bearing steels with extremely low wear and long life in the presence of hot air at temperatures up 
to 1200°F. The solid lubricant should also provide a short duration lubrication at room and as low as -40°F 
for a cold start-up of the control mechanisms. Solid lubricants which are thin and yet durable and 
maintaining a low friction in a broad temperature range are needed. A concept of a self-lubricating thin 
nanocomposite adaptive coating is especially interesting for exploration, since such coating can be 
potentially applied to various F-35 propulsion components as well as to other military aircraft. The coating 
process must not affect the bearing material properties and structure. Program coordination with the 
component manufacturer is recommended.  
 
PHASE I: Demonstrate the feasibility of a solid lubricant to reduce rolling and fretting wear at the surface 
of bearing alloys for application to components of F-35 lift system mechanisms. Produce samples and 
perform testing to demonstrate solid lubricant benefits.  
 
PHASE II: Apply a high temperature solid lubricant to selected aircraft subcomponents for evaluation. 
Scale-up solid lubricant technological process and manufacturing. Evaluate the economic feasibility (initial 
costs and replacement costs) for inclusion of the high temperature solid lubricant technology on flight 
hardware.  
 
PHASE III / DUAL USE: Military application: The technology will be applied to anti-wear and low 
friction coatings for bearings in high mach gas turbine engines.  Commercial application: Commercial 
systems which need a high temperature solid lubrication bearings will benefit from this program, e. g. 
metallurgy, hot profile rolling, power generation. 
 
REFERENCES:  
1.  H. Sliney, "Solid Lubricants" in Friction, Lubrication and Wear Technology, ASM Handbook, vol. 18, 
ASM International, 1994, p. 113.  
 
2.  A. A. Voevodin, J. J. Hu, T. A. Fitz and J. S. Zabinski, “Nanocomposite tribological coatings with 
“chameleon” friction surface adaptation”, J. Vacuum Science and Technology A, 20 (2002) p. 1434-1444.  
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AF083-065   TITLE: Light Emitting Diode Technology Deployment  Involving an Aerospace  
   Light Application Manufacture 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Scale up light emitting diode technology as a competitive drop-in replacement light source 
for combat aircraft navigation and position light units, emphasizing physics of failure considerations  
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DESCRIPTION: Identify and mitigate technical and/or systems engineering constraints through 
comprehensive investigations and analyses associated with integrating light emitting diode (LED) 
technology into a viable, economically advantageous alternative light source which could be seamlessly 
installed into an existing wing tip navigation and position light assembly, emphasizing pervasive aircraft 
applications.  The required assessment effort shall involve a diverse array of critical technical 
considerations, emphasizing extended life performance.  Associated efforts include demonstrating a first-
attempt prototype configuration, emphasizing functional performance considerations aligned with physical 
insertion requirements associated with combat aircraft wing tip navigation and position light assemblies.  
The required Phase I effort will model an integrated solution, demonstrating approach feasibility, technical 
merit and potential deployment viability aligned with key integration considerations.   Ancillary Phase I 
efforts shall include performing risk analyses and gap mitigation assessments. The subject effort will 
demonstrate how the advocated approach and/or technical solutions could be scaled up and applied to 
support a LED navigation and position light bulb manufacture pilot effort under a Phase II initiative, 
emphasizing military combat application requirements.    
 
PHASE I: Investigate LED bulb manufacture viability and associated technical constraints aligned with 
military aircraft navigation and position light applications, emphasizing impediments, technology 
integration requirements, relevant technical performance considerations and application feasibility. 
 
PHASE II: Demonstrate and qualify a preproduction LED configured bulb assembly which could be 
seamlessly installed into a fielded combat aircraft navigation and position light assemblies in lieu of an 
incandescent bulb light source.  The required LED bulb assembly shall comply with identified form, fit, 
function and integration requirements, emphasizing military aerospace application requirements. 
 
PHASE III / DUAL USE: Military application: Demonstrate agile LED bulb manufacture, involving 
diverse navigation and position light assemblies (military and commercial applications) and associated 
integration requirements. Commercial application: Transition qualified processes and material solutions 
toward the manufacture of competitive LED bulb assemblies, emphasizing a beneficial navigation and 
position light solution aligned with civil air. 
 
REFERENCES:  
1.  MIL-STD-810F. 
 
2.  Procurement Spec for Wing Tip Light Assembly (DAA3231PO1D). 
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AF083-066   TITLE: Carbon nanotube heat sinks 
 
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: Investigate the use of carbon nanotubes (CNTs) as heat sinks in order to reduce the weight of 
solid-state radio frequency (RF) power amplifiers.   
 
DESCRIPTION: Employing CNTs as heat sinks in new solid-state transmitter designs has the potential to 
reduce the excessive weight that has plagued earlier designs. For example, this technology has the potential 
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to mitigate the Air Force's stringent human factors requirements for one-man lift (remove/repair/replace) of 
the Eglin radar (AN/FPS-85) transmit amplifiers. A survey of the current state-of-the-art indicates that CNT 
thermal management structures can be fabricated with dimensions on the order of centimeters [1]. This 
suggests that such structures may be appropriate for conducting excess heat directly from semiconductor 
devices to their packages or from the package to the circuit card where conventional thermal management 
techniques would be employed. 
 
If it is feasible to use CNTs to conduct heat directly from the semiconductor device, this might allow 
relatively low power devices to be safely operated above their normally rated power in pulsed applications 
such as radar. This would result in the use of fewer devices with an overall reduction in system weight. 
Similar gains might be realized at the package-to-circuit card level, albeit with less of a performance 
advantage than in the former case.  The initially envisioned application for this technology is a UHF radar 
transmitter. Other applications might include higher-frequency military and commercial ground based, 
airborne and space borne subsystems. 
 
It is known now that carbon nanotubes (CNTs) are possibly the best heat conducting materials the world 
has ever known [2].  Fujitsu has also explored the use of CNTs in transistors used in cellular base stations 
[3].  Incorporation of aligned CNTs in adhesive joints has been demonstrated to significantly improve 
through-thickness thermal conductivity in adhesive joints, and hence shows good potential for innovative 
heat sink materials concepts [4].  Developing such technology for a relatively low frequency, ground-based 
application would be a low-risk entry point for all stakeholders. This work could, in the future, be extended 
to airborne and space borne applications. More recent developments [5] demonstrate the feasibility of the 
proposed research.  The incorporation of CNTs in other materials in transporting heat requires appropriate 
materials process development to ensure proper thermal contact between the CNT tips and its surface to 
host materials. 
 
PHASE I: Investigate options for integrating CNT thermal management structures with UHF power 
transistor dies and/or packages. Perform a preliminary design of the most likely candidate process. 
 
PHASE II: Using the process designed in Phase I, fabricate a prototype of the integrated transistor-CNT 
device and measure its pulsed output power capability relative to that of a conventionally packaged device. 
Express these results in terms of potentially reduced overall system weight. 
 
PHASE III / DUAL USE: Military application: Solid-state replacement of the Eglin radar's (AN/FPS-85) 
5,184 tube-based transmitter units Commercial application: This technology has the potential for use in 
broad array of both commercial and defense aerospace applications. 
 
REFERENCES:  
1.  L. Dai, A. Patil, X. Gong, Z. Guo, L. Liu, Y. Liu, D. Zhu, Aligned nanotubes. Chemphyschem 2003, 4, 
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conductivity in adhesively bonded joints using aligned carbon nanotubes, Composites Science and 
Technology, In Press, Available online 29 September 2007. 
 
5.  K. Kordas et al., "Chip cooling with integrated carbon nanotube microfin architectures," Appl. Phys. 
Lett. 90, 123105 (2007). 
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AF083-067   TITLE: Advanced Aluminum Alloy for Aircraft Wheel and Brake Applications 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop an aluminum alloy for wheel and brake applications with enhanced corrosion 
resistance and improved mechanical properties in the temperature range of 0ºF to 350ºF. 
 
DESCRIPTION: Aircraft wheels and brakes during service are subjected to harsh and demanding 
conditions, such as carbon dust, runway and aircraft fluids, and heat from high-energy braking events. 
Consequently, strength at ambient and operational temperatures, corrosion resistance, density, fatigue 
behavior, and fracture resistance are primary material property drivers. The combination or balance of 
properties naturally drives the structural design of aluminum aircraft wheels and brakes. Historically, 
2XXX series Al alloys have been employed for these applications due to their higher temperature stability 
[1-4]. However, the strength levels and corrosion resistance do not fully satisfy the increased design 
requirements for newer more advanced aircraft. Hence, an alloy with improved corrosion resistance and 
increased strength and fatigue properties, which could enable a weight saving and/or substantially reduced 
total life cycle costs of aircraft wheels and brakes, is being sought. The alloy must also be environmentally 
friendly. Initial property goals for an advanced alloy include the following. 
 
Room temperature properties: 
Tensile yield strength greater than 75 ksi,  
Ultimate tensile strength greater than 85 ksi,  
Elongation greater than 8 percent, and 
Fracture toughness greater than 20 ksi*in^1/2. 
 
Room temperature tensile properties after 10 h at 350 ºF: 
Tensile yield strength greater than 70 ksi, 
Ultimate tensile strength greater than 80 ksi, and  
Elongation greater than 8 percent. 
 
Room temperature tensile properties after 100 h at 350 ºF: 
Tensile yield strength greater than 65 ksi,  
Ultimate tensile strength greater than 75 ksi, and 
Elongation greater than 8 percent. 
 
Partnering with an original equipment manufacturer (OEM) is highly desirable as it increases the likelihood 
of the developed material being transitioned, and an OEM will be essential in guiding characterization and 
performing cost-benefit trades in Phase II or after. Access to unique research equipment within AFRL/RXL 
will be considered if warranted. Please contact the topic author for information. 
 
PHASE I: Identify candidate alloy chemistry and processing methods. Demonstrate feasibility on a 
laboratory-scale batch of material, characterizing tensile properties before and after elevated temperature 
exposure and corrosion resistance via coupon-level tests. 
 
PHASE II: Refine alloy chemistry and processing methods. Identify chemistry specification range and 
processing window. Show feasibility to scale to a component size and demonstrate goal properties on full-
scale preforms. 
 
PHASE III / DUAL USE: Military application: Primary application will be in current and newly developed 
military aircraft systems. Commercial application: The alloy would also be a candidate for commercial 
aircraft, aerospace, automotive, and industrial applications. 
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AF083-069   TITLE: Closed-Loop Process Control for Electron Beam Direct Manufacturing 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop a closed-loop system for real-time control of a large-scale wire-fed electron beam 
direct manufacturing system. 
 
DESCRIPTION: Direct manufacturing processes hold the promise to revolutionize the way in which large 
metallic structures are fabricated.  These processes have been investigated in various forms over the past 15 
years, yet the commercialization of the technology has been slow to develop.  One major issue with the 
direct manufacturing technique is quality assurance throughout the build process to ensure its accuracy and 
repeatability. To address this issue, it is necessary to provide real-time monitoring of the process and 
implement a closed-loop process control system.  Various process parameters can be controlled to improve 
the resulting geometry, quality, microstructure, and properties of the built part.  For example, a controlled 
solidification rate can improve the microstructure and consequently the properties of a part.  It can also 
reduce the potential for gross lack of fusion defects that can potentially occur in direct manufacturing 
processes.  Closed-loop control of such parameters ensures consistency from part-to-part and lot-to-lot. 
 
The focus of this effort is on an electron beam deposition process, and, as such, it is important to control the 
melt pool during the process.  Approaches to closed-loop control of the melt pool, such as electron imaging 
(using backscatter or secondary electrons), can be used to measure the molten pool dimensions and output a 
change to the control variable (e.g., beam current) such that the molten pool maintains geometric 
consistency throughout the process.  Development of an effective closed-loop process control system, 
including imaging hardware, a control algorithm, and the capability to log information for post-process 
evaluation, will help make direct manufacturing processes available for commercial and military 
applications. 
 
PHASE I: Investigate potential methods for closed-loop, real-time control of parameters, such as the melt 
pool, in the electron beam deposition process.  Select key process variables, show correlation between 
process variables and process results, and conduct a breadboard demonstration of the control system. 
 
PHASE II: Demonstrate the full-scale closed-loop process control system with the electron beam 
deposition process.  Show that the system can control at least one key process variable for accurate and 
consistent process results.  Measure benefits and plan for commercialization of the system. 
 
PHASE III / DUAL USE: Military application: System can be used for production of large-scale metallic 
components for DoD platforms. Commercial application: The system could also be used for fabricating 
metallic structures for commercial applications. 
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AF083-070   TITLE: Thermodynamic Modeling of Ceramic Systems 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop computational methodology for modeling the thermodynamic properties and 
reaction kinetics of ceramic matrix composites and coatings 
 
DESCRIPTION: SiC fiber-reinforced SiC ceramic-matrix composites (CMCs), by virtue of low density 
and high-temperature capability, are prime candidates for turbine engine hot-section components. However, 
they are thermodynamically unstable in combustion environments. Not only are they susceptible to 
oxidation, but the silica oxidation product, which initially forms a passivating film, volatilizes in the 
presence of water vapor at high temperatures and pressures. To minimize SiC and SiO2 recession due to 
volatilization, environmental barrier coatings (EBCs) have been developed to protect the substrate from the 
combustion gases. While minimizing the effects of environmental degradation, it is unknown whether 
current EBCs are capable of protecting CMCs over their intended design life of approximately 2000 h in 
the combustion environment of advanced turbine engines. 
 
Modern approaches to materials development and durability assessment increasingly involve computer 
modeling. In particular, the CALPHAD (CALculation of PHAse Diagram) approach involves modeling the 
thermodynamic properties of complex systems, based on key experimental inputs. With this approach, 
coupled with kinetic modeling, it is possible to make predictions as to the effects of chemistry and 
environmental conditions on phase distribution, volatilization kinetics, degradation, and other properties in 
order to make design decisions without resorting to full-scale testing. 
 
Proposals are sought for software methods that allow for the prediction of properties of CMCs that are 
strongly influenced by thermodynamic properties so that advantage can be taken of modern CALPHAD 
methods. It is of interest to have tools that provide predictive capability for environmental degradation and 
survivability of CMCs and EBCs, as well as for general understanding of the thermodynamic properties of 
these systems. Development of computational algorithms and their applications to the material systems of 
interest will be strongly influenced by the specific combustion conditions under which they are to be 
exposed; teaming with a turbine engine OEM is highly recommended. 
 
PHASE I: Phase I will be a demonstration of the viability of the modeling approach for a simplified system. 
The objective is to demonstrate that the computational algorithms and calibration methods can be applied to 
the systems of interest. 
 
PHASE II: Phase II will be an expanded program, involving realistic systems and phenomena, as well as 
validation of the thermodynamic and kinetic predictions. 
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PHASE III / DUAL USE: Military application: Follow-on activities are expected to be pursued by the 
offeror. The software and methods developed should be commercialized and made available to the industry 
at large for use in developing CMC-based Commercial application: Follow-on activities are expected to be 
pursued by the offeror. In particular, the software and methods developed should be commercialized and 
made available to the industry at large. 
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AF083-072   TITLE: Fretting Wear Prevention Coatings for Ti-Alloy Components 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop fretting wear prevention coatings for Ti alloys. 
 
DESCRIPTION: Titanium alloys are widely used for bearing housing and flanges in aerospace propulsion 
systems due to a low density, good mechanical strength, and high thermal conductivity. However, these 
alloys can experience an excessive fretting wear, when matched to harder steel surfaces, such as M-50, 
under adverse vibrations, loads, and temperature cycling. For example, F-35 LiftFan system include 
components and flanges made of titanium alloys (e.g. Ti6-4) which can be in contact with a steel 
counterpart and experience fretting wear, leading to the onset of vibrations and reducing operation life of 
the entire system. A particular interest is fretting wear elimination technologies, which can economically 
modify surface of titanium alloys into a hard and self-lubricating ceramic or composite material by a 
gradual transition from the core metal to the top layer. A thickness of the ceramic transition layer should be 
at an order of 100-500 micrometers to distribute thermal and mechanical stresses and provide a good load 
support. Such layer could replace steel inserts, while simplifying design and reducing mechanism weight. 
Developed processes must not affect the bulk mechanical characteristics of the titanium flanges and should 
be resistant to fretting wear at temperatures between –60 to 300 F. A combination of the coating adhesion 
tests, corrosion tests, fretting wear tests, and fatigue tests of the coated specimens or parts is required for 
coating qualifications. An attention should be paid to thermal expansions to eliminate loose fittings. Project 
coordination with engine manufacturers is recommended.  
 
PHASE I: Develop fretting wear prevention coatings for Ti alloys. 
 
PHASE II: Develop and validate a manufacturing process for surface modification of housings and flanges 
made of titanium alloys. Produce and test prototypes of components and flanges. Assess the benefits of 
using these surface modification technologies.  
 
PHASE III / DUAL USE: Military application: The resulting technology will be applied to military aircraft 
gearbox assemblies, where wear of titanium alloys is a limiting factor.  Commercial application: The new 
process will help to widen the use of light weight titanium alloys in both commercial aerospace and 
automotive industry, where fretting wear is a limiting factor. 
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AF083-073   TITLE: Quality Testing of Coated Fibers 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop a destructive test methodology to evaluate the quality of coated ceramic fibers. 
 
DESCRIPTION: Fiber coatings are used to control the interfacial bonding between fiber and matrix in 
many ceramic matrix composites (CMCs).  Commonly, a multilayer boron-nitride-based coating is applied 
to a silicon carbide fiber, although other coatings and other fibers are also being utilized or explored.  The 
coated fibers are generally subject to one or more quality tests, ranging from weight gain during coating, to 
tow or filament tensile testing, to analytical techniques such as scanning electron microscopy, transmission 
electron microscopy, or Auger microscopy.  Some of these techniques are quite expensive and time 
consuming and none of them adequately predicts the performance of the coated fiber in a composite; 
coatings that meet specifications (e.g., thickness, purity, morphology) often produce substandard CMC 
materials – the key property or properties of the coating or fiber/coating system are not fully understood nor 
easily measured.  Currently, the only sure way to assess the quality of a lot of coated fiber is to fabricate 
and mechanically test a composite, an even more expensive and time consuming proposition.  
Nondestructive techniques to assess coated fibers are already being explored (see prior SBIR topic N071-
051), but a relatively quick and inexpensive destructive test is also being sought.  It is not obvious that 
minicomposite (single tow) fabrication and tensile testing will reliably yield the necessary information; 
consistent minicomposite fabrication has frequently been problematic (and expensive and time consuming).  
A new (at least in application to this problem) test in which the adhesion/properties of the coating are 
evaluated/measured through straining of the fiber or deformation of the coating (e.g., indenting, scratching, 
etc.) is envisioned, but other possibilities certainly exist.  It is anticipated that development of both test 
apparatus/technique and modeling/analysis of test results will be required.  Depending on the amount of 
material tested, sampling, scatter, and statistical significance of results are expected to be important issues.  
Familiarity with state-of-the-art fiber coating technology and current evaluation techniques is important.  
Involvement of a CMC manufacturer who can provide insight on coating issues and supply samples of 
good and bad coated fiber for test is highly desirable. 
 
PHASE I: Develop or evaluate the required equipment, procedures, and analyses to demonstrate the 
approach.  Evaluate a number of different lots of coated fiber, both good and bad, to demonstrate the ability 
to distinguish between them.   
 
PHASE II: Construct prototype equipment as needed and develop analysis software and test protocol.  
Evaluate samples from at least five lots of coated reinforcement from one CMC system.  Fabricate CMCs 
from the five coated fiber lots and conduct appropriate mechanical tests to validate the predictive capability 
of the test methodology.   
 
PHASE III / DUAL USE: Military application: CMCs are being considered for use in the Joint Strike 
Fighter and other military platforms.  Lack of a definitive quality control test for coated fibers is an 
acknowledged need within the community.  Commercial application: The technology developed here will 
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be applicable to many CMCs with applications ranging from commercial aircraft engine components to 
industrial heat treatment, wear, and corrosion control. 
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AF083-074   TITLE: ADVANCED DESIGN AND LIFE PREDICTION METHODOLGY 

FOR POLYMERIC MATRIX COMPOSITE COMPONENTS 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE:  Develop a validated design and life prediction methodology for polymeric matrix composite 
(PMC) components prone to nonlinear and time dependent deformation and damage.  
 
DESCRIPTION: The currently used design methodology for PMC components is based on the assumption 
of linear elastic stress-strain behavior of the composite. In certain composites, such as, carbon–epoxy and 
carbon-polyimide, and for certain lay-ups, laminate stress-strain curves are found to be highly nonlinear, 
especially at elevated temperatures. Exposure to oxygen and moisture can further enhance this nonlinearity 
due to constituent material property changes and micromechanical damage. In such materials and 
environments, use of linear stress analysis methods can result in inaccurate results and, thereby, less than 
satisfactory designs.  
 
Similarly, current PMC component design methods are found to be insufficiently accurate in predicting 
time dependent deformation and damage behavior, thereby providing inadequate estimates of component 
life and durability. A validated lifing methodology would result in a significant reduction in component 
development testing. 
 
There is a need to develop validated nonlinear analysis methods that would lead to a more accurate design 
and life prediction methodology for PMC components. The methodology should be applicable to a broad 
class of materials. For this reason, mechanistic (Physics-based) models are preferred. Furthermore, the 
analysis capability should be readily implementable by Original Equipment Manufacturers (OEMs) such 
that collaboration on the topic with an OEM during development of the lifing model is an option with 
competitive value. The most immediate need for the methodology is in the high temperature application 
regime. Therefore, initially, the focus should be on high temperature PMCs. 
 
PHASE I: Develop a nonlinear deformation model to predict deformation & long-term performance 
characteristics of polymer composite materials in high temperature environments. Perform initial validation 
of the model & assess feasibility of developing a design & life prediction methodology.  
 
PHASE II:  Further develop the model, and perform detailed validation to ensure applicability of the 
models to current and future Air Force needs. Once validated, develop computer software for model 
implementation in a design & life prediction methodology. Demonstrate methodology by application to one 
or more component or sub-component designs involving stress concentrations.  
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PHASE III / DUAL USE APPLICATIONS: Military application: The predominate use of PMCs at 
elevated temperatures is in military jet engine frames. The ability to predict their performance is key to 
exploiting new advanced materials in these applications. Commercial application: An advanced design and 
life prediction methodology that accounts for nonlinear material behavior would be readily marketable to 
commercial aircraft and automotive industries.  
 
REFERENCES:  
1. Schoeppner, GA, Curliss, DB,"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. 
 
2. Schoeppner, GA, Tandon, GP, Pochiraju, KV, Predicting Thermo-Oxidative Degradation and 
Performance of High Temperature Polymer Matrix Composites, Multiscale Modeling and Simulation of 
Composite Materials and Structures, Y Kwon, DH Allen, R Talreja (Eds) Springer-Verlag (in press), 2007. 
 
3. Schoeppner, GA, Tandon, GP, Ripberger, ER, “Anisotropic Oxidation and Weight Loss in PMR-15 
Composites,” Composites Part A: Applied Science and Manufacturing, 38(3), March 2007, 890-904. 
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AF083-075   TITLE: Anti-coking additive for ester-based aerospace gas turbine engine oils 
 
TECHNOLOGY AREAS: Materials/Processes, Space Platforms 
 
OBJECTIVE: To develop and demonstrate an anti-coking additive for ester-based aerospace gas turbine 
engine oils for use in current and future generation aircraft turbine engine oils. 
 
DESCRIPTION: Current and future gas turbine engine oils must be capable of operating at the elevated 
temperatures experienced in aircraft turbine engines. One of the more important properties for these oils is 
their resistance to forming liquid phase and gas phase solid decomposition products, typically referred to as 
“coke” because it is black and carbonaceous. This “coke” can build up on the hot engine components and 
lead to significant engine operational failure by, for example, blocking the oil jets used to deliver the 
lubricant to the engine bearings and plugging the engine’s air breathers. Either of these problems can cause 
a bearing and the bearing compartment to overheat and cause the engine to fail.  The goal for this program 
is a 50% reduction in both liquid and gas phase coking compared to the current MIL-PRF-23699 oils as 
measured by standard coking test Teaming with engine companies is recommended to assure relevance. 
This topic is to develop compatible, soluble additives that can be formulated into current and future ester 
based gas turbine engine oils along with the other required performance improving additives. The 
incorporation of these anti-coking additives cannot adversely affect the other properties of the engine 
lubricant, such as lubricity, stability and anti-foaming. 
 
PHASE I: Develop and demonstrate candidate anti-coking additives in otherwise fully formulated ester 
based gas turbine engine oils, i.e., MIL-PRF-7808 and MIL-PRF-23699. The adverse effect on other 
properties will be evaluated. 
 
PHASE II: The Phase II effort will build on the knowledge demonstrated during the Phase I contract and 
will develop solutions to any negative effects. Candidate oils containing the anti-coking additives will be 
drop-in replacements for MIL-PRF-7808 and/or MIL-PRF-23699, will be totally miscible with those oils 
and have all of their performance properties plus anti-coking behavior. 
 
PHASE III / DUAL USE: Military application: Gas turbine engine oils for future military engines must 
operate at high temperatures in oxidative environments. Coke suppression is essential to efficient operation. 
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Commercial application: Coking is a significant problem with commercial aircraft engines as well as 
stationary turbine power generation. Anti-coking formulations will find widespread applications for these. 
 
REFERENCES:  
1. MIL-PRF-7808 
 
2. MIL-PRF-23699 
 
KEYWORDS: Lubricant, gas turbine engine lubricant, lubricant coke 
 
 
 
 
AF083-076   TITLE: New Ceramic Laser Hosts for High Power Lasers 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: To investigate one or more new high-power laser hosts, and then to develop techniques for 
producing and fabricating these materials into thin-disk laser geometries. The goal of the effort is the 
fabrication of thin disks that are capable of 10 kW continuous-wave generation. 
 
DESCRIPTION: Thin-disk lasers offer great potential for high power and high efficiency as evidenced by 
recent demonstrations of 80-pecent slope efficiency. Currently, most disk lasers use Nd:YAG or Yb:YAG 
either as a single-crystal or polycrystalline ceramic as the active media. The Air Force has interest in 
materials that have potential for significantly higher laser performance enabled by high thermal 
conductivity, high absorption cross section at the laser pump wavelength, high laser damage threshold, low 
quantum defect, and other relevant physical characteristics. The flexibility and robustness of ceramic 
materials favors their use as high-power laser hosts. One interesting host is Lu2O3, due to the high thermal 
conductivity of the Yb-doped material and its high absorption cross section. Additional potential materials 
suitable as high power laser hosts include, but are not limited to, Y2O3, Sc2O3, and other sesquioxides.  
 
PHASE I: Techniques for synthesizing doped ceramic powders shall be developed as well as efficient 
methods for forming these into highly transparent solids.  
 
PHASE II: The materials processing techniques, such as sintering, shall be refined to reduce optical 
absorption and scatter in the laser host to less than 2x10-3/cm. In addition, techniques shall be developed 
for fabricating thin disks that are suitable for later integration with antireflection coatings, high-reflection 
coatings, and heat sinks. The disks shall be 3 cm in diameter or greater and >1 mm thick and shall be both 
doped with a lasing ion and undoped. In addition, sufficient optical and physical characterization shall be 
performed to predict ultimate laser performance. The Phase II effort shall include a deliverable of several 
sample polished thin disks suitable for coating and mounting for operation at pump irradiance of > 4 
kW/cm2.  
 
PHASE III / DUAL USE: Military application: Numerous military applications will potentially be 
impacted including various laser weapon concepts as well as sensing systems such as laser radar. 
Commercial application: Commercial benefits would be for laser-based machining, medical laser 
procedures, and scientific instruments. 
 
REFERENCES:  
1.  T. Taira, “RE3+-Ion Doped YAG Ceramic Lasers,” IEEE J. Selected Topics in Quantum Electronics, 13 
(3), pp. 798-809, 2007. 
 
2. J . Lu et al., “Yb3+:Sc2O3 Ceramic Laser,” Appl. Phys. Lett., 83 (6), p. 1101, 2003. 
 
3.  U. Griebner, et al., “Passively Mode-Locked Yb:Lu2O3 Laser,” Optics Express, 12 (14), p. 3125, 2004. 
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4.  M. Tokurakawa, et al., “Diode-Pumped Mode-Locked Yb3+:Lu2O3 Ceramic Laser,” Optics Express, 
14 (26), pp. 12832-12838, 2006. 
 
5.  M. Tokurakawa, et. al, “Diode-Pumped 188 fs Mode-Locked Yb3+:Y2O3 Ceramic Laser,” Appl. Phys. 
Lett., 90(7), p. 071101, 2007. 
 
KEYWORDS: fiber laser, laser host, Lu2O3, Sc2O3, sesquioxides, solid-state laser, Y2O3  
 
 
 
 
AF083-077   TITLE: Physics-Based Probabilistic Life-Prediction Model for Advanced Hot- 
   Section Turbine Disk Materials With Gradient Microstructures 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop and validate physics-based probabilistic fatigue life-prediction models that enable 
design of advanced turbine disk materials with gradient microstructures. 
 
DESCRIPTION: Future Air Force missions require advanced higher temperature-capable turbine disk 
materials[1, 2]. In current applications, the high-pressure turbine disk temperature ranges from 500 ºF at the 
bore to 1200 to 1300 ºF at the rim. These components are fabricated using Ni-base superalloys with 
nominally uniform microstructures optimized to satisfy a wide range of temperatures and loading 
conditions. Ideally, the low-temperature bore region requires a high-strength fatigue-resistant 
microstructure, and in contrast, the high- temperature rim region requires a creep-resistant microstructure. 
In addition, the target use-temperatures for the advanced hot-section turbine disks are greater than 1300 ºF 
in the rim region. Hence, these competing requirements led to the development of dual heat treated disks 
possessing a fine-grained bore and a coarse-grained rim[3-5]. Life-prediction models that can account for 
gradient microstructures are unavailable for the advanced turbine disk materials. Hence, we seek validated 
three-dimensional (3-D) material models that can predict creep-fatigue life of Ni-base superalloys 
containing gradient microstructures. The life-prediction models should be based on the fundamental 
physics underlying the initiation and evolution of damage during service loading conditions and seamlessly 
account for gradients in microstructure inherent in the advanced disks. The proposed effort should include 
development or adaptation of unique experimental techniques that interrogate the microstructure gradients 
under relevant thermal and mechanical loading conditions. During the model development, validation of 
damage initiation and evolution coupled with effect of microstructure gradients is essential. Since the 
implementation of such advanced models requires understanding of actual service loading conditions, 
including expected temperature gradients and lifing requirements, close technical collaboration with 
original equipment manufacturers (OEMs) is strongly recommended in all phases. In addition, the lifing 
model should be compatible with conventional finite element analysis codes used by the OEMs to design 
components. 
 
PHASE I: Identify physics-based 3-D materials models for prediction of damage evolution in Ni-base 
superalloys with gradient microstructures under gas turbine engine service conditions. Demonstrate 
feasibility of proposed model in a simulated component. Identify model development and validation 
protocol. 
 
PHASE II: Implement, demonstrate, and validate the life-prediction model developed in Phase I that can be 
used for materials damage-based prognosis of Ni-base superalloy disks with gradient microstructures. 
Demonstrate and validate prediction of damage evolution, deformation, and life under gas turbine engine 
service conditions. 
 
PHASE III / DUAL USE: Military application: Offeror should pursue follow-on activities to transition the 
developed technology into the life-management practices of advanced gas turbine military engine 
components.  Commercial application: Commercial benefits include improved life management of 
components for commercial aircraft engines and land-based turbines. 
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AF083-078   TITLE: Reversible adhesion concepts for multifunctional appliqués 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop a novel adhesive interface material and/or process for existing appliqué films that 
enables a dynamic and selective amount of adhesion based upon external input. 
 
DESCRIPTION: The use of appliqué films in place of conformal organic coatings (i.e., paint) offers 
significant performance advantages, such as near zero environmental impact, added functionality, 
embedded electronics, precisely controlled morphology, and ease of field level repair. Appliqué films have 
been previously investigated as potential topcoat paint (MIL-PRF-85285D) replacements for the exterior 
mold line of aircraft. One of the technical challenges identified was removal of the appliqué film after 
being in service for an extended period of time. While very high film adhesion is essential to performance, 
this same property creates extreme difficulty in eventual film removal. Conventional paint stripping 
techniques do not work well on appliqués. The Air Force seeks a novel adhesive interface that can be used 
with appliqué films which provides sufficiently high levels of adhesion during service life and can then be 
selectively changed to provide low adhesion for ease of removal. Ideally, the candidate adhesive interface 
would be reversible, allowing appliqué films to be both removed and reused. The adhesion values should 
be >1000 psi while in operation and <100 psi during the removal process. The base substrates used shall be 
AA2024-T3 and aerospace-grade epoxy/carbon fiber composite. The appliqué films should have shown 
previous promise for use in Air Force applications (e.g., 3M 500 series standard type film qualified to AMS 
3603). No effort on optimizing the properties of the appliqué should be undertaken. 
 
PHASE I: Develop a prototype dynamic adhesive interface with the capability to modulate between an 
adhesion strength of >1000 psi and <100 psi while maintaining the >1000 psi value during thermal cycling 
(-60°C to 90°C) and after exposure to all fluids as indicated MIL-PRF-85285D. 
 
PHASE II: Optimize adaptive adhesive system to meet the same requirements after 1,000 hours of xenon 
arc accelerated weathering, 1,000 hours of ASTM B 117 salt fog exposure, and requirements of Air Force 
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Technical Order 1-1-8 while ensuring compatibility with coating specifications (e.g., MIL-PRF-23377J and 
MIL-PRF-85285D). Demonstrate on fully developed military system and investigate reusablility. 
 
PHASE III / DUAL USE: Military application: Demonstration of the technology on a selected military 
platform with advanced in-service performance testing.  Collection of field data and verification for 
approved use by Air Logistics Centers.  Commercial application: otential for private sector use in 
development of more environmentally benign coatings, temporary coatings, marketing signage films, and 
coatings/films for protection of commercial aircraft. 
 
REFERENCES:  
1.  Air Force Technical Order 1-1-8, “Technical Manual - Application and Removal of Organic Coatings, 
Aerospace and Non-Aerospace.” 
 
2.  MIL-PRF-23377J, “Performance Specification, Primer Coatings: Epoxy, High-Solids.” 
 
3.  MIL-PRF-85285D, “Performance Specification Coatings: Polyurethane, Aircraft and Aircraft Support 
Equipment.” 
 
4.  Fulton, Chris, McDonnell Douglas Aerospace, “Final Report for the Air Force Research Laboratory 
Coatings Technology Integration Office: C-130 Appliqué Assessment”, F33615-95-D-3216, November 
2000. 
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AF083-079   TITLE: High Temperature Sensor Materials Optimization and Fabrication 

Methods 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Investigate and develop advanced sensor materials and the capability to readily fabricate 
them on conformal surfaces for real time state sensing of turbine engine (TE) and thermal protection 
systems (TPS) component health. 
 
DESCRIPTION: Recent case study efforts sponsored by the Air Force Research Lab (AFRL) have 
confirmed that tremendous benefits can be achieved through a maturation and integration of Integrated 
System Health Management (ISHM) sensor technologies into future Air Force (AF) systems[1]. In the case 
of TEs and TPS, the benefits of advanced high-temperature sensors include, but are not limited to: a) the 
monitoring of critical TPS structures for structural degradation during space operation vehicle (SOV) re-
entry, b) the ability to measure operating parameters and validate current modeling codes in extremely hot 
environments such as the compressor and turbine modules of TEs, c) the active control of pressure surges 
in TEs, and d) the capability to diagnose TE and TPS component health and calculate prognosis data on 
expected component capability for future missions[2]. Sensor technologies currently being developed by 
AF researchers for TE and TPS applications are, in many cases, focused on metallic-based sensors. These 
technologies are adequate for measuring material and environmental parameters up to about 1,000 ºC, but 
are subject to oxidation and sensor drift effects, as well as agglomeration effects for thin-film sensors at 
higher temperatures[3]. Ceramic-material-based thin-film sensors are, in general, capable of operating at 
higher temperatures than metallic thin-film sensors and are by nature less sensitive to oxidation effects[4]. 
However, the ability to fabricate state-of-the-art ceramic sensors requires significant infrastructure support 
equipment including, but not limited to: a clean room, sputtering or chemical vapor deposition (CVD) 
equipment, and material characterization equipment for material quality control. In addition, the fabrication 
process of thin/thick-film ceramic sensors on components requires several hours in many instances. The 
goal of this program is twofold: further refine/modify ceramic materials used for thin-film temperature and 



AF - 93 
 

strain sensors for operation up to 1,600 ºC and to develop and demonstrate a capability to fabricate and 
apply these sensors to substrate materials quickly and without the use of clean room or expensive sputtering 
and/or CVD facilities. Since this topic involves advanced sensor materials development for TE and TPS 
components, it is highly recommended that proposals describe links to research labs or universities as well 
as to appropriate original equipment manufacturers. 
 
The goal of this program is to further refine/modify ceramic materials used for thin-film temperature and 
strain sensors and to develop and demonstrate a capability to fabricate and apply thermocouple sensors to 
substrate materials quickly and without the use of clean room and expensive sputtering and/or CVD 
facilities.  
 
PHASE I: Develop materials and demonstrate the capability to apply advanced high-temperature ceramic 
materials for temperature and strain sensors to turbine engine or TPS components in a production or 
industrial environment.  
 
PHASE II: Develop advanced ceramic materials for temperature and possibly strain measurements with 
demonstrated high stability and low sensor drift at temperatures up to 1,600 ºC. Develop prototype 
capability that allows the quick deposition and fabrication of novel ceramic sensors that demonstrate high 
stability and low sensor drift at temperatures up to 1,600 ºC. 
 
PHASE III / DUAL USE: Military application: A thin-film, high-temperature ceramic sensor will have 
application to a wide range of turbine engines including Air Force, Navy, and Army-based systems. 
Commercial application: A thin-film, high-temperature sensor will have potential application to a wide 
range of commercial turbine engines as well as other applications, such as power plants and oil well drilling 
equipment. 
 
REFERENCES:  
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4.  Gregory, O.J., et al., “High Temperature Stability of Indium Tin Oxide Thin Films,” Thin Solid Films, 
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AF083-080   TITLE: Biotronic Sensors for Cost, Size, Weight and Power, and Enhanced 

Bandwidth (C-SWaP-B) 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Investigate biopolymer materials-based sensors and demonstrate potential for sensors with 
reduced C-SWaP-B for next next-generation Air Force C4ISR platforms. 
 
DESCRIPTION: Future warfighting challenges require the Air Force to move toward the use of swarms of 
small, inexpensive sensor and communication platforms. The ability to use these platforms as part of a 
layered sensing construct requires the development of low cost, lightweight sensors and communications 
components. Entirely new concepts for sensors must be explored and demonstrated, taking advantage of the 
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emergence of new classes of optically and electronically active materials. Biopolymer materials are one 
class, demonstrating great promise for producing sensor, display, and communication components suitable 
for use in such small platforms. These photonic and electronic biopolymer materials, derived from 
deoxyribonucleic acid (DNA) biowaste and silk, have demonstrated the potential to outperform today’s 
commonly used electro-optic and semiconductor polymers for high technology applications, such as light-
emitting diodes, transistors, light-emitting transistors, solid-state lasers, and solar cells. In research 
activities, these materials have already demonstrated significant improvements in electronic and 
optoelectronic device performance. Electrical conductivities for these new biopolymer-based materials 
have measured 3 to 10 orders of magnitude higher than other polymer materials, and have also been shown 
to be tuneable. While at the same time, their optical and microwave losses are an order of magnitude lower 
than other polymers. This makes them very attractive for high-speed electronic and electro-optic 
devices.[1] 
 
PHASE I: Design device structure(s) exploiting unique biopolymer properties. Process candidate 
biopolymer-based materials for specific C4ISR device(s) and characterize these materials to demonstrate 
suitability. Provide preliminary assessments regarding the ability to manufacture an affordable component. 
 
PHASE II: Fabricate and test devices using the biopolymer-based materials developed during Phase I and 
compare them with currently implemented devices. Also, continue with materials development by 
optimizing the biopolymer-based materials developed during Phase I, and/or processing new biopolymer-
based materials in order to optimize the performance of the device/devices under development. 
 
PHASE III / DUAL USE: Military application: Military applications include Command, Control, 
Communications, Computers, Intelligence (C4I), displays, electronics, antennas, lasers, and solar cells.  
Commercial application: Commercial applications include light-emitting diodes, field-effect transistors, 
lasers, light-emitting transistors, solar cells, displays, and electronics. 
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AF083-081   TITLE: Fiber Integrated Detection of Point-of-Failure of CB Protection 

Equipment 
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TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop non-specific fiber integrated sensing that can detect where chem/bio (CB) 
protection has been compromised by environmental factors (physical stress, battlefield contaminants, etc.).   
 
DESCRIPTION: Integrated reactive/responsive fibers—Over 99% of fielded CB protective equipment is 
never exposed to CB agents, yet the working life of CB protective garments is <60 days.  This equipment is 
standard issue to almost all deployed soldiers.  The working life of CB protective equipment is calculated 
using worst-case environmental exposures.  Consequently, any technology that increases the service life of 
these garments equates to a significant savings in logistics costs.  Potential technologies include but are not 
limited to piezoelectrics, redox potential, quantum tunneling, etc.).  
 
This topic IS NOT REQUESTING chemical or biological warfare agent sensing systems. 
 
PHASE I: Demonstrate feasibility of proposed technology to detect environmental stresses and to convey 
that stimulus into a response that is visibly recognizable to the naked eye.  
 
PHASE II: Demonstrate the feasibility of incorporating said technology into a fiber component while 
maintaining Phase I criteria. 
 
PHASE III / DUAL USE: Military application: In addition to CB defense applications the described 
technologies possess utility as packaging integrated anti-tampering sensors for shipped goods.  Commercial 
application: The same enhancement to protective equipment is of value to civilian first responders, 
particularly firefighters and HazMat teams, and will likely find application in industrial process control. 
 
REFERENCES:  
1.   http://www.mrs.org/s_mrs/sec_subscribe.asp?CID=6454&DID=175730&action=detail 
 
2.   http://sciencelinks.jp/j-east/journal/A/N20041690/2004.php 
 
3.   http://www.netcomposites.com/netcommerce_features.asp?1488 
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AF083-082   TITLE: Materials and Process for Tunable Directional Thermal Conductivity for 

Dimensionally Stable Space Structures 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Provide materials solution supported with appropriate materials process development for 
tunable directional thermal conductivity for ensuring dimensional stability of space structures. 
 
DESCRIPTION: Actuators are commonly used in space structural systems to maintain precise dimensional 
configuration for antennas, mirrors, etc.  The dissipation or rejection of heat generated by actuator motors, 
in the range of 700 W/cm2, is often required to avoid local deformation due to residual stress affecting the 
structural dimensional stability.  In order to produce accurate and high quality image through space mirrors, 
its thermal and dimensional stability is extremely essential that requires a temperature drop not more than 
one degree Celsius across the component thickness consisting of insular on outer surface encompassing 
heat spreader placed inside.  Moreover, these components undergo cyclic heating and cooling in the orbital 
cycle.  Materials of directional, and even tunable thermal conductivity, is needed to efficiently disperse 
thermal energy from localized hot spots and thermal cycling.  In addition, tailored thermal conductivity 
through joints is also desirable to improve heat transport efficiency. 
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PHASE I: Demonstrate innovative concepts in materials design and process development for tailored and 
directional thermal conductivity (K) to meet heat flux requirements (~700 W/cm2) for space structures.  
Innovative design concepts for tunable K and thermal interface shall also be considered. 
 
PHASE II: Scale-up of the directional and tunable K, and/or thermal interface concepts and adapt to space 
structures, such as, antennas and mirrors.  Performance testing shall be conducted to demonstrate and 
validate the thermal transport system efficiency. 
 
PHASE III / DUAL USE: Military application: Precision space satellite antennas and mirrors of increased 
performance fidelity.  Commercial application: Space electronics cooling, heat pipes for space satellites. 
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KEYWORDS: coefficient of thermal expansion, CTE, dimensional stability, directional thermal 
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AF083-083   TITLE: Advanced THz Materials for Nondestructive Evaluation (NDE) 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Investigate and develop THz-based materials that provide a new capability for characterizing 
damage in aerospace materials. 
 
DESCRIPTION: Current THz technologies provide an NDE capability with unique penetration and 
spectral fingerprinting properties. Unfortunately, these systems involve large, expensive, and bulky raster-
scanned point detection systems. It has recently been demonstrated[1] that whole-field THz imaging is 
possible at standoff distances from centimeters to meters. It has also been reported that room temperature, 
small, lightweight spectroscopic THz systems have been demonstrated[2]. It is the goal of this effort to 
develop materials for THz sources and detectors with significant increases in output THz power levels and 
detector sensitivity levels, which would provide dramatic improvements in the penetration levels of THz 
energy in aerospace dielectric materials, and improved remote spectroscopic characterization capabilities. It 
is also preferred to be able to detect defects through coatings at a distance of 3 to 5 meters. 
 
Specific NDE inspection applications of interest include through-coating inspections, through-insulation 
inspections, through-composite inspections, and characterization of spectroscopic signatures relevant to 
material damage state in advanced ceramics, composites, coatings, foams, and adhesives. Both narrow-
band and broadband THz sources are of interest. THz materials to be considered will be dependent upon 
the techniques to be developed, which may include epitaxial growth and processing advances for quantum 
cascade laser diodes along with other types of diodes as in a heterodyne system. Systems based on 
bolometers, interferometers, nonlinear optical materials among others can also be considered. 
 
PHASE I: Develop materials that can produce significant improvements in the THz output power and 
detection sensitivities relative to current state of the art. 
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PHASE II: Develop and demonstrate as compact as possible a THz imaging system for NDE measurements 
of damage in aerospace materials of interest to the U.S. Air Force that can operate at significant distances 
(meters). 
 
PHASE III / DUAL USE: Military application: This work will provide a new capability for aerospace 
NDEs and inspections. The technology would also be useful for security inspection at airports and military 
checkpoints. Commercial application: The system would be useful in a wide variety of NDE applications 
for industrial, civil, and environmental inspections. 
 
REFERENCES:  
1.  Alan Lee et al., “Real-Time Terahertz Imaging Over a Standoff Distance,” APL, Vol. 89, p. 141125, 
2006. 
 
2.  Brian Schulkin and X.C. Zhang, “Time–Domain Spectrometers Expand Toward New Horizons,” Laser 
Focus World, p. 89, November 2006. 
 
3.  W. Shi et al., "Efficient, tunable, and coherent 0.18-5.27-THz source based on GaSe crystal," Optics 
Letters, 27(16), p. 1454, 2002. 
 
KEYWORDS: inspection, NDE, THz 
 
 
 
 
AF083-084   TITLE: Stimulus Responsive Passive Electromagnetic Shielding for 

Microwave/RF Limiters 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE: Develop and demonstrate a structural, low cost broadband electromagnetic shielding 
material that can dynamically change it’s shielding effectiveness in response to incident RF/microwave 
energy levels. 
 
DESCRIPTION: This effort is to focus on a structurally integrated material or a materials system which 
can alter electromagnetic shielding effectiveness as a function of incident power density. This material 
must be lightweight and robust as it will be required to perform in a wide range of operational 
environments including ground based fixed, ground based mobile, and aerospace applications.   
 
This technology is targeted as passive protection for antenna apertures from Electronic Warfare (EW) and 
High Power Microwave (HPM) threats. These materials must have a low insertion loss over the frequency 
range of interest, essentially appearing electromagnetically transparent under low incident fluences 
allowing the antenna to function normally.  The material must become increasingly more reflective as 
external RF/microwave energy increases.   A response time of a few nanoseconds to switch from fully 
transparent to reflective is required to order to protect the antenna and related electronics from exposure. 
The materials must then passively switch back to a transparent state when the incident energy is below a 
maximum threshold. This phenomenon can be thought of as the microwave/RF equivalent of optical 
limiters (1,2). 
 
PHASE I: Develop and demonstrate proof of concept electromagnetic enclosure with a field responsive 
dynamic range of >40dB over 1GHz-10GHz. The resonse time of the shielding material must be less than 1 
milliseconds. Secondarly,the scalability of the technology must be demonstrated.  
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PHASE II: Further develop and demonstrate an electromagnetic enclosure with a dynamic range of >60dB 
over 1MHz-40GHz. The response time of the shielding materials must be less than 10 nanoseconds. 
Secondarily, demonstrate the integration of the technology into a structural aperture.  
 
PHASE III / DUAL USE: Military application: Passive electromagnetic shielding protection from 
aggressive RF / microwave threats.  
Commercial application: Protection of communication systems, and commerical aircraft electronics from 
stray radar tower pulses. 
 
REFERENCES:  
1.  www.dpo.uab.edu/~mmckerns/Optical%20limiting.pdf  
2.  www.ieeexplore.ieee.org/iel5/9407/29845/01360752.pdf 
3.  ieeexplore.ieee.org/iel5/161/4291236/04291484.pdf 
 
KEYWORDS: Keywords:   
HPM, Electronic Warfare, shielding, aperture, sensor protection, microwave, RF, plasma 
 
 
 
AF083-085   TITLE: Nanodielectrics for High Energy Density Capacitors 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop new materials and processing for fabrication of enhanced performance nanoscale 
dielectrics for capacitors with energy densities greater than 3 J/cc, high breakdown strength, & low loss 
(<.01). 
 
DESCRIPTION: High density, high-performance power conditioning and control electronics are needed to 
place compact, reliable electrical power on air and space platforms to support more electric aircraft and 
high voltage loads for directed-energy weapons.  Lightweight, compact, high energy density capacitors 
capable of operation at several megajoules per pulse and repetition rates on the order of 100 pps bursts are 
needed for directed-energy weapons. High altitude operation places extra physical and structural demands 
on power components.  Nanomaterials with unique chemical and physical properties have the potential to 
make revolutionary advances in the area of advanced dielectrics for these applications. Nanostructured 
dielectrics offer the opportunity to tailor the dielectric material on the nanometer scale, resulting in effects 
and potential opportunities not seen when traditional materials are used.  The overarching goal is to provide 
significant improvements in the electrical, mechanical, and thermal properties for specific applications of 
particular interest to the Air Force such as high-energy-density capacitors, passivation, and insulation for 
compact, high power and high-voltage power conditioning and pulse forming networks for directed-energy 
applications.  
 
Innovative approaches taking advantage of the unique opportunities afforded by nanostructured dielectrics 
are needed to provide increased capacitor energy storage densities by an enhancement in the effective 
dielectric constant (theoretically range from 2 to 15 to as high as tens of thousands) and/or breakdown 
strength (by over 2 times for polymer composites to orders of magnitudes for nanocomposite ceramics) 
while maintaining a low dielectric loss, and providing extremely fast charging and discharging devices as 
compared to conventional dielectric capacitors.  The ability to synthesize, functionalize, process, and 
characterize nanoparticles and nanocomposite dielectrics is key to appropriately prepare nanodielectric 
films, to develop an understanding of how the resulting nanoscale morphology impacts dielectric 
characteristics, and to subsequently design and engineer new materials and nanoscale architectures to fully 
take advantage of these opportunities.  An integral part of this program is expected to be a dynamic 
interaction between experimental and theoretical approaches.  The development and utilization of models 
and simulations to provide a fundamental understanding of how the enhancement of the macroscopic 
properties such as dielectric constant, losses, breakdown strength and mechanical stability arise from 
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engineering the materials on the nano-scale, and a validation of these models with experimentation will be 
essential to a successful program. 
 
Potentially useful approaches may explore the development of nanodielectric films through a variety of 
synthesis, fabrication, and processing approaches.  It is known that the addition of fillers are used 
commonly in industry to improve certain properties of polymers, such as stiffness, hardness, wear, heat 
distortion temperature or electrical conductivity.  Not withstanding these opportunities, the addition of 
fillers to a polymer typically has detrimental effects on its dielectric characteristics.  Recently, the use of 
nanofillers has shown potential to circumvent these tradeoffs and improve the polymer’s dielectric 
breakdown voltage.  Utilizing this approach to demonstrate improved energy densities is of interest.  In 
addition, alternative approaches and areas of interest include, but are not limited to, self-assembly, 
multilayer deposition, unique approaches to control nanoparticle dispersion, quantum confinement and 
space charge polarization effects, and ferroelectric nanoparticle dispersions. 
 
PHASE I: Demonstrate understanding & control of fabrication and characterization of nanodielectric films 
with improved properties. Demonstrate and test feasibility of capacitor devices with improved energy 
densities(1-2J/cc), low losses(<0.1), high breakdown strength, suitable mechanical & thermal properties. 
 
PHASE II: Further develop and demonstrate improved nanodielectrics, processing and device fabrication 
capabilities. Demonstrate, evaluate and deliver six packaged, prototype high energy density, high-
performance capacitors with energy densities of 3 J/cc or greater and low losses (<0.01) fabricated from 
optimized nanodielectric materials. 
 
PHASE III / DUAL USE: Military application: Power conditioning for compact, high power electrical 
systems for manned and unmanned aircraft, directed-energy weapons, insulation for highly efficient 
electric machines, aircraft ignition systems.  Commercial application: Power conditioning, uninterrupted 
power supplies, utility distribution substations, insulation for compact and highly efficient electric 
machines, medical defibrillators, and aircraft ignition systems. 
 
REFERENCES:  
1.  M.L. Fre’chette, M.L. Trudeau, H.D. Alamdari & S.Boily, “Introductory Remarks on Nanodielectrics,” 
IEEE Trans. on Diel. & Elect. Insul. 11 (5),(2004) 808-818. 
 
2.  J.K. Nelson and J.C. Fothergill, “Internal Charge Behavior of Nanocomposites,” Nanotechnology 15, 
(2004) 586-595. 
 
3.  Y.Cao, P.C. Irwin, and K.Younsi, “The Future of Nanodielectrics in the Electrical Power Industry,”  
IEEE Trans. on Diel. & Elect. Insul. 11 (5), 797-807 (2004). 
 
4.  T.J. Lewis, “Nanometric Dielectrics,” IEEE Trans. on Diel.& Elect. Insul. 1 (5),(1994) 812-825. 
 
KEYWORDS: Nanodielectrics, dielectrics, nanotechnology, nanocomposites, nanostructured dielectrics, 
high-energy-density capacitors, passivation, power conditioning, pulsed forming networks 
 
 
 
 
AF083-088   TITLE: Weapons Effects FRMs for Reinforced Concrete Walls & Floor/Ceiling 

Slabs 
 
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. 
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OBJECTIVE: Develop High-Fidelity Physics-Based (HFPB) Fast-Running Models (FRMs) for simulating 
the effects of air-delivered weapons on conventional and heavily reinforced concrete walls & floor/ceiling 
slabs.  
 
DESCRIPTION: A number of tools are available to weaponeers, military planners, and the engineering 
community to determine the response of hardened reinforced concrete (RC) walls & floor/ceiling slabs to 
munitions effects. There are now requirements to extend existing tools, and if necessary, develop new tools 
capable of predicting the response of non-hardened and high-strength hardened walls & floor/ceiling slabs. 
The task is complicated by a number of factors: First, structural detailing for conventional RC walls & 
floors/ceiling slabs is clearly much different than that of their hardened RC counterparts. Second, 
conventional construction is typically non-monolithic, making the connections between the component to 
the structure of paramount importance in determining both the response to and damage incurred from 
weapon effects. Third, there are various different conventional construction types employed in practice 
(e.g., pre-cast, tilt-up, metal deck with concrete infill, etc.), for which general but accurate fast-running 
models (FRMs) are needed for applications such as cursory assessment studies and the more 
comprehensive Monte Carlo simulations requiring thousands of iterations. Finally, the use of high strength 
concretes (HSC) is increasingly being used in the construction of modern military and commercial 
structures. Unfortunately, there is little information on the applicability of current finite element (FE) 
modeling tools to HSC structures. The limited set of reliable concrete material models in FE simulations 
have been calibrated to normal strength concretes (NSC). It is clear from the limited but available test data 
that fracture planes in high strength concretes often split the aggregates rather then pass around them, and 
therefore can change both the deviatoric and volumetric response of the material. Other types of HSC, 
including engineering cementitious concretes (ECC) and fiber-reinforced concretes (FRC), only expand the 
variations in phenomenology from normal weight concretes and exacerbate modeling difficulties. In fact, 
numerous manufactures have engineered HSC to prevent perforation and reduce damage from small 
munitions ranging from small arms fire to shoulder-fired munitions. 
 
Applications of HSC include such important structures as landmark high-rise buildings, bridge columns 
and abutments, and contemporary hardened underground military bunkers. The latter are of special interest 
to military planners, weaponeers, and engineers who need accurate and reliable tools to predict the response 
of these structures to current and proposed munitions, from small precision munitions to large penetrator 
munitions. It is also increasingly important that these tools have the capability to estimate the collateral 
damage induced by these weapons to buildings in urban environments, including quantifying the level of 
structural damage for non-catastrophic component failures, and debris mass and velocity distributions for 
catastrophically failed components. Improvement to existing HFPB modeling tools in the form of new 
constitutive models is needed to capture the unique physics of HSC material behavior so that appropriate 
HFPB FRMs can be created or existing FRMs upgraded. 
 
The Air Force Research Laboratory (AFRL) is developing a suite of high-fidelity physics-based (HFPB) 
fast-running models (FRM) of structural components for various types of buildings (Concrete, Steel, CMU, 
Brick, etc.) which are currently being implemented in its MEVA weapon-target interaction assessment 
code. These models encompass the major structural elements of buildings and include columns, beams, and 
walls. The reinforced concrete wall FRM, ARCWall, was developed for heavily reinforced concrete walls 
& floor/ceiling slabs typical of bunker type structures. This FRM needs to be expanded to include walls & 
floor/ceiling slabs for bunkers constructed of HSC, current bunker layouts, current weapon penetrators, and 
breach/debris prediction. FRMs are also needed for conventional buildings, having the more lightly 
reinforced walls & floor/ceiling slabs utilized in this type of construction. 
 
PHASE I: Demonstrate the feasibility of using HFPB calculations to develop FRMs for the range of 
construction types and weapons cited above: 
 
PHASE II: Develop and validate FRMs for all of the major RC construction types identified in Phase I, 
using available experimental data. Recommend additional validation tests as needed to complete the 
validation. Quantify the predictive accuracy of these FRMs and demonstrate that they meet prescribed 
accuracy criteria. Implement these models in the AFRL MEVA program.  
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PHASE III / DUAL USE: Military application: Complete the development of these HFPB FRMs for the 
range of weapons, structural components, & materials required. Adapt the FRMs developed in Phase II for 
use by other branches of service.  Commercial application: Used by Commercial HAZMAT Rapid 
Reaction teams to asses safety for explosive materials. Used by firms in assessing safety of buildings 
designed for protection against natural and terrorist threats. 
 
REFERENCES:  
1.  Wathugala, G.W. and T.K. Hasselman, “ARCWALL-LP: Load Parameter Based Fast Running Model 
For Predicting Reinforced Concrete Wall Response To Cased Weapons,” Proceedings of the SAVIAC 77, 
Monterey, CA, October 2006. 
 
2.  Wathugala, G. W., Hasselman, T. K., and Bogosian, D., “ARCWALL: Fast Running Model For 
Predicting Reinforced Concrete Wall Response To Cased Weapons,” SAVIAC 75, Oct. 2004, Virginia 
Beach, VA.   
 
KEYWORDS: Structural Response, MOUT, Urban Targets, Weapon Lethality, Target Vulnerability, 
Engineering Models, Fast Running Models, Finite-Element Models, Debris Modeling, reinforced concrete 
walls, reinforced concrete floor slabs, Bunkers, High Strength Concrete 
 
 
 
 
 
AF083-089   TITLE: Common Gravity Dropped Small Weapon Electronic Safe Arm Fuze 

(ESAF) 
 
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:  The objective of this effort is to develop innovative means to effectively enable Safe/Arm 
(S/A) functionally within gravity dropped small weapons.   
 
DESCRIPTION:  Much effort is being expended to miniaturize military weapons to maximize payloads, 
and to support unmanned missions.  Although the physical tasking of miniaturization has been addressed, 
the same cannot be said for ordnance technologies that support system functional capabilities, e.g., fuzing.  
Simple miniaturization of subsystems will not achieve the desired goal of effective fuzing for smaller 
weapons.  In particular, environmental sensing to support fuzing arming decisions and ineffective use of 
available stimuli are limiting factors for practical application of miniature weapon technologies. 
 
PHASE I:  Perform trade studies to address effectiveness, practicality, consistency, and adaptability of 
environmental influences to support S/A utility within the context of small ordnance applications.  Of 
particular interest would be exploration of environmental influences that are unique to tactical deployment.  
The PHASE I outcome will identify and bound opportunities for the next phase of development.    
 
PHASE II:  This phase would explore the practicality of implementing candidate technologies and 
environments identified within Phase I to support safe, small weapon utility.   
 
PHASE III/DUAL USE:  Military Application:  DoD would benefit through exploitation of munition 
opportunities available only via miniaturization (delineated above).  Commercial Application:  Innovative 
use as well as optimization of environmental sensing pose benefits to the automotive, aeronautical, and 
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sporting industries that predicate functionality upon environmental sensing and navigation.  Miniaturization 
of environmental relevance only enhances desirability within the private sector.   
 
REFERENCES:  
1. MIL-STD-1316E 
 
2. STANAG 4187 
 
3. MIL-HNDK 504 
 
KEYWORDS: Electronic Safe Arm Fuze, Electronic Safe Arm Device, Electronic Safe & Arm, Fuze, 
Ordnance Arming Device 
 
 
 
 
AF083-090   TITLE: Retrofittable Laser Protection for Weapons 
 
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 High Energy Laser (HEL)-shielding technology that can be applied to 
vulnerable airframe components and internal guidance electronics of legacy air-delivered bombs and 
missiles 
 
DESCRIPTION: A thermal protection coating (e.g., spray-on) or a broadband reflector embedded layer on 
munition skin which will shield against a HEL beam attacking the in-flight weapon's infra-structure. 
Developed laser countermeasure technology is not required to render weapon performance 
impervious;however, it should be  adequate to delay HEL skin burnthrough to enable weapon's survival 
through target intercept during laser threat encounter phase. Assume laser peak power output of 1 
MegaWatt with a required burnthrough delay of at least 5 seconds. Sensor windows and radomes will have 
to be addressed by a separate effort, and are not intended to be the subject of this effort which should focus 
on airframe structure, guidance electronics, and perhaps antenna's elements. Technology solutions should 
be retrofittable to legacy weapons (bombs & missiles) typical of those existing in the US Air Force 
inventory. An ideal protection solution will also provide some capability to absorb or attenuate radio 
frequency waves to improve weapon signature stealthiness. Potentially considered solutions require near-
term application on legacy weapons for prototypical field testing, but solutions amenable to long-term 
depot storage after application are preferred. 
 
PHASE I: Develop materials and processing methods for in-flight weapon airframe survivability from laser 
attack. Demonstrate the feasibility of using protective, shielding technology concept to delay weapon skin 
burnthrough during HEL impact through laboratory experiments. Formulate plan for Phase 2 H/W demo. 
 
PHASE II: Develop shielding retrofittable application techniques on legacy weapons. Field demonstrate a 
prototypical system capable of defending and surviving laser attack during flight. Develop procedures for 
best measuring HEL impact on weapon airframe in-flight performance. Investigate and extend 
methodology on applicability to aircraft performance protection. 
 
PHASE III / DUAL USE: Military application: Survivability enhancements for air-delivered weapons and 
launch aircraft in the presence of DE countermeasures attack. Enabler for counter-IADS.  Commercial 
application: Potential extension of technology application to commercial airliners against worldwide 
terrorism and proliferation of ground-based laser weapon threats. 
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AF083-091   TITLE: Boosted Penetrator Technology 
 
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: Conceptualize, design, & develop boosted penetrator technology for compact, high-payoff, 
internally carried weapons - Contractor(s) to focus on the best system level and/or component level 
technology. 
 
DESCRIPTION: Internal carriage boosted penetrator technology needs to be conceptualized, designed, 
developed and demonstrated to the maximum extent possible within the constraints of an SBIR Program. 
An all-up novel/unique system level approach and/or a very high payoff component technology will be 
selected for the advancement of a boosted penetrator in the 1,000 - 2,000 lb (maximum) range.  The 
maximum size available is approximated by a MK-83 JDAM.  
 
Technology areas of interest include, but are not limited to (1) Warhead cases and fills which are able to 
withstand high speed impacts of 2000 - 2500 feet per second (fps) into high strength materials that are 
either man-made such as high strength concrete or in-situ such as granite (2) (3) Insensitive Munition (IM) 
conducive rocket propellant and motor designs (4) Guidance and control technologies to ensure optimal 
impact conditions are achieved and (5) Systems integration of new or existing technologies required for an 
“all-up” compact, internally carried, high payoff boosted penetrator.  
 
The assumption is that the penetrator has been, or is being, boosted such that the impact velocity is in the 
2000-2500 fps range.  
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PHASE I: A conceptualization and preliminary design will take place in Phase 1. If a “systems level” 
approach is selected, a high level trade study containing mission profile and concept of employment would 
be conducted. If a component level approach is selected, a detailed conceptualization would ensue. 
 
PHASE II: A detailed design and test series will be conducted in Phase II. A considerable amount of 
modeling, simulation and analysis is envisioned to be conducted during this phase. Either all-up boosted 
penetrator testing, such as in a dynamic test, or a detailed test series at the component level is envisioned. 
This testing will serve as a graduation test(s) for the design emanating from Phase II. 
 
PHASE III / DUAL USE: Military application: High speed weapons reduce the time to target, which is 
essential for defeating high value time critical targets. This technology will assist in any military program 
investigating propelled munitions. Commercial application: Commercial applications to include drilling, 
mining and excavation will benefit from this SBIR. 
 
REFERENCES:  
1. http://www.globalsecurity.org/military/systems/munitions/hdbtdc.htm 
 
2. http://www.fas.org (multiple search results for boosted penetrator) 
 
3. http://www.globalsecurity.org 
 
KEYWORDS: Boosted Penetrator Technology; Hard and Deeply Buried Targets; Insensitive Propellants; 
Survivable High Speed Warheads 
 
 
 
 
AF083-092   TITLE: High Speed Survivable Small Penetration 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 new miniaturized, shock-hardened technologies to enable high speed, hard target 
defeat with intelligent fuzes. 
 
DESCRIPTION: Future concepts for small, high speed penetrators call for fuzes capable of surviving the 
harsh mechanical environment of hard target defeat. Specifically, targets are expected to be harder (>10 ksi 
concrete) with penetrator impact velocities well beyond current weapons systems. Additionally, future 
penetrators are expected to have smaller available volume for fuzing functions in a modular, distributed 
architecture, i.e., the fuzing functions will be distributed throughout the weapon system. Corresponding 
fuze technologies, especially in the areas of miniaturization, post-impact functions, data transmission and 
retrieval, and shock-survivability, require significant innovation to address these needs. 
 
Fuze technologies developed must be capable of surviving and functioning under a variety of shock loading 
conditions. All concepts must be robust while remaining compliant with safety and other communication 
standards/protocols (MIL STD 1760D, 810F, etc.). Some freedom may exist to define/develop new 
standards for modular functionality and/or interconnectivity in fuze applications as a consequence, but not 
an objective, of the research effort. 
 
There are many relevant opportunities at the systems level, especially related to the concept of modular, 
distributed fuzing for weapon systems. A specific area of interest is the development of innovative 
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interface/interconnect scheme and associated architecture for connecting miniaturized, shock-hardened fuze 
modules. 
 
The initiation function of a fuze is handled by a “fireset” and is one of the fundamental post-impact 
technologies required for penetrating weapon fuzes. Some areas of interest in this area include 
- Shock-survivable capacitors for the high-speed penetration environment, miniaturized to fit in a post-
impact survivable (i.e., initiator) module. These capacitors will be required to withstand repitive multi-axial 
shock loads of up to 100 Kg for 4 milliseconds.  Current shock-hardened capacitors are generally 
wrapped/filled foil technology; candidate approaches could include ceramic, etc., or higher energy density 
wrap-and-fill technologies capable of being the firing capacitor for state of the art electronic safe and arm 
device. 
- A hermetic barrier that will allow high rate (dI/dt) transfer of firing energy from hermetic enclosure into a 
detonating enclosure (e.g., a firing capacitor into an isolated exploding foil initiator or surrogate test 
fixture). There is currently no known hermetic barrier that will allow this type of energy transfer.  This will 
significantly improve the testability of weapon systems by allowing the fuze to undergo “live” 
nondestructive functional testing during lot acceptance tests, potentially improving reliability.  
 
The target detection device (TDD) of a fuze is the “smarts” of an intelligent fuze and is also a fundamental 
post-impact technology area. The Air Force desires miniaturized, reliable, shock-survivable, and low cost 
alternatives to “classic” high-g accelerometer-based smart fuze TDD’s for high speed, hard target fuze 
applications. TDD concepts must be simple, cost-effective, and reliable, with the capability of determining 
characteristics of the target media (for example, void/layer detection and media discrimination). Also, 
associated algorithms and processing schemes for the identification/characterization of the target features 
are an objective of the program (in Phase II). Relevant technologies can include sensors, target 
detection/identification algorithms, digital signal processing components, or other TDD system 
components. Some areas of specific interest include, but are not limited to: 
-  Non-accelerometer-based alternatives to penetrator dynamic sensing;  
- Unpowered (i.e., passive), hardened, triaxial sensors that irreversibly and measurably changes some 
physical configuration or property without relaxation/hysteresis to record the peak acceleration in each of 
three principle axes as a back-up measurement for tests when a hardened fuze sensor fails; 
- Shock-hardened accelerometers with lower cost (10x reduction), higher survivability, and improved 
sensitivity. 
 
Finally, the validation and testing of fuze functions is a challenging area that has traditionally been difficult 
due to the inherent “one-shot” nature of fuze systems. Technologies to enhance fuze testing capabilities are 
of very high interest; some specific areas include:  
- Design, build, characterize and demonstrate a miniaturized, shock-hardened magneto-inductive antenna 
for bidirectional communications to allow assured through-media communication with deeply buried 
weapons information systems, including test data recorders. 
- Design, build, and test a system to remotely access and download munition test recorder data. This will 
include a transmitter module (possibly a telemetry unit) that is shock hardened and will be part of the test 
package, as well as an amplified receiver station that can be remotely operated for range safety reasons. 
“Blow-in-place” for live testing. 
 
PHASE I: Design and fabricate prototype hardware and provide laboratory demonstration of performance 
under shock 
 
PHASE II: Refine concept and hardware; provide brassboard demonstration in realistic environment (TRL 
5-6). 
 
PHASE III / DUAL USE: Military application: Hard target post-impact intelligent fuzes. Commercial 
application: Automative black boxes, space electronics, oil and mining drilling electronics which need to be 
smaller, cheaper, and harsh environments, also possible uses in utility infrastructure electronics which 
would need to survive initial insult during seismic events in order to continue or initiate safe shutdown (e.g. 
nuclear power plants). 
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REFERENCES:  
1.  Munitions Directorate Homepage, http://www.eglin.af.mil/afrl_mn/ 
 
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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AF083-093   TITLE: Guided Smart Submunitions 
 
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: This topic would develop guided submunition concepts to increase accuracy and reduce 
collateral damage for area weapons or submunitions dispensed from Unmanned Air Vehicles (UAVs) or 
powered rockets.  
 
DESCRIPTION: The Air Force is looking at concepts to engage multiple targets with a single munition 
platform. This concept requires a CBU (Cluster Bomb Unit) munition or UAV capable of deploying guided 
smart submunitions that have the ability to engage and neutralize any targets of interest. The goals for the 
submunitions is very challenging, when considering the mission of addressing mobile and fixed targets of 
interest.  The submunition has to be able to reacquire the target of interest it is intended to engage.  The 
following parameters are top level goals for the submunition that would provide some understanding of the 
technology challenges. The submunition should weight less than 20 pounds, and have a diameter less than 
or equal to 6 inches.  The power on the submunition should provide for operating time of 5 minutes, with 
power no greater than 200 watts. The smart submunition requires a seeker capable of handling mobile 
targets and targets of opportunity that are of interest. The seeker should have the required information from 
the target to provide reasonable ATR performance. The submunition seeker should be able to operate in 
adverse weather, and have the ability to process target ATR data extracted from the seeker. The seeker 
should be able to have enough aperture to allow for target detection and track at a distance of 5 kilometers 
for the submunition to set the trajectory and terminal engagement to address mobile targets. The seeker 
should have enough resolution to classify the target and select the aimpoint for delivering the effects that 
would neutralize the target. The size of the seeker is critical and the power of the seeker should be less than 
50 percent of the submunition power listed above, and weight should also be considered very important to 
be minimized.  The processing requirements for the seeker are very challenging due to the functionality and 
mission required of the submunition. These requirements are important to assure that many submunitions 
can be carried by the CBU munition or UAVs that would deployed them. The need is very challenging and 
the Air Force is looking for innovative ideas for the submunition seeker that can address these challenging 
requirements. 
 
PHASE I: Seeker concept will be defined and analysis will be conducted in determining the type of seeker 
and respective operating spectrum. The analysis should also be conducted to determine the parameters and 
trades for addressing the requirements stated in the description.  
 
PHASE II: 1) Define the objective submunition aperture and seeker design that would address the 
requirements. Conduct trades and analysis on expected performance of the submunition seeker. 2) Develop 
and fabricate innovative aperture with respective instrumentation that would support limited testing on the 
performance of the aperture to address the requirements above. Address the over all seeker design to meet 
the requirements of size weight and power. 
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PHASE III / DUAL USE: Military application: May include submunitions seeker, micro unmanned air 
vehicle sensors, and wireless communications. This technology has an industrial use in sensor and 
information communications. Commercial application: Could include low cost collision avoidance sensor 
for UAVs, automobiles and general aviation. 
 
REFERENCES:  
1. Hovanessian,S.A. Modern Radar Technology, Lecture Notes, UCLA Extension, September 19, 1983. 
 
2. Raymond S. Balcerak,”Uncooled IR Imaging: Technology for the next Generation,” SPIE 3698, Infrared 
Technology and Applications XXV,110 (1999). 
 
KEYWORDS: submuntion guidance systems, minaturized sensors, smart precise submunitions 
 
 
 
 
AF083-094   TITLE: Weapons Effects FRMs for Small Munitions on Fixed Targets 
 
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 High-Fidelity Physics-Based (HFPB) Fast-Running Models (FRMs) for simulating 
the effects of small weapons in urban structures and materials.  
 
DESCRIPTION: Predicting the damage to structures commonly found in Urban Environments to the 
effects of intentional or accidental small explosions is a difficult problem, often resulting in hazards to 
nearby personnel and equipment. Numerous commercial and military organization desire models that 
would predict the structural damage and characteristics of the debris generated by the various forces, yet 
the current state-of-the-art is poor and what does exist is for a limited type of material and structural type. 
 
The penetration, perforation and breach of engineered structures by small munitions involve multi-phase, 
multi flow physics that have not been adequately modeled in HFPB codes to date. Innovative methods are 
required to model the physics and implement them in existing codes so that the models may be validated 
with appropriate experimental data. FRMs derived from these HFPB codes can then be generated.  
 
The primary requirement here is to (1) demonstrate that HFPB mathematical models can simulate the 
effects of small weapons on fixed structures such as buildings, and (2) develop fast-running models based 
on these HFPB analyses that are representative of the HFPB analyses to within a prescribed level of 
accuracy. The models must represent both full and partial penetration of the structural materials and the 
possible detonation of these weapons upon impact or after partial penetration. In addition, the effects of 
shaped charges, Explosively Formed Projectiles (EFP), and other kinetic energy rounds need to be 
modeled. The Key Technology Areas are Weapon-Target Interaction, Target Penetration, Impact & 
Delayed Detonation, Debris generation. 
 
HFPB damage to structures from small weapons is a new and complicated undertaking. Previous efforts in 
this area involved the HFPB modeling of large weapons detonated with a minimum offset to avoid finite 
element model problems. It is believed that the new generation of finite element models can overcome 
these issues. Examples of the multi-physics involved in this type of weapon-target interaction are high-
speed impact and the interaction of different solid materials as well as detonation physics and multi-phase 
fluid dynamics. Back face spalling of the target materials, including fragment size and velocity (vector) 
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distributions are of interest, particularly as they affect human and equipment vulnerability. The end states 
of weapon-generated rubble (quantity and spatial distribution) are also desired. 
 
The HFPB models must be able to capture the coupled nature of the problem, calculating the response and 
break-up of the structural material and predicting the amount of structural debris when subjected to 
manmade explosive blast and fragmentation loads. When damage levels are sufficient to result in 
perforations of the structural component the model must predict the hole size(s) and volume of material 
removed. The model must output probabilistic debris fragment size and velocity (vector) distributions and 
debris end-states (quantity and spatial distribution of the debris on the ground). The models must be 
validated against available experimental data with recommendations for additional testing where sufficient 
data does not exist for adequate validation. 
 
The fast-running models must be capable of predicting the perforation of the target material, or the depth of 
penetration if the material is not perforated, the effects of any explosive charge including debris generation 
and the probabilistic distributions of debris fragment size and velocity, and rubble end state. The models 
must be representative of weapons with charge weights ranging from 0 to 100 lbs, and structural materials 
including Steel, Concrete, and Masonry (CMU, Brick, Adobe, Tile) used in building-type structures. 
 
The predictive accuracy of the models must be quantified, based on comparisons with experimental data 
and HFPB calculations. Finally, the models must be implemented in the Modular Effectiveness 
Vulnerability Assessment (MEVA) architecture developed by AFRL/MNAL for assessing the lethality of 
conventional weapons. Other potential users include the Army and the Defense Threat Reduction Agency. 
 
PHASE I: Demonstrate the feasibility of using HFPB calculations to simulate the effects of small weapons 
on fixed structures. Demonstrate the ability of fast-running models to capture the important characteristics 
of the small weapons multi-physics phenomena. 
 
PHASE II: Develop HFPB models to simulate the multi-physics effects of small weapons on fixed 
structures constructed of steel, concrete, & masonry material. Develop corresponding FRMs to capture the 
important characteristics of the phenomena for a parameter space spanning weapon type & size, and 
structural geometry & materials of practical significance. Implement these models in the AFRL MEVA 
program. 
 
PHASE III / DUAL USE: Military application: Complete the development of HFPB model-based FRMs 
for the range of weapons, structural components & materials required prior to incorporation into the MEVA 
program developed by AFRL/MNAL.  Commercial application: Used by Commercial HAZMAT Rapid 
Reaction teams to asses safety for explosive materials. Used by firms in assessing safety of buildings 
designed for protection against natural and terrorist threats. 
 
REFERENCES:  
1.  X. Ma, Q. Zou, D. Z. Zhang, W. B. VanderHeyden, G. W. Wathugala, and T. K. Hasselman, 
“Application of a FLIP-MPM-MFM Method for Simulating Weapon-Target Interaction,” Proc. of 12th 
International Symposium on Interaction of the Effects of Munitions with Structures, New Orleans, 
Louisiana, September 13-16, 2005. 
 
2.  Wathugala, G.W., W. Gan, J. Chrostowski, T. Hasselman, D. Zhang, X. Ma, Q. Zou, and B. 
VanderHeyden, "Applications of CartaBlanca for Simulation of Blast and Fragment Effects," Presented at 
the 17th Army Symposium on Solid Mechanics, Baltimore, MD, April 2007. 
 
KEYWORDS: Weapon-Target Interaction, Target Penetration, Imapct and Delayed Detonation, Debris 
Generation, Small Weapons Simulations, Urban Environment, Structural Response, MOUT, Urban 
Targets, Weapon Lethality, Target Vulnerability, Engineering Models, Fast Runni 
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AF083-096   TITLE: Perching Micro Air Weapon 
 
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:  To develop the technology for a Micro Air Vehicle (MAV) to harvest alternative 
power/energy sources to remain “on call” and engage targets while perching on a structure. 
 
 
DESCRIPTION: The field of MAVs is revolutionary and highly necessary to maintaining complete 
dominance in the ever changing battle space environment.  One newly identified role for MAVs is for a 
bird size Micro Air Vehicle, less than two pounds, to have the ability to harvest power or energy from 
alternative sources (e.g. power lines, wind, solar, etc.).  This MAV should be capable of flying to and then 
perching on structures (e.g. power lines, trees, buildings, ground, etc.).  Once perched, the MAV must be 
re-deployable, being able to return to the user or to remain “on call” and engage targets.  The MAV will be 
remote controlled through the use of a line of sight datalink.  The datalink will have an approximate range 
of 5 km at a frequency of about 1 GHz.  A small onboard video camera will transmit what it sees back to 
the user by way of the datalink thus allowing the user to designate the target.  The MAV will use GPS and 
an inertial navigation system (INS) to accurately fly from one waypoint to another as required.  The 
warhead payload should be on the order of half a pound of high energy explosive which will be used to 
target people and/or lightweight vehicles.  Combining all of these features a user would be able to fly the 
MAV into any environment, wait for an extended period of time for a specific target, and then eliminate the 
target.  The ability to harvest power/energy from external sources is critical to persistent surveillance and 
would extend the operational time of the MAVs exponentially and benefit the war fighter immensely.  
These capabilities would require innovative technologies in power harvesting and storage technologies.   
 
PHASE I: Define concepts and predict the performance for harvesting and storing power/energy from 
external sources for application to a perching MAV weighing about two pounds. The power plant should 
weigh no more than half a pound, and fit roughly within an eight inch long fuselage of one and a half inch 
radius.  
 
PHASE II: Develop an operational prototype that demonstrates the intended technological concept.  The 
final report should describe how CONOPS are supported and how using an alternative power source as 
well as the ability to perch affects the structure and design. 
 
PHASE III/DUAL USE: Military Application: This technology will provide users an unprecedented 
surveillance and targeting combination for any environment.  Weapon could wait days for a specific target.  
Commercial Application: This technology could be applied into any remote controlled device to provide it 
with a longer functional time.     
 
REFERENCES:  
1.  Energy Havesting (EH) for Small Air Vehicles: 
http://www.dodsbir.net/SITIS/archives_display_topic.asp?Bookmark=29652. 
 
2.  Wickenheiser, Adam, Garcia, Ephrahim, "Longitudinal Dynamics of a Perching Aircraft," Journal of 
Aircraft, Vol. 43, No. 5, September-October 2006, 
http://lims.mae.cornell.edu/pubs/[Wickenheiser]%20Longitudinal%20Dynamics.pdf. 
 
3. Bachmann, R., Boria, F.J., Quinn, R.D., Kline, J.E., Vaidyanathan, R., "Utility of a Sensor Platform 
Capable of Aerial and Terrestrial Locomotion," IEEE Conf. on Advanced Intelligent Mechatronics, July 
2005. 
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KEYWORDS: Micro-Air Vehicle, alternative energy supply, precision engagement, Multi-mode mobility, 
perching  
 
 
 
 
AF083-097   TITLE: Aerodynamic Control of Micro Air Weapons 
 
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: Conduct innovative research to develop technologies which will enable an overall 
miniaturization of munitions.  This topic will address the components of fight control actuation and flight 
control devices. 
 
DESCRIPTION: Micro Air Weapons require miniaturization of components in order to provide sufficient 
volume for payload.  Additionally, Micro Air Weapons must be compact in carriage to accommodate 
employment alternatives.  Important components requiring miniaturization are fight control actuation and 
flight control devices.  Innovative technologies to provide flight control surface actuation and are sought.   
  
The total weight of the munition for this effort will be less than two pounds (<2lb).  Proposed designs 
should lend themselves to compact carriage within a 4.5-inch diameter cylinder of 24 inches length.  With 
the previously stated weight and dimensional considerations the fight control actuation or flight control 
device should provide sufficient maneuverability performance such that the vehicle can perform a right 
angle turn within two fifty foot wide urban canyons intersecting at a right angle.  That is to say, the 
munition should be able to maneuver from one representative city street to another with out impacting the 
buildings. 
   
PHASE I: Identify research challenges and develop innovative technologies to address the challenges of 
fight control surface actuation and flight control devices.  Design a prototype actuator or control device.  
Provide a plan for accomplishments to be made in Phase II.  
   
PHASE II: Further development of the phase I technologies and produce functional hardware capable of 
being tested for evaluation of developed flight control actuator or device technology.  The final deliverable 
will be a test and evaluation of the performance advantages of the developed flight control actuator or 
device technology.  
   
PHASE III / DUAL USE: Military application: Micro Munitions and Micro Air vehicles Commercial 
application: Small Unmanned Air Vehicles for tracking suspects and vehicles; aid in search and rescue 
efforts  
   
REFERENCES: 
1. R. Lind, M. Abdulrahim, K. Boothe and P. Ifju,”Morphing for Flight Control of a Micro Air Vehicles,” 
European Micro Air Vehicle Converence, Braunschweig, Germany, July 2004. 
 
2. M. Amprikidis and J.E. Cooper,”Development of Smart Spars for Active Aeroelastic Structures,” AIAA 
Structures, Structural Dynamics and Materials Conference, April 2003, AIAA-2003-1799. 
 
3. S. Shkarayev, W. Null, M. Wagner, “Development of Micro Air Vehicle Technology With In-Flight 
Adaptive-Wing Structure,” NASA CR-2004-213271 
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KEYWORDS: Micro Air Vehicle, Control Actuator, Flight Control, Low Reynolds Number, 
Maneuverability Performance 
 
 
 
 
AF083-098   TITLE: Focused Miniature Ordnance Technologies 
 
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: The objective is to develop technologies for miniature ordnance packages suitable for 
fleeting targets and/or soft targets in an urban environment. 
 
DESCRIPTION: The global war on terrorism (GWOT) has brought new missions, concerns, and 
requirements—namely how to fight in urban settings and minimize collateral damage. Advances in 
guidance, navigation, and control (GNC) technologies now permit precision engagement (i.e., accurate 
placement of the warhead on target) negating much of the need for large bombs with indiscriminate 
lethality. Small lethal ordnance is needed to complement these gains in GNC. The Ordnance Division seeks 
cross-cutting technologies in three areas: multifunctional damage mechanisms that limit collateral damage; 
high-energy-density energetic materials; and miniaturized fuze components (initiation, sensors, electronic 
safe/arm/fire devices) for urban scenarios. 
 
For this solicitation, the following capabilities, restrictions, and constraints are provided as a strawman 
system concept: (1) an unmanned air system would deliver multiple precision guided submunitions (PGS); 
(2) the radius of effects must be less than four times the target radius; and (3) the ordnance must be capable 
of defeating fleeting targets, with a desire for a robust (e.g., multifunctional) kill mechanism for functional 
defeat of soft structures. 
 
A long-term goal is to further shrink the ordnance package to sizes capable of delivery by micro air 
vehicles (e.g., dragonfly-sized). These severe size limitations may require revolutionary or atypical 
technologies and concepts of operation (e.g. non-blast/frag warheads to disable critical nodes).  
 
Since the design of a complete ordnance package or complete munition system is outside the scope of an 
SBIR contract, the proposal should focus on sub-systems and components that enable such miniaturized 
ordnance and minimize collateral damage. Interest areas include, but are not limited to: high-energy-density 
energetics, nanoenergetics, reactive materials, multiphase blast effects, directional fragmentation warheads, 
selectable effects, dual-use and multifunctional materials, an urban proximity sensor with integral low 
energy electronic safe, arm, & fire (ESAF) device, nondestructive functional testing of fuzing 
components/subsystems, and advanced initiation techniques.  
 
PHASE I: The contractor will develop the system concept or sub-system component through modeling, 
analysis, and breadboard development. Small-scale testing to show proof-of-concept is highly desirable. 
Merit and feasibility must be clearly demonstrated during this phase.  
 
PHASE II: Develop, demonstrate, and validate the component technology in a prototype based on the 
modeling, concept development, and success criteria developed in Phase I. Deliverables are a prototype 
demonstration, experimental data, a model baselined with experimental data, and substantiating analyses. 
 
PHASE III / DUAL USE: The military application is ordnance suitable for military operations in urban 
terrain (MOUT).  Non-military applications include: low collateral damage mechanisms for Homeland 
Security operations or law enforcement operations; energetic materials for oil exploration, mining and 
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quarry operations, explosive demolition, or the commercial explosives and pyrotechnics industry; and 
miniaturized initiation systems for the automotive industry or drilling industry. 
 
 
REFERENCES:  
1. R. Hewson, “Urgent need in US, UK for smaller bombs,” Jane's Defence Weekly, pp. 447-449 
(December 2005). 
 
2. R.G. Ames and M.J. Murphy, “A methodology for momentum flux measurements in two-phase blast 
flows,”, Computational Methods in Multiphase Flow IV, WIT Press, editors: A.A. Mammoli and C.A. 
Brebbia, ISBN 1845640799, WIT Transactions on Engineering Sciences, v56, pp. 29-38 (2007). 
 
3. D.S. Stewart, "Towards the miniaturization of explosive technology," Shock Waves, v11, pp 467-473 
(2002). 
 
4. Various authors, “Multifunctional Energetic Materials,” Materials Research Society Symposium 
Proceedings, 896 (2006).  
 
5. D.D. Dlott, “Thinking big (and small) about energetic materials,” Materials Science and Technology, 
v22 (4), pp. 463-473 (2006). 
 
KEYWORDS: collateral damage, urban combat, military operations in urban terrain (MOUT), warheads, 
preformed fragments, multiphase blast, explosives, energetic materials, structural energetics, 
nanoenergetics, reactive materials, fuze, proximity sensor, ESAF, ESAD,  
 
 
 
 
AF083-099   TITLE: Indoor Mapping and Geolocation Using Signals of Opportunity and 

Cooperative SLAM 
 
TECHNOLOGY AREAS: Information Systems, Sensors, 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: Exploit signals of opportunity, simultaneous localization and mapping techniques, and 
cooperative agents to improve navigation in GPS denied areas. 
 
DESCRIPTION: Current guidance, navigation, and control techniques revolve around dependable access to 
GPS. However, when objects of interest are hidden in GPS denied environments current guidance, 
navigation, and control methods are unreliable. Future systems must have a method of navigating through 
these GPS denied areas. The proliferation of signals of opportunity, particularly 802.11 access points, 
provide numerous, innocuous, and stationary beacons to aid in navigation methods. However, these signals 
alone can not provide a complete navigation solution because either the initial requirements are too high, 
required signal power too great, or the effective range is too small. Optical and inertial navigation aides can 
be utilized to achieve a complete sensor suite.  By combining these signals with simultaneous localization 
and mapping (SLAM) techniques, a more complete navigation solution can be achieved. Finally, by 
networking SLAM agents in a cooperative control environment a fully realized guidance, navigation, and 
control solution is possible. The cooperative agents are simply two or more inter-communicating sensor 
platforms.  The synthesized solution combining cooperative agents, SLAM techniques, and signals of 
opportunity provides an attractive capability in both military and civilian applications. NOTE: Any 
proposals submitted must be unclassified. 
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PHASE I: Investigate the number of agents needed and what information they need to share. Explore the 
number of signals needed and the signal power required. Simulate the algorithms as a proof of concept. 
Develop a prototype plan and test plan.  Prototype size, weight, and power are NOT the main thrust of the 
project - obviously a small, low power solution is prefered, but the focus should be cooperative navigation, 
not, for instance, miniaturization. 
 
PHASE II: Design the system architecture and build the required number of prototype agents. Procure the 
required number of signal transmitters required to test the agents. Demonstrate the capabilities of the 
agents. The required number of transmitters and agents should be a result of the research conducted in 
Phase I. 
 
PHASE III / DUAL USE: Military application: The military applications include counter IED, CSAR, and 
alternative navigation, particularly in the GPS denied or in-door realm. Commercial application: Specific 
commercial areas of application are search and rescue, mapping, and robotics. The technology could aid in 
farming or cleaning automated systems.  Furthermore, the mining industry has a significant need for 
autonomous sensor-based agents. 
 
REFERENCES:  
1. Oorschot, P.C. & Muir, James A. (2006). "Internet Geolocation and Evasion," School of Computer 
Science, Carleton University, Ottawa, Canada. 
 
2. Wetherall, D., Krishnamurthy, A., John, J., Chawathe, Y., Bassett, E., & Anderson, T. (2006). "Towards 
IP Geolocation Using Delay and Topology Measurements," Department of Computer Science, University 
of Washington, Seattle, Washington. 
 
3. Roberts, S. & Reece, S. (2005). "Robust, Low-Bandwidth, Multi-vehicle Mapping," Department of 
Engineering Science, Oxford University, UK. 
 
4. Roumeliotis, S. & Mourikis, A. "Performance Bounds for Cooperative Simultaneous Localization adn 
Mapping," Department of Computer Science & Engineering, University of Minnesota, MN. 
 
5. Newman, P., Leonard, J., & Fenwick, J. "Cooperative Concurrent Mapping and Localization," 
Massachusetts Institute of Technology, Cambridge, MA. 
 
KEYWORDS: Simultaneous Localization and Mapping (SLAM), IP Geolocation, Signals of Opportunity, 
GPS Alternatives, Cooperative Control 
 
 
 
 
AF083-101   TITLE: Ultrafast Laser System for Drilling and Inspecting Straight and Shaped 

Cooling Holes 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop an ultrafast, ultraintense laser system for integrated machining and inspection.  
 
DESCRIPTION: Modern military aircraft engines have on the order of one million cooling holes. Typically 
about five thousand of these holes are shaped to enhance cooling effectiveness. A straight cooling hole can 
be drilled in about one second using a conventional laser, while it takes about 30 seconds to drill a shaped 
cooling hole using standard electrical-discharge machining (EDM). Conventional nanosecond-pulsed lasers 
are not used to drill shaped cooling holes due to lack of control of the material-removal process. New 
generations of ultrafast, ultraintense lasers with pulsewidths on the order of a few picoseconds or less 
remove material in completely new ways. While conventional lasers remove material through melting and 
evaporation, ultrafast lasers remove material by ablation through multiphoton ionization and Coulombic 
explosion without significant melting. Researchers have demonstrated that these lasers can be used to drill 
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near-perfect shaped cooling holes with little or no remelt, recast, or cracking. Furthermore, ultrafast lasers 
have been used to drill successfully through thermal barrier coatings (TBC) without cracking or other 
adverse effects. In other experiments, it has been shown that ultrafast laser-matter interactions can generate 
substantial ultrashort bursts of radiation (spanning the spectrum from high-energy gamma rays to low-
energy terahertz radiation) and high-energy particles of tremendous potential value for inspecting cooling 
holes. Together, these observations suggest the possibility of developing an integrated ultrafast, ultraintense 
laser system for simultaneous drilling and inspection of cooling holes in aircraft engine components. 
Unfortunately, only small quantities of material are removed with each laser shot; therefore, the time 
required to drill shaped cooling holes with currently available ultrafast laser systems is prohibitive. In 
addition, these lasers tend to be quite expensive to procure, operate, and maintain. This topic seeks 
innovative approaches designed to capitalize on these unique physics for hole drilling and inspection while 
competing with current approaches in terms of machining time and overall costs of procurement and 
operation. Such solutions might involve novel schemes to increase the average power and repetition rate of 
these pulsed laser systems while exploiting material advances and new thermal technologies to reduce 
costs. In order to successfully perform the work described in this topic area, offerors may request to utilize 
unique facilities/equipment in the possession of the US Government located onsite at Wright-Patterson Air 
Force Base. Accordingly, the following items of Base Support may be provided, on a no-charge-for-use 
basis, to the successful offeror, subject to availability.  The facilities/equipment include the Combustion 
and Laser Diagnostics Research Complex (CLDRC) and certain amplified ultrafast laser systems therein.  
 
PHASE I: Establish baseline laser characteristics (e.g., focused intensity, repetition rate, average power, 
pulsewidth) and demonstrate an approach for developing an ultrafast, ultraintense laser system to drill and 
inspect straight and shaped cooling holes in gas turbine engine components. 
 
PHASE II: Develop a deliverable breadboard ultrafast, ultraintense laser system and demonstrate its 
advantages (hole characteristics, drilling time, total costs) over existing technologies for drilling and 
inspecting straight and shaped cooling holes in gas turbine engine components. Conduct a preliminary 
system analysis and identify costs, throughput, and technical issues of a potential production system. 
 
PHASE III / DUAL USE: Military application: Machining and inspection of propulsion-system 
components, directed-energy applications, high-bandwidth communications, and optical computing. 
Commercial application: Advanced materials processing and synthesis, table-top accelerators for particle-
physics research, and diagnostic and therapeutic biomedical applications. 
 
REFERENCES:  
1. Mourou, G. and Umstadter, D., “Extreme Light,” Sci. Am., pp. 81-86, May, 2002. 
 
2. Dumitru, G., Romano, V., Weber, H., Sentis, M., and Marine, W., “Ablation of Carbide Materials with 
Femtosecond Pulses,” Appl. Surf. Sci., Vol. 205, pp. 80-85, 2003. 
 
3. Joglekar, A., Liu, H.-H., Meyhoefer, E., Mourou, G., and Hunt, A., “Optics at Critical Intensity: 
Applications to Nanomorphing,” Proc. Natl. Acad. Sci., Vol. 101, pp. 5856-5861, 2004. 
 
KEYWORDS: ultrafast, lasers, manufacturing, cooling holes, advanced machining, pulsed laser system, 
turbine blades 
 
 
 
 
AF083-102   TITLE: Nonintrusive High-Speed Time-Evolving 3D Imaging in Turbine 

Engine Augmentors 
 
TECHNOLOGY AREAS: Air Platform, Space Platforms 
 
OBJECTIVE: Develop nonintrusive optical techniques for high-speed time-evolving imaging in three 
spatial dimensions of ignition, flame growth, and stability in turbine engine augmentors/afterburners. 
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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 data.  In situ data at realistic operating temperatures and pressures is required at multiple 
points in the flow for fluid-dynamic parameters and multiple chemical species simultaneously.  Current 
diagnostic capabilities for measurements of afterburning turbine engine ignition, flame growth, and 
stability are limited.  One available diagnostic approach that has shown promise involves high-speed digital 
imaging of flame emission at framing rates on the order of 1 to 10 kHz through the use of state-of-the-art 
cooled probes, fiber bundles, and commercial off-the-shelf (COTS) high-speed cameras.  Images acquired 
with this hardware looking upstream at the augmentor from the engine exit plane reveal many details of 
interest; however, the current approach yields limited spatial resolution, especially along the path-averaged 
measurement line of sight.  New instrumentation and approaches are required to provide high-speed (~10 
kHz) measurements with high resolution (<250 microns) in three spatial dimensions of augmentor 
operation, particularly ignition, flame growth, and stability.  Ideally, such measurements should be 
achieved nonintrusively from the engine exit plane with little or no requirement for penetration of the 
engine by source or detector probes/hardware.  In order to successfully perform the work described in this 
topic area, offerors may request to utilize unique facilities/equipment in the possession of the US 
Government located onsite at Wright-Patterson Air Force Base.  Accordingly, the following items of Base 
Support may be provided to the successful offeror, subject to availability and negotiations, in accordance 
with the clause in Air Force Materiel Command FAR Supplement (AFMCFARS) 5352.245-9004 “Base 
Support.”  The facilities/equipment include the Atmospheric-Pressure Combustion-Research Complex 
(APCRC) and certain research augmentor rigs and optical measurement systems therein. 
 
PHASE I: Design approaches for imaging ignition, flame growth, and stability with high temporal and 
spatial resolution and high data-acquisition bandwidth in augmentor environments under realistic operating 
conditions.  Develop a plan to validate this capability in an augmentor test rig. 
 
PHASE II: Complete the experimental and theoretical development of the measurement approach 
developed in Phase I and perform measurements in an augmentor test rig under realistic operating 
conditions.  Demonstrate a device hardened for test-cell environments with a practical user interface for 
image acquisition and post processing.  Turbine engine manufacturer support is strongly encouraged. 
 
PHASE III / DUAL USE: Military application: This technology will yield payoffs in propulsion (e.g., 
turbine engine combustors and augmentors, scramjets); power generation; combustor/augmentor diagnosis, 
control, and health management.  Commercial application: This technology will yield payoffs in 
commercial aviation and power generation, heating, process control, combustion-mediated synthesis, and 
atmospheric/environmental chemistry. 
 
REFERENCES:  
1.  Eckbreth, A.C., "Laser Diagnostics for Combustion Temperature and Species," 2nd Ed., Gordon and 
Breach, UK, 1996. 
 
2.  Kohse-Hoeinghaus, K. and Jeffries, J.B., "Applied Combustion Diagnostics," Taylor & Francis, New 
York, 2002. 
 
3.  Additional Information/Clarification: 
The Description states:  “Accordingly, the following items of Base Support may be provided to the 
successful offeror, subject to availability and negotiations, in accordance with the clause in Air Force 
Materiel Command FAR Supplement (AFMCFARS) 5352.245-9004 “Base Support.” 
The following is to provide clarification on the intent of this information:  "Accordingly, the following 
items of Base Support may be provided on a no-charge-for-use basis, to the successful offeror, subject to 
availability." 
 
 
KEYWORDS: turbine, engine, augmentor, afterburner, ignition, diagnostics, imaging 
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AF083-103   TITLE: Improved Two-Phase Model for JP-8 and Alternative Fuels 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles 
 
OBJECTIVE: Develop an innovative and computationally efficient model for the prediction of the 
transport (breakup, attomization, and evaporation) of JP-8 and alternative fuels. 
 
DESCRIPTION: Combustion stability, both static and dynamic, is a significant issue for robust and reliable 
combustor and augmentor operation. The ability to evaluate technologies to ascertain their contribution to 
stability over the range of operation of the engine is critical to improve robustness.  Current modeling tools 
under predict wake fuel/air by as much as 50 percent. This inaccuracy limits the ability of the engine 
designers to evaluate robustness enhancements and improvements.  An improved model for the transport 
(breakup, attomization, and evaporation) of multicomponent fuels, such as JP-8 and Fischer-Tropsch, 
would reduce the need for extensive validation testing, thereby reducing the cost of robustness 
improvements and enhancements in the combustor and augmentor. 
 
Current liquid spray models for the prediction of the behavior of the liquid fuel were developed in the 
1960s and 1970s. The basis for many of the off-the-shelf models is a breakup length for the liquid, an 
average liquid droplet size and velocity, and the size distribution of droplets at that breakup location.  If the 
initial distribution and/or breakup location are unknown, these models typically underpredict the fuel/air in 
the combustion zone by as much as 50 percent. This inaccuracy limits the ability to effectively model the 
stability of technologies for robustness, enhancements, and improvements. Due to this limitation, 
optimization of combustor and augmentor performance must be done through validation testing, which 
adds to the production and sustainment cost of high performance gas turbines.  
 
Recent efforts to model the liquid fuel using Volume of Fluid, or Level Set approaches to numerically 
model the physics of the breakup process. In these models the liquid fuel and the air are treated as fluids 
and the interface of these fluids is tracked throughout the computational domain. While highly accurate and 
physics based, these models require tremendous computational resources to adequately resolve a single 
combustor or augmentor fuel injector. As the droplets evaporate, more and more grid points are required 
for adequate resolution of the liquid gas interface. These methods preserve the physics of breakup and 
atomization well. These models are not capable of predicting multiple, tens or hundreds, fuel injection 
locations in a reasonable amount of time. 
 
Modeling fuel evaporation has many challenges.  Conditions in the augmentor are not steady state, 
necessitating advanced models that account for droplet heating, surface area changes, diffusive processes, 
and variability of constituents of JP-8 and Fischer-Tropsch fuels. Capturing this variability is a key to 
modeling the evaporation behavior of a fuel as complex as JP-8 and Fischer-Tropsch. 
 
An improved fuel transport model for multicomponent fuels, such as JP-8 and Fischer-Tropsch is desired. 
Essential to the improved model are computational tractability and portability. The deliverable model must 
be computationally tractable with today’s computational capability, allowing for solutions of complex 
geometries in days, not months. The deliverable model must be stand alone and be easily incorporated into 
any current computational fluid dynamics (CFD) platform.  
 
Close collaboration with original equipment manufacturers (OEMs) of commercial CFD codes and/or high 
performance afterburners is highly recommended to ensure successful transition of developed models.  
 
PHASE I: Determine the appropriate phenomenology for the basis of an improved transport model for 
multicomponent fuels. Develop an improved model based on appropriate phenomenology. Detail 
approaches for making the models computationally tractable. Detail required experiments for model 
validation.    
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PHASE II: Based on the results from Phase I, three research areas should be covered in Phase II: 1) 
continue the development of an improved transport model for multicomponent fuels, such as JP-8 and 
Fischer-Tropsch 2) validate the model over the range of augmentor conditions, and 3) develop and execute 
a transition plan with engine OEMs and the CFD industry to ensure transition of validated models.     
 
PHASE III / DUAL USE: Military application: Models developed will significantly improve predictive 
capabilities in CFD and reduced order models for the design of the main combustor and augmentor of 
military gas turbine engines.  Commercial application: Models developed will have wide commercial 
application.  These include commercial gas turbine engines, marine gas turbines, power generation, and 
automotive industries. 
 
REFERENCES:  
1.  M. Herrmann, "Simulating Two-Phase Flows using the Refined Level Set Grid Method," Proceedings of 
the 19th Annual Conference of ILASS Americas 2006, Toronto, Canada, 2006. 
 
2.  M. Herrmann, "A Eulerian Level Set/Vortex Sheet Method for Two-Phase Interface Dynamics," J. 
Comput. Phys., 203 (2), pp. 539–571, (2005). 
 
3.  David P. Schmidt, Lou Chiappetta, Graham Goldin, and Ravi Madhabushi, “Transient Multidimensional 
Modeling of Airblast Atomizers,” Atomization and Sprays, 13, (4), pp. 373-394, 2003. 
 
4.  Zuo, D. Black, and D. Crocker, "Fuel Atomization and Drop Breakup Models for Advanced 
Combustion CFD Codes," AIAA-2002-4175 (2002). 
 
5.  Burger, M., Schmehl, R., Prommersberger, K., Schafer, O., Kock, R., and Wittig, S., "Droplet 
Evaporation Modeling by the Distillation Curve Model: Accounting for Kerosene Fuel and Elevated 
Pressures," Int. J. Heat and Mass Transfer, Vol. 46, pp. 4403-4412, 2003. 
 
KEYWORDS: afterburner, thrust augmentor, liquid fuel, evaporation, multicomponent fuel, fuel injection         
 
 
 
 
AF083-104   TITLE: Distributed Full Authority Digital Engine Control (FADEC) Workload 

Reduction Through Standardization of Intelligent Fault Tolerant Sensing 
 

TECHNOLOGY AREAS: Air Platform, Space Platforms 
 
OBJECTIVE: Develop robust intelligent fault tolerant sensor technology for sensing temperature and 
pressure in high temperature/vibration turbine engine applications through a standardized interface. 
 
DESCRIPTION: Present full authority digital engine control (FADEC) systems interface with numerous 
sensing elements throughout the turbine engine to provide optimal engine control, implement health 
management functions throughout the flight envelope, and at all stages of engine life.  In current systems, 
the FADEC is responsible for acquiring, scaling, and processing all data from engine sensors including the 
prognostics and health management functions of the sensors themselves.  The focus of this research and 
development effort is to develop robust intelligent sensing technologies, beginning with temperature and/or 
pressure sensors, which can withstand the high temperature and vibration environment while embedded in 
the gas turbine engine. Robust intelligent sensor technology is sought with a capability (not electronics) of 
operating in minimum temperature environments of 1,200ºF and vibrations in excess of 500 grms. 
Furthermore, it is desired to extend the intelligent sensor operating capability beyond 2,000ºF.  These 
intelligent sensors must provide a local capability which offloads and distributes the signal conditioning, 
diagnostics, prognostics, and health management functionality traditionally included in the FADEC and 
communicate through standardized interface. These smart sensors (interfaces or nodes) are part of the 
distributed control and should be able to communicate to the propulsion system controller through a high-
speed data bus. These "smart" sensors will have the ability to provide their own environment/temperature 
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compensation, use built-in test features to assess their health, and compute necessary engineering units’ 
conversion. Teaming with an engine or FADEC manufacturer is highly encouraged to increase transition 
opportunities.  
 
PHASE I: Develop a proof-of-concept for distributed engine control architecture for the intelligent fault 
tolerant engine system and establish the feasibility of inserting this technology in an engine development 
program.  
 
PHASE II: Develop and test a prototype of the intelligent fault tolerant engine sensor system and 
demonstrate its use on test stand engines for a distributed control architecture.  
 
PHASE III / DUAL USE: Military application: Standardization of intelligent fault tolerant sensing will be 
transitioned to commercial production for dual use applications.  Commercial application: This technology 
has wide range of applications in commercial gas turbine engines for aircraft and also for improving 
performance and maintainability of industrial gas turbine engines. 
 
REFERENCES:  
1.  Wick, D. G., "Realizing Distributed Engine Control Subsystems Through Application of High-
Temperature Intelligent Engine Sensors and Control Electronics,"  SAE TRANSACTIONS  ISBN : 0096-
736X, Vol. 109, Num. 3, 2000.  
 
2.  Bhal Tulpule, Alireza Behbahani, and Richard Millar, “Vision for Next Generation Modular Adaptive 
Generic Integrated Controls (MAGIC) for Military/Commercial Turbine Engines,” American Institute of 
Aeronautics and Astronautics, JPC 2007. 
 
3.  Alireza Behbahani, et al, "Status, Vision, and Challenges of an Intelligent Distributed Engine Control 
Architecture,” 07ATC-267, SAE 2007. 
 
4.  Jonathan S. Litt, Donald L. Simon, Sanjay Garg, Ten-Heui Guo, Carolyn Mercer, Richard Millar, 
Alireza Behbahani, Anupa Bajwa, and Daniel T. Jensen, "A Survey of Intelligent Control and Health 
Management Technologies for Aircraft Propulsion Systems,"   Journal of Aerospace Computing, 
Information, and Communication, 1542-9423 Vol. 1, No. 12 (543-563), 2004. 
 
5.  Stamatis, A., Mathioudakis, K., and Papailiou, K.D., "Jet Engine Fault Detection with Differential Gas 
Path Analysis at Discrete Operating Points," Journal of Propulsion and Power, Vol. 7, No. 6, pp. 1043-
1048, 1991. 
 
KEYWORDS: propulsion, control, intelligent sensors, smart sensors, full authority digital engine control 
(FADEC), prognostics, health management, gas turbine engine, distributed control 
 
 
 
 
AF083-105   TITLE: Very High Frequency (VHF) Monitoring System for Engine 
Accessories Health Management 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop and demonstrate advanced prognostics health management (PHM) capabilities for 
propulsion accessory/subsystem components to provide health assessments/remaining life predictions. 
 
DESCRIPTION: Achieving predictive capability for PHM systems is of high priority for the U.S. Air 
Force. The ability to detect incipient fault conditions, with sufficient lead time to effect repair or replan, is 
critical to ensure a high asset availability at modern warfare utilization rates. For propulsion systems, most 
of the investment to date has been related to major engine components. Still, accessories play a significant 
role in system availability and are a major cause for standing down an aircraft for diagnostics and repair. 
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The product of this research is a prognostic capability tailored to engine accessory health management. The 
systems and components of interest in this topic are gas turbine engine propulsion systems and accessory 
components (such as pumps, generators, auxiliary power unit (APU), and motors) with particular reference 
to those on the main thrust engine and lift fan. It is important that the user be able to diagnose faults 
accurately, predict failures, and calculate remaining useful life of these components. This will enhance 
safety, maximize chance of mission success, generate high availability, and reduce overall operational 
costs. This may be accomplished through the merging of an understanding of the component’s particular 
physics of failure, analytical models, physical models, statistical techniques, and actual failure experience 
data. The offeror shall develop, demonstrate, and apply these advanced prognostic and remaining useful life 
techniques using VHF on main thrust engine and lift fan accessory components. The only dynamic 
characteristics of interest for aircraft components in this topic is the vibration signature of the equipment 
that develop over time due to stress and strain inside the equipment. There appears to be useful diagnostic 
and prognostic information embedded in VHF vibration signatures (10kHz to 500kHz). Gas turbine engine 
original equipment manufacturer (OEM) endorsement and/or collaboration are considered advantageous 
and a positive attribute of the business' transition plan. Once the technologies are mature, it should be 
possible to use the resulting principles and techniques across many other aircraft rotating mechanical 
system components. 
 
PHASE I: Demonstrate the feasibility of the sensor system using VHF data acquisition. Define acceptable 
false alarm criteria for the system. Provide an analysis of the benefits and deficiencies of a VHF monitoring 
system. 
 
PHASE II: Further develop and demonstrate a prototype VHF data acquisition and analysis capability 
based on these advanced techniques for fighter propulsion system/lift fan accessory components with OEM 
endorsement. Assess the application boundaries (in-flight, ground-based, test cell instrumentation), 
accuracy, and limitations for these prototypes.  
 
PHASE III / DUAL USE: Military application: Potential military applications include health management 
for all types of gas turbine engines. Commercial application: Commercial applications include industrial 
manufacturing systems, power grid management, transportation, space launch and satellite vehicles, and 
exploration. 
 
REFERENCES:  
1. Carl Byington, Matthew J. Watson, and Alireza Behbahani, “Very High Frequency Monitoring System 
for Engine Gearbox and Generator Health Management,” AeroTech Congress & Exhibition, Los Angeles, 
CA, USA, Session: Maintenance/Operations, Document Number: 2007-01-3878, September 2007. 
 
2. Jonathan S. Litt, Donald L. Simon, Sanjay Garg, Ten-Heui Guo, Carolyn Mercer, Richard Millar, 
Alireza Behbahani, Anupa Bajwa, and Daniel T. Jensen, “A Survey of Intelligent Control and Health 
Management Technologies for Aircraft Propulsion Systems,” Journal of Aerospace Computing, 
Information, and Communication, Vol. 1, December 2004.  
 
3. Lebold, McClintic, Campbell, Byington, and Maynard, “Review of Vibration Analysis Methods for 
Gearbox Diagnostics and Prognostics,” 54th Meeting of the Society for MFPT, May 1-4, 2000. 
 
4. Bagnoli, S., Capitani, R., and Citti, P., “Comparison of Accelerometer and Acoustic Emission signals as 
Diagnostic Tools in Assessing Bearing Damage,” Proc. 2nd Intl. Conf. Condition Monitoring, London, pp. 
117-125, May 1988. 
 
5. Campbell, Byington, and Lebold, “Generation of HUMS Diagnostic Estimates Using Transitional Data,” 
13th International Congress and Exhibition on Condition Monitoring and Diagnostic Engineering 
Management, December 3-8, 2000. 
 
KEYWORDS: diagnostics, prognostics, VHF vibration techniques, useful remaining life, PHM, EHM, 
dynamics characteristics 
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AF083-106   TITLE: Oil Deoxygenation for Higher Temperature Stability 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Materials/Processes 
 
OBJECTIVE: Determine the feasibility, identify, and define an approach for deoxygenating oil for higher 
temperature stability of future generation aircraft engine oil systems. 
 
DESCRIPTION: Current and future high speed military propulsion systems and aircraft are expected to 
increasingly utilize fuel as the primary coolant. As such, fuel temperatures are increasing and as a result, 
driving the need for components and subsystems that come in direct contact with the fuel system to have 
higher temperature capability. One of those components is a fuel/oil heat exchanger, which is the primary 
heat sink of the engine lubrication system. The resulting higher fuel temperatures are driving the need for 
oils to also have higher temperature capability. Like fuel, if oil is heated above its thermal stability level, 
deposits form on the internal surfaces of plumbing hardware which results in clogging and potential failure 
of the critical mechanical components. The consequence is costly maintenance and down time of aircraft 
while repairs are taking place. There have been several programs to date to develop additives to help raise 
the operating temperature of these oils. In parallel, there have been several efforts to increase fuel 
temperature capability and have included additives, specialty fuel processing, and fuel deoxygenation.  The 
purpose of this topic is to determine and test the applicability of deoxygenation of aviation oil to achieve 
higher temperature capability to 450<sup>o</sup>F or greater while preventing deposit formation.  As 
such, the focus of the Phase I effort will be to investigate the feasibility of applying innovative 
deoxygenation technology to oil and to conduct preliminary tests to verify practicality.  As part of the 
investigation, a determination as to whether an oil deoxygenation system can be developed, fabricated, and 
packaged to fit within the confines of high speed performance aircraft engine oil systems while meeting 
typical durability requirements of at least 1,000 hours. Teaming and/or coordination with at least one 
engine company is encouraged to assure relevance.  
 
PHASE I: Required Phase I deliverables include a demonstration of the feasibility of oil deoxygenation and 
a comprehensive analysis of its capabilities, including but not limited to, oxygen removal levels, expected 
operating temperatures, and oil system packaging size, weight, and durability projections. 
 
PHASE II: Effort builds on the Phase I activities, leading to prototype hardware and the conduction of a 
rigorous test program to characterize oil deoxygenation operating effectiveness, and temperature range as 
close to typical flow rates as possible. Identify methods to minimize hardware size and weight and insure 
system robustness and reliability for potential application in aircraft propulsion systems. 
 
PHASE III / DUAL USE: Military application: New military aircraft are driving the need for higher 
temperature stable engine oils.  Alternative coking suppression approaches provide flexibility and means to 
satisfy the need and reduce logistics.  Commercial application: Commercial aircraft and high power 
stationary are experiencing similar issues as military aircraft and provide widespread application. 
 
REFERENCES:  
1.  Hepplewhite, H.L., Buck, W.H., and Feinberg, F., “Development of a High Temperature Jet Engine Oil-
-Laboratory and Field Evaluation,” SAE Technical Paper 851797 
(http://www.sae.org/technical/papers/851797). 
 
2.  Herguth, W.R. and Warne, T.M., “Turbine Lubrication in the 21st Century,” Proceedings of a 
symposium held June 26, 2000, ASTM Stock Number: STP 1407.  
 
3.  MIL-PRF-7808L, Performance Specification Lubricating Oil, Aircraft Turbine Engine, Synthetic Base, 
2 May 1997,  (http://assist.daps.dla.mil/quicksearch/basic_profile.cfm?ident_number=6632). 
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4.  MIL-PRF-23699F, Performance Specification Lubricating Oil, Aircraft Turbine Engine, Synthetic Base, 
NATO Code Number O-156, 21 May 1997, 
(http://assist.daps.dla.mil/quicksearch/basic_profile.cfm?ident_number=16513). 
 
KEYWORDS: oil, deoxygenation, engine oil, aircraft, high temperature, thermal stability, fuel/oil heat 
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AF083-107   TITLE: Passive Mixing Enhancers for Improved Flame Spreading and 

Propagation 
 
TECHNOLOGY AREAS: Air Platform, Space Platforms 
 
OBJECTIVE: Develop and validate a novel mixing enhancement device for improved flame characteristics 
of compact-size combustors systems. 
 
DESCRIPTION: Combustor flows are governed by many complex physical processes. These include fuel 
spray breakup, fuel spray atomization, evaporation, subsequent mixing with the incoming air, temperature 
distribution, and distributed combustion to achieve a desired pattern factor. The basic phenomena to 
achieve satisfactory combustion are mainly dictated by the mixing process of the fuel and air in the 
combustor at the macro and micro scales to enable maximum heat release and combustion efficiency. 
Various techniques have been successfully attempted in the high speed combustion regime to improve the 
mixing passively without unduly altering the combustor layout or causing any performance degradation. 
The techniques are implemented by placing suitable mixing enhancement devices in the fuel-air flow path 
and evaluating, analytically and experimentally, the effect on the combustion system performance by using 
both modeling and simulation and rig testing. The mixing improvements are due to vorticity enhancement 
generated in the large scale and its effect on small scale mixing.  The results are improved combustion 
efficiency, reduction in the pollutant emission, and improved flame characteristics including flame holding 
and propagation. The applicability of these techniques to enhance mixing and combustion in gas turbine 
engine combustion systems needs to be demonstrated and assessed. Innovative ideas are needed to validate 
combustion system improvements as described above.  During the Phase I effort, feasibility may be 
demonstrated by modeling and simulation or by sub-scale testing.  The Phase II effort will proceed to fully 
optimize and develop the device for final rig testing.  In order to successfully perform the work described in 
this topic area, offerors may request to utilize unique facilities/equipment in the possession of the US 
Government located onsite at Wright-Patterson Air Force Base. Accordingly, the following items of Base 
Support may be provided, on a no-charge-for-use basis, to the successful offeror, subject to availability.  
The facilities/equipment include the Atmospheric-Pressure Combustion-Research Complex (APCRC), 
High Pressure Combustor Research Facility (HPCRF), and certain research augmentor rigs and optical 
measurement systems therein. Offerors should establish baseline combustor performance parameters, such 
as combustion efficiency, pattern factor, and pressure drop prior to developing the mixing enhancer concept 
in order to quantify potential improvements. 
 
PHASE I: Demonstrate the feasibility of an innovative mixing enhancer device to improve fuel-air 
entrainment, flame spreading, and flame propagation in gas turbine combustors. Quantify pressure drop and 
combustion efficiency improvements with and without the mixing enhancer. 
 
PHASE II: Fully develop and optimize the chosen device from the Phase I effort for various operating 
conditions of the selected combustion system by numerical procedures or testing. Rig test the prototype 
device and establish proof of enhanced performance at relevant engine operating conditions. 
 
PHASE III / DUAL USE: Military application: Optimum mixing enhancers can be incorporated into 
military gas turbine engine combustion systems, including high speed engines. Commercial application: 
Improved mixers can be included in subsonic and supersonic business jet engines, as well as in land-based 
turbine engines combustion systems, to reduce pollutant emissions. 
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REFERENCES:  
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AF083-108   TITLE: Coated Ceramic Matrix Composite  (CMC) Low Pressure Turbine 

(LPT) Blade Development 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop an understanding and methods to predict the effects of design features and the 
manufacturing process on ceramic matrix composite (CMC) blades for the low pressure turbine (LPT) 
section. 
 
DESCRIPTION: High engine cycle temperatures are especially challenging for the hot section flow path 
components.  The turbine section, in particular, is bathed in hot, reactive combustor exhaust gases, which 
simultaneously increase the hot side temperatures and chemically degrade unprotected surfaces.  Coated 
ceramic matrix composite materials, with their higher temperature capabilities and relatively high specific 
strength properties, offer a very promising solution, but only if a number of issues are resolved: 1). the 
problem of forming stiff ceramic fibers into smooth, aerodynamic turbine airfoil shapes; 2). the ceramic 
material’s sensitivity to stress concentrators; 3). changes in the blade’s dynamic response due to changes in 
the design, composition, fabrication process, etc. of the coated composite material.  When the engine cycle 
temperatures warrant it, inclusion of internal cooling features will also be required, which will complicate 
the fabrication process and raise the local stress concentrations in structurally sensitive locations, including 
the blade leading and trailing edges and the blade attachment regions.  Moreover, the introduction of the 
higher pressure cooling flows could cause ballooning of the blade.  At the very least, this could 
compromise the aerodynamic performance of the LPT section and shorten the life of the blade. 
 
However, it will not be enough simply to be able to produce a CMC airfoil shape. That has already been 
done, with varying degrees of success and very little understanding as to why the process outcomes were so 
unpredictable. The U.S. Air Force requires an integrated development approach that includes a strong 
analytical effort to develop the necessary understanding and methods for predicting the effects of common 
design features (e.g., holes, filets, and edges), the manufacturing processes (e.g., fiber architecture and 
densification) and the application of protective coatings on the thermomechanical responses of the finished 
part to the engine operating environment.  Given the complexity of the LPT blade geometry, a set of critical 
subelements may be used for mechanical testing.  These subelements should represent those features of the 
blade that are particularly hard to make and/or are subject to high stress levels -- e.g., the trailing edge of 
the blade and the transition between the base of the blade and the platform. 
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It is strongly recommended that the development team include at least one member with an extensive 
background in the testing and analysis of high temperature CMC structures.  And, to facilitate the eventual 
transition of this technology into an Air Force system, the active involvement of an engine original 
equipment manufacturer (OEM) is highly recommended. 
 
PHASE I: Design a set of critical subelements for a representative LPT blade, and build a predictive model 
of the design’s structural performance and durability. 
 
PHASE II: Fabricate the critical subelements and subject them to extensive static and dynamic 
thermomechanical testing at elevated temperatures.  Post-test analysis should include a detailed 
mictrostructural evaluation of the test specimens.  Validate the analytical model and use the validated 
model to generate an optimized LPT blade design and predict the design performance and durability. 
 
PHASE III / DUAL USE: Military application: Military aircraft, marine, and land-based propulsion and 
power generation systems.  Commercial application: Commercial aircraft, marine, and land-based 
propulsion and power generation systems. 
 
REFERENCES:  
1.  Spring, Samuel D., Hogan, Michael T., Lewis, Douglas A., Steibel, James D., and Kinney, Steve. 
“Application of uncooled ceramic matrix composite power turbine blades for performance improvement of 
advanced turboshaft engines,” AHS International 62nd Annual Forum - Vertical Flight: Leading through 
Innovation - Proceedings, v II, pp. 1386-1390, 2006. 
 
2.  Okamura, Takanari, Hijikata, Tsuneo, and Koga, Akinori. “Ceramic matrix composite turbine vanes for 
gas turbine engines,” Proceedings of the ASME Turbo Expo,” v 1, pp. 425-443, December 2002. 
 
3.  Zhu, Dongming, Miller, Robert A., and Fox, Dennis S. “Thermal and environmental barrier coating 
development for advanced propulsion engine systems,” Collection of Technical Papers - 
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference, v 5, pp. 5121-
5135, 2007. 
 
KEYWORDS: CMC, ceramic matrix composite, low pressure turbine airfoils, composite blade, 
thermomechanical testing, environmental barrier coating, structural analysis 
 
 
 
 
AF083-109   TITLE: Nondestructive Evaluation (NDE) of Silicon Nitride Rolling Elements 

for Bearings 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop a cost effective method to detect flaws in silicon nitride balls prior to assembly into 
a bearing.  
 
DESCRIPTION: Bearings with silicon nitride rolling elements are beginning to be introduced into gas 
turbine engines aboard aircraft. To ensure the safe operation of the bearing, there is a need to evaluate each 
silicon nitride rolling element and exclude those found to have indications of defects. The most commonly 
used inspection method for metallic rolling elements is eddy current inspection. However, this method will 
not work for ceramics because they are not conductive. Currently, there are two primary methods for 
inspecting ceramic rolling elements: fluorescent penetrant inspection (FPI) under optical magnification and 
ultrasonic immersion detection. Each of these methods is less than desirable in some aspect. Currently, FPI 
is performed by manual manipulation of each rolling element under an optical system that provides image 
magnification.  FPI at the required magnification is labor intensive, is not assured to cover the entire 
surface of the ball, and only detects surface breaking flaws. Ultrasonic inspection has not conclusively 
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shown the ability to detect defects in the size range of interest, and tends to have a high rate of false 
positive indications. This effort aims to develop a cost effective method to nondestructively evaluate silicon 
nitride rolling elements for flaws. Improvements of the current techniques through automation or 
improvements of sensing, or new techniques will be considered.  Flaws of interest include surface 
intersecting cracks down to 100 um in length, below surface cracks, and inhomogeneities of a larger size of 
200 um down to a depth of 500 um. The ability to detect surface breaking flaws of interest is a requirement.   
The ability to detect below surface flaws of interest is highly desirable. A target cost to inspect a 1-inch 
diameter ball is $3.00. For this effort it is only necessary to be able to inspect spherical balls.  The method 
must be capable of inspecting balls from ½-inch to 1½-inces in diameter.  Only a single ball size within this 
range is required for demonstration purposes if reasonable justification is provided that the method is 
capable of covering the required size range. The method must ensure 100 percent coverage of the ball’s 
surface. Automated handling of the balls would be expected in the Phase II effort. 
 
PHASE I: Demonstrate the feasibility of the proposed method of detection on a single size spherical ball, or 
provide evidence through analysis that objectives can be met.  Provide description of proposed method. 
Estimate the cost and throughput of a production system utilizing the proposed method.   
 
PHASE II: Demonstrate the developed technology using prototype hardware.  Test on a population of balls, 
both nondefective and defective, to demonstrate that the method is ready to enter a formal probability of 
detection test. 
 
PHASE III / DUAL USE: Military application: Platforms that can benefit from silicon nitride rolling 
elements' improved performance in load capacity, reduced heat generation, and longer oil-out capability 
could be customers of this technology.  Commercial application: Silicon nitride rolling elements have many 
commercial applications.  Applications where bearing failure carries a high price could benefit from a more 
thorough and cost effective inspection method. 
 
REFERENCES:  
1.  Herbert A. Chen, Affordable Large Silicon Nitride Rolling Elements, AFRL-ML-WP-TR-1999-4202, 
DTIC accession number ADB251221, October 1999. 
 
2.  B.T. Khuri-Yakub, "Requirements and Issues in QC and NDE of Ceramic Bearings," Ceramic Bearing 
Technology, Gaithersburg, Maryland, 17-18 Apr. 1991, pp. 141-167, 1991. 
 
3. S.A. Horton, "Hybrid Silicon Nitride Bearings," Proc. 3rd European Symposium on Engineering 
Ceramics London, 28-29 Nov. 1989, pp. 35-50, 1989. 
 
KEYWORDS: silicon nitride balls, nondestructive evaluation, rolling element bearing, ceramic rolling 
elements, fluorescent penetrant inspection, crack detection 
 
 
 
AF083-110   TITLE: Optically Gated, Silicon Carbide (SiC) Semiconductors for Aircraft 

Electrical Actuator Motor Drives 
 
TECHNOLOGY AREAS: Air Platform, 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: Develop optically controlled, 600-1200 V, 10-100 A, 200<sup>o</sup>C, silicon carbide 
(SiC) power device switching technology for applications in electro-hydrostatic (EHA) and electro-
mechanical (EMA) actuator motor drives for air platforms. 
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DESCRIPTION: Due to the inherent immunity of photonic technology to dynamic electromagnetic events, 
its application to power electronics used to drive flight-critical EHA and EMA surface control actuators is 
predicted to increase the reliability and survivability of these subsystems dramatically.  Silicon carbide 
power device technology has been under development for several years, targeting applications in DoD 
weapon systems requiring high-reliability and harsh-environment operability.  SiC’s quantified power 
device performance benefits, in addition to its high temperature capability, include; improved component 
efficiency through reduced on-state and switching losses, lower on-resistance for high voltage devices, and 
higher frequency switching capability.  As an emerging high reliability power device technology slated for 
utilization in several DoD platforms.  
 
Conventionally, passive and active filtering is used to reduce drive control susceptibility to large voltage 
and current switching transients and for suppression of parasitic oscillations inherent to electronic motor 
drive systems.  However, these filters are incapable of protecting either the signal-level control electronics 
or the power devices themselves from catastrophic failure when exposed from external events and account 
for a significant volume and weight of the EHA/EMA electronics system.  Optically-gated power 
semiconductors can minimize or eliminate the noise susceptibility of conventional power drive electronics.  
Additionally, elimination of the electronic control interface in favor of an optical interface can beneficially 
impact system reliability and capability by elimination of voltage translation and ground-loop difficulties 
between control and power stages due to unreferenced floating grounds, and mitigation of high-frequency 
parasitic oscillation problems due to high current and voltage pulse-width-modulation (PWM) motor 
control switching.  A successfully developed and fielded optically controlled EHA or EMA flight surface 
control subsystem could dramatically increase the survivability of air and other DoD platforms.  An 
additional benefit is the possibility of reducing the volume and weight associated with conventional filters 
used to protect low-voltage control devices from the inherent radiated EMI associated with switching large 
voltages and currents.   
 
Although optically gated Si and GaAs semiconductor devices are routinely used in various applications, 
SiC power devices present unique requirements that the component infrastructure associated with these 
technologies do not address.  First, most of these technologies are not compatible with the high operating 
temperature requirement of this topic.  Secondly, the wide bandgap characteristic of SiC necessitates the 
utilization of short wavelength (< 400 nm) optical energy for direct optical switch control.  Lightweight, 
rugged, and compact optical sources that satisfy the requirements of repetition rate, optical power, and 
wavelength are required for direct device triggering. High device gain translates directly to reduced optical 
triggering power requirements thereby reducing the cost and operational complexity of the optical source. 
Therefore, considerations pertaining to the optical source and driving mechanism significantly impact the 
suitability of an optical power switch to satisfy the power system architecture specifications in a given 
platform.  Research is also likely needed to develop an appropriate opto-electrical packaging scheme that 
reduces the triggering power loss and that can handle harsh environmental conditions. Furthermore, trade-
offs between direct optical triggering and intermediate photo-detection/opto-electronic conversion schemes 
should be addressed in terms of overall driver complexity and system reliability.   
 
In summary, this topic is intended to investigate the area of optical control of SiC power devices as it 
relates to power utilization and control technology that will satisfy stringent environmental requirements. 
The objective is to identify and address specific technology limitations and pursue solutions based on sound 
physical principles, which can lead to the development of robust, optically controlled power technology 
that can be utilized in EHA/EMA motor drives and other electrical power applications on DoD platforms.  
Offerors should address the justification and technical rationale for selecting either intrinsic or intermediate 
wavelength optical energy for device triggering in terms of system impact. 
 
PHASE I: Demonstrate the feasibility of new and innovative SiC power device optical switching 
technologies. The development of a fundamental switch structure design, with the fabrication and 
characterization of a scaled prototype, is highly desirable. 
 
PHASE II: Develop and optimize full-scale, prototype, optically triggered SiC switches.  Perform detailed 
static and dynamic electrical and optical characterizations of switch performance. Develop package design 
for optical integration and high power handling. Successfully integrate the prototypes into a representative 
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power electronic component (converter, inverter, motor drive, etc.) for an equipment-level demonstration 
of the desired functionality using only optical control signals. 
 
PHASE III / DUAL USE: Military application: This technology could lead to insertion in a variety of 
military applications. Commercial application: Potential commercial aviation applications include 
commercial and business jet flight control, and reusable launch vehicles. Potential non-aerospace 
applications include automotive traction drive for hybrid vehicles. 
 
REFERENCES:  
1. T.L. Weaver and R.H. Smith, “Photonic Vehicle Management,” 20th Digital Avionics Systems 
Conference, Daytona Beach, FL, October 2001. 
 
2. D. J. Halski, “Fly-by-light Flight Control Systems,” McDonnell Douglas Aerospace, Proc. SPIE, Fly-by-
Light: Technology Transfer, Vol. 2467, p. 34-45, 1995. 
 
3. S.K. Mazumder and T. Sarkar, “Optically-triggered Power Transistor (OTPT) for Fly-by-light 
(FBL)/EMI Susceptible Power Electronics,” IEEE Power Electronics Specialists Conference, pp. 1-8, 2006.  
 
4. L.S. Rea, “SiC Semiconductor Applications – an Air Force Perspective,” Symposium Proceedings of 
Materials Research Society, III-nitride, SiC, and Diamond Materials for Electronic Devices, Vol. 423, pp. 
3-7, 1996. 
 
5. Reinhardt, K. and Marrciniak, M., “Wide-Bandgap Power Electronics for the More Electric Aircraft,” 
ieeexplore.ieee.org/iel3/4058/11973/00552858.pdf?arnumber=552858, IEEE Paper 96277, 1996. 
 
KEYWORDS: fly-by-light, power-by-wire, photonics, power electronics, wide bandgap device, optical 
isolation, silcon carbide semiconductors, electrical actuators, high electric field protection 
 
 
 
 
AF083-111   TITLE: Mono-Propellant Warm Gas Pressurization with Dual Use for Attitude 

Control System 
 
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: Improve spacecraft propulsion system performance while reducing launch operation costs by 
using Mono-propellant constant pressure warm gas pressurization for tanks. 
 
DESCRIPTION: Repositioning and station keeping are capabilities that increase the effectiveness of 
military communication satellites to the warfighter, and ‘wet’ space vehicle weight limitations must often 
be balanced with the amount of expendables carried on board.  As a result, efficient use of expendables can 
lead to extended satellite mission life by minimizing the amount of propellant mass lost during mission 
operations.  Conventional monopropellant based propulsion systems use a fixed amount of high-pressure 
inert gas to pressurize the monopropellant.  As the mission progresses, and propellant is used, pressure 
decreases.  This produces a decreasing flow rate of propellant to the thrusters, which results in a decrease of 
propellant mass efficiency during the mission lift. Therefore, additional propellant mass is required.  
Additionally, the initial high pressure of the inert gas storage and associated plumbing add significant dry 
mass to the spacecraft.  Conventional pressurization systems that provided a constant pressure to the 
monopropellant feed system have been developed, but they carry a penalty of significant mass increase.  To 
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date, there has been little development of systems that could provide a constant pressure that makes use of 
the monopropellant as the pressurization source. 
 
By using the energy and decomposition products of the monopropellant, there exists, the possibility of 
providing a constant pressure and flow of warm gas to pressurize the monopropellant.  In addition, 
decomposition products may be used to provide precision attitude control via warm gas thrusters.  Such a 
system has the potential to significantly reduce propulsion system mass, cost, and complexity. 
 
The key components required for a warm gas pressurization system are, the gas generator associated 
control system and interface to the attitude control system.  These systems are needed for spacecraft that 
will be serviceable for Air Force missions that have operational lifetimes of 15 years and after ground 
storage of five or more years. 
 
 
PHASE I: Demonstrate the feasibility of the proposed concept through materials analysis and testing in 
relevant environments. Provide justification and metrics for the approach chosen. Quantify expected 
improvements in performance and reduction of launch costs. 
 
PHASE II: Demonstrate proof of concept with flight scaled components in simulated flight conditions.  
Propulsion system inert weight and flight system impacts shall be optimized from those estimated in Phase 
I. 
 
PHASE III / DUAL USE: Military application: Warm gas propellant pressurization systems are applicable 
to Department of Defense and NRO spacecraft.  Commercial application: Commercial communications 
satellites will benefit in the same manner as military spacecraft from this technology. 
 
REFERENCES:  
1.  Hawkins, T.W., Brand, A.J., McKay, M.B., and Ismail, I.M.K., “Characterization of Reduced Toxicity, 
High Performance Monopropellants at the U.S. Air Force Research Laboratory,” Fourth International 
Conference on Green Propellants for Space Propulsion, Noordwijk, NL, June, 2001. 
 
2.  Maybee, Jeffery C., Krismer, David J., “A Novel Warm Gas Pressurization System”, AIAA-98-4014, 
34th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, Cleveland, OH, July 13-15, 1998. 
 
3.  George P. Sutton & Oscar Biblarz, Rocket Propulsion Elements, ISBN 0-471-32642-9. 
 
KEYWORDS: monopropellant, warm gas pressurization, spacecraft propulsion, catalyst, attitude control, 
monopropellant storage 
 
 
 
 
AF083-112   TITLE: Design Tools for Combustion Stability 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop next-generation advanced liquid rocket combustion stability design tools to assist in 
the design of stable oxygen rich staged combustion liquid rocket engines. 
 
DESCRIPTION: The next generation of boost engines to be developed by the Air Force will use liquid 
oxygen (LOX) and kerosene as propellants in an oxygen rich staged combustion (ORSC) cycle. Not only is 
this propellant combination known to have a high risk of developing combustion instabilities in any engine 
development program, there is little experience in the US in using this propellant combination in ORSC 
cycles. Therefore, the capability to rely on past experience is significantly reduced. Accordingly, advanced 
design tools are sought to mitigate risk of developing combustion instabilities in these engines. 
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Tools solicited include, but are not limited to, advanced codes, improved models, improved methodologies 
for combining tools, and improved screening and scaling approaches. Improvements to higher fidelity 
codes might, for example, include incorporating more realistic physics, or they might include advanced 
algorithms to allow more efficient computations and /or larger scale computations.  
 
Alternatively, improved empirically based models may also be proposed, either as stand alone models or 
for later incorporation into a higher fidelity code; transfer function based models are an example. Improved 
tools need not be limited to models. Critically needed experiments may also be proposed, for example, to 
build and/or validate new models, or to provide improved screening or scaling capability. Finally, other 
innovations not anticipated in the example above, but having significant promise, may also be proposed.   
 
PHASE I: Design the tool and demonstrate supporting evidence of relevance and feasibility. If possible, 
design more than one tool, so that the best one can be down-selected for use in Phase II.   
 
PHASE II: For a proof of concept design , build and test the tool as a prototype. Conduct performance tests 
and scale-ups to demonstrate and validate the tools. 
 
PHASE III / DUAL USE: Military application: To date, design tools for liquid rocket combustion stability 
have been found relevant to applications in addition to liquid rockets. The tools could be found relevant to 
instabilities in augmentors.  Commercial application: Design tools for liquid rocket combustion stability 
often have embedded in them tools for doing other combustion problems, such as performance or heat 
transfer. 
 
REFERENCES:  
1.  G.P. Sutton and O. Biblarz,Rocket Propulsion Elements, 7th Ed. John wiley& sons, Inc, New York, 
NY2001, ISBN 0-471-32642-9. 
 
2.  Yang,V et al, Liquid Rocket Thrust Chambers: Aspects of Modeling,Analysis and Design,Vol 200, 
Progress  inAstronautics and Aeronautics, Published by AIAA,Wash DC,2004,ISBN 1-56347-223-6, pp 
403-436. 
 
3.  Harje,D.T and Reardon, F.H> (eds).Liquid Propulsion Rocket Combustion Instability,NASA SP-
194,1972. 
 
4. Yang, V. and Anderson, W., Progress in Astronautics and Aeronautics, AIAA, Washington D.C., 1995, 
pp.39-72. 
 
KEYWORDS: combustion instability, design tools, LOX-kerosene,  oxygen rich staged combustion cycle 
(ORSC), fidelity codes 
 
 
 
 
AF083-113   TITLE: Weapon System Intermittent Fault Detection 
 
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: Provide an analog circuit analyzer with interface cables for detecting and analyzing 
intermittent faults.  
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DESCRIPTION: There is an immediate need for a new intermittent fault testing capability that will provide 
a systematic and comprehensive approach to determining the root cause of intermittent faults. Testing must 
find real-time, randomly occurring, anomalous or intermittent age-related failure events. Intermittency is 
non- linear, difficult to repeat and unpredictable.  Short circuits result from outwardly inconsequential 
glitches.  Random intermittent disconnects increase with aging and the actual severity is difficult to 
measure or diagnose with the test instruments currently in use. The weapon system aging problems remain 
unknown for at least two reasons, digital sampling and random search. Continuous Analog testing can 
resolve the digital sampling and averaging problem. Simultaneous, continuous testing will resolve random 
search. With the problem understood, the remaining need is to be able to test economically all-test-points at 
the same time. 
 
This project seeks to advance analog circuit analysis technology by addressing troubleshooting 
discrepancies, such as digital averaging, that are utilized in the current test equipment. Nanosecond 
intermittent fault detectors shall function in a test environment, continuously monitor multiple test points 
simultaneously to preclude scanning and missed events during testing, and include feedback analysis 
software.  The equipment shall consist of devices that are sufficient for detecting analog real-time, 
randomly occurring, anomalous or intermittent age-related failure events.  
 
PHASE I: Develop a study on the feasibility of intermittent fault detection technology.  Provide 
development recommendations.  Develop an initial design.  Deliver a final report that includes a research 
summary, system requirements, initial system design and recommendations for Phase II. 
 
PHASE II: Develop a prototype and performance criteria for evaluation. Demonstrate the device by testing 
items suspected of intermittent failures. Analyze before and after mean time between replacement (MTBR) 
statistics to assess intermittent testing impact. A lower MTBR would result from reducing intermittent 
faults. Deliver a final engineering report on the accomplishments of Phase II. 
 
PHASE III / DUAL USE: Military application: This technology will have numerous applications, 
especially for complex systems. It will provide a new tool to investigate and identify the root cause of 
unexplained, reoccurring failures.  Commercial application: Commercial facilities can use the same 
systems with tailoring and modifications. Use can also be achieved without significant changes. 
 
REFERENCES:  
1.  David Evans, “When the Average is Not Good Enough”, Avionics Magazine, October 2002, 
http://www.aviationtoday.com/reports/avionics/previous/1002/1002safety.htm 
 
2.  Brent Sorensen, Paul Sorensen, Gary Kelly, Artur Sajecki, “An Analyzer for Detecting Aging Faults in 
Electronic Devices”, IEEE, AutoTestCon94, http://www.usynaptics.com/ieeenew.doc 
 
3.  Stephen Dunwoody, Edward Bock, AMP Inc., John Sofia, Anatech Inc., “A Practical and Reliable 
Method for Detection of Nanosecond Intermittency”, http://amp.com/products/technology/5jot_8.pdf 
 
4.  Walter Shawlee II, “The Analog Digital Coin Toss”, “How Parts and Systems Age”, Avionics 
Magazine, 
http://www.aviationtoday.com/reports/avionics/previous/sept99/09avsystem.htm 
http://www.aviationtoday.com/reports/avionics/previous/1100/column2.htm 
 
5. Doctor Cynthia Furse, numerous papers and research on file 
http://goed.utah.gov/COE/clusters/defense_and_homeland_security/smart_sensors/LiveWireTestLabs.html 
http://www.agingaircraftconference.org/all_files/16/16b/102_doc.pdf 
 
KEYWORDS: Digital Averaging, Diagnostics, Analog, Testing, Intermittent Faults 
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AF083-114   TITLE: Variation-Minimized Casting Techniques for Solid Rocket Motors 
(SRMs) 

 
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: Develop mix and casting techniques that minimize gradients in solid rocket motor material 
and ballistic properties. 
 
DESCRIPTION: Propellant properties may vary within a solid rocket motor (SRM) due to casting methods 
and rheology.  For example, up to an 6% variation in burn rate through a 1-inch web in 70 pound ballistic 
test motors is attributed to mixing and casting processes, while propellant modulus can vary by as much as 
20% within large launch motor grains.  For heterogenous composite solid propellants, the variations are 
often attributed to formation of solid particle gradients during the mixing and casting process as well as 
formation of knit-lines during batch casting of multiple mixes.  Innovative mixing and casting techniques 
are being sought that minimizes variations in solid motor burn rate due to mixing and casting to less than 
1% and modulus to less than 5%.  Possible processing methods include, but are not limited to, casting 
process improvements, resonant agitators, or acoustic inputs to promote mixing.  Use of computational 
models is highly encouraged to guide development of a proposed mix and casting technique.  It is 
recommended that potential offeror coordinate with current SRM manufacturers for maximum Phase III 
potential. 
 
PHASE I: Develop a mixing and/or casting process that minimizes the variation in solid propellant burn 
rate and modulus.  Demonstrate feasibility through laboratory scale testing (e.g. strand burner and 
JANNAF class C dogbones) or modeling/simulation. 
 
PHASE II: Scale up method to 5-gallons or more.  Demonstrate scaleability to larger mix sizes 
experimentally or through modeling and simulation.  Demonstrate in 70 pound class ballistic test motors 
reduction in burn rate variation. Cast and dissect thick web motors or cylinders to assess mechanical 
property variation.  
 
PHASE III / DUAL USE: Military application: Techniques developed would improve missile and space 
launch systems utilizing solid propellants. Commercial application: Techniques developed would have 
great applicability in the creation of better filled plastics, filled rubbers, and cement. 
 
REFERENCES:  
1.  Friedlander, M. and F. Jordan, “Radial variation of burning rate in center perforated grains.” AIAA, 
SAE, and ASME, Joint Propulsion Conference, 20th, Cincinnati, OH, June 11-13, 1984. 10 p. 1984. 
 
2.  Ribereau, D., Le Breton, P., and Giraud, E., “Solid Rocket Motor Three-Dimensional Surface Burnback 
Computation Using Mixes Stratification Deduced from Three-Dimensional Grain Filling Simulation,” 
AIAA Paper 
99-2802,35th AIAA/SAE/ASME/ASEE JPC, Los Angeles, CA, June 1999. 
 
3. Le Breton, P., Ribereau, D., “Casting process impact on small-scale solid rocket motor ballistic 
performance”, Journal of Propulsion and Power. Vol. 18, no. 6, pp. 1211-1217. Nov. 2002. 
 
KEYWORDS: casting, material properties, mixing, solid rockets, propellant, sonics 
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AF083-115   TITLE: Aging and Surveillance Technology for Solid Rocket Motors 
 
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 and demonstrate aging and surveillance (A & S) technologies and models to 
support solid rocket motor health assessment in the field and/or the depot.  
 
DESCRIPTION: Determining the health of a solid rocket motor (SRM) is of critical importance in 
monitoring the reliability and projected life of the motor. Current methods of service life assessment of 
SRMs require that these properties be assessed either through computed tomography (CT) of entire rocket 
motor segments at an off-site location or by destructive testing of the asset. Significant improvements of 
health monitoring prognostic capability and cost would benefit both ballistic missile and commercial space 
launch systems. The research areas of greatest interest include, but are not limited to, the following: 
Physics-based predictive models for SRM aging and/or damage; embedded sensors to detect propellant-
liner-insulator flaws with an desired resolution of 10 mils; bore gas sensors and associated physics-based 
models to determine aging changes in composite propellants based upon changes in bore gas composition. 
In particular, the Air Force’s interest is in systems which can be transported with and remain with the asset 
over its life, as these generally have a reduced logistics tail and associated issues. The ultimate goal 
however is any type of system which can acquire high fidelity data (mechanical, chemical, structural, etc.) 
in a non-destructive manner to the same resolution as can currently only be achieved by destructive testing. 
This capability will support current and future Department of Defense ballistic missile and space launch 
applications. To increase the probability of successful transition to Phase III, the technology development 
efforts proposed should leverage existing capabilities as described in references #4 and #5 as well as 
ongoing SRM technology development efforts to the maximum extent possible. 
 
PHASE I: Show the feasibility of an Aging and Surveillance technology for SRMs by demonstration of an 
appropriate sensor or system in a representative environment (laboratory asset or similar). Phase I results 
should also demonstrate the models developed and used for interpretation of the results. 
 
PHASE II: Validate and further refine the sensing system and appropriate models, culminating with a 
demonstration in a subscale asset or other representative environment. Validation shall include comparison 
with data acquired through destructive means and assessment of accuracy/errors. It is desired that the 
prototype system be delivered to the government for further testing and evaluation. 
 
PHASE III / DUAL USE: Military application: This effort supports current and future ballistic missile and 
space launch applications. Commercial application: It will also support the commercial space launch 
vehicle development. 
 
REFERENCES:  
1. Sutton, G. P., Rocket Propulsion Elements, 6th Ed., Wiley-Interscience, New York, 1992. 
 
2. Pelletier, A.; Worcel, A.; Terver, S., “Design, realization and validation of a non-destructive cyclical 
uniaxial mechanical compression test”, Journal of Biomechanics, Volume: 31, Supplement 1, July, 1998, 
pp. 136. 
 
3. Luo, Dehan; Chen, Weihai, “ANN Based Expert System and its Application to Fault Diagnosis”, Journal 
of Beijing University of Aeronautics and Astronautics (ISSN 1001-5965), Volume 24 No. 5, October 1998, 
p. 611-614.  
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4. Hyde, R. Scott, “A Solid Rocket Motor Manufacturer's View of Sensors and Aging Surveillance”, 
American Institute of Aeronautics and Astronautics (AIAA-2001-3285) 37th AIAA/ASME/SAE/ASEE 
Joint Propulsion Conference and Exhibit, July 8, 2001, Salt Lake City, UT .  
 
5. Ruderman, Gregory A., “Health Management Issues and Strategy for Air Force Missiles”, 1st 
International Forum on Integrated System Health Engineering and Management in Aerospace, Napa, 
California, November, 7 2005. 
 
KEYWORDS: solid rocket motor, aging, surveillance, health monitoring, computed tomography, service 
life, damage assessment, non-destructive inspection  
 
 
 
 
AF083-116   TITLE: High Efficiency Green Propellant Thruster for Attitude Control of 

Spacecraft 
 
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:  Develop micro propulsion feed and thruster hardware for advanced high density-specific 
impulse, low toxicity monopropellants. It is anticipated that developing these improved hardware will 
reduce spacecraft operational costs, the hazards associated with handling hydrazine and similar type 
propellants, while maintaining or improving upon delivered performance. 
 
DESCRIPTION: The Air Force is currently developing advanced high density-specific impulse green or 
reduced toxicity monopropellants for application in reusable 10-1 to 10-3 N thrust range propulsion 
systems. These propellants have a typical room temperature absolute viscosity in the range of 10 to 100 
centipoise (cP) in contrast to the range of 0.40-1.3cP for state-of-the-art hydrazine. Hardware, components, 
and technologies used in typical state-of-the-art spacecraft systems having thrust ranges from 0.25 lbf 
through 100 lbf may not be scalable to micro-propulsion systems (0.02 lbf to .0002 lbf) due to the 
difference in propellant viscosities. Additionally, state-of-the-art micro propulsion systems are designed to 
accommodate a lower temperature (1000-1100&#8304;C), fuel rich combustion environment in contrast to 
the higher temperature (1800-2100&#8304;C), highly oxidative combustion environment of the advanced 
monopropellants. Further, expansion nozzles in standard systems are typically designed and sized to 
minimize separation losses, while for micro-nozzles, viscous and boundary layer effects play a much more 
significant role. Conventional spacecraft ignition and injection systems may not be suitable for micro 
thrusters due to physical constraints such as low Reynolds number flow, gas-surface interactions, and 
viscosity of the fluid. Additionally, commonly used flight hardware such as power supplies, heaters, valves, 
filters, regulators, sensors, and pumps are not easily miniaturized to the micro-scale due to power 
requirements, volume and mass constraints, material issues, and manufacturability. Individual component 
improvements may be possible by the combination and/or integration and packaging of several components 
into multifunctional components and subsystems. Integrated micro thruster system and micro thruster 
component concepts are sought that overcome the technical challenges associated with the increase in 
viscosity, combustion temperatures and oxidative nature of advanced Air Force propellant formulations.  
 
PHASE I: Demonstrate a feasibility concept at the component and/or system level for feed and/or thruster 
hardware that can potentially be scaled to flight weight applications in atmospheric static ground firings 
and/or testing. The effort should clearly address and estimate propulsion system inert weight impact, as 
well as, overall flight system impacts.  
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PHASE II: Demonstrate proof of concept at the component and/or system level for feed and/or thruster 
hardware with flight scaled components in flight test or simulated flight conditions in static ground firings 
and or testing. Propulsion system inert weight and flight system impacts shall be optimized from those 
estimated in Phase I. 
 
PHASE III / DUAL USE: Military application: Increased density-specific impulse ionic low toxicity 
monopropellants would reduce the cost of spacecraft that support Department of Defense (DoD) and 
National Reconnaissance Office (NRO) missions. Commercial application: Increased density-specific 
impulse ionic low toxicity monopropellants would reduce the cost of spacecraft that support commercial 
applications. 
 
REFERENCES:  
1. Mueller, Juergen, “A Review and Applicability Assessment of MEMS-Based Microvalve Technologies 
for Microspacecraft Propulsion”, (AIAA 1999-2725) 35th AIAA Joint Propulsion Conference, Los 
Angeles, CA, June 1999. 
 
2. Katsdever, Andrew, “Microfluidics Research in MEMS Propulsion Systems,” (AIAA 2003-0783) 41st 
AIAA Aerospace Sciences Meeting, Reno, NV, Jan. 2003. 
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AF083-117   TITLE: High Temperature Solid Lubricant Coatings for  Air Foil Bearings 
 
TECHNOLOGY AREAS: Materials/Processes, Space Platforms 
 
OBJECTIVE: Develop high temperature solid lubricant coatings for high performance air foil bearings 
used in gas turbine engines.  
 
DESCRIPTION: Air bearings are being developed for gas turbine engines, diesel engine turbochargers, 
auxiliary power units, and air cycle machines to reduce weight and system complexity.  The reliability of 
these bearings is greatly affected by the durability of the solid lubricant coating applied to assist in start up 
and shut down of the rotor system. This program seeks to identify a solid lubricant coating system applied 
to the rotating journal and the static air foils of an air foil bearing to improve durability and extend 
operation during start up and shut down conditions. The objective of this particular effort is to develop a 
coating system that can demonstrate stable operation at conditions of 65 lbs radial load and surface speeds 
to 25 m/sec for periods of several minutes to assist in start up before the hydrodynamic air film is formed.  
As a goal, the coating should be capable of at least 10,000 start-stop cycles. The coating must also be able 
to demonstrate successful operation at shut down conditions and after cycling between 
1,200<sup>o</sup>F and -40<sup>o</sup>F air environment. Offerors are highly encouraged to work 
with a gas turbine engine manufacturer for maximum transition opportunity. 
 
PHASE I: Demonstrate the feasibility of an improved solid lubricant coating for use in turbine engine 
applications via subscale component testing. 
 
PHASE II: Demonstrate the coating system(s) in full-scale bearings at engine operating conditions.  
Develop process controls and material specifications for the coating system. It is desired that coated 
bearings be delivered to the govenment for further testing and analysis. 
 
PHASE III / DUAL USE: Military application: Technology can be applied to lightweight missile systems.  
Foil bearings can reduce the cost and weight of these systems up to 20 percent.  High temperature coatings 
can increase bearing life.  Commercial application: Air foil bearings are already used in some commercial 
applications.  High temperature coatings could increase the life of these bearings. 
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REFERENCES:  
1.  Heshmat, H., Jahanmir, S., and Walton, J.,  "Coatings for High Temperature Foil Bearings," ASME 
Turbo Expo 2007, GT2007-27975, 2007. 
 
2.  DellaCorte, C. and Sliney, H., “Composition Optimization of Self-Lubricating Chromium Carbide 
Based Comparative Coatings for Use to 760oC,” Trans. ASLE, 30 (1), pp. 77-83, (1987). 
 
3.  Radil, K and DellaCorte, C., “The Effect of Journal Roughness and Foil Coatings on the Performance of 
Heavily Loaded Air Foil Bearings,” NASA TM 2000-210941, 2000. 
 
KEYWORDS: air foil bearings, solid lubricant coatings, gas turbine engines, high temperature coatings, 
bearings, static air foils 
 
 
 
 
AF083-118   TITLE: Innovative Methods or Materials for Passivation of Lithium Metal 
 
TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Weapons 
 
OBJECTIVE: Identify, investigate, characterize, and apply novel methods or materials for passivation of 
Lithium (Li) metal in solid state Li electrolyte and Li air batteries. 
 
DESCRIPTION: The development of a solid state Li battery or a Li air battery to replace the existing liquid 
electrolyte battery is the next significant improvement for Li ion technology.  Currently, there are only a 
few solid state electrolytes being researched.  Li phosphorus oxynitride (LIPON) was developed by Bates 
at Oak Ridge National Laboratory.  The specific ionic conductivity of LIPON is on the order of 10-6 S/cm 
at ambient temperature.  Unfortunately, at sub-ambient temperatures the ionic conductivity of LIPON 
dramatically decreases and does not provide adequate discharge capability required for U.S. Air Force 
applications.  Di-Li-phthalocyanine (Li2Pc) electrolytes are being developed at the Air Force Research 
Laboratory at Wright-Patterson AFB, OH.  Impedance analysis of Li2Pc thin films has shown that the 
specific ionic conductivity is 10-4 S/cm at ambient temperature.  Unlike LIPON, Li2Pc experimental 
results suggest that the ionic resistance only decreases by a factor of 3 at -50°C.  However, experimental 
impedance results also show that Li2Pc is a strong electronic conductor.  This poses a problem because the 
electrolyte needs to have very low electronic conductivity while maintaining high ionic conductivity.  The 
potential solution is to use a thin layer of glass, ceramic, solid ion conductors, or other materials to act as an 
electronic insulator between Li2Pc and the thin film Li metal anode.  The purpose of this effort is to 
investigate and validate other suitable passive layers serving as a solid electrolyte interphase (SEI) layer 
that would be compatible with Li2Pc.  In addition, the method of preparation for this SEI layer would also 
have to be compatible with Li2Pc.  
 
In view of the solid-state construction for the cell described above, one might also consider the suitability 
of this technology in a Li-air battery.  In the case of Li-air batteries, assuming the use of Li2Pc as the solid-
state electrolyte or some other Li ion conductor, one has to be concerned about the stability of the solid-
electrolyte/air-cathode interface.  In view of this issue, it would be appropriate to explore other passive 
layers that would function at the solid-state-electrolyte/air or oxygen cathode. 
 
PHASE I: Identify and develop a new method or material for an SEI layer.  Half cells will demonstrate 
>10-4 S/cm at ambient temperature, cycle ~50 times to demonstrate potential rechargeability in full cells, 
and from 60ºC to -40ºC be tested to determine specific conductivity and stability. 
 
PHASE II: Fabricate, test, and demonstrate a full cell, minimum one AHr capacity, incorporating SEI 
layers in a rechargeable Li or Li-air cell. Full cells are to be tested over a broad temperature range. End of 
life projections shall be made by conducting 100 percent depth of discharge cycles at ambient temperature. 
It is desired that two prototypes be delivered to the government for further evaluation. 
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PHASE III / DUAL USE: Military application: Military applications include high pulse power for directed 
energy weapons, aircraft and UAVs, and onboard power for missiles.  Commercial application: Some 
commercial applications include hybrid vehicles, portable power for tools and electronics, and 
clinical/medical applications. 
 
REFERENCES:  
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"Composite Cathode with Li2Pc." Journal of The Electrochemical Society, 151 (9) A1338-A1343, 2004. 
 
2.  Bates, J.B., Hart, F.X., Jellison Jr., G.E., and Yu, X., "A Stable Thin-Film Lithium Electrolyte: Lithium 
Phosphorous Oxynitride," J. Electrochem. Soc., 144 (2) 524-532, 1997. 
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Turner, A., "Lithium-ion Conducting Channel," Electrochemical Society Proceeding, 36 326-339, 2000. 
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AF083-119   TITLE: Multiphase Phenomena In Thermal Management Systems 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles 
 
OBJECTIVE: Quantify the physical phenomena of natural and imposed reacting and nonreacting 
multiphase flows existing in aerospace thermal management systems. 
 
DESCRIPTION: As the Air Force strives to develop reusable propulsion systems for hypersonic flight and 
space access which produce very high heat loads, thermal management of these systems becomes a major 
technical issue.  These propulsion systems cannot use many of the thermal management techniques 
available to air breathing turbine engines and are forced to use the fuel and other imposed multiphase 
cooling media.  Various multiphase working fluids for thermal management of these systems include 
endothermic fuels, hydrocarbons [1], helium, water, coolants, fuel, etc.  In order to effectively predict 
thermal management of these advanced propulsion systems, it is necessary to quantify the effects of the 
working fluids under multiphase conditions so that accurate overall system level performance can be 
modeled.  System level factors include phase changes, heat capacity, materials interactions, structural 
deformations, fuel deterioration and clogging, and consequent pressure changes in fuel delivery systems 
and heat exchangers. 
 
Fuel is used as a primary coolant medium, and the multiphase effects (both natural and imposed) to the 
cooling capacity must be quantified.  Liquid fuels for structural cooling can reach a critical point resulting 
in a two or three phase state.  Microporous and barbotage liquids are designed two-phase media with small 
gas bubbles dispersed through the liquid at relatively high gas volume content.  Microporous liquid fuels 
currently being investigated consist of air bubbles dispersed into kerosene-like fuels to create a new type of 
liquid fuel that has physical and chemical properties that can be tailored to match changing flight 
conditions [3, 4, 5].  These multiphase fuels may enhance system operability by addressing problems of 
fuel/air mixing, ignition, and cold start operation in aerospace propulsion systems [1]. 
 
Specific issues to be addressed include: 1) quantification of the multiphase flow conditions in 
representative thermal management systems, 2) generation of physical models to describe and represent 
these multiphase conditions, and 3) validation of the physical models using accepted computational 
methods. 
 
PHASE I: Develop the general framework and physical models to demonstrate feasibility of quantifying 
the thermal transport phenomena of multiphase flows for a representative aerospace hypersonic propulsion 
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system.  Basic issues to be investigated are identified within the description section.  An overall thermal 
system level model is required. 
 
PHASE II: Fully develop the physical models for thermal transport phenomena created during Phase I.  
Validate the physical models for the hypersonic propulsion system by comparing the results with accepted 
computational methods.  Identify any discrepancies and possible reasons.  
 
PHASE III / DUAL USE: Military application: Application of models to military aerospace propulsion 
systems, i.e., satellites, hypersonic air transportation, privately owned space transportation systems. 
Commercial application: Application of models to commercial thermal management systems used in 
satellites, hypersonic air transportation, and privately-owned space transportation systems.  
 
REFERENCES:  
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circular Nozzles,” AIAA-98-1516, January 1998. 
 
2. Gascoin, N., Gillard, P., Bernard, S., Daniau, E., and Bouchez, M. “ SFGP 2007-Pyrolysis of 
Supercritical Endothermic Fuel: Evaluation for Active Cooling Instrumentation,” International Journal of 
Chemical Reactor Engineering: Vol. 6: A7, March 2008. 
 
3. Bushmanov, E., Velikodnyi, V., Vorotilin, V., Timofeev, I., Yanovsky, Y., and Van Wie, D., 
“Microporous Liquid Fluid Flow Structures,” AIAA-2004-1040, January 2004. 
 
4. Ben-Yakar, A. and Hanson, R.K.,” Cavity Flame-Holders for Ignition and Flame Stabilization in 
Scramjets: An Overview,” Journal of Propulsion and Power, Vol. 17, No. 4, July–August 2001. 
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AF083-120   TITLE: Instrumentation for Hypersonic, Air-breathing Engines 
 
TECHNOLOGY AREAS: Air Platform, Weapons 
 
OBJECTIVE: Develop innovative sensing systems applicable to the flowfield and/or engine structure for 
short-duration ground and flight testing of a supersonic combustion ramjet flowpath/vehicle.  
 
DESCRIPTION: Air-breathing propulsion engines to support high-speed flight, above Mach 4, are difficult 
to develop without the use of inflight 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, 
pressure, 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 
supersonic combustion ramjets.  Requirements for innovation in diagnostics and sensors are the following: 
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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. Goals for measurement error (within quoted 
value) and spatial dimension/resolution are as follows: 
1. Surface skin friction and heat flux: 10 percent of measured value; 15 mm2 surface area. 
2. Core temperature, pressure, and species concentration: 10 percent of measured value; 3 mm, though 
averaging across duct spanwise dimension is acceptable. 
3. Engine flowpath area: detect changes as small as 2 percent of flowpath area; 25 mm along flowpath axis, 
typically 2 meters. 
Additional performance goals 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, and power consumption 
less than 10 Watts. 
 
PHASE I: Develop concepts for measuring basic engine performance, operability, and/or structural 
integrity. Concepts must enable measurement of a specific parameter with reasonable accuracy and spatial 
resolution at high temperatures.  
 
PHASE II: Validate the sensor system in a ground test of an appropriate engine component. Demonstrate 
the accuracy and environmental tolerance of the system along with acceptable data rates, power 
consumption, and size. 
 
PHASE III / DUAL USE: Military application: Success will yield sensor systems that can be used in any 
propulsion application; requirements of hypersonic propulsion should be the most severe.  Commercial 
application: Such instrumentation can be applied to certified engines as part of the engine control 
instrumentation. 
 
REFERENCES:  
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AF083-121   TITLE: Hypersonic Propulsion:  Midscale Supersonic Combustion Ramjets 

(Scramjet) Systems 
 
TECHNOLOGY AREAS: Air Platform, Weapons 
 
OBJECTIVE: Develop technologies that allow a scramjet to start and operate at lower Mach numbers and 
extend its application to larger scales.  
 
DESCRIPTION: Hydrocarbon fueled supersonic combustion ramjets (scramjets) are expected to operate at 
conditions above Mach 4. Most recent design and test experience with scramjet engines is at a relatively 
small scale, with engine air flows at 10 lbm/s (defined as small-scale) or less. Scramjet technologies for 
U.S. Air Force applications will need to scale up to larger systems that will operate on air flows of 100 
lbm/s (defined as midscale) or 1,000 lbm/s (defined as large scale). These engine systems will need to 
operate effectively over a broad range of Mach numbers with minimal variable geometry features, maintain 
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thermal balance using only the onboard fuel as a heat sink, and integrate with other propulsion cycles 
without significant loss of integrated system performance. 
 
The goal of this topic is to develop technologies that will increase the operational flight Mach number 
range of the scramjet and enable effective scale-up to mid-scale systems with air flows of 100 lbm/sec.  
 
Potential technologies include: 
1. Starting a highly contracted inlet at Mach 4. For this topic, a highly contracted inlet is an inlet with an 
overall contraction ratio of 7 or higher.  
2. Robust scramjet ignition at Mach 4 on liquid kerosene fuel and transition to vaporized fuel after engine 
structure is aeroheated. 
3. Flameholding and fuel distribution in midscale scramjets with low intrusion and low loss devices. 
 
Considerations that may be explored include, but not limited to, nonintrusive combustion enhancement 
technology, scalable and fluid-phase tolerant injectors, fluidic controls, and drag reduction techniques. 
 
The expected payoffs are to broaden the operating range of the hydrocarbon-fueled scramjet, make the 
scramjet more effective in combination with other propulsion cycles, and facilitate the development of 
larger scale engines.  
 
The X-51 program represents the current state of the art for scramjet engine technology. It is a small-scale 
system (on the order of 10 lbm/s), operating on kerosene fuel, with a takeover Mach number of 
approximately 4.5, and an overall contraction ratio of approximately 5.  
 
PHASE I: Design innovative concepts for one or more of the challenge areas listed in the description and 
demsonstrate feasibility by performing detailed numerical analyses or subscale testing of the concepts.  
 
PHASE II: Provide engineering systems analyses on one or more of the challenge areas in developing 
larger and broader operating range scramjets. Fabricate and evaluate prototypical devices or hardware to 
confirm predictions at an acceptable scale.  
 
PHASE III / DUAL USE: Military application: New and innovative high-speed propulsion technologies are 
equally applicable to military and commercial space launch applications. Commercial application: Engine 
scaling over two orders of magnitude is useful for access to space. It allows physical testing at smaller 
scales to reduce cost while maintaining confidence of applicability to larger systems. 
 
REFERENCES:  
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AF083-122   TITLE: Passive Conformal Radio Frequency (RF) Device for Structural Test 

and Health Monitoring in Extreme Conditions 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop a system capable of measuring high-bandwidth strain and temperature of blades in a 
rotating turbine engine compressor. Sensors must conform to curved surfaces of the blades.   
 
DESCRIPTION: This topic seeks novel concepts for a system to measure temperature and strain data of a 
rotating curved airfoil.  The sensor will be installed on an axial flow compressor blade rotating up to 20,000 
RPM.  The sensor must measure high-bandwidth (DC to 50KHz) strain and temperature data and wirelessly 
transmit the data to the stationary receiver.  The sensor will operate in environments of temperatures in the 
range of -40C to +500C and acceleration up to 56,600g.  The sensor should be easily installed with no 
permanent changes to the component surface upon which it is installed. The sensor must be sufficiently 
small and conformal to avoid disrupting aerodynamic flows when installed on a complex curved surface.  
Situations arise with structural testing or structural health monitoring of aerospace components, operating 
in extreme environments (jet engine fan and compressor blades, aircraft propellers, helicopter blades, etc.), 
where a sensor capable of transmitting high-bandwidth sensor data is needed. A common method of 
structural testing or structural health monitoring is to install sensors and wire them to a data collection 
system.  In more difficult test environments, either a wired sensor cannot be installed or the sensor and its 
wires are expensive to install and short lived. Battery powered sensors are not requested.  Currently 
available commercial off-the-shelf wireless systems lack flexibility and are inappropriate for applications 
involving harsh environments, tight spaces, and fast moving or rotating structures.  The product of this 
effort will be validated by piggyback comparison testing against conventional instrumentation on a test 
article at the Compressor Research Facility (CRF) at Wright Patterson AFB, Dayton, Ohio. 
 
PHASE I: Determine technical feasibility and approach for development of the system. Feasibility must 
address  operating temperature, strain/temperature measurement/transmission, simultaneous operation of 
multiple colocated sensors, size/weight, conformance to a curved test specimen and antenna requirements. 
 
PHASE II: Fabricate and demonstrate simultaneous operation of multiple (5-100) sensors on a turbine 
engine compressor rotating up to 20,000 RPM, and temperatures up to 500C. At least one sensor must be 
near a blade tip. The sensor must continuously measure and wirelessly transmit strain and temperature data 
to a stationary receiver. AFRL/RZTE will provide an instrumented test article for sensor validation. 
 
PHASE III / DUAL USE: Military application: Current technology is expensive/labor intensive to install 
and lacks flexibility.  The passive sensor will allow quick and inexpensive acquisition of data to diagnose 
engine performance/failures. Commercial application: Although this device is being developed for use in 
aerospace applications, this technology could be used on a wide variety of industrial testing and structural 
health monitoring applications. 
 
REFERENCES:  
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Arbitrarily Polarized Rectenna Array," Department of Electrical and Computer Engineering, IEEE, MTT-S 
Digest pgs. 1855-1858, 2001. 
 
3. Ivan D. Avramov, "The RF-Powered Surface Wave Sensor Oscillator—A Successful Alternative to 
Passive Wireless Sensing," IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, Vol. 
51, No. 9, pg. 1148, September 2004. 
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AF083-123   TITLE: High Temperature Magnetocaloric Refrigeration 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop magnetocaloric materials and refrigerator designs that can operate at elevated 
temperatures (200 to 500 °C heat acquisition) for use in air platforms. 
 
DESCRIPTION: Refrigeration based on the magnetocaloric effect has previously been used for extreme 
low temperature cooling, and more recently room temperature magnetic refrigeration has been 
demonstrated. The long range application is to provide cooling for high power density rotating machines 
and/or electronic devices in demanding aerospace environments. As such, these devices must be able to 
operate effectively in high temperature, variable attitude environments. Because of the availability of space 
on an aircraft these devices will have to be be fairly compact and low in weight, while still possessing high 
efficiency. The United States Air Force (USAF) is interested in how efficient and how compact such a 
system can be made. For this early research, the USAF is interested in a system that can provide hundreds 
of watts of cooling at a few Hz with efficiencies > 50 percent of the Carnot efficiency. Issues involved with 
scaling these systems or integrating them into an aircraft are also of interest. 
 
PHASE I: Demonstrate the feasibility of producing a large magnetocaloric effect at temperature (>200 °C), 
as well as a design for the refrigerator hardware. The offeror shall provide a systems analysis/model that 
shows how the overall device is expected to perform over a range of operating conditions. 
 
PHASE II: Perform a detailed design and analysis of the refrigeration system and conduct any subsystems 
testing that might reduce the risk to the overall program.  Develop prototype refrigerator hardware and have 
an actual demonstration of the device performing throughout a test regimen in order to prove the 
capabilities of the prototype.  Anticipated device limitations shall be quantified. 
 
PHASE III / DUAL USE: Military application: As the military moves away from system-wide hydraulic 
loops, having the ability to locally cool certain components reliably and efficiently could allow for greatly 
increased device life.  Commercial application: These devices should find use anywhere there are very high 
power dense devices.  The USAF would expect to see commercial aerospace and electric vehicles lead the 
acceptance of these devices. 
 
REFERENCES:  
1.  Kurt Engelbrecht, Greg Nellis, and Sanford Klein, "A numerical model of an active magnetic 
regenerator refrigeration system,"  Air-Conditioning and Refrigeration Technology Institute - Final report: 
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AF083-124   TITLE: Advanced Diagnostics for Detonation-Powered Vehicles 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop and demonstrate innovative optical diagnostic tools for evaluating the combustion 
process and monitoring the performance of pulsed-detonation propulsion systems. 
 
DESCRIPTION: The use of pulsed detonation is of significant interest as a means of increasing cycle 
efficiency and reducing the cost and complexity of propulsion systems.  Pulsed-detonation combustion 
involves a wide range of gas properties and species concentrations and requires measurements with high 
spatial and temporal resolution.  Pressures and temperatures increase by an order of magnitude across a 
supersonic detonation front and rapidly decrease during the blowdown process.  These conditions are 
unlike those seen in conventional gas-turbine combustors or scramjet engines.  In addition, the harsh 
operating environment of a pulsed-detonation test facility dictates that instrumentation must be robust and 
capable of operating while exposed to high acoustical, structural, vibrational, and thermal loads.  Recent 
advances in high-speed optical diagnostics (e.g., diode-laser absorption, planar laser-induced fluorescence, 
etc.) provide an opportunity to extract quantitative information regarding a number of parameters that are 
critical in the design and evaluation of pulsed-detonation propulsion systems, although relatively few 
advanced diagnostic techniques have been demonstrated in practical devices.  Proposals are requested for 
high-speed, high-resolution diagnostic tools capable of monitoring and providing fundamental insight into 
combustion efficiency, fuel distribution and properties (e.g., mixture detonability), emissions (e.g., soot and 
NOx), pressure, temperature, and velocity.  Practical measurement techniques that capture the 
spatiotemporal evolution from deflagration to detonation are encouraged.  The technique(s) should be 
demonstrated under relevant operational conditions with special emphasis on matching the geometry 
(optical access), aerothermochemical parameters, and environment characteristic of envisaged pulsed-
detonation applications, especially pulsed detonation-based turbine-engine applications.  In order to 
successfully perform the work described in this topic area, offerors may request to utilize unique 
facilities/equipment in the possession of the US Government located onsite at Wright-Patterson Air Force 
Base.  Accordingly, the following items of Base Support may be provided to the successful offeror, subject 
to availability and negotiations, in accordance with the clause in Air Force Materiel Command FAR 
Supplement (AFMCFARS) 5352.245-9004 “Base Support.”  The facilities/equipment include the Pulsed-
Detonation Research Facility (PDRF), certain research pulsed-detonation rigs, and optical measurement 
systems therein. 
 
PHASE I: Analyze proposed diagnostics and conduct preliminary experimental/computational analysis to 
asses their feasibility.  Design measurement systems that could be used to evaluate the proposed systems. 
 
PHASE II: Develop and validate diagnostic design concepts.  Explore the sensitivity and usefulness of the 
diagnostic schemes with application to pulsed-detonation research and performance monitoring.  Perform 
measurements in a pulsed-detonation test rig under realistic operating conditions.  Deliver a prototype 
measurement device hardened for test-cell environments with a practical user interface. 
 
PHASE III / DUAL USE: Military application: Design concepts generated in the Phase II effort can be 
transitioned to military gas turbine OEMs for incorporation into pulsed-detonation propulsion development 
efforts and systems.  Commercial application: Diagnostics developed for this application will have 
relevance to many other applications, including combustion, heat transfer, and gas dynamics. 
 
REFERENCES:  
1.  K. Khose-Höinghaus and J. B. Jeffries, Applied Combustion Diagnostics, Taylor and Francis, New 
York, 2002. 
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2.  D. Allgood, E. Gutmark, T.R. Meyer, J.L. Hoke, V.R. Katta, F.R. Schauer, and J.R. Gord, 
“Computational and Experimental Studies of Pulse Detonation Engines,” AIAA Paper 2003-0889, 41st 
AIAA Aerospace Sciences Meeting and Exhibit, Reno, Nevada, Jan. 6-9, 2003. 
 
3.  E.R. Furlong, D.S. Baer, and R.K. Hanson, "Diode-Laser Sensors for Real-Time Control of 
Temperature and H2O in Pulsed Combustion Systems," AIAA Paper 98-3949, 34th 
AIAA/ASME/SAE/ASEE Joint Propulsion Conference, July 13-15, 1998, Cleveland, Ohio. 
 
4.  K. Landry, R. Shehadeh, N. Bouvet, S.-Y. Lee, S. Pal, and R.J. Santoro, “Effect of Operating Frequency 
on PDE Driven Ejector Thrust Performance,” AIAA Paper 2005-3832, 41st AIAA/ASME/SAE/ASEE Joint 
Propulsion Conference, July 10-13, 2005, Tucson, Arizona. 
 
5. Additional Information/Clarification: 
The Description states:  “Accordingly, the following items of Base Support may be provided to the 
successful offeror, subject to availability and negotiations, in accordance with the clause in Air Force 
Materiel Command FAR Supplement (AFMCFARS) 5352.245-9004 “Base Support.” 
The following is to provide clarification on the intent of this information:  "Accordingly, the following 
items of Base Support may be provided on a no-charge-for-use basis, to the successful offeror, subject to 
availability." 
 
 
KEYWORDS: pulse, pulsed, detonation, PDE, diagnostic(s), emissions, detonation efficiency 
 
 
 
 
AF083-125   TITLE: Modeling and Simulation Tools for Predicting Energetic Ionic Liquid 

Hypergolicity 
 
TECHNOLOGY AREAS: Space Platforms 
 
OBJECTIVE: Develop modeling and simulation (M&S) software for predicting and characterizing the 
hypergolicity of energetic ionic liquids. 
 
DESCRIPTION: Hypergolic liquid propellant combinations, in which the mixing of two separate 
compounds results in spontaneous combustion, are highly desirable for advanced space and missile 
propulsion applications.  In particular, the discovery and development of energetic ionic liquid-based 
hypergols is a high priority for the Air Force.  However, the key chemical factors which determine 
hypergolicity are not well understood, nor is the fundamental nature of hypergolicity itself; e.g., the 
chemical mechanisms and reaction pathways leading to spontaneous combustion.  Consequently, the search 
for viable hypergols is done largely by trial and error, which is costly, time-consuming, and hazardous.  
Therefore, it is essential to develop a suite of new M&S tools which not only can predict hypergolicity, but 
also increase our understanding of the fundamental nature and mechanisms of this property.   Such tools 
would be used to identify key functional groups and structural motifs which are important (or perhaps 
essential) contributors to hypergolicity, and thus be able to reliably screen a set of potential hypergols prior 
to experimental testing.   
 
Additionally, these tools would be used to predict reaction rates and to identify critical kinetic 
“bottlenecks” which, for example, affect ignition and combustion delay times.  Also of interest are physio-
chemical models that provide insight into how the physical attributes (viscosity, surface tension, vapor 
pressure, etc.) of propellants affect the mixing and diffusion of liquid reactants and heat dissipation in the 
condensed phase that provide a mechanism for sufficient gasification and initial heat release to sustain 
hypergolic ignition and combustion in the gas phase.  A hierarchy of modeling and simulation tools is to be 
developed, beginning with simple (semi)empirical approaches, but moving toward more rigorous and 
robust physics-based models. It is desired that a copy of the software along with operating instructions be 
delivered at the end of the Phase II effort for further testing and evaluation by the government. 
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PHASE I: Identify and develop a preliminary empirical model, such as a quantitative structure-property 
relationships (QSPR), for prediction of hypergolicity and demonstrate its feasibility to predict and 
characterize the hypergolicity of ionic liquids.  Verify & validate the model against experimental data. 
 
PHASE II: Employ the results of the Phase I effort to implement (semi)empirical models for predicting 
hypergolicity and use these models to guide the development and construction of physics-based M&S tools 
for the prediction and characterization of hypergolicity, reaction mechanisms, reaction rates, and ignition 
delay times. 
 
PHASE III / DUAL USE: Military application: The proposed modeling and simulation tools will have 
applications in space and missile propulsion. Commercial application: Potential commercial applications 
include enhancement of combustion efficiency in the automotive and aircraft industries, as well as gas 
generator applications. 
 
 
REFERENCES:  
1.  U. C. Durgapal, P. K. Dutta, G. C. Pant, M. B. Ingalgaonkar, V. Y. Oka, B. B. Umap, Studies on 
Hypergolicity of Several Liquid Fuels with fuming nitric acids as oxidizers, Propellants, Explosives, 
Pyrotechnics, 12, 1987, 149-153. 
 
2.  Irmgard Frank, Anton Hammerl, Thomas M. Klapötke, Christel Nonnenberg, Helmut Zewen, Processes 
during the Hypergolic Ignition between Monomethylhydrazine (MMH) and Dinitrogen Tetroxide (N2O4) 
in Rocket Engines, Propellants, Explosives, Pyrotechnics, 30, 2005, 44-52. 
 
3.  S. R. Jain, P. M. M. Krishna, V. R. Pai Verneker Effect of Variables on Ignition Delays of 
hydrazone/nitric acid systems, Propellants, Explosives, Pyrotechnics, 5, 1980, 135-138. 
 
KEYWORDS: modeling & simulation, analysis, ionic liquids, hypergols, hypergolicity, propulsion  
 
 
 
 
AF083-126   TITLE: Tough Ultra High Temperature Ceramic Materials for Structural 

Applications 
 
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: Demonstrate and validate an innovative approach that improves the mechanical properties of 
ceramic materials for use in structural rocket components. 
 
DESCRIPTION: Recent planning activities at the United States Air Force Research Laboratory, between 
the Propulsion and Materials Directorates, have identified the need to develop Ultra High Temperature 
Ceramics as a pervasive Air Force material need.  The applications identified include, but are not limited 
to, various components in rocket propulsion systems (liquid rocket engine thrust chambers and solid rocket 
motor structural insulators), and leading edges for hypersonic vehicles.  The application of these materials 
in hypersonic vehicles will allow the designers to modify the leading edge to reduce drag and increase 
range.  The payoff for using these materials in liquid rocket engines is a reduction in the weight and thus an 
increase in thrust-to-weight for the system.  In addition, solid divert attitude and control systems as well as 
other key components in solid rocket motors would benefit from this material development effort by 
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increased design flexibility, the ability to use higher performance propellants, and potentially a reduction in 
cost with respect to the high performance metals presently used. 
 
In terms of propulsion systems, the most advanced propulsion systems to date are enabled by materials that 
can survive for significant periods of time at high temperatures in harsh environments under highly loaded 
conditions.  Future long-term challenges of the United States Air Force such as, long-range strike (LRS), 
reusable access to space, and persistent strike will require even more capable and efficient propulsion 
systems.  Delivering the future turbine, rocket, ramjet and scramjet engines with the desired increased 
capability will be highly dependent on advances in materials technologies providing resistance to exposure 
at even higher temperatures for longer times under increasingly corrosive environments.  Rocket propulsion 
systems provide significant material challenges including high temperatures, large vibration loads, large 
thermal gradients, both during start-up (thermal shock), and during operations, where hot parts may be in 
close proximity to components that require lower temperatures.  These challenges require structural 
materials with low thermal conductivity, high temperature capabilities (non-degrading and non-
pyrolyzing), good mechanical properties at ambient and elevated temperatures (fracture toughness and 
strain-to-failure), and good dimensionally stability.  The anticipated result of this material development 
effort is an increase of the design space for various propulsion components, such as structural insulators for 
post-boost systems and liquid rocket engine thrust chambers.   
 
Two potential materials to meet these challenges are ceramics and ceramic matrix composites.  These 
materials possess intrinsic mechanical capability at high temperatures, in some cases, as high as 4000 
degrees fahrenheit.  Such materials include, but are not limited to, nitrides, carbides, alumina, zirconia, 
sodium zirconium phosphate type (NZP), and composites using these materials.  Unfortunately, ceramics 
and ceramic matrix composites are brittle with low fracture toughness, typically 1 to 10 MPa(sqaure 
root)m, as contrasted to 50 MPa(square root)m or greater for metals.  The increase in fracture toughness 
and strain-to-failure of the material, while maintaining the other intrinsic material properties, i.e. high 
temperature capabilities, low thermal conductivity, and good dimensional stability, would allow greater 
utility of the materials as well as increased design flexibility.  One potential approach to solving this 
problem may include using nano-modification and/or nanoparticles to achieve these goals.  Therefore, the 
challenges issued in this topic are to develop a strategy to increase the fracture toughness and/or strain-to-
failure of a material system capable of operating at greater than 3000 degrees fahrenheit, identify 
fabrication routes that can cost effectively produce useful propulsion components of the size and 
configuration of interest.  
 
The proposed material development efforts are anticipated to build upon, and provide significant 
enhancement over, existing domestic and foreign state-of-the-art materials. The Phase II deliverables 
include a detailed plan for scaling-up the material technology and additional testing of the materials in a 
relevant rocket propulsion system.  A partnership with a current propulsion prime contractor is highly 
desired.  Such a relationship would aid in the refinement and implementation of the contractor's plan to 
integrate developed materials technologies into domestic defense applications.  Lastly, to increase the 
probability of successful transition to Phase III, the technology development efforts proposed should 
leverage existing capability and ongoing rocket technology development efforts to the maximum extent 
possible.  
 
PHASE I: Develop process for tougher, more durable new ceramic based materials for rocket components.  
This work will include a description of the system benefit of the resulting components as well as analysis 
and/or research designed to understand the challenges of using the proposed material solution. 
 
PHASE II: Fabricate test articles for property determination and demonstrate a ceramic-based prototype 
rocket component using the proposed material solution in a relevant environment.  Required deliverables 
will include a detailed plan for scaling-up, additional testing, and manufacturability along with one or more 
sub-scale rocket components.  
 
PHASE III / DUAL USE: Military application: This effort supports current and future Department of 
Defense ballistic missile, space launch, and hypersonic applications.  Commercial application: Commercial 
aerospace developments, as well as, private venture and NASA space launch applications. 
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REFERENCES:  
1.  G.P. Sutton & O. Biblarz, Rocket Propulsion Elements, 7th Ed., John Wiley & Sons, Inc., New York, 
2001, ISBN 0-471-32642-9. 
 
2.  D.W. Richerson, Modern Ceramic Engineering: Properties, Processing, and Use in Design 3rd Ed., CRC 
Press, 2005.  
 
3.  IHPRPT:  http://www.afrlhorizons.com/Briefs/Jun05/ML0403.html  
 
KEYWORDS: solid rocket motor, liquid rocket engine, ceramics, ceramic matrix composite, fracture 
toughness, nanomaterials, motor performance  
 
 
 
 
AF083-128   TITLE: Georegistration of Imagery with Target Tracking 
 
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. 
 
OBJECTIVE:  Develop tightly integrated, precise automated image georegistration and real time target 
tracking software for electro-optical/infrared (EO/IR) video. 
 
DESCRIPTION:  Automated image georegistration techniques have been developed by various 
organizations as a means to improve the geo-location accuracy of airborne imagery.  Precision 
implementations of these techniques usually involve the correspondence of less accurate mission imagery 
(plus sensor/platform telemetry) to more accurate geopositioned reference imagery and elevation 
information.  A subset of the kind of processing, that is done for image georegistration is also done for 
automated target tracking with passive sensors.  If these functions could be brought together 
synergistically, this would result in an ability to maintain precise geocoordinates and track information on 
both moving and stationary targets in real time.  Current and past research and development (R&D) efforts 
are mainly concentrated on georegistering non real time single still images.  Depending on the sensor 
phenomenology, this georgistration software’s can geolocate to within few meters.  Very limited work has 
been done in providing image-to-image georegistration at video rate.  Much work has also been done in 
video tracking but R&D work in this area also continues to make tracking more robust under poor signal-
to-noise conditions, obscurations, high dynamics etc.  This topic is looking for a novel state of the art 
technology that will concurrently georegister and track a target in a real time video and share some of the 
image processing steps that are done by both functions.  The main technical parameters are to be able to 
distinguish, georegister, and track two or more targets traveling within a meter of each other.  The benefits 
are maintaining continuous and accurate coordinates on a moving targets, faster convergence on 
geolocation solution, more efficient processing for space limited or older airborne avionics.  The main 
applications for this technology are the real time prosecution of moving targets, and cross-sensor fusion.  
Since collateral damage must be controlled and weapon effectiveness must be known, maintaining 
knowledge of both targeting accuracy and precision is paramount.  Outside the challenges and issues that 
this problem generically brings, are ones brought on by the need to eventually implement this capability on 
airborne strike aircraft with EO/IR video.   
 
PHASE I:  Develop an architecture and approach that is viable for the intended application.  Demonstrate 
key portions of both the image registration component and the tracking component.  Document candidate 
approaches and proposed Phase II baseline in a final report. 
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PHASE II:  Develop and demonstrate a georegistration and tracking system that maintains real-time 
performance with Government-provided video and telemetry.  Show ability to maintain track and precise 
coordinates on targets for both EO and IR video.  
 
Successful georegistration algorithms would enable increasing the accuracy of navigation and targeting 
from airborne platform sensors. 
 
PHASE III / DUAL USE: Military application: Airborne targeting/tracking of ground targets. Commercial 
application: Airborne surveillance and track for homeland security, law enforcement, commercial security 
systems, and entertainment industry. 
 
REFERENCES:  
1. E. Mikhail, J. Bethel, and J. McGlone, Introduction to Modern Photogrammetry, John Wiley & Sons, 
Inc., NY, 2001. 
 
2. Y. Bar-Shalom and X. Li, Estimation and Tracking: Principles, Techniques and Software, Artech House, 
Boston, MA, 1993. Reprinted by YBS Publishing, 1998. 
 
3. C. McGlone, Manual of Photogrammetry, 5th Edition, Bethesda, MD: American Society for 
Photogrammetry and Remote Sensing, 2004. 
 
4. J. Shi, J. and C. Tomasi, "Good Features to Track," 1994 Proceedings of IEEE Conference on Computer 
Vision and Pattern Recognition, 1994, pp. 593-600. 
 
5. Y. Guo, H. Sawhney, R. Kumar, and S. Szu, "Vehicle Fingerprinting for Reacquisition & Tracking in 
Videos," Proc. CVPR (2) 2005: 761-768. 
 
KEYWORDS: Tightly integrated, precise automated georegistration, concurrent, georegistration at video 
rate, real time prosecution of moving targets, cross-sensor fusion, shared processing, distinguishing targets 
within a meter from each other 
 
 
 
 
AF083-129   TITLE: Small Unpiloted Aircraft System (SUAS) Auto-tracking of Moving and 

Stationary Targets 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Sensors 
 
OBJECTIVE: Maintain SUAS continuous track of moving targets. 
 
DESCRIPTION: Over the last several years, the U.S. military has seen an increased need for autonomously 
tracking targets in an urban environment; this is a difficult problem due to obscurations. Some of these 
difficulties are caused by the target going in and out of shadows or an environment having multiple objects 
similar to the desired target, thereby confusing the sensor’s tracker.  A big part of the problem is 
autonomously navigating the SUAS to be in a position to keep the target in the sensor’s field of view 
(FOV) and maintain the track on the target(s).  Maintaining a continuous track on a moving target, 
stationary target, stationary-to-moving target, and moving-to-stationary target within the sensors FOV is 
required.  Target tracks should be maintained as long as possible. A lost-track warning indicator is required, 
and the system should be capable of re-acquiring track of a lost target.  These algorithms need to be 
developed to maintain auto-track in urban, nonlinear movement situations. The system needs to have a 
capability to auto-track multiple targets within the same FOV, maintain track on target(s) during changes in 
FOV(zooming), and function with both electro-optical (EO) and infrared (IR) sensors.  Target sets, at a 
minimum, are to include (in priority order): dismounts, vehicles, and structures.  The system also must be 
capable of overlaying an alphanumeric designation for the targets within the video display and allow 
operator to set target priorities for maintaining track.  The system shall allow user selection of target(s) to 



AF - 147 
 

be tracked and auto detection of lost tracks.  System metrics will be developed to quantify the optimum 
number of targets that can be accurately and simultaneously tracked by one or more SUASs based on 
sensor resolution, altitude, slant range, and target size. 
 
PHASE I: Identify a representative military surveillance and targeting mission and the sensory assets 
utilized. Model the system components and controls to facilitate concept validation. Develop and 
demonstrate algorithmic methods using simulations. Analyze test results and determine technical 
feasibility. 
 
PHASE II: Improve fidelity of focus problem (and simulation) developed in Phase I by incorporating more 
realistic sensor and environmental models. Develop and demonstrate algorithmic methods developed under 
Phase I. 
 
PHASE III / DUAL USE: Military application: Further refinement of Phase I and II design for continuous 
miniaturization, maturation, ruggedness and flight testing of sensor on chosen SUAS of applicability and 
planning for implementation onboard. Commercial application: Law enforcement, firefighting, search and 
rescue, coastal and border surveillance. 
 
REFERENCES:  
1. “Knowledge-Base Application to Ground Moving Target Detection,” AFRL-SN-RS-TR-2001-185 (AD 
A395956). 
 
2. “Performance Prediction Model for Road-Constrained Multiple Target Tracking,” AFRL-SN-WPTP-
2003-110 (AD A416486) 
 
3.  P. Arambel, M. Antone, M. Bosse, J. Silver, J. Krant, and T. Strat, “Performance Assessment of a Video 
Based Air to Ground Multiple Target Tracker with Dynamic Sensor Control,” Proc. SPIE Defense and 
Security Symposium, 2005. 
 
4.  R. Kaucic, A.G. Amitha Perera, G. Brooksby, J. Kaufhold, and A. Hoogs, “A Unified Framework for 
Tracking Through Occlusions and Across Sensor Gaps,” Proc. CVPR’05, Vol. 1, pp. 990-997, 2005. 
 
5.  Y. Guo, H. Sawhney, R. Kumar, and S. Szu, “Vehicle Fingerprinting for Reacquisition & Tracking in 
Videos,” Proc. ICPR’05, 2005. 
 
KEYWORDS: SUAS, tracking, continuous tracking, moving targets, stationary targets 
 
 
 
 
AF083-130   TITLE: Airborne Dynamic Detection and Discrimination of Dismounts (AD4) 
 
TECHNOLOGY AREAS: Air Platform, Sensors 
 
OBJECTIVE: Detect and discriminate dismounts (personnel) in difficult environments, including foliated 
and urban environments in wide area coverage airborne ISR sensors. 
 
DESCRIPTION: Military threats in the Global War on Terrorism (GWOT) use deceptive techniques to 
deny discovery by reconnaissance and surveillance sensors. These techniques vary from using camouflage 
and concealment to deceptive operation within civilian population and environments. The discovery of 
military threats is especially difficult in the urban terrain with obscuration by buildings and other structures, 
and along the shore of a lake, sea, or ocean with foliage and river/shallow water concealment. The 
adversary's techniques and procedures are intended to deny through hiding and irregular movement, and 
exploiting the current sensors' ability to consistently detect, track, and identify adversary presence.  
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This topic focuses on the development of exploitation of technologies for real-time airborne detection and 
reporting of dismounts.  Current-state-of-the-art image processing techniques cannot produce real-time 
results.  Innovative image and video exploitation algorithms and imagery are of primary interest.  This 
program seeks solutions to compensate for resolution limitations imposed by sensor phenomenology and 
the need for large area detection.  Applicable airborne platforms and unpiloted aerial systems (UASs).  
Representative automated exploitation tasks include 1) counting numbers of people in an urban street 
corner or marketplace; 2) discriminating people versus animals crossing a border at night; or 3) determining 
the presence of people at a guerilla camp in a jungle. A secondary goal of this effort is to determine which 
sensor modalities or combinations are best suited and/or minimally acceptable as a function of 
scenario/operating environment.  The overall goal of the effort is to determine which sensor modalities or 
combinations are best suited and/or minimally acceptable as a function of scenario/operating environment.  
The overall goal of the effort is to develop real time image/sensor exploitation technologies enabling 
automated decision and reporting processes to isolate, count and discriminate people from man made 
structures, flora, fauna and vehicles.   
 
PHASE I: Determine trade spaces of sensor modes, operational characteristics, and notional architectures 
for UAS real-time or near real-time automated dismount detection capability. Propose advanced algorithms 
for combining complementary features on threats. Identify performance-limiting factors and metrics. 
 
PHASE II: Formal design of the algorithmic implementation will be performed and a preliminary design 
review and report generated. The design will be verified and validated by a combination of modeling, 
simulation, and limited experimental collections. Develop a prototype capability for test and evaluation. 
The performer shall assemble appropriate algorithms and architecture for demonstration and testing. 
 
PHASE III / DUAL USE: Military application: Candidate application for this technology spans both 
military and commercial arenas. Application of the technology is important to current tasking, collection, 
processing, and exploitation systems. Commercial application: Application to Homeland Defense and 
commercial security applications are important extensions. 
 
REFERENCES:  
1. NetTrack Program: https://dtsn.darpa.mil/ixo 
 
2. A.M. Wax, D.A. Fay, A.M. Waxman, R.T. Ivey, and N. Bomberger, "Multi-sensor Image Fusion & 
Mining: From Neural Systems to COTS Software with Application to Remote Sensing AFE," Proceedings 
of the IEEE Workshop on Advances in Techniques for Analysis of Remotely Sensed Data, Greenbelt, MD, 
pp. 100 - 107, October 2003. 
 
3. T. Kurien, "Issues in the Design of Practical Multi-target Tracking Algorithms, in Multi-target-Multi-
sensor Tracking: Advanced Applications," Y. Bar-Shalom (ed.), Norwood, MA: Artech House, 1990, 
Chapter 3. 
 
4. D.P. Martin, A.M. Waxman, R.T. Ivey, and D.A. Fay, Joint Target Tracking and Classification Using 
GMTI/HRR Data, TR-1152, prepared for AFRL/SNAT, April 2003. 
 
KEYWORDS: dismounts, detection, multiple sensor exploitation, camouflage concealment and deception, 
modeling and simulation, multisensor tracking, multisensor 
 
 
 
 
AF083-131   TITLE: Long-range Target Identification 
 
TECHNOLOGY AREAS: Air Platform, Sensors 
 
OBJECTIVE:  Develop a target-recognition approach which is robust in challenging conditions that include 
long stand-off distances, low-visibility environments, and non-cooperative targets.  
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DESCRIPTION:  This topic seeks to develop a new algorithm that will extract three-dimensional features 
from non-cooperative targets in order to facilitate robust combat identification (CID) systems and 
automatic target recognition (ATR) algorithms.  The data will be collected on airborne platforms that are 
expected to operate at long stand-off distances; therefore, must incorporate target features that can be 
reliably extracted (and reliably interpreted) irrespective of the target distance and motion, as well as 
variable scene conditions caused by night/day, inclement weather, etc.  In order to aid the algorithm 
development process, the new algorithms may assume a persistent-sensing paradigm, in which extensive 
temporal data may be exploited.  Persistent-sensing systems, such as the Gotcha synthetic aperture radar 
(SAR) (see Casteel et al [2] for a description of the publicly-released 2006 Gotcha dataset), provide 
continuous surveillance of a wide-area scene of interest.  The continuous overlapping data collected by 
these sensors enable scene forensics, change detection, and other exploitation capabilities that obtain 
accurate target state (i.e., location and velocity) estimates.  Once target locations and tracks are estimated, 
each target’s identity and intent are needed for proper battlefield awareness.  This need for combat-quality 
ID (both at the automatic and human confirmation levels) of targets has motivated the formulation of this 
three-dimensional feature-extraction topic.  In the active Radio Frequency (RF) SAR scenario, long-range 
all-weather day/night capability is possible due to the radar’s ability to penetrate clouds and the invariance 
of image resolution to target range.  These capabilities make Gotcha an attractive platform for long-range 
ATR algorithm development.  However, target-feature variability due to the scattering physics requires 
current ATR algorithms to incorporate large databases of measured/synthesized data for training or 
template matching.  These databases can quickly become huge, reducing ATR to an offline process (this 
problem is identified in Borden [1]).  A recently-proposed approach is to extract target features (see Section 
3 in Stuff [5] for one feature-extraction approach) which can be associated with three-dimensional spatial 
locations on the target (see Stuff [4] for the geometric theory that makes this possible).  Such a scheme 
would allow the ATR system to only require sensor-agnostic CAD models (i.e., single exemplars from 
points in shape space, see Dryden and Mardia [3] for an explanation of the shape theory that supports this 
claim) for target recognition, instead of the large database associated with a sensor-specific target classifier.  
However, robust extraction of three-dimensional moving-target features is still an open problem, and 
considerable progress must be made in development of the feature-extraction process in order to make a 
three-dimensional approach for moving-target CID and ATR possible.  A new algorithm for extracting 
three-dimensional target features from sparse apertures and non-cooperative targets is needed, and thus 
serves as the primary objective in this topic.  The desirable outputs of this effort include a model for 
geometrically-meaningful target features that account for target variability, a new and robust feature-
extraction algorithm, and performance bounds on the extracted feature estimates in terms of the relevant 
operating conditions (for example sensor bandwidth, signal-to-noise ratio, etc).   
 
PHASE I:  Develop the new algorithms, system requirements, and performance bounds.  Demonstrate 
feasibility with synthetic data. 
 
PHSE II:  Integrate the new algorithms.  Demonstrate the complete system on measured data.   
 
PHASE III / DUAL USE APPLICATIONS:  Military Application:  The main application is automated 
reconnaissance for long-range targeting. 
Commercial Application:  This effort applies to city-wide surveillance applications (security and policing), 
such as vehicle tracking for traffic monitoring. 
 
REFERENCES: 
1. B. Borden, Mathematical Problems in Radar Inverse Scattering, Inverse Problems, vol 18, pp. R1--R28, 
2002. 
 
2. C. Casteel, L. A. Gorham, M. J. Minardi, S. Scarborough, and K. D. Naidu, A challenge problem for 
2D/3D imaging of targets from a volumetric data set in an urban environment, in Algorithms for Synthetic 
Aperture Radar Imagery XIV, Proc. SPIE, Vol.  6568 (2007). 
 
3. I. Dryden and K. Mardia, Statistical Shape Analysis, Wiley, 1998. 
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4. M. Stuff, Three-Dimensional Analysis of Moving Target Radar Signals: Methods and Implications for 
ATR and Feature-Aided Tracking, Algorithms for Synthetic Aperture Radar Imagery VI, Proc. SPIE, Vol. 
3721 (April 1999). 
 
5. M. Stuff, Three-Dimensional Invariants of Moving Targets, in Algorithms for Synthetic Aperture Radar 
Imagery VII, Proc. SPIE, Vol. 4053 (April 2000). 
 
KEYWORDS: Feature extraction, super-resolution, automatic target recognition, 3D imaging, moving-
target imaging, geometric invariants 
 
 
 
 
AF083-132   TITLE: Distributed Real-Time Simulation and Network Monitoring Capability 
 
TECHNOLOGY AREAS: Information Systems, Sensors 
 
OBJECTIVE:  The objective of this effort is new and innovative research to (1) develop and integrate 
advanced collaboration, simulation, and network technology to dynamically monitor, in non-traditional and 
novel ways, the health of distributed simulation networks and exercises, and (2) provide diagnostic, 
prognostic, and forensic information to help resolve any underlying problem so that the exercise may either 
be repeated or continued.   
 
DESCRIPTION:  Distributed virtual and constructive simulations are used extensively in both military and 
commercial applications for decision support.  These distributed systems inherently rely on the correct 
execution of simulation applications, and the proper performance of the underlying network infrastructure 
as the simulation events and exercises are being conducted.  As an example, the Air Force Integrated 
Collaborative Environment (AF-ICE) interconnects existing live (test ranges), virtual (man-in-the loop 
simulation facilities), and constructive simulation via the high speed networks such as the Defense 
Research & Engineering Network (DREN).  Results help stakeholders make decisions that affect Air Force 
acquisition and future planning activities, such as, the Airborne Networking Integration roadmap.  These 
distributed exercises consume vast resources and are costly to conduct.  The use of distributed exercises 
will grow as DoD expands into network centric operations.  
 
The current state-of-the-art technical baseline for simulation network and event monitoring is a manpower 
intensive process that consists of manual checks of display screens from remote sites or voice line to each 
geographical location and commercial approaches typically involve Simple Network Management Protocol 
(SNMP).  Often, failures are only detected after data has been collected, or by happenstance by either a 
simulation participant or an external observer.  Defense unique issues arrive since, by policy, existing 
technologies such as SNMP type tools are not permitted on Air Force unclassified and classified networks 
and cannot be routinely used.  Previous research and investigations have only been partially successful 
using off the shelf tools to flag error conditions and have been specific to unique architectures or 
topologies.  New and innovative technologies are needed to address community needs.  Current 
technologies do not meet existing needs. 
 
The technical goals of the new research should include being architecture/topology agnostic; support to 
traditional DoD and commercial simulation standards such as High Level Architecture (HLA), Distributed 
Interactive Simulation (DIS) as well as evolving web-based modeling; support for traditional 
wired/wireless network standards, service oriented architectures, and future net-centric operations 
architectures.  The researcher should consider advanced collaboration technologies for human-to-machine 
and machine-to-machine collaboration to extend beyond simple voice lines that are in current use.   
Possible advances include plug-in core services for synchronous and asynchronous collaboration based on 
advanced semantic web technologies for presence reporting, contextual multi-user chat, tasking, and 
resource orchestration and control. 
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Research develop new technologies for multi-layered visualization of the topology, status, and components 
(applications, agents, databases, simulations, computer systems, routers and switches) of a complex 
simulation event; provide pertinent system parameters/statistics on event resources; perform configuration 
and system management functions; and execute system performance tests to ensure connectivity and 
throughput requirements are met.  Traditional metrics include CPU usage, server load, disk utilization, 
memory usage, latencies, queue length, bandwidth utilization, path reliability, node time deviations from 
master clock time, packet size (average, max, min), etc. The researcher should be able to address traditional 
metrics and also propose additional metrics that could be captured with their  innovative new technology 
and methodology. 
 
Typical DOD programs supported include AF-ICE, Joint Mission Environment Test Capability (JMETC) 
and the Test and Training Enabling Architecture (TENA). 
   
PHASE I:  activity shall include:   Design and develop advanced technology and methodology including a 
test plan for handling the real-time monitoring of LVC and network components in a geographically 
distributed secure simulation environment and  a proof-of-feasibility demonstration of key enabling 
concepts.     
 
PHASE II:  The researcher shall design, develop, test, and demonstrate a prototype tool that implements the 
Phase I methodology for systems and operations for distributed LVC architectures and networks during 
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 also detail the plan for the Phase III effort.   
 
PHASE IIII:  Dual Use Commercialization:  Military application: The desired product is a robust, 
simulation and network monitoring engineering tool capable of integration in the DOD modeling and 
simulation facilties to support stand-alone and distributed LVC assessments.  Commercial application: This 
network monitoring tool would be applicable to non-DoD industries such as entertainment and gaming, 
education, training, medicine, biology, circuit design, and communication systems. 
 
REFERENCES:  
1.  Hogue, Issac and William McQuay, “A Collaborative Framework for Multi-Modal Information 
Exchange in Varying Environments,” Proceedings of the 2007 International Symposium on Collaborative 
Technologies and Systems, IEEE Computer Society, Orlando, May 2007. 
 
2.  McQuay, William K., “Distributed Collaborative Environments For Systems Engineering,” IEEE 
Aerospace And Electronic Systems Magazine, Volume 20, Number 8. August 2005. 
 
3.  “AFMC leads ICE Breaker”, AFMC news release, July 2006,  
http://www.af.mil/news/story.asp?storyID=123023340  
 
4.  Joint Mission Environment Test Capability (JMETC),  
https://www.tena-sda.org/download/attachments/6750/TENAFactSheet-JMETC-2006-10-13.pdf?version=1  
 
5.  Test and Training Environment Architecture Fact Sheet,  
https://www.tena-sda.org/download/attachments/6750/TENAFactSheet-JMETC-2006-10-13.pdf?version=1 
 
KEYWORDS: LVC, modeling and simulation, continuous architecture monitoring, network monitoring, 
simulation monitoring, JMETC, AFICE, TENA  
 
 
 
 
AF083-134   TITLE: Multifunctional Sensor for Search and Rescue 
 
TECHNOLOGY AREAS: Sensors 
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OBJECTIVE:  To develop a man-portable, handheld, multifunctional sensor capable of detecting chemical, 
biological, radioactive, nuclear, and explosive (CBRNE), electrical, and atmospheric (air quality, oxygen, 
carbon monoxide, etc.) conditions hazardous to search and rescue personnel.  
 
DESCRIPTION:  Search and rescue forces are tasked to perform personnel and material recovery daily in 
confined space environments under the full spectrum of environmental threats.  The U.S. Military and law 
enforcement agencies are being increasingly tasked with a greater number of mission profiles that involve 
confined spaces under hazardous conditions due to continuous terrorists threats and military operations in 
urban environments (i.e., Iraq, Afghanistan, U.S. World Trade Center, etc.) and disaster relief operations 
(i.e., Katrina and Rita hurricanes, and relief efforts in Pakistan).  In performing the duties required in 
confined spaces missions, the personnel must be able to identify and assess the hazards associated with 
CBRNE, electrical, and air quality threats. Mission planning tools that hedge against uncertainty by 
considering multiple threat contingencies are required to address an increasingly agile threat environment 
encountered in the modern battle space. Although decision aids for multiplatform CBRNE, electrical, and 
atmospheric mission planning may have been developed, these support tools are cumbersome, heavy, and 
difficult to transport to and from confined spaces and locations where needed most frequently.  Currently, 
state-of-the-art technology does not provide for a man-portable handheld instrument to detect these 
hazards. 
 
To accomplish threatening CBRNE, electrical and atmospheric missions, a collection of specialized 
equipment contained in confined space (CS) kits are used.  Unfortunately, the kits have limited capability 
to identify chemical, biological radioactive, nuclear, electrical, and air quality hazards.  These limitations 
directly impact and heighten the threat of units to perform their assignments and recover isolated personnel 
and conduct humanitarian relief operations without placing search and rescue personnel, pursued victims, 
and innocent civilians at great risk of personal injury or loss of life.  
 
In realistic situations, numerous unsuspecting environmental threats may occur with often very little or 
inadequate time available to assess and determine a game plan to carryout the intended mission.  
Frequently, these missions are delayed and cancelled due to uncertainty of environmental threats.  
 
The primary goal of this topic is to research and determine the capability and feasibility of combining 
multiple sensor technologies into one man-portable handheld device capable of detecting CBRNE, 
electrical and atmospheric hazards; and determining what level of each environmental threat is too 
dangerous for human personnel to be exposed.  
 
PHASE I: Identify innovative enhancements to mitigate current sensor limitations and develop sensor 
technologies applicable to various CBRNE hazards such as multispectral sensors for chemical and air 
quality hazards.  Characterize performance for the enhanced systems.  
 
 
PHASE II: The Phase II effort shall employ the best technology options identified in Phase I to develop a 
design concept to provide optimal performance and reliability in a portable handheld CBRNE, electrical, 
and atmospheric hazard detection/identification capability.  Develop metrics to evaluate the performance 
and reliability of design concepts.   
 
PHASE III / DUAL USE: Military application: Can be applied to domestic biological threat detection for 
DHS and Global War On Terrorism (GWOT) and personnel protection in high risk areas such as war 
zones, toxic cleanup, and decontamination. Commercial application: Detecting CBRNE, electrical, and 
atmospheric air threats with a portable instrument could be employed by law enforcement and rescue 
agents at disaster, battle space, and vehicle inspection sites. 
 
REFERENCES:  
1. Strengthen CBRNE Capabilities: DHS Funded Activities, Department of Homeland Security Report, 
December 2006. 
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2. “Sensor Feasibility Report: Survey of the Capabilities and Limitations of Chemical, Biological, 
Radiological, Nuclear and Explosive (CBRNE) Sensor Technologies Relevant to Vehicle Inspection 
Systems,” AFRL-RX-TYTR-2007-4548 (AD A475258). 
 
KEYWORDS: multi-functional sensor, search and rescue, chemical, detection 
 
 
 
 
AF083-135   TITLE: Geolocation of RF Emitters 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE:  Research, develop, and demonstrate innovative methods and technology for the precision 
geolocation and tracking of radio frequency (RF) emitters. 
 
DESCRIPTION:  Newly emerging mobile threats result in a need to geolocate and track moving RF 
emitters and a need to detect their reappearance after a period of radio silence.  Existing systems and 
technology for the precision geolocation of non-cooperative RF emitters are costly and time consuming to 
develop and deploy, and lack the flexibility to make cost-effective enhancements once deployed.  
Additionally, existing systems also rely on Global Positioning System (GPS), which is susceptible to 
jamming.  Because a variety of operational scenarios are required, RF emitters will experience impairments 
that hamper reception.  These impairments include obscuration, multi-path, foliage attenuation, RF 
interference from a dense RF signal environment having multiple RF emitters sharing common RF 
spectrum.  Thus, the ability of large standoff intelligence gathering systems is severely hampered, and the 
use of sensors on appropriate airborne platforms provides the most effective solution. 
 
This research seeks innovative methods for detecting, locating, and tracking mobile RF emitters.  Flexible 
architectures and signal processing are sought to reduce the total cost of ownership.  It is anticipated that 
one or more airborne platforms (manned and/or unmanned) will be required to satisfy the needs.  
Innovations are sought that can lower the cost of operation/ownership, provide increased flexibility to 
provide geolocation of new or emerging waveforms, and remove reliance on GPS.  Innovations are 
specifically sought that can reduce the number of required sensors/airborne platforms for a given coverage 
area, and/or reduce the cost-to-operate per platform (perhaps by the use of common hardware/software 
across sensors/airborne platforms). The flexibility to process many different Signals of Interest (SOI) is 
desired.  Included, but not limited to, communications and radar signals from HF to Ku-band 
(approximately 30 MHz to 18 GHz).  Focus on specific frequency bands for example, the communications 
bands from 30 MHz to 2.5 GHz) or they solutions that are independent of frequency band.  SOI generally 
include short-duration, low-bandwidth radio transmissions (typical of short wave radio or mobile handsets), 
wide bandwidth signals (typical of radar transmissions), and current, as well as, future generation wireless 
devices (WiFi, WiMax, mobile/cellular wireless)..  
 
Methods for geolocating and tracking non-cooperative RF emitters include the use of Angle of Arrival 
(AOA), Time of Arrival (TOA), Frequency of Arrival (FOA), Time Difference of Arrival (TDOA), 
Frequency Difference of Arrival (FDOA), Phase Difference of Arrival (PDOA) and others.  These methods 
have a number of well-known difficulties which should be adequately addressed in the offeror’s proposal.  
These include 1) a low signal to noise ratio (SNR) of the SOI at the sensor/airborne platform(s); 2) the 
presence of multi-path or the obscuration of SOI at one or more sensors/airborne platforms; 3) difficult 
synchronization issues (fine synchronization for geolocation algorithms/signal processing; coarse 
synchronization for the coordinating data collects within the area of interest at a common time); 4) poor 
emitter RF oscillators or RF emitter waveforms that intentionally vary their transmissions over time and 
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frequency; 5) common coverage of an area of interest from multiple platforms; 6) real-time processing 
demands; 7) high-data rate and/or low-latency communications requirements among the airborne platforms, 
8) hardware/software processing limitations, 9) bottlenecks in data-exchange amongst processing elements, 
10) limitations on archival data storage.   
 
Proposed systems concepts may consider hierarchical use of a range of airborne platforms having 
appropriate assumptions on Size, Weight and Power (SWaP) for each platform.  For example, a small 
unmanned air vehicle (SUAVs) will generally have more stringent constraints on SWaP than a manned, 
fixed wing platform.  Innovations that make use commercial technology advances in computer processing 
and software definable radios may be able to satisfy the needs.  For example, an antenna array with 
software definable receivers/FPGAs and commercially available processors may be able to provide the 
required flexibility.  However, the processing capabilities may be insufficient for the desired geolocation 
algorithms and signal processing capabilities that would be needed, and/or the data communications among 
the various may be too costly.  Proposals should address the tradeoff between onboard processing within a 
given platform versus communications between platforms and/or communications with non-airborne 
processing elements (such as a fixed ground facility). 
 
PHASE I:  Refine proposed concept, perform concept feasibility studies of the proposed innovations, and 
quantify the cost/benefit of the proposed concepts. Phase I may also include development and 
demonstration of prototype hardware (HW), software (SW), or modeling/simulation SW. 
 
PHASE II:  Implement and demonstrate the proposed concepts for RF emitter geolocation documented in 
the Phase I final report. Phase II may also include the development and demonstration of prototype 
HW/SW that is considered critical for the validation of the proposed innovations or for further development 
in Phase III. 
 
PHASE III / DUAL USE: Military application: Network-centric advanced situation awareness technologies 
are force-multiplier technologies. The technology development may also support Blue Force Tracking or 
Combat Search and Rescue (CSAR). Commercial application: Advanced situation awareness and 
protection applications include cellular communications, predictive maintenance for manufacturing 
controls systems, homeland security, and enhanced 911 capabilities. 
 
REFERENCES:  
1. Department of Defense, Washington DC, Airborne Electronic Attack Analysis of Alternatives Report, 
2002. 
 
2. http://www.dod.mil/nii/NCW/ 
 
3. http://www.darpa.mil/darpatech99/Presentations/scripts/spo/SPOKasparScript.txt 
 
4. 
http://www.mitre.org/news/events/tech02/briefings/sensors_environment/hogenkamp_presentation/hogenk
amp.pdf 
 
5. Poisel,R.A.,Electronic Warfare Target Location Methods, Boston, MA, Artech House, 2005. 
 
KEYWORDS: situational awareness, RF Emitters, netcentric, geolocation, noncooperative 
 
 
 
 
AF083-136   TITLE: Persistent Electro-Optical/Infra-Red (EO/IR) Wide-Area Sensor 

Exploitation 
 
TECHNOLOGY AREAS: Sensors 
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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 exploitation capabilities for wide-area persistent EO/IR airborne sensor systems for 
real-time surveillance including detection, tracking, and ID of vehicles & dismounts in urban environments. 
 
DESCRIPTION: The main focus of this topic is to develop new exploitation capabilities that are enabled 
by airborne systems carrying wide-area persistent EO/IR airborne sensor systems which provide high 
resolution continuous imagery of areas as large as a city. These systems are envisioned to have high frame 
rates and large pixels per frame to provide sufficient resolution and field-of-view such that small targets 
can be tracked and large areas may be monitored. In particular, systems will capture on the order of 
gigapixel images at 10 frames per second or faster. Ground forces need imagery or information extracted 
from the imagery on the ground fast enough to observe enemy operations as they unfold rather than waiting 
and analyzing what happened after the fact. However, data communication bandwidths are insufficient to 
send all these frames to the ground fast enough to allow for actionable imagery. This directly points to the 
need for smart on-board processing which processes the imagery and sends what is needed to the ground. 
The on-board system could track targets of interest or even all movers in the imagery at the highest frame 
rate required while only sending down imagery the user needs to see. Given that some level of moving 
target detection is required in the airborne system, the airborne system will need to incorporate advanced 
algorithms to minimize false detections caused by parallax, shadows, clouds, glint, and other effects. False 
detections could be minimized through the use of geospatial information data and other related contextual 
data provided by off-board systems and developing a time and space understanding of the observed area. 
The dwell time provided by persistent sensor systems can be exploited to give long-term statistical and 
syntactical understanding of individual pixels and areas on the ground. Learning this type of information 
drawn from the history of staring at the ground likely occurs in the ground processing, but the airborne 
system could then operate based on what is learned. Building off of the Wikipedia concept, the Air Force 
Research Laboratory (AFRL) has coined the term pixelpedia for this concept of building deep 
understanding of particular locations on the ground. Essential to exploiting long-term persistence are robust 
georegistration algorithms that place precisely enough pixels on the ground to enable aggregation of 
knowledge and then exploitation. Development of improved georegistration algorithms as well as defining 
requirements on them would be relevant to this topic. For the purposes of this topic, the effort may develop 
new algorithms and/or processing hardware to fit within the test platform or ground station.  Within this 
framework there is an opportunity for the effort to explore or verify what information is really required for 
a particular capability e.g. verify what sample rate and number of pixels on target are required to track a 
person or vehicle. 
 
PHASE I: Phase I will focus on defining the architecture and concept of operation as well as identifying the 
algorithm requirements to provide a new capability. Phase I risk reduction studies and experiments would 
likely be conducted to demonstrate the feasibility of the proposed Phase II approach. 
 
PHASE II: In Phase II, development and integration of new algorithms and hardware testbed and/or ground 
station are a good possibility with some of the level of demonstration of the new capability.  Flight tests are 
a possibility but not necessary, since, algorithms and hardware could be exercised with existing measured 
data.   
 
PHASE III / DUAL USE: Military application: The main application is real-time actionable urban 
surveillance to support the war on terrorism.  Also supports emergency response to military facility 
disasters.  Commercial application: Obvious security and policing applications but also applies to urban 
monitoring applications such as traffic monitoring and flow analysis, emergency response, and urban 
planning. 
 
REFERENCES:  
1.  Autonomous Real-time Ground Ubiquitous Surveillance - Imaging System (ARGUS-IS) 
http://dtsn.darpa.mil/ixo/ixopro_new.asp?id=168 
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2.  Bar-Shalom, Y. and Li, X., Estimation and Tracking: Principles, Techniques and Software, Artech 
House, Boston, MA, 1993. Reprinted by YBS Publishing, 1998. 
 
3.  Y. Bar-Shalom and X. Li, Multitarget-Multisensor Tracking: Principles and Techniques, YBS 
Publishing, 1995. 
 
4.  P. O. Arambel, M. Antone, J. Silver, J. Krant, "Performance assessment of a video-based air-to-ground 
multiple target tracker with dynamic sensor control," ALPHATECH, Inc., Signal Processing, Sensor 
Fusion, and Target Recognition XIV [5809-14] 
 
5.  M. R. Stevens, J. B. Pollak, M. S. Snorrason, "Video surveillance at night," Charles River Analytics 
Inc., Acquisition, Tracking, and Pointing XIX [5810-17] 
  
6.  High-performance adaptive tracking system (HPATS), J. D. Downs, Boeing Co.; R. Cannon, M. 
Segewitz, U.S. Army Aviation and Missile Command; L. A. Stockum, Boeing Co., Acquisition, Tracking, 
and Pointing XIX [5810-18] 
 
KEYWORDS: wide format EO, video tracking, context aided tracking, geospatial information services 
 
 
 
 
AF083-137   TITLE: Miniature Multi-Spectral Imaging for Small and Micro Unmanned Air 

Vehicles (UAVs) 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Sensors 
 
OBJECTIVE: Develop a multi-spectral sensor that enhances small and micro unmanned aerial system 
capability. 
 
DESCRIPTION: Current imaging sensors utilized on SUAS are limited by vehicle payload (size and 
weight) and available power.  As a result, a current problem faced by the Air Force is that high-
performance multiple spectrum day/night imaging sensors are not yet on scale with SUAS.  The sensor 
architectures greatly exceed vehicle weight and size limits and require considerable onboard resources.  
Often multiple vehicles must be launched to achieve full 24-hour coverage or to image an area in multiple 
spectral bands.  Fusion of imagery is usually not possible in time to be operationally useful.  A small multi-
spectral infrared (IR) sensor will permit daytime and nighttime usage without requiring multiple payloads 
or the need to launch different aircraft around dawn and dusk.   
 
The challenge is to develop a small, lightweight imaging sensor with the ability to image in at least two 
spectral bands simultaneously and fuse the imagery in real time.  Interchangeable operation in the Short 
Wave IR (SWIR) (0.9 to 2.0 microns) and Long Wave Infrared (LWIR) (8 to 12 microns) spectrums 
through Sensor Fusion is required.  Additional operation in the Mid Wave IR (MWIR) (3 to 5 microns) or 
the visible spectrum (0.4 to 0.7 microns) would also be desired, but not required.   The sensor is not 
expected to collect a HSI data cube, but rather collect two (or more) images and fuse them into a single 
output image. The SWIR imager should passively detect, recognize and identify human sized objects 
(threshold) and identify an item a person is carrying (gun, shovel, rocket propelled grenade (RPG)) 
(objective) in clear starlit night sky and in nautical and civil twilight.  Image fusion may be accomplished 
by automatic, intelligent algorithms or by operator input.  The desired SUAS for sensor incorporation is the 
RQ-11B Raven class SUAS.  This requirement adds considerable risk to the project because of the severe 
space, weight and power limitations it places on the payload.  The entire sensor (including but not limited 
to optics, imager, mounts, and electronics) is required to weigh less than 1 lb, consume no more than 10W 
of power and fit within a 4x2x2 inch volume.  A dual field-of-view (WFOV:  30x22 degrees or better), 
zoom capable sensor, optical or electronic, capable of 0.5m GSD resolution at a 2500 ft (threshold) to 5000 
ft (objective) slant range, is desired.  Imaging sensor resolutions for all spectral bands shall be at least 
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800x600 (threshold) with greater than 1280x1024 (objective) desired.  This sensor will need to output full 
motion video for digital and analog transmission.  Design and incorporation of a proper lens to match the 
sensor is also required.  Common aperture of all spectral bands is desired but not required.  Priority should 
be placed on achieving greatest system performance in the smallest possible size.  System level solutions 
are desired, not component technologies. 
 
PHASE I: This phase will start with an analysis of alternatives for achieving listed requirements, including 
trades in performance versus size, weight, and power.  A preliminary design for the system shall also be 
developed.  Phase I should offer options for continued Phase II design and development. 
 
PHASE II: This effort will refine the Phase I design, build a prototype robust enough for limited field use, 
and test the complete functioning prototype.  A complete prototype will at a minimum include lens, sensor, 
software, data transfer capability and operation of IR spectrum interchangeability.  Phase II should also 
continue investigation into miniaturization options for sensor. 
 
PHASE III / DUAL USE: Military application: Further refinement of I/II designs for continuous 
miniaturization, ruggedness, and flight testing of sensor on chosen SUAS. The technology will also be 
applicable to larger reconnaissance platforms.  Commercial application: Commercial applications of this 
technology include law enforcement, firefighting, search and rescue, coastal and border surveillance. In 
addition, the technology could be used in agriculture. 
 
REFERENCES:  
1.  Raven B., Spec Sheet, avinc.com. 
(http://www.auvsi.org/media/presskits/Aerovironmentpresskit.pdf). 
 
2.  Lloyd, J.M., Thermal Imaging Systems, Plenum Press, New York, 1975. 
 
3.  Smith, W.J., Modern Optical Engineering, Fourth Edition, SPIE Press, Bellingham, WA, 2007.  
 
KEYWORDS: micro UAV, small UAV, multi-spectral, infrared, SWIR, LWIR 
 
 
 
 
AF083-138   TITLE: Improved Air Force Special Operations Command (AFSOC) Sensors 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE:  Using the multiple sensor types currently available to Air Force Special Operations 
Command (AFSOC), develop an integrated algorithm which exploits data from multiple sensor types.  The 
effort should focus on new innovative techniques to provide increased-range discrimination of combatants 
and to enhance the ability to Find, Fix, Track, and Target (F2T2).   
 
DESCRIPTION:  In traditional combat operations friendly, enemy, and neutral vehicles may be 
distinguished through the use of identification, friend or foe (IFF) and related technologies that include a 
cooperative element to simplify the identification of allies.  However, depending on the nature of the 
operation there may not be a clear, reliable physical distinction (e.g., vehicle shape) between enemy and 
neutral, and the intent of each unit must be derived through sustained human observation of behavior and 
other cues. 
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Distinguishing enemy combatants from neutral non-combatants becomes even more difficult for 
intelligence, surveillance, and reconnaissance (ISR) operations in which groups of humans are observed.  
Movement, object manipulation, and other human activities vary widely and subtle interactions within 
groups occur continuously.  In such circumstances, support tools are essential for the user particularly those 
that automatically detect, extract, and track relevant visual cues. 
 
This effort seeks to develop an integrated algorithm and sensor solution that supports the user goal of 
distinguishing combatants from non-combatants by extracting visual cues associated with objects carried 
by humans, with emphasis on object sizes and shapes consistent with weapons.  Solution design constraints 
should support transition to man-portable, multi-mission, and air-launched UAVs (both fixed-wing and 
vertical takeoff and landing (VTOL)) used to observe groups of humans at slant ranges of 1500 to 3000 
feet.  Solutions are encouraged that utilize multiple sensors in order to exploit broad spectral coverage. 
 
No government-furnished sensors or data are anticipated in support of this effort. 
 
PHASE I:  Define system requirements and develop algorithms to provide the desired information. System 
suitability and viability shall be demonstrated through analysis and laboratory results. 
 
PHASE II:  Build, test, and demonstrate the integrated system. Documentation and user guides will be 
developed as well. Testing and demonstration will include data collected under conditions consistent with 
operational scenarios and in a variety of environments.  Real-time demonstrations are desired.  
 
PHASE III / DUAL USE: Military application:  Technology is suitable for use by anyone conducting 
surveillance of humans, regardless of whether that surveillance is ground based or air based.  Commercial 
application: Technology is suitable for use by law enforcement agencies and within civilian security 
applications. 
 
REFERENCES:  
1. I. Haritaoglu, R. Cutler, D. Harwood, and L. S. Davis, "Backpack: Detection of people carrying objects 
using silhouettes," Seventh International Conference on Computer Vision (ICCV'99), Vol. 1, 1999. 
 
2. T. Zhao and R. Nevatia, "Stochastic human segmentation from a static camera," Proceedings of the IEEE 
2002 Workshop on Motion and Video Computing, pp. 9 - 14. 
 
3. F. Xu and K. Fujimura, "Human detection using depth and gray images," Proceedings of the IEEE 2003 
Conference on Advanced Video and Signal Based Surveillance, pp. 115 - 121. 
 
4. T. Zhao and R. Nevatia, "Tracking multiple humans in complex situations," IEEE Transactions on 
Pattern Analysis and Machine Intelligence, Vol. 26, No. 9, Sept 2004, pp. 1208 - 1221. 
 
5. Y. Ran, Q. Zheng, I. Weiss, and L. Davis, "Reliable segmentation of pedestrians in moving scenes," 
Proceedings of the IEEE 2005 International Conference on Acoustics, Speech, and Signal Processing, Vol. 
2, pp. 229 - 232. 
 
KEYWORDS: AFSOC, sensor exploitation, humans, combatants, fusion 
 
 
 
 
AF083-139   TITLE: Support Jammer Queing 
 
TECHNOLOGY AREAS: Air Platform, Sensors 
 
OBJECTIVE:  Develop novel techniques for jamming in support of enhanced Mobility Air Force (MAF) 
survivability.  The approach will provide innovative solutions to permit enhanced performance for 
reception, dissemination of threat information, and support jamming capability previously unattainable. 
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DESCRIPTION:  The Air Force seeks novel and innovative solutions to the challenges of stand-off radio 
frequency jamming assets that support forward deployed MAF platforms.  Such stand-off support jamming 
assets will be aided by improved receiver capability to inform the jammer system on what and where to 
jam.  Such situations may include those in which the stand-off jammer is consistently in the side lobes due 
to sector scanning of the target emitter cases, where the target emitter is comprised of short duration 
emissions, low probability of intercept emitters and others.  Technical challenges include sensing/geo-
locating such challenging emitters and communicating the results to the stand-off jammer while 
maintaining superior protection for the MAF platform.  Such solutions might incorporate sensors on small 
unmanned aerial systems that could be forward deployed prior to the MAF platform--extremely small 
lightweight expendable receiver technology to sense and communicate the threat, or other innovative 
solutions and techniques that will provide significant contributions to the stand-off jammers’ ability to 
support this critical function. 
 
The capabilities resulting from the execution of this topic will advance the state-of-the-art in support 
jamming of electro-magnetic emission sources.  The techniques developed must be accurate and capable of 
being implemented in real-time under reasonable system size, weight and power constraints.  The 
techniques must be consistent with the Air Force’s layered sensing architecture concept.  Layered sensing 
implies that sensing takes place in a network-centric fashion from small low-altitude platforms to larger 
higher altitude platforms.  Innovative solutions that exploit the power of networked spatially and 
technologically diverse sensors are encouraged. 
 
PHASE I:  Phase I activity will include:  1) Determine hardware and software requirements for a phased 
development process to demonstrate innovative support jamming concept.  2) Perform trade studies to 
evaluate cost-effectiveness of various development approaches.  3) Develop the basic design for the initial 
modeling and simulation-based capability.  4) Develop test and characterization methodologies to evaluate 
the efficacy of the design. 
 
PHASE II:  Based on the results of Phase I, the contractor will:  1) Perform the final detailed design for the 
initial simulation-based demonstrations, as well as, subsequent demonstration prototype.  2) Perform 
modeling and simulation to demonstrate concept.  3) Acquire, develop, and integrate hardware/software 
components to construct demonstration prototype.  4) Implement the test and characterization methodology 
to ensure the effective operation of the prototype.  4) Demonstrate and deliver the results. 
 
PHASE III / Dual Use Applications:  The capability developed and demonstrated in this research will be 
applicable to both military and commercial research and development purposes.  Military applications are 
advanced situation awareness and support for force-multiplier technologies.  Commercial applications 
include cellular communications, predictive maintenance for manufacturing and process controls systems, 
and homeland security. 
 
REFERENCES:  
1. Department of Defense, Washington DC, Airborne Electronic Attack Analysis of Alternatives Report, 
2002. 
 
2. Alberts, David et al., "Network Centric Warfare: Developing and Leveraging Information Superiority," 
http://www.defenselink.mil/cio-nii/docs/pt6_ncw_0801.pdf 
 
3. Scrage, Michael, "Serious Play: How the World's Best Companies Simulate to Innovate,” Boston, MA: 
Harvard Business School Press, 2000. 
 
4.  Hogenkamp, Harry, et al., "Resource Management for Netted Sensors," 
http://www.mitre.org/news/events/tech02/briefings/sensors_environment/hogenkamp_presentation/hogenk
amp.pdf 
 
KEYWORDS: digital receiver technology, situational awareness, electronic attack, support jamming 
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AF083-140   TITLE: Simulation Technologies to Rapidly Evolve Network-Centric System- 
   of-Systems Large Aircraft Advanced Situation Awareness (ASA) and Protection 

Concepts 
 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Develop technologies to rapidly develop/evolve/mature/demonstrate Network-Centric 
System-of-Systems Large Aircraft ASA and Protection concepts. 
 
DESCRIPTION: RF threats to airborne platforms continue to proliferate, have better performance, and are 
less susceptible to electronic attack (EA).  Technology advances in antennas, exciters, and digital signal 
processing are being incorporated into existing and new threats.  Better antenna components and design 
techniques can significantly lower sidelobe levels and/or implement sidelobe suppression (SLS) techniques 
that can mitigate different types of sidelobe jamming.  Monopulse antennas and angle tracking algorithms 
can mitigate many angle Electro Countermeasure (ECM) techniques.  With new exciter technologies, 
waveform agility in transmitted frequencies, intrapulse modulations, pulse repetition frequencies (PRFs), 
and pulse widths can be implemented on a pulse-to-pulse, PRF dwell, beam position, or scan basis.  With 
advances in digital signal processing, old electronic counter-countermeasure (ECCM) techniques like 
waveform diversity and monopulse can be more efficiently implemented with increased performance as 
well as new ECCM techniques like coordinated range-Doppler-angle tracking and space-time adaptive 
processing (STAP). 
 
The large aircraft mission is particularly susceptible to old, upgraded, and new RF threats, especially RF-
guided surface-to-air missiles (SAMs).  In addition, the large aircraft is more important than ever in 
satisfying the needs of the Mobility Air Force (MAF), Air Expeditionary Force (AEF), and joint operations, 
which collectively place a premium on the ability to rapidly deploy and operate around the world, 
sometimes in hostile environments.  In this environment, there is a clear need to precision geolocation of 
the RF threat and if avoidance is not possible, develop an appropriate EA strategy response based on an 
assessment by the ASA system.  Advanced simulation technologies are sought that can rapidly 
develop/evolve/mature/demonstrate novel geolocation technologies and evaluate intelligent EA sensor 
resource management concepts to meet system of systems operational requirements.  This is a challenging 
research area because of the dynamic environment and the need to balance multiple objectives 
(geolocation, countermeasures techniques, ground moving target indication (GMTI) multilateration, etc.).  
Phase I risk reduction demonstrations will be conducted to demonstrate the feasibility of the proposed 
Phase II approach. 
 
PHASE I: Identify the critical technology challenges, synthesize advanced methods, perform concept 
feasibility analysis leading to assessment technologies for geolocation and EA concepts. 
 
PHASE II: Implement and demonstrate the critical simulation technologies required to rapidly 
develop/evolve/mature/demonstrate Network-Centric System-of-Systems Large Aircraft ASA and 
Protection concepts.   
 
PHASE III / DUAL USE: Military application: Military Application Network-Centric System-of-Systems 
Large Aircraft ASA and Protection concepts are force-multiplier technologies to improve EA capabilities. 
Commercial application: ASA and Protection applications include cellular communication, predictive 
maintenance for manufacturing and process controls systems and homeland security. 
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REFERENCES:  
1.  Department of Defense, Washington DC,  Airborne Electronic Attack Analysis of Alternatives Report, 
2002. 
 
2.  http://www.dod.mil/nii/NCW/ 
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AF083-141   TITLE: Polarization-Invariant Wideband Direction Finding 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Develop novel techniques and technologies to account for polarization effects related to 
wideband RF source location estimation. 
 
DESCRIPTION: Significant advances have been made in high-resolution wideband direction finding 
techniques for electronic support (ES) applications.  However, in field scenarios, polarization effects can 
introduce errors in the receive process in systems designed under the single polarization assumption.  The 
Air Force seeks innovative solutions to implement high-resolution electromagnetic (EM) source location 
estimation that are both scalable in bandwidth and capable of accurate estimation regardless of the source 
polarization.  Bandwidth scalability necessitates that the signal processing algorithms apply to signals of 
arbitrary bandwidth within the constraints of the system hardware.  The developed techniques will 
contribute to improving the situation awareness and targeting capabilities of Aeronautical Systems Center 
(ASC) airborne platforms.  The capabilities resulting from the execution of this topic will advance the state 
of the art in targeting of EM emission sources.  The techniques developed must be accurate, capable of 
resolving closely spaced sources, and capable of being implemented in real-time under reasonable airborne 
system size, weight, and power constraints.  The techniques must be capable of implementation in compact 
reconfigurable hardware for insertion into scalable systems that support the Air Force’s layered sensing 
architecture concept.  Layered sensing implies that the techniques developed are applicable from small,low-
ltitude platforms to larger,higher altitude platforms.  The developed techniques will apply to arbitrary 
antenna configurations including those that conform to airborne platform surfaces.  To the extent that 
receive antenna configuration and platform characteristics contribute to the effectiveness of the approach, 
the research and development will thoroughly document methodologies to optimize performance for typical 
platform constraints. 
 
PHASE I:  
1) Determine hardware and software requirements to perform proof-of-concept demonstration, 
2) Provide design for the initial modeling and simulation (M&S) based capability, 
3) Document test and characterization methodologies. 
 
PHASE II:  
1) Perform the final detailed design for the initial demonstrations and prototype, 
2) Perform M&S to demonstrate concept, 
3) Acquire, develop and integrate components to construct demonstration prototype, 
4) Implement the test and characterization methodology to ensure the effective operation of the prototype, 
5) Demonstrate, document and deliver the results. 
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PHASE III / DUAL USE: Military application: The polarization-nvariant wideband direction finding 
capability developed and demonstrated in this research will enable ISR assets to more accurately locate RF 
target emissions. Commercial application: Improved wideband emitter source location capability will 
enhance a wide array of telecommunications systems such as more accurate location of CDMA handheld 
devices for emergency search and rescue. 
 
REFERENCES:  
1.  Fabrizio Sellone, “Robust auto-focusing wideband DOA estimation,” Signal Processing, Vol. 86, No. 1, 
pp.17-37, (2006). 
 
2.  James B.Y. Tsui, Digital Techniques for Wideband Receivers, Second Edition, Arthech House, Boston, 
MA, 2001. 
 
KEYWORDS: direction finding, emitter location, electromagnetic source location, polarization diversity 
 
 
 
 
AF083-142   TITLE: Energetic Event Sensor for Surveillance and Reconnaissance 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: To develop an electro-optical (EO) sensor capable of rapidly detecting, geolocating, and 
classifying energetic events. 
 
DESCRIPTION: Energetic events, such as explosions, small arms fire, and artillery fire, are often items of 
military interest.  However, finding them in areas of regard that are large and rugged can be difficult.  
Conventional infrared (IR) and EO video surveillance of such large areas generates huge mounts of 
imagery and other data, making the detection and monitoring of an event by an analyst difficult.  Numerous 
forms of noise may distract the image analyst or be misinterpreted as an energetic event of interest.  Such 
misinterpretations force the use of other surveillance assets and resources to verify the nature of the event 
before action can be taken, lengthening the decision cycle and consuming valuable resources.   
 
A reliable energetic event sensor that can be used to monitor large areas, detect, locate, and classify events 
in real time and cue other sensors to examine the area surrounding the event is needed.  A focus of this 
effort will be to review and leverage past research conducted on characterizing events.  Significant risk 
resides in meeting all the desired performance levels within space, weight, and power constraints necessary 
to employ the capability in environments relevant to the Global War on Terrorism.  To meet Air Force 
needs, such a system must be able to monitor 100 square kilometers simultaneously, operate from an 
altitude of 17,000 feet, and be able to locate an energetic event to better than a 5-meter radius (threshold) 
(0.5 meter goal).  The ability to locate an event using Global Positioning System (GPS) coordinates rather 
than a sensor-centric coordinate system is highly desirable.  It should be able to transfer location 
information to or make information available for cueing of other sensors within one second of event 
detection.  The entire system shall weigh less than 25 lb, occupy a volume less than 1 cubic foot, and 
consume less than 10 watts of power.  A liquid cryogen coolant shall not be used. 
 
PHASE I: This phase shall include a refinement of the concept, including an examination of component 
technology, architecture alternatives, and the development of a design having sufficient detail to assess its 
potential to meet requirements.  The results of this phase shall be documented in a final report. 
 
PHASE II: This phase shall include the refinement of the design and the construction of a prototype that is 
robust enough for laboratory testing and limited field and possible flight testing.  The completed sensor will 
be delivered to AFRL complete with all software and algorithms needed to operate the instrument. 
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PHASE III / DUAL USE: Military application: Further refinement of the design for miniaturization, 
ruggedness, and flight testing will make transition of the technology to small uninhabited aerial systems 
(SUAS).  Commercial application: The technology could be used by law enforcement and fire/rescue to 
detect energetic events in urban environments.  Industry could use the technology to monitor plants as part 
of a warning system. 
 
REFERENCES:  
1.  Saleh, B.E.A., and Teich, M.C., Fundamentals of Photonics, John Wiley & Sons, Inc., New York, 1991. 
 
2.  F.D. Shepherd, J.M. Mooney, T.E. Reeves, D.S. Franco, J.E. Murguia, C. Wong, F. Khaghani, G. Diaz, 
M.M. Weeks, and D. Leahy, “SWIR Variable Dispersion Spectral Imaging Sensor,” Proceedings of the 
SPIE, Vol. 6660, 2007. 
 
3.  Devir, "Fast Multi-Channel Radiometer for Diagnosing Munitions Flashes," Proceedings of the SPIE, 
Vol. 6940, 2008. 
 
4.  Lloyd, J.M., Thermal Imaging Systems, Plenum Press, New York, 1975. 
 
5.  Smith, W.J., Modern Optical Engineering, Fourth Edition, SPIE Press, Bellingham, WA, 2007. 
 
KEYWORDS: surveillance, reconnaissance, energetic event, munition flashes, monitor, persistent 
surveillance, sensor, energetic event, aerial monitoring, electro-optics, remote sensing  
 
 
 
 
AF083-143   TITLE: Coherent Change Detection for Predictive Battlespace Awareness: 

Ground Moving Target Identification (GMTI) Forensics 
 
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. 
 
OBJECTIVE: Develop and implement GMTI forensics, utilizing Coherent Change Detection (CCD) and 
Space-time Adaptive Processing (STAP) for Persistent Staring SAR Systems. 
 
DESCRIPTION: As the US military mission in the Global War on Terrorism (GWOT) continually adapts, 
so must the warfighters’ method and approach.  Conventional operations such as open field combat with 
identifiable targets are no longer the norm since the battlefield is increasingly evolving toward urban 
environments.  As a result, urban asymmetric warfare requires difficult  operations with smaller targets 
within complex  surroundings.  Increased ground clutter, more specific identification and tracking 
techniques, and smaller targets are the obstacles that modern warfighters must overcome.  Due to the 
evolving nature of the battlespace, asymmetric threats such as civilian vehicles may now be considered 
time-critical targets (TCTs). Furthermore, these threats tend to operate in more urban environments, 
blending in with the civilian population. To effectively address this threat, the next generation of radar 
sensors will need to observe a wide area on a continuous basis. Ground moving target indication (GMTI) is 
an important DoD mission. The operational impact of this research is the detection and recognition of 
people-sized objects moving at walking speed. Further impact is using CCD to detect small targets and 
unusual movement of people and material. A key challenge for GMTI sensors is providing effective 
detection performance for slow moving targets that are competing with strong main-lobe clutter.  Foremost 
among the factors influencing GMTI effectiveness are aperture size, clutter mitigation algorithm design, 
and the severity of the clutter and interference environment.  The Joint Surveillance and Target Attack 
Radar System (STARS) radar, for example, weighs these considerations in its design by deploying large 
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antenna aperture to minimize main-beam clutter spread, leveraging a variant of STAP to mitigate clutter, 
and using special techniques to enhance performance in complex, heterogeneous clutter environments. 
Given the difference between today’s operational needs and traditional approaches to  meeting past 
requirements, it is worth considering and developing alternate GMTI approaches. Future radar concepts 
such as the AFRL Gotcha radar will rely on multiple passes and staring with long dwells to mitigate 
challenging clutter. In this case, blending coherent change detection (CCD), STAP, knowledge-aided 
STAP, and synthetic aperture radar (SAR)  processing may provide greatly improved performance for 
difficult targets. Such approaches are new modes for current radar systems, but may also influence the 
design of future radar systems. 
 
PHASE I: Research and develop candidate GMTI and GMTI forensics algorithms for persistent staring 
SAR systems. Develop a system architecture that will demonstrate the implementation of the algorithms. 
Demonstration with real radar data is encouraged. 
 
PHASE II: Select candidate algorithms from Phase I and develop a prototype near real-time system in 
hardware and software that will demonstrate the improved performance of GMTI detection and forensics. 
Demonstration with real radar data is required. 
 
PHASE III / DUAL USE: Military application: Provide effective aerial surveillance of difficult target types 
in challenging clutter and interference backgrounds. Commercial application: Provide local law 
enforcement with a tool to track and detect vehicles carrying illicit drugs. Provide Homeland security the 
ability to identify and locate threats. 
 
REFERENCES:  
1.  J.N. Entzminger, C.A. Fowler and W.J. Kenneally, “JointSTARS and GMTI: past, present and future,” 
IEEE Transactions on Aerospace and Electronic Systems, Vol. 35, No. 2, April 1999, pp. 748-761. 
 
2.  C.V. Jakowatz, D.E. Wahl, P.H. Eichel, D.C. Ghiglia and P.A. Thompson, Spotlight-Mode Synthetic 
Aperture Radar: A Signal Processing Approach, Kluwer Academic Publishers, Boston, 1996. 
 
3.  G.A. Showman and W.L. Melvin, “Multi-resolution processing to enhance knowledge-aided STAP,” 
Proceedings of the 2003 DARPA/AFRL KASSPER Workshop, 14-16 April 2003, Las Vegas, NV. 
 
4.  W.L. Melvin, “A STAP overview,” IEEE Aerospace and Electronic Systems – Systems Magazine – 
Special Tutorials Issue, Vol. 19, No. 1, January 2004, pp. 19-35. 
 
KEYWORDS: space time adaptive processing, coherent change detection, synthetic aperture radar, ground 
moving target indication 
 
 
 
 
AF083-144   TITLE: Develop low-cost high-speed image processing and visualization 

techniques for persistent surveillance applications. 
 
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. 
 
OBJECTIVE: Develop, implement, test, and analyze image processing and visualization techniques for use 
in persistent surveillance applications. 
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DESCRIPTION: The production of high quality synthetic aperture radar (SAR) imagery is a critical need 
for future persistent surveillance applications.  Such imagery will be needed for high confidence vehicle 
identification, forensic tracking, and change detection.  However, the nature of persistent surveillance 
requires continuous computation of SAR imagery.  Due to high computational complexity, image 
formation algorithms have been implemented on either specialized processors or high performance 
computing clusters. 
 
High resolution imaging is complicated in persistent surveillance applications due to the circular collection 
geometry.  This is especially true for very wide aperture or very large spot size imaging due to the loss in 
depth of focus caused by the circular flight geometry as well as the wavefront curvature.  Current 
approaches involve use of digital elevation maps along with coherent backprojection imaging to form 
images with a high quality of focus throughout the entire scene.   
 
Another challenge for persistent surveillance is the visualization of the formed imagery.  Images are 
traditionally displayed in two dimensions, which obscures the three dimensional nature of the imagery.   
 
In this research, we seek to develop and implement innovative image formation approaches that can 
significantly reduce the computational complexity relative to current approaches.  Fast approaches to 
imaging that can produce a high quality image comparable to existing approaches at a significant reduction 
in computational complexity are the desired goal.  The algorithm should use prior information from digital 
elevation data to ensure image focus and accurate geolocation.  Formed images should be free from 
distortions due to wavefront curvature and terrain height.  The sensor of interest is a staring, circular SAR 
sensor that continuously collects phase history in a high range resolution mode. 
 
In addition, novel imaging visualization techniques should be developed that better represents the three 
dimensional nature of the collected radar data.   
 
In Phase I, the technical feasibility of innovative image formation algorithms will be investigated.  The 
algorithms should maintain image quality and accuracy while reducing the computational complexity.  A 
Phase II plan will be developed which extends the algorithm development and evaluation.  The plan will 
identify the algorithm development environment, specify test plans, and identify data sets for testing.   
 
PHASE I: Investigate the technical feasibility of innovative algorithms that form high quality images at 
significantly reduced computational complexity.  Demonstrate the feasibility for performance improvement 
and produce a Phase II plan to extend the algorithm development and evaluation.   
 
PHASE II: Execute the plan developed under Phase I.  Demonstrate the utility of the algorithms on 
measured radar data using commercially available hardware.  Demonstrate significant reduction in 
computational burden while maintaining image quality.  Demonstrate novel visualization techniques. 
 
PHASE III / DUAL USE: Military application: Both active and passive imaging is applicable within the 
Departments of Homeland Defense and Justice in the identification and fingerprinting of civilian vehicles.  
Commercial application: Fast imaging techniques developed here have application in fields such as 
geosciences, remote sensing, and foliage penetration for commercial terrain mapping applications. 
 
REFERENCES:  
1.  L.A. Gorham, U.K. Majunder, P. Buxa, M.J. Backues, A.C. Lindgren, “Implementation and analysis of 
a fast backprojection algorithm (Invited Paper),” Algorithms for Synthetic Aperture Radar Imagery XIII 
(SPIE vol. 6237), 2006. 
 
2.  C.V. Jakowatz and N. Doren, "Comparison of polar formatting and back-projection algorithms for 
spotlight-mode SAR image formation,” Algorithms for Synthetic Aperture Radar Imagery XIII (SPIE vol. 
6237), 2006. 
 
3.  M. Desai and W. Jenkins, "Convolution backprojection image reconstruction algorithm for spotlight 
mode synthetic aperture radar," IEEE Transaction on Image Processing, Vol. 1, No. 4, October 1992. 



AF - 166 
 

 
4.  L. Ulander, H. Hellsten, and G. Stenstrom, “Synthetic-aperture radar processing using fast factorized 
back-projection,” IEEE Transactions on Aerospace and Electronic Systems, vo. 39, no. 3, pp. 760-776, July 
2003. 
 
5.  A. Averbuch, R. Coifman, D.L. Donoho, M. Elad, and M. Israeli, "Fast and Accurate Polar Fourier 
Transform", the Applied and Computational Harmonic Analysis journal, Vol. 21(2), pp. 145-167, 
September 2006. 
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AF083-145   TITLE: Radio Frequency (RF) Tomography for Reduction of Improvised 

Explosive Device (IED) Threat 
 
TECHNOLOGY AREAS: Sensors, 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 RF tomographic algorithms to detect IEDs and to monitor previously cleared 
routes. 
 
DESCRIPTION: IEDs pose a significant threat to military personnel. These devices can be easily placed 
along roadways and detonated to disable military assets and kill both combatants and civilian bystanders. 
The dual challenges of locating these IEDs prior to detonation and identifying/tracking the individuals 
responsible for their placement must be overcome.  
 
RF tomographic sensing is one technology with the potential to address IED challenges. This technique 
utilizes a constellation of sensors arrayed around the scene of interest in a ring or other similar geometry to 
provide multiple look angles for forming images. These sensors have the benefit of all-weather day and 
night operating capability. In addition, numerous inexpensive distributed sensors can form images and 
detect targets using extremely simple receivers with ultra narrow bandwidths. Specifically, the wide 
bandwidth normally required for imaging radars can be replaced with geometric diversity, allowing the use 
of cost-effective modules. A large number of disposable receive-only modules could also be used in 
concert with a few more powerful transmitter modules.  
 
Once a route is cleared of IEDs, it is necessary to ensure that it remains clear. Due to the operational value 
of uninhabited aerial vehicles (UAVs), it is often not feasible to use these assets for long-term tasks such as 
route surveillance. Instead, a network of tomographic sensors could be placed along the route as it is 
cleared. The sensors could be mounted on poles or preexisting structures of opportunity along the route. 
Data from the sensors could then be used in a variety of ways to defeat the IED threat. First, the sensors 
could detect suspicious events, including unexpected vehicle stops and dismounts with signatures indicative 
of carried IEDs or weapons. Second, after the passage of any vehicle or dismount, change detection could 
be used to identify ground disturbances or other signature changes that might be indicative of a newly 
placed IED. Finally, after either an IED detonation or a detected suspicious event, the recorded sensor data 
could be used to track the offending vehicle/dismount in preparation for eventual pursuit and to identify 
potential collaborators or operating facilities associated with the illicit activity. 
 
Government provided data may be available for some portions of this effort. 
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PHASE I: Characterize and simulate tomographic signatures of IEDs. Develop RF tomographic algorithms 
for detecting IEDs carried by dismounts and implanted in the ground. Create techniques to identify 
suspicious movements of vehicles and dismounts along a route of interest that could indicate IED activity. 
 
PHASE II: Refine and extend the algorithms from Phase I to operate in more realistic urban environments 
and to account for realistic dielectric variations in ground materials. Test and evaluate the developed 
techniques using measured data. Focus on developing forensic data analysis techniques to compare data 
collected over several days to detect subtle changes or notice deviations from patterns that could indicate 
IED placements. 
 
PHASE III / DUAL USE: Military application: This technology could be applied to fielded systems to 
defeat IEDs.  Commercial application: This technology could be adapted to locate buried toxic waste 
containers or for surveillance and site security at airports, other similar facilities, or along borders. 
 
REFERENCES:  
1.  B. Himed, H. Bascom, J. Clancy, and M. C. Wicks, “Tomography of moving targets,” Proc. of SPIE, 
Vol. 4540, pp. 608-619, 2001. 
 
2.  M.C. Wicks, B. Himed, L. J. E. Bracken, H. Bascom, and J. Clancy, “Ultra narrow band adaptive 
tomographic radar,” Proc. IEEE CAMSAP 2005, pp. 26-39, 2005. 
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AF083-146   TITLE: Combined Constellation Sensor Simulation Environment (C2S2E) 
 
TECHNOLOGY AREAS: Information Systems, Sensors, Battlespace 
 
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 flexible and intuitive technology prototype for realistically simulating and 
evaluating methodologies for managing constellations of airborne ISR assets. 
 
DESCRIPTION: Innovative ideas are sought to produce a Combined Constellation Sensor Simulation 
Environment (C2S2E) whereby various methods for efficiently and effectively managing and tasking a 
group of airborne ISR  platforms and assets (sensors) could be empirically analyzed and compared. 
 
The goal of effective constellation management is to organize and control a collection of available 
platforms and sensors in a manner that maximizes one or more desirable metrics.  Metrics of interest might 
include the number of accomplished collection objectives per unit time, average instantaneous sensor 
footprint area, total sensed area, and average throughput of collection data.  New and novel metrics that 
measure the effectiveness of a particular constellation management technique should be considered and 
developed. 
 
The simulation participants, including platforms and sensors, should be described and their capabilities 
modeled by using a standard description language (e.g., SensorML).  Similarly, the simulation 
characteristics, collection environment, platform route planning, and collection objectives should all be 
depicted by a machine-readable artifact. 
 
Care ought to be taken in selecting the salient attributes of the simulation participants to model in the 
simulation.  For example, platform attributes such as range, communications capabilities, average speed, 
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and operational ceiling will allow realistic features to be considered when developing a constellation 
management technique.  Similarly, sensor attributes such as field of view, effective squint and slant ranges, 
transducer efficiency, and processing capacity should be modeled.  Important collection environment 
attributes such as terrain elevation and atmospheric conditions should be modeled as well.  Other 
interesting simulation characteristics should be considered and developed. 
 
The simulation execution should produce outputs that are appropriate for automated analysis and 
visualization in a geospatial toolkit.  A graphical inspection of the dynamic simulation may aid in the 
qualitative analysis of the effectiveness of a particular constellation management technique.  Additionally, 
the simulation should produce quantitative measures of the effectiveness metrics identified and developed; 
these measures allow for empirical comparison of different management techniques. 
 
Emphasis to be placed on creating an executable prototype that is reusable for analysis of many types of 
ISR scenarios involving myriad platforms and sensors, and developing novel metrics and methods for 
evaluating the effectiveness of constellation management techniques. 
 
PHASE I: - Identify and refine standards for representing simulation objectives and participants 
- Determine appropriate metrics for effective evaluation of an ISR constellation. 
- Investigate methodologies for utilizing metrics for empirically comparing constellation effectiveness. 
 
PHASE II: - Design, develop, and demonstrate an executable prototype which can load, visualize, and 
evaluate various ISR constellation scenarios 
- Conduct mock simulations of several realistic scenarios and show usefulness of evaluation metrics 
identified in Phase I. 
- Apply and refine comparison methods. 
 
PHASE III / DUAL USE: Military application: Constellation evaluation metrics and methods may be 
applicable to terrestrial and national ISR assets as well as airborne. .Commercial application: Technologies 
may be useful to providers of commercial Geographical Information Systems (GIS) data in order to 
maximize the value of their collection assets. 
 
REFERENCES:  
1.  Electronic Systems Center homepage, Accessed December 2007, 
http://www.hanscom.af.mil/esc/index.asp. 
 
2.  OpenGIS SensorML homepage, Accessed December 2007, 
http://www.opengeospatial.org/standards/sensorml. 
 
KEYWORDS: sensor, simulation, ISR, tasking, SensorML, constellation 
 
 
 
 
AF083-147   TITLE: Conformal Antenna for Application to  Jamming of IEDs 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE: Research, design and develop a Conformal Antenna for application to the side of DoD 
platforms for use in the detection of road side IEDs.  
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DESCRIPTION: Improvised Explosive Devices (IEDs) remain the leading cause of U.S. Coalition, and 
host country casualties in Iraq and Afghanistan. The IED Defeat Program Office has been established at the 
Electronic Systems Center (ESC) to support material and non-material solutions to the IED problem. IED 
countermeasures being explored include technology that can first detect the IEDs from afar and second 
neutralize the device before it has the opportunity to detonate. When detection methods are not successful 
then alternative solutions need to be considered. One method to counter an IED is to use jamming devices, 
known as Counter Radio Controlled Improved Explosive Device Electronic Warfare, or CREW systems, in 
an attempt to intercept or block signal before it reaches its intended target, thus preventing detonation. 
Radio Frequency (RF) detection of the device to determine if one exists this requires a RF receiver system 
and an antenna to provide a proper countermeasure. Therefore, jamming equipment must be correctly 
installed with appropriate antenna systems to achieve maximum radiated power and minimize internal 
system losses. The present antennas on various Department of Defense platforms are protruding above the 
vehicles. This can cause problems in the survival of the antennas since they are vulnerable to be broken by 
any passing overhangs; trees, airborne clutter, etc thereby make the jamming system inoperable. In 
addition, since the antenna structures are a visible portion of the vehicle they can draw unnecessary 
attention to the system.  This SBIR is intended to research and develop a method to re-design the 
protruding antenna by providing a low profile conformal antenna that can be an integral part of the vehicle 
structure. The design, should take into account various Department of Defense platforms, both ground and 
airborne vehicles. The development needs to take into account the placement of the structures to provide 
equivalent system performance for area coverage, and operational frequencies. The following issues will 
need to be addressed, electromagnetic interference due to the platform interaction, impedance matching and 
proper isolation between operational frequencies. In addition, as part of the design the antenna should 
contain the ability to camouflage the antennas so they will not attract unnecessary attention.  
 
PHASE I: Research and develop a low profile conformal antenna for DoD vehicles. The effort will 
investigate antenna performance parameters. A key portion of this effort will be in determining the effects 
of the antenna performance based on its interaction with vehicle and provide a baseline design. 
 
PHASE II: Phase II will use the information provided in the Phase I and provide a representative prototype 
for demonstration. This will include the antenna performance outside the platform and within the platform.  
 
PHASE III / DUAL USE: Military application: IED, explosive and threat detection and characterization.   
Commercial application: Homeland defense and security 
 
 
REFERENCES:  
1.  “Jammers Increasingly Used to Fight IEDs”, Homeland Security Daily Wire: The Business Report, 14 
August 2007. 
 
2.  "JIEDDO Technology Outreach Conference", 28-29 October 2007, Aldelphi, MD. 
 
3.  "JCREW Handbook", GTA 90-10-047, 15 March 2007. 
 
KEYWORDS: IED, conformal antennas, unmanned aerial vehicles, HUMVEE  
 
 
 
 
AF083-148   TITLE: Synthetic Aperture Radar Ground Moving Target Indicator 

(SAR/GMTI) for Detection,  ID, and Tracking, of Moving Targets from 
Airborne Radar Systems 

 
TECHNOLOGY AREAS: 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 
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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 improved change detection algorithms that are well suited to 
applications that use persistent RF sensors for detecting, tracking, locating, and identifying targets in urban 
areas. 
 
DESCRIPTION: Traditionally, air-to-ground radar has been used in two classical modes: SAR and GMTI 
to map scenes and identify stationary targets. SAR change detection is an approach that holds promise for 
detecting moving targets in regimes where GMTI often fails: namely, for slow-moving targets in 
nonhomogeneous clutter. 
  
As of today, SAR change detection performance is often plagued by high false alarm rates when applied to 
urban scenarios.  Radar shadows and moving foliage produce changes that are not of interest. Also, minor 
geometry differences between passes usually make cancellation of bright cultural clutter difficult. Finally, 
large temporal separation (days or weeks) between passes can degrade overall change detection 
performance, this is especially true for coherent change detection (CCD) algorithms. 
 
In this research, we seek to develop and implement innovative change detection algorithms which are well 
suited to applications that use persistent RF sensors for detecting, tracking, locating, and identifying 
moving targets in urban areas.  
 
These algorithms should apply to single-platform, single-channel RF sensor data. The RF band of the 
sensor should be assumed to be X-band or above.  
 
The airborne platform may be assumed to fly multiple repeat passes against a single area of interest. These 
repeat passes will be as identical geometrically as is feasible for the airborne platform. Algorithms should 
be robust to these real-world imperfections in pass repeatability. The number of available passes should be 
assumed to be three or greater. 
 
Targets may include moving military and civilian vehicles as well as individuals that may be on foot. There 
is also interest in the detection of unusual activity, and the detection of arrivals and departures of vehicles 
and small objects. Of note, using real radar data to demonstrate algorithm performance is highly 
encouraged. 
 
To recap, we seek innovative change detection algorithms that yield improved performance for the 
scenarios/missions described above. These change detection algorithms would be part of target detection 
approaches that are more robust to the presence of shadows, foliage, and bright discretes. We also seek 
innovative CCD algorithms that can robustly detect arrivals and departures when there is large temporal 
separation between passes (days or weeks). 
 
PHASE I: Develop change detection algorithms that are well suited to improved detection, tracking, and ID 
of targets. Demonstrate improved performance and describe limitations. Use of real radar data is 
encouraged. 
 
PHASE II: Extend the algorithm development from Phase I to identify the necessary hardware and software 
needs for practical implementation. Demonstrate the approach using real radar data and highlight the 
system limitations.  
 
PHASE III / DUAL USE: Military application: Tool for aerial surveillance to track, detect, & identify 
hostile ground moving vehicles that are potential suicide bombers or carrying explosive materials for use in 
improvised explosive device.  Commercial application: Support improved commercial traffic monitoring 
from the air for urban planning and road construction. Beneficial to civilian law enforcement to track 
vehicles for illicit drug trafficking. 
 
REFERENCES:  
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1.  M. Minardi and E. Zelnio, “Comparison of SAR based GMTI and standard GMTI in a dense target 
environment,” Proceedings of SPIE, the International Society for Optical Engineering  (Proc. SPIE Int. Soc. 
Opt. Eng. )  ISSN 0277-786X   CODEN PSISDG  Proceedings of Society of Photo-optical Instrumentation 
Engineers, 2007. 
  
2.  Algorithms for Synthetic Aperture Radar Imagery XIII, Edmund G. Zelnio, editor, Proceedings of SPIE, 
2006. 
 
3.  T. Lewis and A. Mitra, “An iterative approach for moving target detection and geolocation in SAR,” 
Algorithms for Synthetic Aperture Radar Imagery XIII, Edmund G. Zelnio, editor, Proceedings of SPIE, 
2006. 
 
4.  S. Scarborough, C. Lemanski, H. Nichols, G. Owirka, M. Minardi, T. Hale, “SAR Change Detection 
MTI” Algorithms for Synthetic Aperture Radar Imagery XIII, Edmund G. Zelnio, editor, Proceedings of 
SPIE, 2006. 
 
KEYWORDS: radar, moving target imaging, persistent sensing, ground moving target indicator, change 
detection, background cancellation 
 
 
 
 
AF083-149   TITLE: Multimode, Laser Radar for High-Confidence Identification in Air 

Force Targeting and Intelligence, Surveillance, and Reconnaissance (ISR) 
Missions 

 
TECHNOLOGY AREAS: Air Platform, Sensors, 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 and demonstrate a SWIR, multipixel, multimode ladar for use as a NFOV, 
identification sensor, providing high-confidence, target ID of detections from a WFOV, passive, MWIR 
imager. 
 
DESCRIPTION: Recent advances in vibration and three-dimensional (3-D) ladar technology suggest a 
level of maturity that may enable high-confidence identification of ground objects from air platforms at 
ranges which exceed current passive optical sensor capabilities.  The current workhorse sensor is the 
passive, mid-wave infrared (MWIR) imager.  The MWIR technology is mature, providing much higher 
resolution images with larger fields of view (FOV) than previous infrared systems.  However, short-wave 
infrared (SWIR) ladar sensors are capable of even higher spatial resolution while adding a third spatial 
dimension to the signature measurement.  Additionally, measurements of the surface vibrations are possible 
providing a fourth dimension.  The combination of passive MWIR imaging and SWIR ladar may offer high 
area coverage rates while improving target identification by synergistically using the best attributes of each 
sensor.  This effort will design and fabricate a demonstration system to be used in laboratory and field 
investigations evaluating the utility of this concept. 
 
PHASE I: Emphasis is placed on system design and analysis.  The candidate concepts will be evaluated and 
critical components to the design requiring additional development identified.  Laser radar technology and 
signal processing techniques needed to support the concepts will also be evaluated.    
 
PHASE II: A prototype system that would be usable in a field demonstration will be built and tested.  A 
field demonstration of the concept using the prototype will be designed and carried out.  The prototype 
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should be designed with consideration of size and complication so that overall hardware complexity is 
minimized. 
 
PHASE III / DUAL USE: Military application: Potential applications for this technology could be 
reconnaissance/surveillance missions aboard unpiloted aerial vehicles.  Commercial application: High-
resolution imaging and mapping would be the primary application of the technology. 
 
REFERENCES:  
1.  Vasile, A.N. and Marino, R.M. "Pose-independent automatic target detection and recognition using 3D 
laser radar imagery," Lincoln Laboratory Journal, Vol. 15, No. 1 pp. 61-78 2005. 
 
2.  Kachelmyer AL, Schultz KI. Laser vibration sensing. Lincoln Laboratory Journal. 1995 Spring-Summer 
1995;8(1):3-28. 
 
3.  Karlsson CJ, Olsson FAA, Letalick D, Harris M. All-fiber multifunction continuous-wave coherent laser 
radar at 1.55 ìm for range, speed, vibration, and wind measurements. Applied Optics. 2000 
2000;39(21):3716-26.  
 
4.  Mark R. Stevens, Daniel W. Stouch, Magnus Snorrason, Frederick Heitkamp. Mining vibrometry 
signatures to determine target separability. Proc. SPIE. 2003 2003;5094(10).  
 
5.  Watson EA, Dierking MP, Richmond RD. Laser radar systems for multi-dimensional imaging and 
information gathering. Lasers and Electro-Optics Society Annual Meeting, 1998. LEOS '98. IEEE. 1998 1-
4 Dec. 1998;2; 2:269-70.  
 
KEYWORDS: ladar, SWIR, MWIR, multimode 
 
 
 
 
AF083-150   TITLE: Algorithm Development for Predictive Battlespace Awareness 
 
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. 
 
OBJECTIVE:  Develop real-time image processing and coherent change detection algorithms for 
continuously-staring circular synthetic aperture radar (CSAR). 
 
DESCRIPTION:  As the military mission on the global war on terror changes, so does the method and 
approach that the warfighter must endure.  The battlefield is turning more to urban environments; so open 
field operations with identifiable targets are no longer the norm.  Urban asymmetric warfare requires 
sensing smaller targets within more complex environments.  
 
For a continuously-staring CSAR mission, an airborne sensor repeatedly flies a circle around a single area 
of interest (e.g. a city).  In contrast to traditional narrow-beam radars, this staring radar uses a wide-beam 
antenna to illuminate the entire area of interest with every pulse.  This approach ensures that transient 
phenomena in both angle and time are observed.  The multiple repeat passes enable the use of powerful 
techniques based on changed detection.  The full circular collection geometry enables the formation of 2-D 
images with sub-wavelength resolution and 3-D images.  All of the above products can be simultaneously 
generated from the same radar data. 
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Staring radar mode generates extremely large amounts of data.  For example, a 1-ft resolution X-band radar 
must collect about 40 giga-samples per circle to satisfy Nyquist criteria for a 20-km diameter ground spot.  
This “Radio Frequency (RF) Hologram” is a rich source of information and can be simultaneously 
processed into many useful products, such as video SAR, change detection, 2-D and 3-D images, and 
GMTI.  
 
Rapid generation and analysis of these data products dramatically increases their value. This implies a need 
for low latency and high throughput at a sustained rate.  Archiving the data enables change detection and 
forensic analysis.  
 
State-of-the-art SAR processing algorithms use Fast Fourier Transforms (FFT) to minimize computational 
burden.  This computational efficiency comes at a cost of limited flexibility.  For example, the image pixels 
must lie on a rectangular grid in the radar slant plane.  Also, these algorithms are ill-suited for wide 
synthetic apertures such as those collected by a staring CSAR.    
 
Compute-intensive algorithms, such as backprojection, once deemed impractical are now being found 
realizable on modern computer systems.  These algorithms often provide greater flexibility and quality than 
FFT approaches.  Also, these algorithms are often “embarrassingly parallel,” with each pixel calculated 
independently; and hence, are well suited to parallel processing paradigms.  
 
Modern computer architectures like multiprocessors, multicore, and field programmable gate array systems 
can bring extensive compute power to bear on these types of problems.  
 
In this research, we seek to develop real-time SAR imaging and coherent change detection (CCD) 
capability for staring CSAR observing a large area (up to 20 km diameter spot). 
 
PHASE I:  Research and develop algorithms that provide real-time SAR imaging and CCD capability for 
staring CSAR.  Evaluate candidate system architecture designs.  
 
PHASE II:  Develop a representative prototype of the system architecture developed in Phase I.  
Demonstrate the ability of the system to provide real-time processing for SAR data over a wide 
surveillance area. 
 
PHASE III/DUAL USE: Military application:  Provide the ability for airborne surveillance platforms to 
identify and verify enemy targets on the ground. Commercial application:   Provide commercial law 
enforcement the ability to identify vehicles for drug enforcement.  Provide Homeland Security the ability to 
identify potential vehicles that might be used as explosive devices. 
 
REFERENCES:  
1. U. Majumder, C. Casteel, P. Buxa, et al., "SAR Data Exploitation: Present and Future Computational 
Technology for Enabling Algorithm Development," Algorithms for Synthetic Aperture Radar Imagery 
XIV, Edmund G. Zelnio, Frederick D. Garber, Editors, Proceedings of SPIE, Vol. 6568, 2007. 
 
2. L. Gorham, U. Majumder, et al., "Implementation and Analysis of a Fast Backprojection Algorithm," 
Algorithms for Synthetic Aperture Radar Imagery XIII, Edmund G. Zelnio, Frederick D. Garber, Editors, 
Proceedings of SPIE, Vol. 6237, 2006. 
 
3. P. Buxa, L. Gorham, et al., "Mapping of a 2D SAR Background Algorithm to an SRC Reconfigurable 
Computing MAP Processor," HPEC Workshop 2005, MIT Lincoln Lab. 
 
KEYWORDS: synthetic aperture radar (SAR), multicore processor, cell broadband engine, field 
programmable gate array (FPGA), parallel processors, high perfornace computing (HPC), real-time SAR 
image processing 
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AF083-151   TITLE: Radar Database Portability and Hybridization 
 
TECHNOLOGY AREAS: Information Systems, Sensors 
 
OBJECTIVE:  Develop advanced radar sensor modeling and signature signal processing techniques to 
support portability and hybridization of radar non-cooperative target identification (NCTI) signature 
database components for training and testing of target detection and recognition algorithms. 
 
DESCRIPTION:  This topic solicits innovative solutions in the following areas:  (1) High fidelity radar 
target measurement function models for extended target signatures within an automatic target classification 
context.  (2) New radar system component math models for key hardware and software components.  (3) 
Innovative signal processing techniques for identifying, characterizing, and removing unique sensor effects 
in field and range collected measured radar data.  (4) Modeling and simulation methods for characterizing 
sensor measurement uncertainty performance.  (5) Principled signature level evaluation metrics for key 
stages within the radar system. Proposals that address one or a combination of technology areas one 
through five will be considered.   
 
Existing radar math models are primarily focused at narrowband radar functionality centered on detection 
and track functionality.  Innovative physics-based (signature phenomenology) sensor modeling and 
techniques that support the analysis of wideband signature measurements are needed.  The integration of 
radar sensor modeling with computational electromagnetic target scattering prediction codes will enable the 
study and analysis of radar signature measurement performance and associated uncertainty.   
 
The decomposition of the forward radar measurement processes into modeled components is needed to 
analyze the tradeoffs between sensor design and signature database characteristics.   Advanced analysis and 
evaluation techniques that identify and characterize key architectural components contributing to this 
uncertainty are also needed.    Novel techniques that study the effects of target motion are desired.  Various 
signature formats (high range resolution (HRR) – 1D, synthetic aperture radar (SAR) -2D) can be 
considered.  A selected radar system configuration can be identified for use in demonstrating methods and 
concepts developed under this topic.  
 
PHASE I: Research advanced radar modeling and signature signal processing of field measured radar 
signatures; study significant contributors to the radar system measurement transfer function and identify 
potential barriers to portability; identify innovative post processing to mitigate unique sensor effects.  
 
PHASE II: Prototype and demonstrate solution concepts identified in Phase I; validate and demonstrate 
modeling and post processing techniques using instrumented field sensor data; identify architectural 
changes to current generation airborne radars to support universal radar database portability; develop 
principled signature database similarity metrics for key stages within the system. 
 
PHASE III / DUAL USE: Military application: These key signature database technologies will be directly 
applicable to all tactical, strategic, and reconnaissance DoD systems employing state-of-the-art radar NCTI 
technologies. Commercial application: This technology is applicable to commercial sensor applications 
such as ground foliage environmental analysis and security identification sensor systems. 
 
REFERENCES:  
1. P.M. Woodward, "Probability and information Theory with Applications to Radar," 1957. 
 
2. Harry L. Van Trees, “Detection, Estimation, and Modulation Theory,” Wiley, 2001.  
 
3. Yakov Shirman, “Computer Simulation of Aerial Target Radar Scattering, Recognition, Detection, and 
Tracking,” 2002. 
 
4. David K. Barton, "Radar system Analysis and Modeling," ISBN: 1-58053-681-6. 
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KEYWORDS: portability, signature database target recognition, radar, automatic target classifications, 
architecture 
 
 
 
 
AF083-152   TITLE: Photonic Component Manufacturability 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes, Space Platforms 
 
OBJECTIVE:  Develop and demonstrate an efficient assembly-packaging-testing process for fabricating 
the durable, affordable photonic components required in advanced aerospace systems. 
 
DESCRIPTION:  Airborne and spaceborne platforms are increasing their use of photonic components and 
interconnects to provide wide bandwidth communication, persistent sensing, and high speed information 
processing capabilities.  That growth will accelerate, owing to the performance advantages optical signals 
provide, at a reduced size-weight-power demand on the overall system.  However, the fabrication methods 
for such components often depend on very labor-intensive, low-yield processes.  This incurs high costs, 
especially for photonic components and modules that have to achieve long-term reliability in stressing 
environments where extremes in temperature, vibration, pressure, and radiation could be encountered.  
Packaging alone can account for more than half the cost of a finished component.  Innovative approaches 
are needed to overcome material interface issues, sub-micron alignment challenges, shortfalls in ruggedized 
packaging, and the demands of comprehensive performance testing of finished components.  To support 
leading-edge military systems, this country needs to invest in the fabrication technology that enables 
production of reliable, low-cost photonic components.  A focused program in this area will provide a new 
generation of photonics fabrication technology for supporting a broad range of command & control, 
surveillance, identification, targeting, assessment, and force protection missions. 
 
PHASE I:  Develop an innovative approach for fabricating photonic components such as optical 
modulators, interconnects, switches, receivers, and transmitters that will be used in future aerospace 
systems.  Perform experiments to show the feasibility of that approach, and analyze its likely impact on 
photonic component cost-performance-reliability.  Generate metrics for evaluating the photonic component 
fabrication process, and compare with existing industry capabilities. 
  
PHASE II:  Demonstrate the fabrication process for high-payoff photonic components.  Measure the 
process performance against the metrics generated in Phase I.  Assess the fabrication process maturity 
using Manufacturing Readiness Level Seven (MRL) criteria.  Estimate required further development, the 
associated risks, and the likely return-on-investment for building a pilot production line. Outline a business 
plan to implement the photonic component manufacturing technology, which addresses funding sources 
and potential customers. 
 
PHASE III / DUAL-USE APPLICATIONS:  Photonic component fabrication technology developed under 
this program is widely applicable across both military and civilian fields.  It will also bolster U.S. industrial 
competitiveness for high performance sensing, communication, and information handling on the world 
market. 
 
REFERENCES: 
1.  Enabling Photonic Technologies for Aerospace Applications V; SPIE, Orlando FL, 2003. 
 
2.  Microwave Photonics: from components to applications and systems; Kluwer Academic Publishers, 
Boston MA, 2003. 
 
3. Advanced Fiber-Optic / Optoelectronic / Photonic Module Manufacturing for Future Generation Military 
Aerospace Applications, Mark Beranek; DARPA/NIST In2m Workshop, Arlington VA, March 11, 1999. 
 
KEYWORDS: photonic, opto-electronic, components, efficient fabrication technology 
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AF083-153   TITLE: Digital Synthesizer with Tuning Filter for Advanced  Electronic 

Warfare (EW) Application 
 
TECHNOLOGY AREAS: Sensors, Weapons 
 
OBJECTIVE: Develop integrated advanced radio frequency (RF) oscillator, amplifier, and mixer module 
using digital synthesizer technology to couple with active tuning filters for EW application. 
 
DESCRIPTION: Light-weight, compact, and highly power efficient RF sources are needed for electronic 
protection systems.  Low-power tuners using direct digital synthesizer (DDS) signal generators that are 
currently available are too large and require too much power to meet demands of small and light-weight 
systems.  The proposed research effort utilizing digital RF synthesizer technology must result in a compact 
(light-weight) source, have the ability to quickly tune over a wide bandwidth, meeting broad frequency 
requirements of advanced EW applications.  The developed technology, being compact, light-weight, and 
power efficient will have wide application to various airborne EW applications, such as, electronic attack 
(EA).  The key performance parameters of interest are bandwidth, spurious free dynamic range, tuning 
time, noise figure, and capable of coupling with digitally controlled active filters.  This research effort 
supports Defense Technology Area 7 (Sensors, Electronics, and Electronic Warfare). 
 
PHASE I: Conduct electronic device(s) characterization with simulation and perform trade studies of 
dynamic range, bandwidth, frequency stability, and cost.  
 
PHASE II: Perform detailed design and build a prototype for laboratory bench test to demonstrate the 
tuning frequency band (2 to 16 GHz design goal). Document the 1-dB compression point, phase noise, 
spurious free dynamic range, and tuning time.   
 
PHASE III / DUAL USE: Military application: Compact, light-weight, low-power, RF synthesizer has 
application to meet the payload requirement. Commercial application: The device will have vast 
application for field service test and measurement instruments, including medical devices. 
 
REFERENCES:  
1. Sinha, S. and du Plessis, M.; “Design of an active-inductor dual-loop frequency synthesizer,” 
International Symposium on Electron Devices for Microwave and Optoelectronic Applications, Nov. 2004, 
pp 52-59. 
 
2. Ali, Sadeka and Margala, Martin “A Low Jitter, Wideband Frequency Synthesizer with Process Tolerant 
Auto-calibration Technique,” IEEE Radio and Wireless Symposium, Jan. 2007, pp 353-356. 
 
3. Seki, K.; Mizoguchi, M.; and Kato, S.; “Low power consumption and fast settling frequency synthesizer 
for TDMA-TDD systems,” IEEE Vehicular Technology Conference, May 1993, pp 281–284. 
 
4. Hauser, J.P. “A simple technique for analog tuning of frequency synthesizers,” IEEE Transactions on 
Instrumentation and Measurement, Vol. 38, Issue 6, Dec. 1989, pp 1141-1144. 
 
KEYWORDS: digital synthesizer, active tuner, wide bandwidth, compact, radio frequency, electronic 
warfare, countermeasures 
 
 
 
 
AF083-154   TITLE: Ultra-Low Noise Amplifier for Enhanced Signal Intelligence (SIGINT) 

Detection 
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TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Research and develop ultra wideband and ultra low noise amplifier technology to enhance 
signal processing capabilities to provide signal acquisition and synthesis of waveform features. 
 
DESCRIPTION: One of the challenges in electronic warfare (EW) is the detection and classification of 
waveform features useful in situation awareness, electronic support, and countermeasure development.  
This problem is amplified with the use low-power digital waveforms.  Present signal processing methods of 
sampling and digital processing of long blocks of data provides some improvement dealing with continuous 
wave (CW) signals.  However, digital or bursty (short duration) signals are still a concern.  One solution to 
improve the signal sensitivity is to reduce the system noise.  This may be achieved by utilizing ultra-low 
noise with wide bandwidth components in the early stages of radio frequency (RF) receivers. 
 
In this research, ultra wideband low noise amplification technologies will be explored.  This includes the 
investigation of novel LNA topologies to take advantage of advanced processes such as metamorphic high 
electron mobility transistor (MHEMT), indium phosphide (InP) HEMT, and silicon germanium (SiGe) 
technologies.  Critical performance parameters for the novel low noice amplifier (LNA) include ultra-
wideband, ultra-low noise, high gain, high linearity, and low power consumption.  The improved LNA 
performance will enable development of next generation transceivers suitable for airborne, space, and 
unattended ground sensors (UGS) applications.  Current state-of-the-art LNA technology provides 
broadband performance (greater than octave bandwidth) but operates at relatively high power dissipation (~ 
0.5W) and high noise figure (>2.5 dB).  The aim of this research is to explore novel LNA design 
approaches using advanced technologies to develop a low power, wideband LNA technology suitable for 
future DoD radar, communication, and EW systems. 
 
Although ultra-low noise amplifiers that operate at room temperature may be considered, the primary 
interest is the use of low-temperature (Cryogenic) based amplifier and filters.  The use of Cryogenic 
components is to reduce the overall noise figure associated with RF-based components.  The final goal is to 
build a cryogenically cooled, low-noise amplifier unit consisting of cryo components along with the 
cooling system.  
 
PHASE I:  Perform system trade study using behavioral simulation to provide component specifications. 
Research candidate fabrication technologies and explore design topologies to achieve an ultra-wideband / 
low power / low-noise amplifier. 
 
PHASE II:  Design and build a prototype of the low-noise amplifier to demonstrate the proof of concept.  
The proof of concept should be demonstrated in controlled and realistic outdoor environments. 
 
PHASE III / DUAL USE: Military application:  Improves signal detection and classification for signal 
intelligence (SIGINT) applications, and improves performance of radar and communication EW 
techniques.  Commercial application:  Same as above. 
 
REFERENCES:  
1.  A. Caddemi, A. DiPaola, M. Sannino, “Low-Noise Device and Circuit Characterization at Cryogenic 
Temperatures for High Sensitivity Microwave Receivers,” IEEE 2000 0-7803-6550-X. 
 
2. A. Smith, R. Sandell, J. Burch, A. Silver, “ Low noise microwave parametric amplifier”, IEEE 
Transactions on Magnetics, Vol. 21, March 1985.  
 
3. C. Risacher, E. Sundin, V. Robles, M. Pantaleev, V. Belitsky, “Low Noise and Low Power Consumption 
Cryogenic Amplifiers for Onsala and Apex Telescopes,” Proceedings of Gaas 2004, 11-12 Oct 2004, 
Amsterdam, The Netherlands, Horizon House Publications Ltd, pp. 375-378. ISBN/ISSN: 1-58053-994-7. 
 
4.  www.cryoindustries.com/ref4K2.pdf. 
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KEYWORDS: low-noise amplifier, crogenic amplifier, emitter detection, radar, electronic warfare, 
geolocation, angle of arrival (AOA), time difference of arrival (TDOA) 
 
 
 
 
AF083-155   TITLE: Next Generation Ultra-linear Super High Frequency/Extremely High 

Frequency (SHF/EHF) Solid State Power Amplifiers 
 
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. 
 
OBJECTIVE: Develop an ultra-linear 44 GHz solid state power amplifier to increase the signal capacity of 
satellite terminal uplink channels. 
 
DESCRIPTION: Future Military Satellite Communications Systems will achieve higher signal capacities 
by employing complex modulation schemes in channels that are closely spaced in frequency.  
Nonlinearities in the terminal electronics, particularly power amplifiers, cause spectral regrowth, wherein 
extraneous power from one channel interferes with signals from adjacent channels.  Adjacent channel 
interference adversely affects communications data rates.  To minimize adjacent channel interference, this 
effort will develop innovative approaches to realizing ultra-linear 44 GHz power amplifiers.  The amplifier 
linearity should support adjacent channel power ratio of <-40 dB for a typical quadrature phase shift key 
modulation scheme at an output power greater than 1 watt with power added efficiency of greater than 
30%. 
 
PHASE I:  Choose a suitable solid state technology and design the ultra-linear 44 GHz power amplifier. 
 
PHASE II: Fabricate amplifiers according to Phase I designs.  Plan and perform tests to demonstrate 
amplifier linearity, output power, and efficiency under typical signal conditions. 
 
PHASE III / DUAL USE: Military application: The amplifier is proposed for terminals to support the high 
data rates of the future transformational communications satellites.  Commercial application: Commercial 
applications: technologies and methodologies developed under this effort will directly benefit commercial 
communication networks in nearby frequency bands. 
 
REFERENCES:  
1.  S. C. Cripps, Advanced Techniques in RF Power Amplifier Design, Norwood MA: Artech House, 2002. 
 
2.  K. G. Gard, L. E. Larson, and M. B. Steer, “The Impact of RF Front-End Characteristics on the Spectral 
Regrowth of Communications Signals”, IEEE Trans. Microwave Theory And Techniques, Vol. 53, No. 6,  
pp 2179-2186, June 2005. 
 
3.  K. W. Kobayashi, YaoChung Chen, I. Smorchkova, R. Tsai, M. Wojtowicz, and A. Oki, “1-Watt 
Conventional and Cascoded GaN-SiC Darlington MMIC Amplifiers to 18 GHz,” IEEE RFIC Symp., 
Honolulu, Hawaii, 2007. 
 
4.  Cheng-Po Liang, Je-hong Jong, W. E. Stark, and J. R. East, “Nonlinear Amplifier Effects in 
Communication Systems,” IEEE Trans. Microwave Theory and Techniques, Vol. 47, No. 8, pp1461-1466, 
Aug. 1999. 
 
KEYWORDS:  Solid State Power Amplifier, Effective Isotropic Radiated Power, Adjacent Channel 
Interference, Adjacent Channel Power Ratio, EHF 



AF - 179 
 

 
 
 
 
AF083-156   TITLE: Novel Device Processes For Anti-tamper Applications 
 
TECHNOLOGY AREAS: Materials/Processes, 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. 
 
OBJECTIVE: Development of strain- and chemical-driven techniques for assembling electronic devices 
which increase the complexity of the devices and make it more difficult to reengineer.  
 
DESCRIPTION: Current anti-tampering and function obfuscation techniques often utilize post-processing, 
add-on techniques and implementations in order to hinder the reverse engineering efforts. However, once 
these techniques are circumvented, standard deprocessing techniques can determine the functions of these 
sensitive devices. For example, the technique of strain-driven folding of existing two-dimensional (2-D) 
devices into three-dimensional (3-D) devices provides an additional level of complexity that can greatly 
hinder the attempts at reverse engineering the device. Standard techniques that serve well in many 
situations are only effective with current analytical techniques. As destructive physical analysis methods 
become more advanced, these standard techniques can be circumvented.  New techniques in strain- and 
chemical-driven folding technologies of critical components at the die level need to be developed, 
demonstrated, and implemented in order to maintain the security of the sensitive devices in the future. A 
body of knowledge about these problems should be developed in order to better understand the future needs 
of this technology. The proposed die-level, anti-tamper processes should address critical components, such 
as crypto-processors, memory or field-programmable gate array (FPGAs). Proposed plans should include 
details on test methodologies for feasibility verification (of the selected fabrication/assembly approaches). 
The proposed effort should further address fabrication plans for these novel tamper-proof devices, as well 
as performance/reliability verification by a reverse engineering team. 
 
PHASE I: Develop new anti-tamper techniques in strain- and chemical-driven folding technologies of 
critical components at the die level. Select a technique(s) and define/provide a test methodology to 
demonstrate anti-tamper feasibility. Provide justification of the approach for future sensitive devices. 
 
PHASE II: Using the  new anti-tampering technique or techniques developed in Phase-I, fabricate tamper 
proof devices as prototypes. Show that the tamper proof devices have comparable performance and 
reliability to as-fabricated devices, and provide samples for individuals and teams with sufficient technical 
skills in reverse engineering to validate and verify that the devices are indeed tamper resistant. 
 
PHASE III / DUAL USE: Military application: Military application: PHASE III DUAL USE 
APPLICATIONS: This is critical for increased security of sensitive integrated circuit devices. This 
technology would have military and commercial applications where secure information is stored or 
processed. Commercial application: Commercial examples include bankcards, secure ID cards, ATM 
machines, personnel badges, etc. 
 
REFERENCES:  
1.  T.S. Yeoh, M.S. Mason, Z.D. Feinberg, M.S. Leung, M.A. Tasci, V.C. Elarde, J.J. Coleman, “In-situ 
Observation of the Formation Dynamics of Nanohelices,” Materials Research Society Spring Meeting, San 
Francisco, USA, (2006). 
 
2.  T.S. Yeoh, N.A. Ives, N. Presser, G.W. Stupian, M.S. Leung, J.L. McCollum, and F.W. Hawley, 
“Focused Ion Beam Tomography of a Microelectronic Device with Sub-2-nm resolution,” Journal of 
Vacuum Science & Technology B, Vol. 25, pp. 922 - 925, (2007). 
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AF083-159   TITLE: Anti-Jam Improvements by Combining Remotely Located Global 

Positioning System (GPS) Antennas on an Unpiloted/Uninhabited Aerial  
Vehicle (UAV) Platform 

 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE:  Design, develop, simulate, implement, and test combining fixed reception pattern antenna 
(FRPA) elements into a controlled reception pattern antenna (CRPA) array for global positioning system 
(GPS) anti-jam improvements on unmanned air vehicles (UAV) platforms.   
 
DESCRIPTION:  There are generally two kinds of GPS antennas, FRPA and (multi-element) CRPA.  The 
FRPA (individual, low-cost, small, single antenna element with L1/L2 coverage) are generally easier to 
integrate onto a platform.  However, they do not provide any of the anti-jam capability inherent in a CRPA.  
Many platforms in the DoD do not currently have CRPAs, mainly attributable to the unit cost and size of 
CRPA, as well as the complexity of platform integration for the large array.  This SBIR topic seeks to 
develop a hybrid approach in which a number of small existing or designed antenna elements (FRPAs) on a 
platform can be combined into a network that provides the benefits of a CRPA.  This concept uses existing 
FRPA antennas, distributed over the aircraft, netted together to form a Thinned Phased Array (TPA) 
network utilized in an anti-jam processing application.  This anti-jam process is being applied first to a 
UAV platform, with the goal and objective to show that equivalent performance to a CRPA, nulling of 30-
40 dB against several broadband and several narrow-band jammers, and robust satellite coverage 
performance can be designed for a UAV TPA antenna with processing, cost, size, and power greatly 
reduced from those of the present CRPA antenna electronics.  Novel technologies, which can contribute to 
such an approach, include digital processing STAP and SFAP, micro-electro-mechanical systems (MEMS), 
software-definable radio (SDR), and other algorithm/systems-level approaches.  
 
PHASE I:  Propose approaches for combining remote elements on a UAV platform into a distributed 
network CRPA.  Use modeling and simulation (simple subscale prototypes if possible) to show the benefits 
and difficulties of this hybrid scheme.  Select a promising approach.  Assess feasibility of this approach  
 
PHASE II:  Design, develop, and test prototype system that combines a number of single elements on a 
UAV platform into a networked CRPA.  Resultant system should be chamber tested to demonstrate 
combined antenna performance.  Prepare a technical report detailing the results of Phase II efforts.  
 
PHASE III/DUAL USE: Military application:  Extensive military applications are anticipated once Phase 
III commercialization is completed into defense platforms, products, or insertion into Advanced 
Technology Demonstrations (ATDs).  Commercial application:  Commercial applications will be spin-offs 
from the military applications once the military applications are identified. 
 
REFERENCES:  
1. "SAASM and Direct P(Y) Signal Acquisition,"  
http://www.stsc.hill.af.mil/crosstalk/2003/06/Callaghan.html.  
 
2. "Direct P(Y) Code Acquisition Under A Jamming Environment,"  
http://intl.ieeexplore.ieee.org/xpl/abs_free.jsp?arNumber=670047.  
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3. "Overview Of The GPS M-Code Signal," Mitre Corp.  
www.mitre.org/work/tech_papers/tech_papers_00/betz_overview/betz_overview.pdf. 
 
KEYWORDS: GPS, anti-jam, CRPA Antennas, UAV 
 
 
 
 
AF083-160   TITLE: Cognitive Radio Technology 
 
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. 
 
OBJECTIVE: Research and develop enabling technologies to build a multi-functional Software Defined 
Radio based Cognitive Radio Network (SDR based CRN) capability, which will maximize the spectrum 
efficiency by utilizing both unused and underused spectrum of opportunity.  The “SDR based CRN” will 
minimize interference to the  licensed primary users, and at the same time maintaining network Quality of 
Service (QOS) goals and end-to-end objectives.   
 
DESCRIPTION:  Spectrum congestion is a concern for both military and commercial applications.  Recent 
studies have suggested that spectrum congestion is mainly due to the inefficient use of the spectrum rather 
than its availability.  To address this problem number of Dynamic Spectrum Access (DSA) solution has 
been proposed.  Cognitive Radio (CRs), which look to transmit over unused frequencies while being 
conscience of avoiding interference with primary users, is seen as one the solution to the congestion 
problem.  Since CR spans across multiple disciplines such as radio engineering, computer science, 
mathematics, marketing and economics to name a few, there exists a number of CR definitions depending 
on the users end-to-end objectives. One of the main emphasis and challenges of this research will be the 
multi-function (Communication and Radar) application of the “SDR based CRN”. 
 
Recent research advances in CR technology have demonstrated its applications in a communications 
environment by utilizing unused frequency bands.  This effort would extend research in several areas.  
First, the effort would combine these CRs in a network infrastructure in which each CR would observe 
their surrounding RF environments, and based on gathered information and network objectives, make a 
decision on how to operate most effectively in that environment.  Secondly, this effort would explore 
adding radar as well as location positioning capabilities, opening the door for many useful future 
applications.  Finally, the current effort would study utilization of both unused (white) and underused 
(gray) spectrum, taking advantage of frequencies with little activity present. The implementation of this 
technology will be targeted to a commonly available SDR platform, to build towards a CRN capability that 
can be demonstrated in realistic spectral environments and is upgradeable and reconfigurable depending on 
the desired application. 
 
PHASE I: Investigate non-contiguous waveforms applicable for both communications and radar 
functionality.  Design algorithms to sense spectrum holes as well as locate primary and secondary users, 
both transmitters and receivers.  Evaluate MAC layer protocols to enable the networking of CRs.  Finally 
determine the design metrics necessary to implement these techniques on commercially available SDRs.   
 
PHASE II: Develop a prototype SDR-based CRN test-bed that includes a wireless channel model and 
supports multiple primary users (at least 5) and CRs (at least 10). Implement commercial-off-the-shelf 
(COTS) technology such as USRP SDR, or government-off-the-shelf (GOTS) technology.  Perform a co-
existence analysis between the primary and secondary users in the environment. 
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PHASE III / DUAL USE: Military application: This system could be used in a very broad range of civilian 
and military applications.  Communication systems and networks exist in numerous forms (cell phones, 
radio comms, wireless data networks, etc.) and this technology could be applied to all aspects of them.  
Spectrum efficiency is of utmost importance to commercial communications companies looking to improve 
quality of service (QoS) for their users.  Military radar technology could be enhanced by the CRN 
technology as well.   
 
REFERENCES:  
1. N. Mandayam “Cognitive Radio Research in the U.S.: Overview, Challenges and Directions” ARIB 
Frequency Resource Development Symposium, Tokyo, Japan, June 8 2007. 
 
2. V. Chakravarthy, Z. Wu, A. Shaw, M.A. Temple, R. Kannan and F. Garber, “A General 
Overlay/Underlay Analytic Expression Representing Cognitive Radio Waveform,” IEEE International 
Waveform Diversity and Design Conference, June 4-8 2007, Pisa, Italy. 
 
3. R.W. Tomas, D.H. Friend, L. A. DaSilva, A.B. Mackenzie, “Adaptation and Learning to Achieve End-
to-End Performance Objectives,” IEEE Communication Magazine, December 2006.  
 
4. S.M. Mishra, R. Tandra, A. Sahai, "Coexistence with Primary Users of Different Scales," IEEE DySpan 
Conference, Dublin, Ireland, April 17-20, 2007. 
 
5. James Neel, "Networking Cognitive Radios," Presented at 17th Virginia Tech Wireless Symposium, 
June 6-8, 2007. 
 
KEYWORDS: wireless communications, software defined radio, cognitive radio, modulation recognition, 
signal classification, signal detection 
 
 
 
 
AF083-163   TITLE: Low-Power, Software Defined Global Positioning System (GPS) 

Receiver 
 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Advanced technology demonstration of a low-power, hand-held software-defined radio 
(SDR) to demonstrate readiness of low-power SDR technology for application to hand-held receivers. 
 
DESCRIPTION: One key component of the Global Positioning System (GPS) modernization is in 
advanced receiver technology.  The software GPS receivers are based on the SDR technology providing the 
ability to easily adapt to the signal processing algorithms for future GPS signals without changing or 
modifying the hardware of the GPS receiver.  However, it is difficult to implement the portable software 
GPS receivers using a commercial microprocessor because of the heavy computation load and excessive 
power consumption for processing the GPS civilian and military signals in real-time.  
 
There is a need for a flexible GPS receiver to support current and future signals.  It is also desirable that the 
receiver have advanced multipath mitigation and anti-jam capability while maintaining low power 
consumption.  
 
Some commercial companies have demonstrated SDR technology for application to communication system 
terminals but have been unsuccessful in applying this technology to low power GPS systems. 
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An advanced technology demonstration of a low-power hand-held SDR is needed to demonstrate readiness 
of low power SDR technology for application to handheld receivers. Enabling component technologies 
such as low power tunable RF front ends, highly efficient digitizers, low-power embedded processing, and 
efficient algorithms are of interest in addition to an integrated SDR.  A successful technology 
demonstration may be leveraged to develop a future low-power SDR for GPS. 
 
GPS SDR technology employing reconfigurable ASICs, FPGAs, and microprocessor has been under 
development for application to both commercial and military systems. Unfortunately, the current state of 
the art has not adequately addressed power and size limitation of handheld and small / micro vehicle 
navigation.  New and innovative solutions are needed to enable SDR for power constrained GPS 
applications.   Technology which is efficient and adaptive in the current big system will fail for the low 
power and small size GPS application. New and innovative solutions are needed to enable SDR for power 
constrained GPS applications.    
 
PHASE I: Develop a SDR architecture with low-power design features. Implement the architecture in a 
simulation environment to assess power consumption. Provide an estimate of the computational complexity 
and the corresponding power requirement. Prepare a technical report that describes Phase I efforts. 
 
PHASE II: Implement the SDR architecture on a suitable device, showing the implemented device has the 
flexibility to adaptive to various GNSS signals while maintaining low power consumption. The GNSS 
receiver developed should allow real-time processing of the P and C/A codes for at least six satellites, with 
reduced power processing. As an objective the total receiver power should be less than 2 watts. 
 
PHASE III / DUAL USE: Military application: Design, develop, and test a production representative 
implementation of your design for military user equipment suitable for field testing. The technical report 
will contain test results. Commercial application: Design, develop, and test a production representative 
implementation of your design for civil user equipment suitable for field testing. The technical report will 
contain cost estimate. 
 
REFERENCES:  
1. Borre, K., Akos, D.M., Bertelsen, N., Rinder, P., Jensen, S.H., “A Software-Defined GPS and Galileo 
Receiver : A Single-Frequency Approach,” ISBN: 978-0-8176-4390-4.  
 
2. http://gps.psas.pdx.edu/OpenGnssProjects/ 
 
3. Kenn Gold, Alison Brown, “A Software GPS Receiver Application for Embedding in Software 
Definable Radios,” Proceedings of ION GPS, 2003. 
 
4. Tsui, James B.Y., "Fundamentals of Global Positioning System Receivers, A Software Approach," ISBN 
0-471-70647-7, John Wiley and Sons, Hoboken, NJ, 2005. 
 
KEYWORDS: wireless communications, software defined radio, GPS, FPGA, adaptive processor 
 
 
 
 
 
AF083-164   TITLE: Automated Resource Management and Beam Scheduling of Antenna 

Network for Space Operations Support 
 
TECHNOLOGY AREAS: Air Platform, 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 
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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 techniques for automated resource management of a global network of mixed types 
of antenna with near-optimal beam scheduling solution to contact satellites. 
 
DESCRIPTION:  Managing and scheduling a large number of satellite contacts with complex rules and 
constraints to satisfy user requests is not a simple problem [1].  Attempts to automate and optimize 
Resource Management (RM) and scheduling of a ground network of antennas for concurrent links 
(contacts) to multiple satellites has not been very successful, especially for a very large global antenna 
network like the Air Force Satellite Control Network [2].  The difficulties are due to dynamic change of 
scheduling rules and availability of antenna resources, complex issue of resource contention with time and 
space constraints, on-demand or special equipment configuration requests from users, operational 
constraints such as radio frequency (RF) interference, and high computational complexity for a near-
optimal solution.  The problem becomes more complicated with the introduction of multi-beam phased 
array antennas with new concept of operations in gain-on-demand, beam walking and beam de-confliction 
for simultaneous multiple contacts by a single operating antenna [3] [4].  RM could function at two levels 
(1) the Global Level where all contact requests are initially handled and (2) the Local Level where the local 
antenna manager knows the antenna’s contact operations and decides whether a new contact request can be 
accommodated.  The input to the Global RM (GRM) is a continually updated forecast schedule of contacts 
with satellites of known link parameters and their priority.  Based on the parameters and priorities the GRM 
selects the ideal ground station and requests a go-no-go response from the local manager.  If a contact 
cannot be accommodated the GRM notifies network operators and decides on the best alternate plan. 
 
The primary objective of this effort is to research innovative techniques to enable an automated solution to 
near-optimal RM and beam scheduling of a large, globally distributed antenna network.  The scheme 
formulated should achieve maximum utilization of network resources and number of satisfied contact 
requests, while maintaining an optimal reserve capacity to readjust in near real-time to meet dynamic space 
operation scenarios.  
 
PHASE I:  Evaluate the requirements for optimal RM and beam scheduling in a global network of antennas 
with single and multiple beam capabilities.  Research various techniques and CONOPS to optimize the 
utilization of antenna network resources to maximize the number of contacts while maintaining reserve 
capacity to accommodate high-priority requests.  Develop a solution for the GRM and define a plan to 
evaluate its effectiveness. 
  
PHASE II:  Refine the level of details for the solution and test plan designed in Phase I.  Develop a 
Graphical Interface Terminal (GUI) to enable operators to visualize the status of individual antenna sites 
and to interact with the global allocation of network resources.  Validate the selected RM algorithms using 
simulated or actual satellite contact schedules and then by increasing the number of ground stations, 
satellite contacts, and the levels of dynamic complexity.  Document the details of the product and results to 
facilitate transition to acquisition.  
 
PHASE III / DUAL USE: Military application:  The generality, scalability, and modularity built into the 
automated RM and beam scheduling solution thus developed will enable a wide applicability to many space 
mission systems.  Commercial application:  Extensive commercial applications are anticipated due to 
similarity between the military and commercial space operations. 
  
REFERENCES:  
1. El-Rewini, H., Lewis, T., Ali H., Task Scheduling in Parallel and Distributed Systems, Prentice Hall, 
1994. 
 
2. “Standardized Interface Specification (SIS) Between the Air Force Satellite Control Network (AFSCN) 
Network Management Segment (NMS) and Users, SIS-000509E, Rev. E”, Honeywell Technology 
Solutions Inc. (HTSI), January 25, 2005. 
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3. Liu, S., Tomasic, B., Huang, S., Turtle, J., “The Geodesic Dome Phased Array Antenna for Satellite 
Operations Support”, 18th International Conference on Applied Electromagnetics and Communications, 
October 2005. 
 
4. Liu, S., Tomasic, B., Turtle, J., “The Geodesic Dome Phased Array Antenna for Satellite Operations 
Support – Antenna Resource Management”, Proceedings of IEEE AP-S International Symposium, June 
2007, pp. 3161-3164. 
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AF083-165   TITLE: Cooperative Handheld Location Device Using Signals of Opportunity 
 
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. 
 
OBJECTIVE: Proof of concept demonstration of location device using commercial, non-timing version of 
signals of opportunity receivers.   
 
DESCRIPTION: Due to the weak transmit power of the GPS satellite signals, standalone GPS receivers are 
susceptible to noise, jamming, as well as the emerging threat (ET).  This susceptibility may impact the 
user’s ability to obtain position and navigation service, and may adversely affect mission effectiveness 
particularly in hand-held applications.  On the other hand, signals of opportunity, such as commercial 
broadcast radio and TV signals, are high-power systems that are difficult to jam.  Furthermore, these 
commercial broadcast stations have known locations. Therefore, these signals of opportunity may be used 
to derive location service when GPS is unavailable. 
 
However, signals of opportunity such as commercial broadcast radio and TV signals do not provide timing 
information. Even with multiple such signals emitting from different locations, time of flight (TOF) or time 
of arrival (TOA) to a receiver cannot be established due to lack of timing information and lack of 
synchronization among the signals of opportunity. This makes it difficult to use signals of opportunity 
alone to derive location information. 
 
However, if two or more devices are allowed to communicate with each other and to work cooperatively, it 
is possible that location information may be derived for all participants, using only signals of opportunity.  
This capability will have applications where GPS is completely unavailable.  
 
With the proof of concept demonstration, the demonstration is intended to show that in a cooperative 
setting, locations can be determined with good accuracy using only signals of opportunity without a global 
positioning system (GPS). 
 
PHASE I: Perform multiple design and simulations of innovative algorithms using signals of opportunity 
alone to derive location information for all participating cooperative devices. Document the design in a 
final report with simulations to support the algorithm design and feasibility of implementation. 
 
PHASE II: Implement/demo algorithm from Phase I in person man-portable breadboard prototype. Demo 
desired location capability using commercially available signals of opportunity with minimum of 2 such 
devices cooperating. Desired location accuracy should be less than 50m-all cases & less than 20m-most 
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cases. Devices should derive location info whether stationary/moving. Desired location fix probability 
95%. 
 
PHASE III / DUAL USE: Military application: Re-design the breadboard prototype demonstrated in Phase 
II into a handheld form factor that is ready for mass production. Extensive such applications are 
anticipated. 
Commercial application: Abundant commercial applications anticipated using  cooperative handheld 
devices using signals of opportunity. 
 
REFERENCES:  
1.  D. Morris, A.H. Aghvami, "A novel location management scheme for cellular overlay networks," 
IEEE Transactions on Broadcasting, Vol. 52, Issue 1, March, 2006, pp. 108 - 115. 
 
2.  Jon Agre, Loren Clare, "An Integrated Architecture for Cooperative Sensing Networks," Computer, Vol. 
33,  No. 5,  May, 2000, pp. 106 - 108. 
 
KEYWORDS: handheld, GPS receivers, cooperative networks, broadcast TV 
 
 
 
 
AF083-166   TITLE: Wideband Direct Digital Synthesizer 
 
TECHNOLOGY AREAS: Information Systems, Sensors 
 
OBJECTIVE:  Develop an integrated, wideband, programmable frequency synthesizer (PFS) for military 
communications satellite applications utilizing commercially available technologies. 
 
DESCRIPTION:  To bring the next generation of high-capacity communications to the battlefield, the 
Transformational Satellite (TSAT) program requires insertion of innovative technologies.  Frequency 
synthesizers are a critical component for military satellite communications payloads, enabling transmission 
security protection through the use of rapid frequency hopping (channel flexibility), fine tuning resolution, 
and waveform diversity.  Current commercially available PFS technologies have limited tunable bandwidth 
(<500 MHz, clock speeds < 1GSPS), reducing their usefulness for the intended application.  An increase in 
tunable bandwidth generally requires faster clock speeds leading to increased distortion, lowering the 
spurious free dynamic range (SFDR) of the system, and adversely affecting communication data rates.  The 
purpose of this research topic is to develop innovative technologies for wideband PFSs while 
simultaneously maintaining low distortion levels.  Integrated technologies for control, waveform 
generation, and frequency translation are envisioned, such as mixed signal Application Specific Integrated 
Circuits (ASICs), towards the development of a lightweight, reliable, radiation-hardened, space-qualified, 
wideband PFS suitable for satellite communications applications.   
 
Broad performance goals include tunable output bandwidth > 2 GHz; output frequency > 5.0 GHz; SFDR > 
50 dBc; minimum amplitude resolution: 10 bits Digital to Analog Converter (DAC); maximum phase 
noise: -140 dBc/Hz at 1 KHz offset; operating temperature range: -40 ºC to +80 ºC. 
 
PHASE I:  Develop one or more innovative feasibility concept(s) for PFS designs advancing the state of the 
art performance goals as identified in the description section of this topic.  Select the most promising 
approach and verify the expected performance, supported by modeling and simulation.  
 
PHASE II:  Demonstrate proof of concept prototype and validate key metrics.  Evaluate developed 
prototype for military satellite communications applications utilizing typical waveforms. 
 
PHASE III / DUAL USE: Military application:  Frequency-hopped communications terminals such as 
satellite transceivers.  Commercial application:  Wireless home phone networks using frequency hopping 
(UWB). 
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REFERENCES:  
1. Thuries, Stephane, et. Al., “A 6-GHz Low-Power BiCMOS SiGe:C 0.25 µm Direct Digital Synthesizer,” 
IEEE Microwave and Wireless Component Letters, Vol. 18, No. 1, Jan. 2008, pp. 46-48. 
 
2. Elliott, K.R., “High-Speed Direct Digital Synthesis for Next Generation RF Systems,” IEEE Radio and 
Wireless Symposium, Jan. 2007, pp. 423-426. 
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AF083-167   TITLE: Plug-and-Play Monolithic Integrated Waveform Generator, Antenna, 

Transmit and Receive Module (MIGATARM) 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE:  Develop a state of the art combined miniature monolithic integrated antenna, waveform 
generator, transmit and receive modules (MIGATARM) for use in plug-and-play universal backplane array 
(PPUBA).  
 
DESCRIPTION:  The end goal of this effort is to produce a plug-and-play monolithic integrated waveform 
generator, antenna, transmit and receive module (MIGATARM) for use in an arbitrary backplane array 
comprised of common universal connectors.  This monolithic structure will allow for more efficient 
maintainability of current active electronic-scanned array (AESA) systems and efficient upgrade options 
for current mechanically scanned radar systems.  Through the incorporation of individually addressable 
elements, waveform generators, transmit and receive module both current and future waveform techniques 
(some that are not available without this kind of architecture) ability can be fielded on current platforms.  
An example technique would be a single aperture MIMO transmit and receive radar.  These future 
techniques will allow for zero-speed moving target indicator (MTI) and electronic attack/electronic 
protection (EA/EP) techniques that are only available in simulation.  This is an advanced component 
development and prototypes (ACD&P) procurement and has an associated technical risk.   
 
PHASE I:  Through the innovative use of device design, sensor architectures and simulation techniques 
develop a feasibility design of the MIGATARM and the PPUBA.  The module should have an input 
capable of controlling the output waveforms through frequency and phase modulation techniques.  The 
output should be raw I-Q data.  
 
PHASE II:  Extend results of phase I through incorporation of greater waveform generation techniques and 
development of a plug-and-play universal backplane array (PPUBA) capable of being configured into any 
arbitrary shape.  This effort will result in an X-band brass board demonstration of the solutions-based 
MIGATRM and PPUBA.  
 
PHASE III / DUAL USE APPLICATIONS:  The final phase will be to create a working x-band system that 
is as small as possible (able to fit in a fighter nosecone).  This system will have to meet the capability of a 
currently fielded fighter.  This architecture will be applicable for current and future aircraft platforms.  Not 
only will MIGATARM provide new functionality with the ability to use multi-input multi-output (MIMO) 
Waveform Diversity techniques.  MIGATARM using PPUBA architecture will allow for easily replaceable 
and upgradeable radar systems.  This architecture has potential application to commercial radar systems 
(weather radar, commercial airliners, global positioning system (GPS), etc.). 
 
REFERENCES:  
1.  Wicks, Michael C., et al., “Waveform Diversity for Spatial-Temporal Denial of Radar and 
Communication System.”  U.S. Patent 6,204,797.  20 March 2001. 
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2.  Wicks, Michael C., et al., “Frequency Diverse Array with Independent Modulation of Frequency, 
Amplitude, and Phase.”  U.S. Patent 7,319,427.  15 January 2008. 
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AF083-168   TITLE: Multi-Function Phased Array Optical Target ID Sensor 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE:  Develop and demonstrate novel phased array optical sensor that provides 3D imaging Laser 
Detection and Ranging (LADAR) sensor capability concurrently with Laser Vibrometry sensor capability. 
 
DESCRIPTION:  As the battle field migrates from the traditional tactical environment to asymmetric and 
urban engagements; the number of targets, the target variability, and the complexity of the target 
environment, including hide and deception, has grown dramatically.  Single dimensional imaging is no 
longer sufficient to provide robust identification of this wide array of targets.   Multi-mode LADAR 
imaging that simultaneously combines intensity imaging, three dimensional spatial imaging, and vibration 
sensing will provide multiple, orthogonal target observations for enhanced identification under a wide 
variety of operating conditions.  In addition, next-generation optical sensor packages for Air Force 
platforms face increased requirements on their function and integration.  Optical sensors need to perform at 
long range and through turbulent atmospheric conditions.  Along with providing new capabilities, their 
size, weight, and power (SWaP) must be at a minimum.  Due to limited payload space in modern aircraft, 
the combination of multiple functions and operation behind conformal windows is highly desired. 
 
As requirements drive down the SWaP of the sensor system, a principle point of reduction can be found in 
reducing the size and weight of the optics by segmenting them into a phased array.  The phased array 
design uses multiple sub apertures which are phased together to provide an effective aperture that is much 
larger than each individual sub aperture.  Phased arrays have the potential to operate in more turbulent 
environments since each sub-aperture can be smaller than the Rytov number of the atmosphere.   
 
Laser vibrometry and 3D imaging LADAR are two state-of-the-art potential next generation optical sensors 
for Air Force platforms.  The 3D imaging LADAR will provide high resolution, real time 3D scene data for 
advanced target selection, and situational awareness.  While current 3D imaging LADARs relies on a 
monolithic aperture, a phased array version of a 3D imaging LADAR would provide enhanced performance 
through turbulent atmosphere as well as reducing SWaP.  Laser vibrometry will provide accurate target ID 
for objects in the scene based on a signature library.  The integrated sensor with 3D imaging LADAR and 
laser vibrometer would provide the most powerful tool for identification.  This would provide both high 
resolution scene data and target ID capability from a single optical aperture, while also reducing SWaP and 
providing enhanced combat capabilities to Air Force platforms. 
 
The goal of the system is to provide sufficient spatial and temporal descriptions enabling the identification 
of tactical and commercial targets.  The technical goals of the 3D imaging LADAR are to provide a cross 
range and depth resolution of 6 inch voxels (VOlume piXELS) and an effective range of 20 km.  The 
technical goals of the laser vibrometer are to provide a detectable magnitude of vibration in the 50-200 
microns/sec/sqrt (Hz) range across a bandwidth of 10 Hz to 5 kHz and operate out to 20 km.  Operation at 
extended ranges will be traded against aperture size and power requirements.  The combination of the two 
capabilities will require a novel design to integrate the differing requirements on the lasers and optics.  The 
sensor system should operate at the short wave infrared wavelengths (nominally 1.5 microns) and provide 
simultaneous access to both LADAR and vibrometry capability.  
 
PHASE I:  In this initial phase; candidate concepts will be developed, evaluated, and computer modeled.  
Design challenges and trade-offs will be tabulated and areas in need of additional research and 
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development will be identified.  A concept design will be developed that exploits simultaneous, multi-
phenomenology imaging, and provide an integration pathway to advanced aircraft. 
 
PHASE II:  A prototype sensor package will be built which demonstrates multiple aperture phasing 
enabling both direct detection and coherent signal detection.  This sensor package will be designed using a 
phased array architecture and will be suitable for use behind a window with a goal of steering capability of 
+/- 45 degrees in both azimuth and elevation. 
 
PHASE III / DUAL USE: Military application:  Long range combat identification with active Electro Optic 
(EO) sensors.  Save space power and weight and likely cost.  Also enables creative ways to perform active 
EO behind a faceted window.  Commercial application:  Smaller, more efficient 3-D LADAR devices. 
 
REFERENCES:  
1.  “Laser Vibration Sensing”, Alan L. Kachelmyer and Kenneth I. Schultz, The Lincoln Laboratory 
Journal. 
 
2.  “Optical Phased Array Technology”, Paul F. McManamon et. al., Proceedings of the IEEE, Vol. 84, No. 
2, February 1996. 
 
3.  “Resolution Enhanced Sparse Aperture Imaging,” Miller et. al, IEEE Aerospace Conference 
Proceedings, v 2006, 2006 IEEE Aerospace Conference, 2006, p 1655904. 
 
KEYWORDS: optical phased array, 3-D ladar, vibrometry 
 
 
 
 
AF083-169   TITLE: Ground-based Radar Space Object Identification (SOI) for Space 

Situational Awareness (SSA) 
 
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. 
 
OBJECTIVE: Exploit the constraints of the space environment to develop a space object identification 
(SOI) methodology for man-made objects. 
 
DESCRIPTION: Man-made space objects are expensive, whether it is the cost of development and 
manufacture of the object, or just putting it into orbit.  These assets need to be protected from other space 
objects both natural and man-made.  Most of this protection comes about from keeping track of all of the 
space objects in orbit around the Earth.  However, it is not always easy to keep track of everything, 
especially in the case of man-made debris [4].  There is a need for space object identification (SOI) to 
provide space situational awareness (SSA) to help keep track of space objects and their orbits.  A ground-
based radar system would provide a relatively inexpensive way to provide an all-weather SOI capability.  
Due to the geometry involved with observing space objects from the ground, it may be useful to consider 
multiple views at once (i.e., a multistatic system [1]).  There are constraints placed on space objects that are 
not placed on ground or air vehicles, e.g., it takes a significant amount of energy for a space object to 
maneuver, which makes the kinematics of a space object a feature that can be used to help identify it.  
However, identification of objects that have changed orbit is also necessary.  Most man-made space objects 
(excluding debris) have a solar panel, or multiple panels, which can be used to help identify it based on 
where the panel is attached to the main body or by any uniqueness of the panel itself.  There may be other 
features (e.g., those mentioned in Kleinman [2] and Chuang [3]) that are not applicable or work well when 
applied to automatic object identification (AOI) applications other than SOI.  It is necessary to exploit all of 
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this information to be able to identify the many different man-made space objects orbiting the Earth.  This 
solicitation is looking for innovative approaches to solving the SOI problem by exploiting the constraints of 
the space environment. 
 
PHASE I: Develop a SOI capability (and explain any assumptions) with physics-based features (e.g., 
kinematics, radar signatures) making sure to exploit the constraints of the space environment.  It may be 
necessary to compute the scattering from non-GFE models using a computational electromagnetics code. 
 
PHASE II: Expand the database of space objects used with the SOI capability developed in Phase I.  
Demonstrate the capabilities of the SOI methodology with respect to probability of identification and 
probability of correct identification.  Consider the atmospheric effects on the performance of the SOI 
algorithm and, if necessary, mitigate any deleterious effects. 
 
PHASE III / DUAL USE: Military application: These methods may be applicable to other automatic object 
identification scenarios even though the constraints on other environments are not as severe. Commercial 
application: These methods could be used to track natural space objects for applications in astronomy. 
 
REFERENCES:  
1.  Wu, Y., and Munson, Jr., D.C., “Multistatic Synthetic Aperture Imaging of Aircraft using Reflected 
Television Signals,” Proceedings of SPIE, vol. 4382, 2001, pp. 1-12. 
 
2.  Kleinman, R.E., and Senior, T.B.A., “Low Frequency Scattering by Space Objects,”  IEEE Transactions 
on Aerospace and Electronic Systems, vol. AES-11, No. 4, July 1975, pp. 672-675. 
 
3.  Chuang, W., and Huang, T.S., “Estimating Rotation Speed from Projections in SAR,” 1992 IEEE 
International Conference on Acoustics, Speech, and Signal Processing, Vol. 3, pp. 21-24. 
 
4.  “U.S. official: Chinese test missile obliterates satellite,” 
http://www.cnn.com/2007/TECH/space/01/18/china.missile/index.html. 
 
KEYWORDS: Space Situational Awareness, SSA, Space Object Identification, SOI, multistatic, bistatic, 
monostatic, radar, Automatic Object Identification, AOI 
 
 
 
 
AF083-170   TITLE: Advanced Nanostructural Analysis of Semiconductor-based Devices 
 
TECHNOLOGY AREAS: Sensors, Electronics 
 
OBJECTIVE: Develop a rapid and efficient techniques for nanostructural and atomic level compositional 
analysis of microelectronic and optoelectronic devices. 
 
DESCRIPTION: Nanoscale analytical imaging using transmission electron microscopy (TEM) based 
techniques for structural analysis of semiconductor devices is an indispensable tool in complementary 
metal oxide semiconductor (CMOS) technology development, production, and failure analysis. The same 
techniques have emerged as critical for analyzing the structure and composition of sensing devices in the 
compound semiconductor manufacturing arena [1, 2], such as radio frequency (RF) power electronics that 
intrinsically contain more complex materials and nanostructures than many established technologies. 
However, the significant costs and lengthy turnaround times associated with nanoscale imaging and 
nanoscale compositional analysis has generally discouraged their widespread application.  The Air Force is 
seeking to encourage the routine use of nanoscopic structural probes within the compound semiconductor 
industry throughout the research and development cycle to improve the long-term reliability and 
performance of devices for sensor hardware. 
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Key areas include site-specific sample preparation; imaging and analysis tools and techniques; modeling 
and simulation of structural information; and image analysis tools and techniques. Cost and cycle time must 
be reduced to achieve widespread adoption of these high value techniques and tools. 
 
PHASE I: Analyze, design, and conduct proof-of-principle demonstrations for a streamlined nanostructural 
analysis subsystem and/or technique. 
 
PHASE II: Develop and prototype a subsystem that demonstrates efficient and reliable nanostructural 
analysis from a variety of silicon and compound semiconductor device structures. 
 
PHASE III / DUAL USE: Military application: Rapid assessment of a microelectronic technology’s 
capabilities for high-performance operation in military applications/environment/the ability to ensure good 
parts are used (noncounterfeit/trusted). Commercial application: Faster time to market through a 
fundamental understanding of performance, cost, and lifetimes. 
 
REFERENCES:  
1.  Y.C. Chou et al., Microelectronics Reliability, 44, pp. 1033-1038, 2004. 
  
2.  A.V. Davydov et al., Applied Surface Science, 223, pp. 24-29, 2004. 
 
KEYWORDS: focused ion beam, transmission electron microscopy, structural analysis, sample preparation 
 
 
 
 
AF083-171   TITLE: Trust-Based Dynamic Routing Protocol for Wireless Sensor Network 

(WSN) 
 
TECHNOLOGY AREAS: Information Systems, Sensors 
 
OBJECTIVE: Create a secure and energy-efficient dynamic routing protocol for wireless sensor networks 
that routes each message over the most trusted path available.  
 
DESCRIPTION: The commercial world has begun to recognize that wireless sensor networks (WSN) have 
the potential to be a transformative technology. There are emerging commercial efforts to use WSNs to 
monitor and more efficiently control the climate in buildings, to manage and track inventory, and to 
provide security for stores and warehouses. Meanwhile the military has become interested in wireless 
sensor networks to provide a host of information for situational awareness. Communications are the enabler 
for such network centric operations [4,5], but current military communications and sensor systems are 
based on military specific requirements, tend to be costly and take many years to become operational. 
There is a growing desire to shorten the cycle time for the deployment of communication and sensor 
systems and reduce the unit cost. An emerging approach is to leverage the commercial investment in 
wireless sensor networks by adapting commercial WSNs and products for military application. However, to 
leverage commercial WSNs, military applications must be able to trust information being passed over the 
commercial system. One aspect of utilizing commercial WSNs is to have trusted routing protocols running 
over these systems.  
 
Current research related to routing in wireless sensor networks is almost entirely focused on energy 
efficiency – very little attention is being paid to secure routing in WSNs by the commercial and academic 
spheres. This is a hard problem because wireless sensor networks [1] present a myriad of security concerns 
[2]. There have been multiple efforts to harden these networks by incorporating anti-tamper technology into 
the sensor nodes and encrypting the communications among the nodes. However, many potential 
weaknesses still remain. This research takes the view that each layer in a WSN should assume that all other 
layers will have security failures with which it must deal.  
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The primary goal of this research effort is to develop a secure dynamic routing protocol suitable to the 
processing, memory, and power constraints of a typical wireless sensor network. This routing protocol 
should be trust-aware, i.e., messages should be routed through the most trustworthy nodes possible. The 
proposed solution should be scalable and applicable across as broad a range of sensor networks as possible.  
 
PHASE I: 1. Research and develop a concept for determining the trust level of nodes in a WSN and 
securely routing messages based on these trust levels.  2. Document the design and interface and provide a 
proof of feasibility for the concept. The WSN may be of limited size and/or simulated. 
 
PHASE II: 1. Based on the results from Phase I, refine and extend the design of the trust-based routing 
protocol and implement a prototype solution.  2. Provide test and evaluation results based on an actual 
WSN and demonstrate the scalability of the system (proof of scalability may be based on simulated results). 
 
PHASE III / DUAL USE: Military application: WSNs have the potential to provide unprecedented 
situational awareness without putting the warfighter in harm’s way, but a secure and robust routing 
algorithm is necessary to capitalize on them. Commercial application: The areas of transportation, shipping, 
and robotics are increasingly making use of WSN, making routing in the presence of security failures in 
these systems a matter of increasing importance. 
 
REFERENCES:  
1. http://en.wikipedia.org/wiki/Sensor_node#List_of_Commercial_Sensor_Nodes.2FMotes. 
 
2. Al-Sakib Khan Pathan et al., “Security in Wireless Sensor Networks: Issues and Challenges,” ICACT 
2006. 
 
3. Wood, Anthony and Stankovic, John A., “A Taxonomy for Denial-of-Service Attacks in Wireless Sensor 
Networks,” IEEE Computer, 35(10): 54-62, October 2002. 
 
4. http://www.dtic.mil/jv2010/jvpub.htm, Joint Vision 2010. 
 
5. Gartska, John J., Alberts, David S., and Stein, Frederick P., “Network Centric Warfare, Developing and 
Leveraging Information Superiority,” CCRP Publication Series, 2nd edition revised. 
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AF083-172   TITLE: TETMAN: Three-dimensional Exploitation Techniques for Moving 

And Non-rigid targets 
 
TECHNOLOGY AREAS: Air Platform, Sensors 
 
OBJECTIVE: Develop 3D image exploitation techniques that degrade gracefully and are applicable to 
electro-optics (EO), IR, RF, and other sensors for moving, non-rigid targets and moving platforms. 
 
DESCRIPTION: STT-IATR topic - This topic seeks to build prototypes that pull together critical aspects of 
layered sensing enabled by Geographic Information Systems (GIS) for complex sensing environments.  
The vision is that many different sensing platforms will be working together to maintain a constant 
awareness over a large region.  These platforms will have different sensor packages, but will all have 
access to the GIS information in order to improve upon the global positioning system (GPS) and navigation 
information and to build and share situational awareness.  To maintain awareness they must track 
individual objects over long time periods and through significant time interruptions.  This is facilitated by 
novel (3D) imaging techniques, feature extraction / data representation for sharing, techniques for using 
historical data to interpret new data, use of class information to improve exploitation, and methods for 
efficiently understanding the variations in conditions. 
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Various sensors have different strengths and deficiencies for scene understanding, and this is a fairly broad 
topic.  Two key aspects that have had only minimal development are the use of a GIS system to augment 
the exploitation system and (remote) human motion modeling.  Thus proposals are not required to use 
multiple sensors, but should demonstrate that the prototype system has broadly applicable principles of 
other sensors, and identify the specific advantages of the selected sensor(s).  It should demonstrate how the 
GIS system augments the exploitation system.  Human “dismounts” represent the smallest objects of 
interest, and human motion is very difficult to model and capture efficiently from a distance.  Proposals 
should address the expected level of details that could be captured (micro / macro) and methods for 
characterization, comparing, and sharing collected information. 
 
3D is an ideal way to pass information between exploitation systems, because geometry is more consistent 
than the spectral response.  The GIS is a natural way to maintain contextual information, integrate various 
bits of sensor information, and resolve ambiguities that complicate many 3D reconstruction approaches.  
Even EO systems have difficulty extracting rigid 3D objects once the sensor and the platform are moving.  
Non-rigid objects add a whole new aspect to the problem.  Therefore, clearly identifying the key issues, and 
then developing approaches that estimate and manage the uncertainties and predict the performance are 
highly desirable. 
 
PHASE I: Develop a prototype concept for capturing (3D) motion characteristics and tracking dismounts 
using confirmatory information and determine the performance bounds. 
 
PHASE II: Compare various sensor choices, extend the results, and demonstrate the approach with 
integrated algorithms using synthetic and measured data. 
 
PHASE III / DUAL USE: Military application: This technology assists analysts in maintaining situational 
awareness by supporting anomaly detection. Commercial application: This effort applies to city-wide 
surveillance applications (security and policing), such as vehicle tracking for traffic monitoring. 
 
REFERENCES:  
1.  Boutin, Mireille (2004) “Structure from Motion: A New Look from the Point of View of Invariant 
Theory,” SIAM Journal on Applied Mathematics 64(4). 
 
2.  Vidal, René (2007) “Multiframe Motion Segmentation with Missing Data Using Power Factorization 
and GPCA,” International Journal of Computer Vision. 
 
3.  Olsen, S. I. (2008) “Implicit Non-Rigid Structure-from-Motion with Priors,” Journal of Mathematical 
Imaging and Vision. 
 
KEYWORDS: Feature extraction, super-resolution, automatic target recognition, 3D imaging, moving-
target imaging, geometric invariants 
 
 
 
 
AF083-173   TITLE: Mid-Infrared Solid-State Active Sensor 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Develop a frequency conversion device that operates at selectable or tunable wavelengths in 
the 1.5 to 12 micron spectral region and no free-space beam propagation prior to emission from apertures. 
 
DESCRIPTION: Laser technology is needed to provide active sources for countermeasures to the next 
generation of heat seeking missiles and for long range, remote sensing of targets and threats. The laser 
source must be agile in wavelength with broadband 1.5 to 12 micron coverage for use in combat aircraft.  
The laser source must be robustly insensitive to environmental changes in temperature, pressure, humidity, 
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and vibration.  Confined beam propagation in fibers or waveguides [no free-space beam propagation] is 
desirable for achieving this robustness.  Active modulation of the laser beam in terms of amplitude, phase, 
and carrier frequency is needed for missile countermeasures and laser radar applications.   
 
Current technology that most closely meets these requirements is a fiber-laser-pumped optical parametric 
oscillator using orientation patterned gallium arsenide [GaAs] as the frequency conversion medium.  
However, GaAs cannot be pumped at wavelengths shorter than 1.8 microns due to two-photon absorption.  
Also, fabrication of patterned GaAs is costly and hazardous due to the use of arsine as a precursor.  Also, 
GaAs has not reached the levels of material quality needed for efficient, low-loss operation.   
 
SBIR efforts are needed to develop new techniques to couple pump and optical parametric oscillator in a 
manner that does not use free-space beam propagation.  New types or classes of nonlinear frequency 
conversion devices employing improved frequency conversion materials are also of interest.   
 
PHASE I: The Phase I effort will demonstrate feasibility of a new concept for achieving broadband infrared 
laser emission.   
 
PHASE II: The Phase II effort will demonstrate a breadboard device based upon the new concept 
developed in Phase I which achieves selectable or tunable wavelengths in the 1.5 to 12 micron spectral 
region and that has no free-space beam propagation prior to emission from apertures. 
 
PHASE III / DUAL USE: Military application: infrared missile countermeasures, and high-resolution, 
long-range target identification remote sensing of biological or chemical agents. Commercial application: 
remote sensing of industrial effluents, gas leaks, mineral/petroleum prospecting. 
 
REFERENCES:  
1.  Rita D. Peterson, et al., "Progress in orientation-patterned GaAs for next-generation nonlinear optical 
devices," SPIE Proceedings, Vol. 6875-12 2008. 
 
2.  David G. Lancaster, et al., "Power-scalable thulium and holmium fibre lasers pumped by 793 nm diode 
lasers," Proceedings, Advanced Solid State Photonics, OSA, 2007.  
 
KEYWORDS: infrared laser, nonlinear frequency conversion, no free-space optics, quasi-phase-matching, 
waveguides, fiber lasers 
 
 
 
 
 
AF083-175   TITLE: Verified and Validated Software for Three-dimensional (3-D)  Fatigue 

Crack Growth and Stable Crack Extension 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop and demonstrate capability to predict three-dimensional (3-D) fatigue crack growth 
and stable crack extension in relevant aircraft structural application. 
 
DESCRIPTION: To date, most crack growth predictions for aircraft structures are made using simplified 
representations of structural members. These predictions generally assume that a crack will grow under 
mode I (crack opening) conditions in a single plane (normal to the principal stress direction for some 
limiting load condition). As a result of these simplifications, a constant principle stress orientation must 
also be assumed. Life predictions made under these assumptions have been considered adequate in the past, 
because cracks in built-up structures are more easily idealized using simpler models. The cracks are 
growing through relatively small components where the crack path is normally not a major concern. Also, 
computational capabilities had not advanced to the state that exists today. 
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Over the years, there have been cases where cracks have been identified in structures (i.e. A-10 shear web) 
growing in a curved path which can not be adequately modeled using standard methods. New aircraft are 
being built using larger, unitized structures. Cracks in these structures are likely to follow paths dictated by 
unique geometric features and more complex load conditions. It is important to have better crack growth 
modeling capabilities to make more accurate life predictions. 
 
The Air Force has recently funded efforts to determine more accurate failure criteria for structures under 
complex load conditions, and the next logical step is to develop better methods to predict subcritical crack 
growth for structures with complex geometries and loading conditions. Several finite element codes include 
basic crack growth models to simulate crack growth in 3-D, but normally use the standard stress intensity 
factor (K) with crack growth rate data obtained for mode I conditions in a single grain orientation. It is 
unlikely that predictions made with this method will be adequate for many real structural applications. 
 
PHASE I: Develop viable approach to predict general 3-D crack growth for structural components, 
including ability to address complex geometric features and loading conditions (mixed mode I/II and mode 
I/III as a minimum). Verify using coupon tests. Develop logical implementation plan as a viable design 
tool. 
 
PHASE II: The Phase II effort will implement the Phase I Implementation Plan. Verify model using 
component level testing. Deliver a working prototype model for Government evaluation. 
 
PHASE III / DUAL USE: Military application: Aircraft platforms are using more complex unitized 
structures that will require the use of more accurate crack growth analysis capabilities to aid in design and 
maintenance. Commercial application: Opportunities also exist in commercial aircraft and automotive 
industries. 
 
REFERENCES:  
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AF083-176   TITLE: Composite Damage Evaluation Tool 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop methods for the evaluation/specification of repair methodologies for composite 
materials that take into account current damage state based on nondestructive evaluation results. 
 
DESCRIPTION: A solution to sustainment of composite structures is to formalize the evaluation of 
damage.  Being able to quantify the damage to a structure will enable rapid and safe disposition.  A 
Composite Damage Evaluation Tool would include all elements of disposition; evaluation of the inspection 
data (including modeling of long term effects), assessment of the residual strength (requires loads and 
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service data), design of the repair (including material selection and fastening system), analysis of the repair 
(computer based analytical tools), procedures for repair installation, and post-repair evaluation (inspection 
techniques).  Having standardized tools and training would reduce flow times for disposition, increase 
reliability of repairs and institute best practices across the Air Force.  Engineers using a Composite Damage 
Evaluation Tool would be trained in industry current best practices. 
 
An example of desired characteristics are the ability to build a representative model, simulate damage, 
simulate repair over the damage, and verify that repair meets strength, life and stiffness requirements. 
 
PHASE I: Develop and demonstrate feasibility of using analytical tools to evaluate inspection results and 
determine repair required to meet strength, life and stiffness requirements.  Validate tool using coupon 
testing. Develop a proposed methodology development plan for Phase II implementation.   
 
PHASE II: The Phase II effort will implement the Phase I Implementation Plan. Verify model using 
component level testing. Deliver a working prototype model for Government evaluation. 
 
PHASE III / DUAL USE: Military application: Aircraft platforms are using more composite material 
systems that will require evaluation and repair to aid the maintenance community.  Commercial 
application: Opportunities also exist in commercial aircraft and automotive industries. 
 
REFERENCES:  
1.  Abaris, "Repair Analysis and Substantiation," 
http://www.abaris.com/IndividualCoursePage.asp?CRSID=11 
 
2.  Global Engineering and Materials, "Automated Delamination Onset and Crack Growth Prediction in 
Composite Structures," Final rept. 15 May 2006-30 Mar 2007,Accession Number: ADB328676, Full Text 
(pdf) Availability: http://handle.dtic.mil/100.2/ADA399828 
 
3.  University of Dayton Research Institute, "Nondestructive Methods for Evaluating Damage Evolution 
and Material Behavior in Metal Matrix Composites," Final technical rept. 15 Aug 93-14 Feb 97, Accession 
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4.  A. Styuart and K. Lin, "Maintenance Planning for Aircraft Damage Tolerant Composite Structures 
Based on Risk Assessment," 48th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and 
Materials Conference, Honolulu, Hawaii, Apr. 23-26, 2007.  
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AF083-177   TITLE: F-35 Lift Augmentation with Synthetic Jets 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Improve the performance and uniformity of piezo-electric synthetic jets (SJs). Evaluate 
impact of saltwater environment on piezo-electric SJs and develop methods to protect SJ’s from corrosion. 
 
DESCRIPTION: Synthetic jet blowing over hinged and slotted flaps has been shown to significantly 
increase the performance of high lift systems by reducing or eliminating separated flow over highly 
deflected flaps. This technology has the potential to reduce the complexity of high lift systems, resulting in 
lower part count, less weight, smaller control surfaces, less wing area, and reduced control surface actuator 
size and weight. SJ blowing is an all-electric solution to the supply of local blowing over aircraft surfaces. 
SJ are typically driven by either electromagnetic or piezo-electric forcing. Piezo-electric synthetic jets have 
been shown to be high output and lighter in weight than electro-magnetic devices, but have not been proven 
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for application to the aircraft environment. In addition, the peak performance from one device to another 
can be variable for devices that have been fabricated to date in low volumes for laboratory application. This 
project is directed to addressing these potential limitations to the application of SJ to aircraft applications. 
 
PHASE I: Evaluate variability of SJ peak performance. Investigate approaches to develop uniform high 
output from multiple devices. Expose existing devices to seawater, hot, cold, and abrasive dirt 
environments. Investigate coating approaches and estimate performance degradation. 
 
PHASE II: Systematically determine the sensitivity of SJ performance to variability in material and 
component characteristics. Develop methods to generate uniform, high output from multiple devices and 
demonstrate in laboratory environment. Develop and demonstrate coatings or other materials and processes 
to ensure SJs are reliable for long term aircraft application. 
 
PHASE III / DUAL USE: Military application: Takeoff and landing of attack aircraft governs the size of 
wings and high lift systems. SJ blowing over  highly deflected flaps can increase lift, reducing aircraft wing 
size, weight, and cost.  Commercial application: Hinged flap high lift systems for commercial aircraft have 
been shown to significantly reduce system weight and cost. SJ blowing over hinged flap can provide 
similar lift to a slotted flap. 
 
REFERENCES:  
1.  Pack-Melton, L., Schaeffler, N. W., and Lin, J. C., “High Lift System Simplified by Active Flow 
Control,” AIAA Paper 2007-0707. 
 
2.  Shaw, L. L., Smith, B. R. and Saddoughi, S., “Full-Scale Flight Demonstration of Active Control of a 
Pod Wake,” AIAA Paper 2006-3185. 
 
3.  Smith, D. M., Dickey, E. and Von Klein, T., “The ADVINT Program,” AIAA Paper 2006-2854. 
 
KEYWORDS: piezo-electric synthetic jets 
 
 
 
 
AF083-178   TITLE: Structural State Sensing 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop and demonstrate structural state sensor concepts for unitized composite structures.   
 
DESCRIPTION: A wide variety of advanced multifunctional structural concepts such as conformal 
loadbearing antenna structures (CLAS), active aeroelastic wings (AAW), structural health monitoring 
(SHM), and morphing aircraft structures (MAS), require large arrays of structural state sensors for 
maximum performance.  Structural state sensing functions are required for  internal states such as strain, 
loads, deformations, shape, and damage, as well as external states such as air flow stagnation point, flow 
separation point, and flow reattachment points.  Emerging sensor fabrication technologies such as direct 
write and thin film electronics will enable sensors and sensor arrays that are embeddable, low cost, and 
redundant.   Bonded unitized composite structures, which have emerged as an affordable approach for high 
performance structures, provide an amenable host for embedded structural state sensors.  As engineered 
materials, composites can accommodate sensors as an integral component and enable inherently low-cost 
manufacturing approaches.  This project seeks to explore concepts that provide a synergistic marriage of 
advanced sensor technologies with unitized composite structures for advanced structural concepts.   
 
PHASE I: Demonstrate feasibility of an embedded sensor concept through fabrication and test of a 
representative multifunctional structural component.  Basic sensor performance and structural compatibility 
shall be shown. 
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PHASE II: Fabricate and demonstrate the elements of a complete embedded sensor system.  
Demonstrations should include component fabrication, joint concepts, ingress, egress, and connection to 
standard aircraft power, data, and control equipment.   
 
PHASE III / DUAL USE: Military application: This concept is applicable to all classes of future military 
vehicles (small UAVs to transports) featuring unitized composite airframe construction.  Commercial 
application: This technology would be applicable to commercial transportation systems which utilize 
composite structures such as aircraft, ships, buses, trucks, and automobiles. 
 
REFERENCES:  
1.  http://ammtiac.alionscience.com/pdf/AQV1N3_ART01.pdf. 
"Composite Affordability Initiative: Transitioning Advanced Aerospace Technologies through Cost and 
Risk Reduction," Russell, John D., AFRL/WPAFB, AMMTIAC Quarterly, Vol. 1, No. 3.  
 
2.  
http://spie.org/x648.xmlproduct_id=352695&origin_id=x1636&Search_Results_URL=http://spie.org/x163
6.xml&category=ResearchPapers&isResearch=true&title_abstract=direct%20write&boolean_filter=All. 
 
See new Refs. 4 and 5 - original Web-link posted was incorrect/not available.  
 
3.  
http://spie.org/x648.xmlproduct_id=276607&origin_id=x1636&Search_Results_URL=http://spie.org/x163
6.xml&category=ResearchPapers&isResearch=true&title_abstract=clas&boolean_filter=All.  
 
4. "Technical Challenges for Structural Sensing," Doc. No WPAFB 08-5003, Cleared for Public Release by 
WPAFB 8/5/2008, PowerPoint, 8 pages. 
 
5. "Laser Direct Writing of Circuit Elements and Sensors (Proceedings Paper)," Pique, Alberto et al, 15 
July 1999, 8 pages. 
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AF083-179   TITLE: Technologies for Rapid Affordable Hypersonic Flight Testing 
 
TECHNOLOGY AREAS: Air Platform, Space Platforms 
 
OBJECTIVE: Develop technologies to support small-scale, inexpensive hypersonic flight testing. 
 
DESCRIPTION: The Air Force Hypersonic International Flight Research and Experiments (HiFiRE) 
Program is planning a series of nine high-speed flight experiments, boosted atop sounding rockets, in the 
2008-2013 time frame. These flight experiments will investigate fundamental hypersonic technologies 
critical to the realization of next generation aerospace weapon systems. Innovative experiments and 
enabling instrumentation methods are sought. 
 
A need exists for innovative experiments related to aerothermodynamics, including boundary layer 
transition, shock-boundary-layer interactions, actuation and sensing.  These experiments may take either of 
two forms, either a stand-alone aerothermodynamic experiment, or an instrumentation innovation.  A stand-
alone experiment would be secondary to an existing primary experiment, and expand our knowledge base 
regarding one of the particular aerothermodynamic phenomena listed.  Alternatively, an instrumentation 
innovation would advance the state-of-art of hypersonic flight instrumentation.  An instrumentation 
innovation would support either an existing primary experiment or a proposed secondary experiment.  
Measurements of heat transfer, pressure, velocity and thermodynamic variables, especially at bandwidths of 
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10 kHz to 1 MHz are sought.  Current state of art measurements are limited primarily to on-body 
measurements at bandwidths below 20 kHz.  Measurements and instrumentation would be required to 
function at altitudes of 15km and above and at Mach numbers of approximately 6 to 8.   
 
Both experiments and instrumentation tests must be contained within a limited volume and be able to 
operate with minimal impact to existing primary experiments.  Experiments and instrumentation must be 
flight-hardened to withstand flight conditions.  Typical requirements are described in the NASA sounding 
rocket program handbook. 
 
PHASE I: Identify specific experiments or instruments to expand our knowledge base in hypersonic 
aerothermodynamics or improve flight measurement capabilities. Define demonstration(s) to validate one 
or more identified technology solutions. 
 
PHASE II: Execute prototype demonstration(s) of one or more technology solutions identified in Phase I. 
Validate performance of technology solutions at relevant conditions during sounding rocket flight test 
 
PHASE III / DUAL USE: Military application: Improved flight testing abilities to develop hypersonic 
vehicles and technologies to support operationally responsive space access, prompt global strike, and other 
hypersonic vehicle applications. Commercial application: New hypersonic technologies and flight testing 
abilities that can focus on hypersonic flight conditions, improve rapid design techniques, and enable space 
tourism and on-orbit payload delivery. 
 
REFERENCES:  
1. Little, G., “Mach 20 or Bust,” Air & Space Smithsonian, September 2007. 
 
2. Fetterhoff, T., et.al., “Hypersonic Focus Area in the DoD T&E/S&T Program” 14th AIAA/AHI Space 
Planes and Hypersonic Systems and Technologies Conference, November 2006, AIAA 2006-7925. 
 
3. Kimmel, R. L., Adamczak, D., Gaitonde, D., Rougeux, A., and Hayes, J. R., “HIFiRE-1 Boundary Layer 
Transition Experiment Design,” January 2007, AIAA paper 2007-0534. 
 
4.  “NASA Sounding Rocket Program Handbook,” 810-HB-SRP, Sounding Rockets Program Office, 
Suborbital & Special Orbital Projects Directorate, Goddard Space Flight Center, Wallops Island Flight 
Facility, June 2005. 
 
5.  Dolvin, D. “Hypersonic International Flight Research and Experimentation (HIFiRE) Fundamental 
Science and Technology Development Strategy,” AIAA Paper 2008-2581, April 2008. 
 
KEYWORDS: hypersonic, flight test, rapid prototype, affordable, prototype demonstration 
 
 
 
 
AF083-180   TITLE: Innovative Intelligent Control Learning Algorithms for Unmanned 

Aerial Vehicles (UAVs). 
 
TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles 
 
OBJECTIVE: Develop intelligent control algorithms that learn the expected performance of an 
intelligence,surveillance, and reconnaissance (ISR) system that includes the operator, sensor, platform, and 
processing. 
 
DESCRIPTION: The performance of a unmanned aerial vehicle (UAV) ISR system (which includes the 
operator and the automation) is often dominated by false positives or false alarm (FA)rate.  For targets in a 
cluttered environment, not only the actual targets may be identified, but also several false targets may be 
identified.   The ISR system functions as a "detector" operating at a specific point on the curve that relates 
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FA to missed detection (MD).  Changing the threshold on the detector will shift the operating point, which 
means you can only decrease the FA rate by increasing the MD rate.  The operator in general is a better 
detector than the automation alone, which is why the operator is so central in a UAV persistent ISR system.  
A high vehicle-to-operator ratio would only be successful operationally if it has an acceptable FA rate. 
 
Since the FA rate is so critical, it makes sense for the intelligent controller to minimize the expected FA 
rate over the ISR mission.  If there is a maximum acceptable MD rate, then the concept is to shift to another 
FA-MD curve, or a family of curves.  To do this, a model of the FA rate of the entire system is needed.  
This includes the target/nontarget, vehicle, video, video processing, ground station, and of course the 
operator.  The problem is that the real FA rate is rarely observable, even after the fact.  It can only be 
estimated.  A high fidelity operator in the loop simulation can be used for supervised learning from a 
database of possible vectors and the operators observations.  One objective is to utilize as many physics and 
geometry-based vectors as possible, trying to minimize the subjective vectors.  Possible vectors could 
include: target feature visibility model; object heading; aspect angle; depression angle; distance or pixel 
density; dwell (time on target); obstacle occlusion; sun shadows; video contrast; video noise; video color; 
video stability; range from transmitter; number videos; operator workload/training; event rate; operator 
attention; operator gaze point; operator dwell time; operator response (1-n); and object/target truth data. 
 
The problems with machine learning, are all the issues of noise, overfitting, and lack of excitation.  The 
physics of the system should be exploited as much as possible in determining the model structure, while 
trying to minimize the use of generic basis functions. This is supervised learning  with the operator in the 
loop.  And it's operator specific.  The estimator will need to be trained for each operator.  To avoid 
overfitting, a test set needs to be constructed which does not include the training set.  If the FA estimator 
performs well on this set, then there is some evidence that the model is not overfitted.  Success here could 
lead to a field test that is as similar to the operational scenario as is practical.  If the FA estimator performs 
well (given the truth data), then the prototype could be a candidate for transition to an operational system. 
 
The development of the FA estimator can leverage the significant investment that has been made in 
supervised machine learning algorithms, as well as other disciplines.  This can initially require a significant 
investment in simulation, model structure determination, training (optimization) algorithms, and test 
procedures, that, once worked out, results in a powerful, flexible tool that can be efficiently automated.  
The FA estimator algorithms, if sufficiently generic, should be readily tuneable for a different operator, 
different interface, different platforms, different sensors, different scenarios, different targets, and different 
clutter.  In addition, most of the training is done offline and the estimator should be readily implementable 
online. 
 
A central part of the analysis is to address the critical question of how well the FA estimator performs in 
actual operation, where truth data is not readily available.  There is theoretical work based on independent 
and identically distributed (IID)  that states that if the density functions from which the training vectors are 
taken is the same as the density functions seen in actual operation, then the performance of the FA 
estimator in training and operation will be similar.  There is also the issue of updating (online learning) of 
the estimator with operational data.  Innovative ideas are needed on how to use this data in the context of 
supervised learning (FA is not observable).  Some updating could be done after the fact from ground 
analysis.  Innovative ideas are also needed to utilize unsupervised learning that could be used to average 
out some noise.  There may be cases where the target observability model can be exploited.  For example, 
contradictory observations from the operator yields evidence that one of the observations is a false positive.  
Also, if the object is out of the visibility envelope (range) then a FA could be recorded.  There may be 
many other cases that can be exploited to drive down the FA rate. 
 
PHASE I: Perform analyses and define algorithms that could reliably learn the expected false alarm and 
missed detection rates of the complete operator and UAV system for a persistent ISR mission.  
 
PHASE II: Develop a system performance estimator based on machine learning algorithms. The supervised 
algorithms will learn the relationship between a candidate set of state vectors and the probability that 
selected objects are or are not targets.  The end result is a prototype performance estimator suitable for 
incorporation into a UAV system.  
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PHASE III / DUAL USE: Military application: UAVs with an operator in the loop that are engaged in ISR 
missions.  Commercial application: Security applications where operators are presented with time sensitive 
video images from which they are to reliably detect objects/persons of interest. 
 
REFERENCES:  
1.  Girard, A., M. Pachter, and P. Chandler, "Optimal Decision Rules and Human Operator Model for UAV 
Operations," AIAA GNC Conference, Keystone, CO, Aug 2006. 
 
2.  Gross D, Rasmussen S, Chandler PR, Feitshans G. “Cooperative Operations in UrbaN TERrain 
(COUNTER)," 2006 SPIE Defense & Security Symposium, Orlando, FL, 17-21 April 2006. 
 
3.  Anouck R. Girard, M. Pachter and P. R. Chandler: “Decision Making Under Uncertainty and Human 
Operator Model for Small UAV Operations," ACC NY, NY, Jun 2007. 
 
4.  M. Pachter, P. Chandler, and S. Dharba, “Optimal MAV Operations in an Uncertain Environment," 
International Journal of Robust and Nonlinear Control, vol. 18, 2008, pp. 248-262. 
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AF083-181   TITLE: Multiphysics, Coupled Analysis of Hypersonic Vehicle Structures 
 
TECHNOLOGY AREAS: Air Platform, Space Platforms 
 
OBJECTIVE: Locate/characterize regions on a hypersonic vehicle where tightly-coupled analysis is 
required. Develop a framework to simulate the response of high-speed vehicle structures in those 
environments. 
 
DESCRIPTION: Future United States Air Force high-speed vehicle designs will require structures that can 
withstand extreme aerothermal and aeroacoustic environments. Examples include vehicles exposed to 
launch, sustained hypersonic velocities, re-entry, and stealth aircraft with buried engines and ducted 
exhaust. The Air Vehicles Directorate, Structural Sciences Center (SSC) needs to identify the salient 
characteristics of structures at the panel level, and extreme environments that necessitate a multiphysics, 
coupled analysis. This capability is necessary in order to predict the response and adequately design high-
speed vehicle structures. The design of extreme environment structures is driven by the trajectory and 
mission requirements, the selection of a particular vehicle, and the specific location on that vehicle. 
Techniques for structural analysis are needed that “…couple the thermal-vibro-acoustic behavior to mission 
profiles [trajectory] [1].” As an example, consider the initially undeformed panel subjected to a hypersonic 
flow field, as described in [2]. As the boundary layer heats the panel, it deforms into the boundary layer 
inducing a spatial thermal gradient on the panel further feeding this local deformation. If the panel 
continues to deform sufficiently into the flow field, the deformation in the panel can induce a local shock, 
drastically changing the characteristics of the fluid flow field. This results in localized intense heating on 
the panel generating further deformations. A further complication is the consideration of aeroacoustic 
loading in this scenario, where the right conditions may result in resonant response or even snap-through. 
 
The goal of this research program is to develop a high-fidelity tool for the simulation of high-performance 
aerospace structures in extreme, combined environments. A structure in this environment will experience 
extremely hot surface temperatures, large thermal gradients, transient heating, significant fluctuating 
pressures, and long-duration exposure to these environments [3]. Challenges in predicting the response of 
structures in extreme environments include: the coupling between thermal-acoustic-structural response; the 
computational cost and complexity of large models; material nonlinearity, temperature dependence and 
degradation; the spatial variation of material and structural properties; the uncertainty in loads, material 
properties, and geometry and boundary conditions. These high-speed vehicle structures can fail in high-
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cycle fatigue due to severe acoustic and vibration loading, in low-cycle fatigue due to thermal and 
mechanical loading, and by material degradation or oxidation due to the extreme thermal environment [4]. 
 
The current suite of tools is not well suited for design at the margins required for a hypersonic vehicle. This 
fact is evidenced by the inability to accurately predict the response of high-performance structures in 
extreme combined environments, beginning with the X-15 experimental hypersonic research program. The 
X-15 flew 199 total flights, but with only 1 hour in excess of Mach 5. Some of the flight problems included 
unanticipated localized hot spots, hot air leaks, and panel flutter resulting from severe fluctuating pressures 
due to turbulent boundary layer flow. Limited analysis capability, from the era of the X-15 to more recent 
X-vehicles, has resulted in overly conservative designs with an accompanying paring of the original 
performance envelope or even the cancellation of the program. Consider the X-33 hypersonic vehicle 
program. The process for sizing extreme environment structures began with a consideration of discrete 
points along the assumed trajectory in order to characterize the loads. Early in the program, the vehicle 
thermal protection system (TPS) was designed using an aerothermal analysis for these limited points along 
the selected trajectory. Computational fluid dynamics (CFD) was used to predict the surface temperatures 
at those selected points. This method was insufficient for the design of the TPS panels, as it was determined 
that flight trajectories needed to be assessed with greater temporal resolution. “The derived requirement 
became the need for CFD simulation at many points along each candidate trajectory [5]”. This point is 
further reinforced by Bertin et al [6]. “The designers of hypersonic vehicles often use conservative 
estimates of the effect of these phenomena [loads] in order to allow for the uncertainties in our 
understanding of them. However, too much conservatism may cause unacceptable restrictions on the 
allowable flight corridor [6].” 
 
PHASE I: Identify salient characteristics of high-speed structural components and the accompanying 
extreme-environments that necessitate a multiphysics, coupled analysis. Determine magnitudes of the 
aeroacoustic/thermal loads for hypersonic trajectory and identify these structural ‘hot spots.' 
 
PHASE II: Develop multiphysics simulation tool, with appropriate coupling, to address issues in Phase I. 
Explain how the characteristics of the structural response changes if coupling is ignored/addressed in a 
loosely-coupled fashion. For various regions and realistic loading scenarios, identify whether the analysis is 
conservative or not by ignoring the coupled nature of the problem. 
 
PHASE III / DUAL USE: Military application: High fidelity combined environment tools will allow 
structures to be designed for reusable and single-use military hypersonic vehicles, as well as for stealth 
aircraft with ducted exhaust. Commercial application: The development and fielding of an extreme-
environment, multiphysics simulation tool has broad implications for aerospace, automotive, and 
Department of Energy technology areas, to name several. 
 
REFERENCES:  
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the 34th AIAA Thermophysics Conference, June 19-22, 2000, Denver, CO. 
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AF083-182   TITLE: Collecting Aerodynamic Data in an Aeroelastic Environment 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop affordable and innovative equipment to enable real-time measurement of shear 
stress, pressure, off-body flow, and deflections during testing of an aeroelastic model under dynamic 
loading. 
 
DESCRIPTION: Future United States Air Force (USAF) capabilities demand aircraft operation at 
supersonic and transonic speeds over significant ranges requiring long, slender configurations with thin and 
highly swept wings.  This type of configuration (i.e., Long Range Strike, High Speed Civil Transport, and 
National Experimental Supersonic Transport (Japan)) presents challenges when attempting to define its 
aeroelastic characteristics.  To adequately assess these types of configurations it is important to understand 
the off-body flow physics, surface flow properties, along with time-varying deformations.   
 
Flexible aeroelastic test models, while heavily instrumented with strain gages and accelerometers, have 
typically used only sparse measurement of time varying aerodynamic loads in order to maintain flight 
representative characteristics and avoid additional costs.  Being able to efficiently gather multiple types of 
dynamic data in an aeroelastic test environment would provide great insight into complex transonic and 
supersonic environments. 
 
The benefits of obtaining the dynamic data would include, but is not limited to: 
•  Critical data necessary for the validation of aeroelastic analysis methods 
• Aid in the development of innovative structural designs that require extensive measurements of 
aerodynamic loads 
•  A more complete understanding of aerodynamic conditions for innovative methods of robust control 
•  Aid in controlling structural deformations during testing to prevent loss of test article 
•  More efficient use of wind tunnel facility time if data is available at near real time. 
 
The current approach is to instrument an aerolastic model using mainly strain gages, a few accelerometers 
and maybe a few pressure taps.  This method works in collecting some of the important information, but 
more information would be valuable in defining the performance environment.  While it is possible to 
further instrument the model it is challenging due to the cost of designing and manufacturing a heavily 
instrumented but aeroelastically representative model.  Using a nonintrusive or minimally intrusive 
approach appears to be the best way to gather the additional information. 
 
Multiple optical methods of measurement exist for gathering one or two types of data, but none have been 
able to expand outside of their “specific” strengths.  Most have been limited to steady state measurement or 
very limited short duration unsteady measurement.  Pressure-sensitive paint (PSP) is capable of measuring 
surface pressure and deflection to a certain degree.  Projection Moire´ Interferometry has been used to 
measure deflection.  Doppler Global Velocimetry (DGV) and Particle Image Velocimetry (PIV) both use 
lasers and seed the air flow to examine off-body fluid characteristics.  Videogrammetric Model 
Deformation (VMD) has been used to measure deflections in the NASA Langley Transonic Dynamic 
Tunnel, but only with limited success especially with gathering dynamic data.  
 
All of these optical approaches use one or multiple cameras and other equipment/aids to help them gather 
data.  An opportunity exists to explore innovative ways these or other measurement techniques could be 
combined together using high speed, high resolution cameras to gather and process multiple types of data in 
a dynamic environment. 
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PHASE I: Identify and define innovative non-intrusive or minimally intrusive methods for simultaneously 
measuring unsteady surface pressure, shear stress, strain, deflection and off-body flow fields. Define 
equipment and processes required for ground test data acquisition and reduction. 
 
PHASE II: Prototype Phase I technology and integrate with acquisition, analysis and support equipment. 
Demonstrate methods of measurement, ease of use and cost effectiveness. Develop and execute a test in a 
facility with established flow characteristics to evaluate measurement processes.  Provide required 
equipment. 
 
PHASE III / DUAL USE: Military application: The technologies developed in this application can be used 
for testing and data acquisition for military systems.  Commercial application: The technologies developed 
for the Air Force are also relevant in testing commercial aviation applications. 
 
REFERENCES:  
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AF083-184   TITLE: Over the Horizon Skywave HF Radar Object Altitude Estimation 
 
TECHNOLOGY AREAS: Air Platform, Sensors, Battlespace 
 
OBJECTIVE:  The objective is to develop novel signal processing and ionospheric modeling strategies 
which can be combined to achieve more robust aircraft altitude estimates. 
 
DESCRIPTION:  Over the Horizon (OTH) high frequency (HF) radar uses the refractive properties of the 
ionosphere for the detection of objects at very long ranges. Current systems do not have the ability to 
provide object altitude information. During the late 1990’s experimental work was performed on the 
viability of altitude estimation. This work is focused on the exploitation of knowledge of the ionospheric 
propagation for the explicit purpose of object altitude estimation.  
 
OTH radars can localize objects in latitude and longitude but have difficulty estimating object altitude, 
which is important for classification purposes. Previous approaches for HF altitude estimation have been 
aimed at exploiting the delay and Doppler separation of direct and surface reflected multipaths from the air 
object of interest [1,2]. A major complicating factor in altitude estimation, however, is that the ionosphere 
at HF frequencies is a birefringement medium supporting both so-called "ordinary (O)" and "extraordinary 
(X)" raypaths whose separation may be on the order of that of direct and surface reflected returns from an 
aircraft. Moreover, the resolution of these different multipaths is seriously limited by the available 
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bandwidth and coherent integration time (CIT) available in HF radars. Further improvements in altitude 
estimation are thus dependent on the development of signal processing for the separation of radar target 
returns within the conventional range-Doppler resolution of the radar and/or more accurate propagation 
modeling of the O and X returns as a function of target altitude and measured ionospheric propagation 
conditions. A goal for HF altitude estimation accuracy would be to achieve a mean-squared error (MSE) of 
less than 5000 ft at least 90% of the time. Time of day, season, and sun spot cycle will be varied to assess 
the variability in performance over time. Both theoretical and measured data will be used.  
 
PHASE I:  Develop signal processing techniques for the separation of radar target returns within the 
conventional range-Doppler resolution of the OTH radar and/or more accurate propagation modeling of the 
O and X returns as a function of target altitude and measured ionospheric propagation conditions. 
 
PHASE II:  Develop aircraft altitude estimation model prototype using newly developed algorithms.  
Estimate radar performance using simulated data files aswell as existing measured data.  Develop live test 
recommendation for Phase III. 
 
PHASE III / DUAL USE:  Military application:  Execute a live test case/demonstration in coordination 
with operational site.  Supports Capability Review and Risk Assessment Shortfall with applicability to 
counter-drug, maritime, and theater-wide awareness.  Commercial application:  Accurate prediction of the 
ionosphere has utility to the commercial HF communications community (freqency selection) and to 
enhance single station location techniques for ID of rogue emitters. 
 
REFERENCES:  
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AF083-185   TITLE: Next Generation Sensor Resource Management for Persistent and 

Responsive Situational Awareness 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors 
 
OBJECTIVE: Advanced concepts and computational algorithms in persistent and responsive perception, 
decision-making and cooperation that provide a robust forecast capability for predictive situation awareness 
 
DESCRIPTION: In recent years the ability of robustly forecasting situational awareness in on-demand 
regions of interest have prompted research into more sophisticated sensor resource management algorithms 
which could help command and control operators monitor and assess both highly dynamic and abnormal 
phenomena. As there are never enough sensor resources to reduce mission risk to zero, it is therefore 
necessary to develop an effective mechanism as well as shared logic that align how sensor resources are 
consumed and coherent pictures are then produced in accordance with a common understanding of the 
decision maker’s strategy and intent. In essence, what is needed is a management of sensing resources 
within the context of the decision maker’s strategy and intent, commonly and ubiquitously, against the 
entire mission complexity and environmental uncertainty in order to obtain a common operating picture of 
actionable information that leads to mission success. The solicitation is aimed at the 
exploration/development/employment of fundamentally new concepts and approaches as well as enabling 
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technologies that must address key issues in persistent and responsive perception, decision-making and 
cooperation across multiple application domains. These include trade studies between centralization and 
decentralization in coordination of integrated sensor platforms; performance variations on a-priori 
knowledge of sensor characteristics and capabilities; and mission impact analysis in either case of frequent, 
large, irregular and seemingly irrational phenomenologies or sudden changes in engagement scenarios. 
Proposals should develop innovative frameworks for adaptive sensor resource management, thus providing 
several multi-mission related scenarios where the associated concepts, metrics, and algorithms that 
essentially define the capabilities and, if possible, should not only reduce computational and 
communication complexity but also improve network scalability. Proposed advances should also take into 
account the following important factors: 1) Interaction among spatially distributed and integrated sensor 
platforms, and from their cooperation results in either optimal or near-optimal performance at low 
complexity; 2) Flexibility for various environmental conditions as well as both physical and functional 
variations in sensor platforms and sensors themselves; 3) Gracefully adaptable to incoming and outgoing 
sensing resources; and 4) Rapid development of computational mathematics and optimization tools that 
enable new capabilities for predictive situation awareness. 
 
PHASE I: Develop mathematical constructs and realistic scenarios to search, detect and track 
resolved/unresolved objects in areas of responsibility. Identify/classify these objects as well as characterize 
their behaviors and predict abnormalities using distributed platforms with optical/radar sensors 
 
PHASE II: Optimize the selected scenario and update the robust forecast situation awareness technology in 
Phase I to include realistic CONOPS such as sensor usage cost, transmission failures and jamming, 
communication delays, cross-tagging problems in track association of clusters of objects in close proximity 
and, finally, demonstrate the potential and feasibility of the technology 
 
PHASE III / DUAL USE: Military application: Integrate the technology into the US Space Surveillance 
Network and Space Command and Control programs in coordination with the ESC and JSPOC offices with 
assistance from DOD prime contractors.  Commercial application: Results from this work are highly 
applicable to multi-layer sensing, knowledge discovery, and multi-asset tasking and management. 
 
REFERENCES:  
1.  Gaposchkin, E. Michael, Curt von Braun and Jayant Sharma, "Space-Based Space Surveillance with the 
Space-Based Visible," Journal of Guidance, Control, and Dynamics, Vol. 23, No. 1, 2000. 
 
2. “US National Space Policy,” http://www.ostp.gov/html/US%20National%20Space%20Policy.pdf, 31 
August 2006. 
 
3. “Space Surveillance,” http://www.au.af.mil/au/awc/awcgate/usspc-fs/space.htm, United States Space 
Command. 
 
KEYWORDS: Integrated sensors, track association for clustered objects, abnormality characterization, 
sensor interactions, task distribution, mission assessment, utility tradeoff, common operating picture, 
situation awareness 
 
 
 
 
AF083-186   TITLE: High Efficiency Thin Multi-Junction Solar Cells 
 
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. 
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OBJECTIVE: Develop and demonstrate radiation-hard thin flexible single-crystal multijunction space solar 
cells to enable solar array subsystems capable of specific power greater than 1000 W/kg. 
 
DESCRIPTION: Multijunction solar cells and solar arrays are critical components to virtually all DoD 
spacecraft for the on-orbit generation of electrical power.  Increased energy conversion efficiencies, 
enabled by the development of multijunction solar cells, have substantially reduced the mass and stowed 
volume requirements for solar arrays over the past decade.  State-of-the-art solar arrays employ 
Ge/GaAs/InGaP multijunction (MJ) solar cells grown on single-crystal Ge substrates, with efficiencies 
approaching 30%.  Even with these high efficiencies, the specific power of crystalline-based solar arrays is 
limited to a maximum value of somewhere between 100 and 200 W/Kg.  Further increases in crystalline-
based cell efficiency will not result in dramatic increases in specific power of solar array systems without a 
change in the nature of the solar cells.  Substantial increases to specific power are limited because thick 
single crystal solar cells require a stiff and heavy support structure, which consists of rigid flat honeycomb 
panels and associated support structures.  For thin-film photovoltaics, it has been demonstrated that the 
specific power of solar arrays can be increased to values approaching 1000 W/Kg by depositing flexible 
thin film solar cells on lightweight substrates such as polymers.  However, thin-film solar cells, such as 
amorphous silicon or CIGS (Copper Indium Gallium Di-Selenide) cells, have relatively low solar 
conversion efficiencies yet high radiation resistance, which results in array sizes that are two to three times 
as large as conventional crystalline-based solar arrays that use multijunction solar cells, except in high 
radiation orbits. 
 
Therefore, the Air Force is interested in the development of a solar cell concept that combines the best 
attributes of crystalline and thin-film solar cells to achieve a specific power greater than 1000 W/Kg.  There 
are many innovative strategies that could be proposed to meet this goal and the Air Force is interested in a 
wide variety of concepts.  One potential strategy is to work with crystalline multijunction cell technology 
capable of over 30% efficiency and focus the development effort on solar cell thinning methodology and 
the bonding process onto a light flexible substrate.  Significant attention should be given to radiation 
resistance and end-of-life performance of the solar cell.  The offeror must validate that their proposed solar 
cell concept is scalable and thereby enables the production of solar array subsystems with a specific power 
capability, which is greater than 1000 W/Kg is a space environment.  
 
PHASE I: Develop and validate innovative approaches for producing thin flexible multijunction space solar 
cells and bonding methodology to polymer substrates. 
 
PHASE II: Apply the results of Phase I to develop a prototype demonstration of the production process.  
 
PHASE III / DUAL USE: Military application: All DoD spacecraft use multijunction space solar cells for 
electric power generation.  Solar arrays with specific power of 1000 W/Kg will increase the power 
producing capability of military spacecraft. 
Commercial application: Commercial spacecraft are likely commercial applications for this technology. 
 
REFERENCES:  
1.  Law, D. C., C. M. Fetzer, R. R. King, P. C. Colter, H. Yoon, T. D. Isshiki, K. M. Edmondson, N. H. 
Karam, and M. Haddad, "Multijunction Solar Cells with Subcell Materials Highly Lattice-Mismatched to 
Germanium," 31th IEEE PVSC, pp. 575, Orlando, FL, Jan. 2005. 
 
2.  Wanlass, Mark W., J. F. Geisz, Sarah Kurtz, R. J. Wehrer, B. Wernsman, S. P. Ahrenkiel, R. K. 
Ahrenkiel, D. S. Albin, J. J. Carapella, A. Duba, and T. Moriaty, "Lattice-Mismatched Approaches for 
High Performance III-V Photovoltaic Energy," 31th IEEE PVSC, pp. 530, Orlando, FL, Jan. 2005. 
 
3.  Takamoto, Tatsuya, T. Agui, H. Washio, N. Takahashi, K. Nakamura, O. Anzawa, M. Kaneiwa, K. 
Kamimura, Kouji Okamoto, and Masafumi Yamaguchi, "Future Development of InGaP/(In)GaAs Based 
Multijunction Solar Cells," 31th IEEE PVSC, pp. 519, Orlando, FL, Jan. 2005. 
 
KEYWORDS: High-Efficiency Solar Cells, Thin Multijunction Solar Cells, Space Power, Solar Arrays 
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AF083-187   TITLE: Next Generation Reconfigurable Field Programmable Gate Array 
 
TECHNOLOGY AREAS: 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. 
 
OBJECTIVE: Develop a radiation hardened by design reconfigurable Field Programmable Gate Array 
(FPGA) suitable for future generations of satellite communications. 
 
DESCRIPTION: In order to improve military communications satellite downlink transmission efficiency 
between ground, air and satellite platforms, the Air Force would like to greatly increase the level of data 
preprocessing performed on satellite and Unmanned Air Vehicle (UAV) platforms for data reduction and 
feature extraction.  Field Programmable Gate Arrays (FPGAs) have been used extensively for this purpose.  
The inherent ability of the FPGA to support parallel processing makes it efficient for this purpose. In 
addition, the reconfigurable nature of FPGAs widens the scope of problems that can be attacked, and 
allows for upgrades for new algorithms and data types.  Mainstream FPGAs, however, are aimed at a wider 
spectrum of applications, and so are not optimized for the problem described above. By limiting the scope 
of the problems attacked to those described, new architectures could greatly improve efficiency in those 
particular areas targeted. Architectural approaches are sought that optimize processing speed and power 
consumption when applied to AISR data reduction. Reference 3 discusses optimization of compression 
algorithms. Consideration of relevant algorithm optimization may provide clues to hardware optimization 
strategies. Solutions that complement or work well alongside mainstream FPGAs or other existing 
components could be especially useful. Although many routes to commercialization are viable and ideas as 
well as products can be commercialized, proposers should also specify a commercialization strategy as 
completely as possible.  Goals include the capability to operate in the 1 GHz range and consume 
significantly less power than current FPGA approaches.  
 
PHASE I: Explore alternative Field Programmable Gate Array conceptual architectures and select a 
feasible design approach.  Conduct analyses to evaluate and validate selected approach and estimate power 
and throughput benefits. Develop a general programming development strategy. 
 
PHASE II: Continue to develop and refine the architecture and performance analysis. Develop detailed 
design for critical elements of the architecture and verify using mosis-like foundry runs. Refine the 
programming strategy at a level at least sufficient to show viability. 
 
 
PHASE III / DUAL USE: Military application: Military applications include avionics, satellites and 
terrestrial systems, especially where the flexibility and adaptability of reprogramming is desirable.  
Commercial application: Commercial applications include data stream preprocessing for bandwidth-limited 
wireless transmission. One example could be video compression for efficient transmission. 
 
REFERENCES:  
1.  Brown, S. D., R. J. Francis, J. Rose, and Z. G. Vrannesic, “Field Programmable Gate Arrays,” Kluwer 
Aca. Pub., 1992. 
 
2.  Haines, A., “Field Programmable Gate Arrays with Non-Volatile Configuration,” Microprocessors and 
Microsystems, Vol. 12, No. 5, pp. 305-312, June, 1989. 
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3.  Barr, Kenneth and Krste Asanovi´c, "Energy Aware Lossless Data Compression," The First Int'l Conf 
on Mobile Systems, Applications, and Services, San Francisco, CA, May 2003. 
http://www.cag.lcs.mit.edu/scale/papers/compression-mobisys2003.pdf 
 
4.  Hamdy, E., et. al., “Dielectric Based Antifuse for Logic and Memory ICs”, IEDM, pp. 786-789, 1988. 
 
KEYWORDS: FPGA, Reconfigurable, Extraction Processing, Reprogrammable, Data Preprocessing, 
Algorithms 
 
 
 
 
AF083-189   TITLE: Minimally-Invasive Radiation Hardened Semiconductors 
 
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:  Develop low-impact and low-cost process controls leading to radiation hardened 
microelectronics suitable for satellite communications applications.   
 
DESCRIPTION: The enduring role of semiconductors in satellite communications will continue to fuel 
advances in platform capabilities for the foreseeable future. Digital processing will have to operate at 
significantly higher data rates and consume less power per gate to meet the ever increasing demands of 
battlefield communications, and this objective requires a continuous push downward on the 
energy/operation of semiconductors, which requires attention to the optimization of the associated 
processes. While satellite designers would like to incorporate deep submicron microelectronics in the next 
generation processor router for the Transformational Satellite (TSAT) program, concerns with producibility 
and performance could require substitution of 90 nm family of microcircuits, reducing the overall 
performance capability of the digital process router. A recent study [1] suggests that nanoscaling will make 
leakage currents more prominent, increase VT (threshold voltage) variation between transistors, reduce 
level of synchronization as interconnect delays increase. As such, doping process controls and line 
uniformity controls become increasingly important in the fabrication process as a way of achieving 
reliability and radiation hardening goals. The purpose of this topic is to support process improvements that 
lead not only to improved power-- performance figures of merit in semiconductors through minimally-
invasive process improvements--but also to better reliability, increased radiation hardening, higher yields 
and better production methods of radiation hardened, reliable deep submicron microcircuits.  Radiation 
hardening efforts could be focused on relatively benign orbits (about 250 krads) or on strategic hardness (1 
Mrad, and high dose levels).  Reliability and performance assurance at end-of-life for long missions (up to 
15 years) through process control is also of great interest.  Feasibilty of any number of concepts in any of 
the above areas will be investigated. 
 
PHASE I: Investigate multiple innovative deep submicron design concepts and associated performance 
benefits. Select the most feasible one based on a feasibility study. Develop design parameters and designs 
for a selected concept for development in Phase II. 
 
PHASE II: Demonstrate a fabricated test circuit that employs process changes identified in Phase I.  
Develop breadboards and brassboards as needed. Conduct modeling and simulation to evaluate 
performance enhancements. Using process enhancements, fabricate one or more prototypes and 
characterize across range of environmental extremes associated with space flight. 
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PHASE III / DUAL USE:  Military application: Military space programs requiring on board processing 
could benefit from this research.  Commercial application: Commercial programs that could benefit include 
Globalstar™, Spaceway™, and Iridium™ programs. 
 
REFERENCES: 
1. Gielen, Georges, Wim Dehaene, Phillip Christie, Dieter Draxelmayr, Edmond Janssens, Karen Maex, 
and Ted Vucurevich, "Analog and Digital Circuit Design in 65 nm CMOS: End of the Road?," Proc 
Design, Automation and Test in Europe, Conference and Exhibition, 2005. 
 
2. Rabaey, J., B. Nikolic, and A. Chandrakasan, "Digital Integrated Circuits," (2nd Edition), Prentice Hall, 
2002. 
 
3. May, Gary, and Costas J. Spanos, “Fundamentals of Semiconductor Manufacturing and Process 
Control,” John Wiley, 2006. 
 
4. Qin, S. Joe et al, “Semiconductor Manufacturing Process Control and Monitoring: A Fab-Wide 
Framework,” J. Process Control 16 (2006) 179-191. 
  
5. Schrimpf, R. D and D. M. Fleetwood, Eds, “Radiation Effects and Soft Errors In Integrated Circuits and 
Electronic Devices,” World Scientific, 2004 (ISBN: 9812389407). 
 
KEYWORDS: nanoscaling, process controls, leakage, threshold voltage, dopant, feature size, deep 
submicron 
 
 
 
 
AF083-190   TITLE: Innovative Lasing Techniques for Satellite Signal Distribution 
 
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: Develop low cost, space qualifiable lasing techniques for efficient satellite payload signal 
distribution. 
 
DESCRIPTION: In comparison with other satellites (both military and commercial) Military Satellite 
Communication (MILSATCOM) payloads tend to be larger, with a diverse set of units spread out over 
multiple ‘wings’ providing structural payload support.  The distances involved coupled with the large 
amounts of data that must be transferred between digital processing units, laser units, and radio frequency 
(RF) units gives rise to large cabling weights that can significantly reduce the overall payload capability  
resulting from a limited launch vehicle lift capability.  Recent research suggests that technologies 
supporting photon (vice electron) transmission are becoming increasingly viable for data distribution.  In 
particular, research that allows silicon to lase could potentially result in a ten-thousand fold increase in data 
(from 1 Mbyte/sec to 10 Gbytes/sec) transfer rates, significantly reducing weight and power consumption 
for signal distribution.  The purpose of this topic is to support the development of space qualifiable lasing 
techniques for use in signal distribution across satellite payloads.  Goals include total dose radiation 
tolerance greater than 1 Mrad (Si), operating temperature range -40 to + 80 degrees centigrade, and 
component reliability consistent with 15-year geosynchronous satellite mean mission duration. 
 
PHASE I: Goals include design and analysis of innovative laser diode concepts meeting lifetime, radiation, 
temperature range and other environmental criteria. Assess feasibility of the selected concept. 
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PHASE II: Detailed design, fabrication and characterization of prototypes. Develop test and 
characterization data of laser, optics and the integrated units. 
 
PHASE III / DUAL USE: Military application: Silicon lasing could find use in a broad range of military 
optical communications applications including satellite crosslinks and satellite-to-unmanned air vehicle 
(UAV) links. 
 Commercial application: Silicon lasing could also find use in commercial applications such as terrestrial 
free space optical communications links and fiber optics. 
 
REFERENCES:  
1. Jalali, Bahram, “Making Silicon Lase,” SciAm, Vol. 296, No. 2, Feb. 2007. 
 
2. Berger, J. D., Y. Zhang, J. D. Grade, H. Lee, S. Hrinya. H. Jerman, A. Fennema, A. Tselikov, and D. 
Anthon, “Widely Tunable External Cavity Diode Laser using a MEMS Electrostatic Rotary Actuator,” 
Proc. LEOS Summer Topical Meeting, Copper Mountain, CO, pp. 41-42, 2001. 
 
3. Menager, L., L. Cabaret, and I. Lorgere, “Diode Laser Extended Cavity for Broad Range Fast Ramping,” 
Opt. Lett., Vol. 25, No. 17, pp. 1246-1248, Sep. 2000. 
 
KEYWORDS: laser diode, data transfer, cabling, signal distribution, lasing techniques 
 
 
 
 
AF083-191   TITLE: Terabit Per Second Optical Router for Space-Based Satellite Network 
 
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: Demonstrate a high data rate (as high as terabit per second) optical router compatible with 
and ready for insertion into a Transformational Satellite Communications (SATCOM) space application.   
 
DESCRIPTION: The Transformational Communications Architecture (TCA) envisioned by the Air Forces 
proposes to aggregate all legacy systems into a network centric capability that utilizes space network 
resources and terrestrial networks for transparent access globally and among spheres of operational 
theatres.  An essential component of this global information grid is a geosynchronous network of 
transformational satellites (TSAT) that provide broadband communication between space-based satellites, 
with terrestrial network resources, and with other mobile military platforms.  Optical data routing will be a 
key enabler for terabit satellite communications systems, providing performance at data rates not feasible 
with radio frequency (RF) systems.  Unique applications for the optical data router include military, civilian 
and commercial systems, each with a large space network component and mobile satellite users.  The wide 
ranging applications require asymmetric links that include broadcast data and bidirectional high-data rate 
communications.  In addition, real-time or near-real-time video, telecommunications, and satellite or 
unmanned aircraft command and control applications dictate stringent network latency requirement, which 
may require the use of in-situ data computation and signal processing on board individual satellites.  These 
systems have two unique features: they have significant space based segments integrated with a terrestrial 
network and the network architectures are dynamic (links change to some nodes in the system in the course 
of minutes). 
 
PHASE I: Conduct alternative approaches for terabit per second optical router architectures for a network 
of geosynchronous satellites containing both inter-satellite and intra-satellite broadband optical links.  
Select the best design for the optical router based on feasibility assessment. 
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PHASE II: Building on the network design of Phase I, develop the technologies needed to support a terabit 
per second router, including component design, material development, device fabrication, packaging and 
system integration.  Choose a suitable application for a military or commercial platform to further define 
the various components and functionalities of the routing network. 
 
PHASE III / DUAL USE: Military application: Extensive applications in advanced military satellite 
communications. Commercial application: The systems, when implemented, will have significant 
applications in the advanced commercial satellite market beyond the Galileo or Euro SATCOM market. 
 
REFERENCES:  
1. Tucker, Rodney, “The Role of Optics and Electronics in High-Capacity Routers,” Journal of Lightwave 
Technology, Vol. 24, No. 12, Dec. 2006. 
 
2. Hunter, D.K. and I. Andonovic, “Approaches to Optical Internet Packet Switching,” IEEE Commun. 
Mag., Vol. 38, No. 9, pp. 116-122. 
 
KEYWORDS: terabit interconnect, terabit router, optical switching, free-space communications, optical 
communications, satellite communications 
 
 
 
 
AF083-192   TITLE: Exploiting Commercial Microelectronics for Space Applications 
 
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. 
 
OBJECTIVE: To develop novel concepts for mitigating the radiation susceptibility of commercial 
microelectronic devices to permit them to be used in space applications. 
 
DESCRIPTION: Commercial microelectronics possess many attributes which make them attractive for use 
in space applications.  These include: small size and weight, low power, high performance, reliability, low 
cost, and availability.  Unfortunately, these benefits are often overridden by sensitivity to space radiation in 
the form of total ionizing dose effects and single event effects.  However, recent investigations at 
government laboratories and universities indicate that minor modifications in design (electrical or layout), 
processing (modification, addition, or deletion of fabrication steps), and application (redundancy, voting, 
error detection and correction) can mitigate radiation effects and permit enhanced commercial devices to be 
used in space missions.  (1,2,3) 
 
The advantages of using commercially based microelectronics extend far beyond the immediate price of the 
device.  The cost associated with developing software tools, evaluation boards, documentation, user support 
infrastructure, and a trained engineering base are many times greater than the cost of the part.  If radiation 
hardness enhanced commercial products were made available in pin compatible packages (perhaps ceramic 
rather than plastic) and with similar performance, all of the commercial infrastructure could be used. 
 
This solicitation seeks to identify innovative methodologies to achieve radiation hardness to space 
environments with minimally invasive modifications to microcircuit design, fabrication process, and/or 
application techniques.  The techniques should not preclude the use of the support infrastructure for the 
commercial device. 
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PHASE I: The intent in Phase I is to investigate the feasibility of applying one or more radiation effects 
mitigation approaches to commercial microcircuits while maintaining their performance, reliability, and 
compatibility with the commercial support infrastructure.  Responders may select analog, digital, or mixed 
signal microcircuits as targets for hardening, but selections must be relevant to space applications. 
 
PHASE II: The selected hardness mitigation techniques shall be demonstrated by enhancing the radiation 
hardness of one or more commercial microcircuits by design, process, or application techniques.  Selected 
devices must be relevant to space applications. 
 
PHASE III / DUAL USE: Military application: Radiation-hardened-by-design commercial microelectronic 
components would be beneficial to and used in essentially all DoD space programs. Commercial space 
application: Extensive commercial space use patterned after military applications would be expected. 
 
REFERENCES:  
1. Sunderland, David A., “Qualification Issues and Pitfalls for Advanced Semiconductor Devices in 
Space,” Microelectronics Reliability and Qualification Workshop, 4 -5 December, 2007. 
 
2. White, Mark, “Physics-of-Failure Approach to Assessing Product Reliability of Scaled 
Microelectronics,” Microelectronics Reliability and Qualification Workshop, 4 - 5 December, 2007. 
 
3.  Session, C., "Hardness by Design," IEEE Transactions on Nuclear Science, December 2007, pp 2004 – 
2105. 
 
KEYWORDS: Radiation hardened, microcircuits, total ionizing dose, single event effects (SEE), process, 
design 
 
 
 
 
 
AF083-193   TITLE: Bandwidth Efficient SATCOM Waveform Techniques 
 
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. 
 
OBJECTIVE: Develop next generation of bandwidth efficient waveform(s) and/or hardware leading to 
increased radio frequency (RF) capacity in military Satellite Communications (SATCOM) applications. 
 
DESCRIPTION: Driven by user demand for fixed and mobile satellite communications, satellite capacity 
requirements have grown by a factor of ten over a period of approximately twelve years.  In order to 
continue this explosive growth in the face of limited RF spectrum, new innovations in advanced waveform 
processing will be required to leverage existing RF spectrum for increased SATCOM capacity. Both 
hardware and software techniques are sought, including predistortion filtering, high power amplifier 
linearization techniques, coding algorithms and bandwidth efficient modulation modes.  Hardware and 
algorithms must be designed to operate within the existing SATCOM waveform, including the presence of 
adjacent sub channels, equivalent isotropically radiated power (EIRP) restrictions, frequency hopping, Bit 
Error Rate (BER) and designated SATCOM frequencies.  Specifically, proposed solutions must not lead to 
adjacent channel interference nor exceed downlink power restrictions.   
 
PHASE I: Study alternative approaches for achieving bandwidth efficient waveforms.  Design an end-to-
end implementation of a bandwidth efficient technique meeting objectives identified above. 
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PHASE II: Demonstrate proof of concept by fabricating sub-scale prototype and characterize for bandwidth 
efficiency, adjacent channel interference and all other relevant characteristics. Provide basis for scaling 
using appropriate tests. 
 
PHASE III / DUAL USE: Military application: Military applications include terrestrial, avionic and space 
applications that support communications. 
Commercial application: Commercial applications include cellular telecommunications, avionics and space, 
etc.  
 
REFERENCES:  
1. Anderson, J. B., et. al., "Digital Phase Modulation," Plenum Press, 1986. 
 
2. Fines, P., and A. H. Aghvami, “A Comparison Study of Low Bit Rate DE-QPSK and TCM 8-PSK Fully 
Digital Demodulators over a Land Mobile Satellite Link,” Proc. IEEE Global Telecomm Conf., pp. 1546-
1550, USA, Dec. 1991. 
 
KEYWORDS: modulation, spectrum, bandwidth, Gaussian Minimum Shift Keying, wavelet, band 
efficiency 
 
 
 
 
 
AF083-194   TITLE: Autonomous Vehicle Awareness Sensors 
 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Develop a compact, self-contained sensor system that autonomously detects and tracks 
objects in the vicinity of the host vehicle, and prescribes collision avoidance maneuvers as appropriate.  
 
DESCRIPTION: Autonomous operation is an enabling feature for many future DoD space, air and ground 
missions. Accurate sensing of objects in the vicinity of a vehicle is a prerequisite for building an accurate 
and timely situational awareness for the vehicle.  Synergistic research is ongoing to enable autonomous 
operation of UAVs, ground vehicles, and to enable future concepts involving formation flying of 
spacecraft.  For all of these applications, the ability to easily integrate a small proximity sensor onto an 
existing vehicle enables enhanced autonomy, safety, and improved mission effectiveness. 
 
For spacecraft, potential missions include ensuring that a satellite has sufficient separation rates from its 
launch vehicle, proximity sensing for autonomous docking (e.g., Orbital Express-type missions) and 
collision avoidance from other spacecraft and orbital debris.  Aeronautical applications include collision 
avoidance and target tracking for UAVs as well as manned aircraft. Although these two applications are of 
most interest to the Air Force, ground-based missions for autonomous ground operations are also possible 
in order to enable a ground vehicle to sense, avoid or traverse obstacles. 
 
For space vehicles, it is desired to develop a small sensor system capable of sensing, tracking and enabling 
the avoidance of objects within 50 km of the host vehicle. These objects may have relative velocities up to 
300 m/s and angular rates up to 20 deg/s. 
 
We envision a small (30 cubic in.), lightweight (< 2.5 lb), relatively low power (< 20 W) sensing and 
tracking system. Radiation hardness is a significant consideration for space-based applications.  Active and 
passive detection techniques should be considered, to include optical (visible and infrared (IR)) as well as 
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radio through millimeter wavelengths. Integration of multiple sensing technologies should also be 
considered. 
 
PHASE I: Investigate detection and tracking approaches leading to a system solution.  Select promising 
alternatives and demonstrate viability through modeling and simulation and/or breadboard development. 
Evaluate potential benefit to commercial and military spacecraft through appropriate system analysis. 
 
PHASE II: Refine sensor system development to validate proposed concept.  Conduct approriate analysis 
and supporting experiments to support development of a working prototype of the proposed solution.  
Develop concept of operation for potential flight demonstration of sensor system.  Characterize the sensor 
system performance under simulated space environment conditions. 
 
PHASE III / DUAL USE: Military application: These sensors would allow aerospace and ground vehicles 
to more effectively conduct autonomous operations for a variety of missions. 
Commercial application: Useful for sensing of debris or hazards in the vicinity of commercial 
geosynchronous satellites, determining whether satellites have successfully separated from launch vehicles. 
 
REFERENCES:  
1. Fletcher, B., "Autonomous Vehicle Programs and Applications at SPAWAR Systems Center," OCEANS 
apos; 99 MTS/IEEE, "Riding the Crest into the 21st Century," Volume 1, 1999, p. 196 - 200. 
 
2. Reichard, Karl M., "Integrating Self-Health Awareness in Autonomous Systems," The Applied Research 
Laboratory, Pennsylvania State University, P.O. Box 30, State College, PA 16804, USA.  
 
3. Hilland, D. H., G. S. Phipps, C. M. Jingle, and G. Newton, "Satellite Threat Warning and Attack 
Reporting," 1998 IEEE. 
 
4. "Method and System for Detecting and Determining Successful Interception of Missiles," United States 
Patent 6720907. 
 
5. Hussein, Islan I., and Dusan M. Stipanovic, "Effective Coverage Control for Mobile Sensor Networks 
With Guaranteed Collision Avoidance," IEEE Transactions on Control Systems Technology, Vol. 15, No. 
4, July 2007. 
 
KEYWORDS: Situational Awareness, Autonomous Navigation, Spacecraft Separation, Spacecraft 
Rendezvous, Collision Avoidance 
 
 
 
 
AF083-195   TITLE: Wide Field-of-View Imaging Sensor System for SSA 
 
TECHNOLOGY AREAS: Air Platform, 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. 
 
OBJECTIVE: Demonstrate an imaging sensor system that performs all of the search, detect, track, identify 
and characterize functions dynamically in one sensor for Space Situational Awareness (SSA). 
 
DESCRIPTION: The search, detect and track functions of SSA provide comprehensive awareness of 
objects in the battle-space with the ability to fix past, present and future positions. On the other hand, the 
identify and characterize functions investigate objects of military significance to assess their capabilities, 
potential and posture.  Existing SSA spacecraft designs require two separate imaging systems to perform 
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these functions. A wide-field-of-view system is required for search, detect and track while a narrow-field-
of-view system is required to identify and characterize. Solution approaches that combine these functions 
as described above may take a number of pathways, however, optically-based solutions are primarily 
desired.  
 
One solution proposers may consider is a foveated imaging system. The word fovea describes a rodless 
area that affords acute vision. A foveated imaging system mimics the capability of the human eye to create 
a region of high spatial resolution within a much larger field-of-view.  A foveated imaging system may 
dynamically create areas of high spatial resolution such that any area within the field-of-view of the system 
can be highly resolved. The potential benefits of this class of systems may include: reduced size, weight 
and power (SWAP) due to combing two previously separate systems; elimination of alignment activities 
between wide and narrow field sensors; inherent capability to continuously adjust focus as the distance to 
the object changes; inherent capability to automate on orbit checkout, dynamic correction of aberrations as 
on-orbit conditions change; and reduced bandwidth requirements for data transmission.  
 
The relative weighting of desired capabilities (trade between narrow and wide fields-of-view) is as follows: 
1) identification and exquisite characterization capabilities and 2) search, detect and track capabilities.  The 
proposed optical sensor system should include optics, focal planes, focal plane electronics and 
command/control/data processing for the foveated image system or another novel imaging concept. Finally, 
the optical sensor system should employ innovative methods of object detection and object tracking while 
minimizing complexity, size, weight and power. 
 
PHASE I: Explore alternative design concepts for an imaging sensor system that combines wide-field-of-
view and narrow-field-of-view capabilities in a single package. Select a preferred approach and assess its 
feasibility.  Complete a preliminary assessment of performance through modeling and simulation. 
 
PHASE II: Using the results from Phase 1, provide proof of principle by constructing and demonstrating 
the operation of a prototype imaging sensor system for SSA. 
 
PHASE III / DUAL USE: Military application: Sensor systems of this nature may be used to monitor the 
local space environment, to inspect close-proximity resident space objects (RSO's), or as part of a dedicated 
SSA system. Commercial application: Extensive commercial applications for commercial remote sensing 
and satellite sensing (e.g. commercial and civil systems) and other security and surveillance systems will be 
feasible. 
 
REFERENCES:  
1.  Wick, David V., Ty Martinez, Jeffery T. Baker, Don M. Payne, Bradley R. Stone, and Sergio R. 
Restaino, “Wide field-of-View, Foveated Imaging System Using a Liquid Crystal Spatial Light 
Modulator,” Proceedings of SPIE 4715 (2002) p. 59-62. 
 
2.  Bagwell, Brett E., David V. Wick, William D. Cowan, Olga Blum Spahn, William C. Sweatt, Ty 
Martinez, Sergio R. Restaino, Jonathan R. Andrews, Christopher C. Wilcox, Don M. Payne and Robert 
Romero, “Active Zoom Imaging for Operationally Responsive Space,” Proceedings of SPIE 6467 (2007). 
 
3.  Shelton, Willie, "Space Superiority," Proceedings of AIAA 2602 (2003). 
 
KEYWORDS: Space Situational Awareness, SSA, foveated optics, foveated imaging, active optics, zoom 
lenses, deformable mirrors, spatial light modulators, liquid-crystal devices 
 
 
 
 
AF083-196   TITLE: Autonomous Mission Manager for Space Superiority and Responsive 

Space 
 
TECHNOLOGY AREAS: Information Systems, Space Platforms 
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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 on-board software technologies to autonomously detect, identify and 
respond to satellite threats, anomalies, and opportunistic scenarios. 
 
DESCRIPTION: Operating today’s Air Force satellites is a very manpower intensive process with very 
little autonomy built into flight software. This has the effect of requiring ground operations to identify, 
isolate and mitigate most threats or to respond to opportunistic scenarios. Without embedded flight 
autonomy, the time to identify and respond to events can be on the order of days. Satellites are at increased 
risk because of these long timelines. In order to meet the tight response times needed to protect our space 
assets, space systems must be able to operate without ground intervention.  In addition, some surveillance 
missions are less than effective with increased timelines resulting in the inability of warfighters to respond 
to observations. Developing a comprehensive flight autonomous system is very difficult due to the high 
degree of accuracy needed, the potential harm which can result if incorrect actions are performed, and 
because of the nonlinear nature of space-related events which can be very hard to model a-priori.  To date, 
comprehensive autonomous satellite systems have not been flown due to these challenges. Autonomous 
systems that have flown have been point solutions with very little potential reuse between missions.  What 
is needed is a more robust capability to detect and isolate non-deterministic events, plan resulting actions 
and then execute activities. Events can be determined from either on-board sensors or as a result of on-
board processing of sensor data. This requirement leads to several challenges when all functionality must 
be performed autonomously on-board the satellite. Detecting and correctly identifying events via telemetry, 
on-board sensors and/or environmental conditions is made difficult due to the difficulty in characterizing 
these events. Once identified, correct courses of action must be determined. To correctly perform this 
function, embedded knowledge of satellite state, operating constraints and mission objectives must be very 
accurately maintained. This on-board knowledge base is necessary to robustly plan resulting actions. Once 
these activities are determined, they must then be properly executed in the correct sequence and at the 
appropriate times. This topic seeks to develop and demonstrate a robust architecture for on-board satellite 
autonomy using technologies to perform automated event detection, replanning, and task execution. 
 
PHASE I:  For selected threats, develop and demonstrate an architecture to perform autonomous flight 
operations which integrates event detection and assessment, on-orbit replanning, and autonomous task 
sequence execution. Particular emphasis should be placed on scalability and accuracy. Validate with 
modeling and simulation. 
 
PHASE II:  Build on the architecture developed in Phase I and incorporate higher fidelity components at all 
levels. This phase will target a set of realistic scenarios and operating constraints. Phase II will culminate in 
a high fidelity prototype demonstration of the system that clearly shows the utility to SSA and Defensive 
Counterspace missions. 
 
PHASE III / DUAL USE:  Military application: Detecting, identifying, and responding to events is 
applicable to Space Superiority and Responsive Space missions.  Commercial application: Detecting, 
identifying, and responding to events is applicable to many other domains requiring monitoring and 
control. Autonomous aircraft operations require similar underlying technologies. 
 
REFERENCES:  
1. Zielinski, Lt Col Robert, Lt Col Robert Worley, Maj Doug Black, Maj Scott Henderson, and Maj David 
Johnson, “Star Trek-Exploiting the Final Frontier: Counterspace Operations in 2025, A Research Paper 
Presented To Air Force 2025," August 1996, 
http://www.au.af.mil/au/2025/volume 3/chap 09/v3c9-1/htm#Introduction. 
 
2. Grenier, Maj John, "A New Construct for Air Force Counterspace Doctrine," Air and Space Power 
Journal, Fall 2002, 
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http://www.airpower.maxwell.af.mil/airchronicles/apj/apj02/fal02/grenier.html. 
 
KEYWORDS: Defensive Counterspace, Autonomous Flight Software, Satellite Autonomy, On-board 
Satellite Autonomous Response Management. 
 
 
 
 
AF083-197   TITLE: Reliable and Rad-Hard Microelectronics 
 
TECHNOLOGY AREAS: Materials/Processes, 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. 
 
OBJECTIVE: Establish new reliability baselines by identifying new techniques for establishing reliability 
based on characterization of new feature sizes, new materials & processes including rad-hard requirements 
 
DESCRIPTION: Microelectronics comprise the key elements of virtually all satellite systems (mission 
payload, signal processing, data storage, command and control, communications and power). Despite many 
military and commercial specifications and standards, virtually all satellite systems have experienced some 
microelectronics reliability or radiation effects anomaly. The origin of these reliability and radiation 
anomalies are often traced to premature technology insertion, incomplete radiation effects characterization, 
design errors, or manufacturing defects. The challenge of designing and fabricating anomaly-free space 
microelectronics components is further increased by the continued aggressive scaling of Complementary 
Metal-Oxide Semiconductor (CMOS) process technologies below 100 nm. 
   
Integration levels, now exceeding 100M transistors/chip, are forcing continued reductions in the operating 
voltages, dielectric films thicknesses and interconnect dimensions used in modern microelectronics 
components. These feature size reductions can exacerbate both the reliability and radiation failure modes. 
Previously manageable failure mechanisms can also become critical, such as Single Event Transient in 
advanced deep sub-micron CMOS processes. In order for present and future satellite systems to operate 
reliably and leverage the full capabilities of nano-scale microelectronics components, it is crucial that the 
radiation failure modes be characterized and subsequently mitigated. 
 
Efforts are under way at some universities and virtually all microelectronics manufacturers to access and 
improve component reliability. However, these efforts are not focused on the unique requirements of 
radiation effects posed by the space environment.  As semiconductor processes evolve, continued 
improvements in alternate design layouts, circuit, and system design techniques as well as fabrication 
procedures to enhance radiation tolerance must be continued. 
 
The intent of this SBIR topic is to primarily address deficits in total ionizing and single event effects 
radiation hardness of new nano-scale commercial CMOS Application Specific Integrated Circuit (ASIC) 
processes. Specifically the development, use and proof-of-concept demonstration of Radiation-Hardness-
by-Design based methods are proposed to be demonstrated for a modern nano-scale CMOS device 
technology targeted to space system applications.  We also seek creative alternatives to qualification of 
semiconductors.  The extent qualified parts list (QPL) and qualified manufacturers list (QML) strategies 
worked well previously but become increasingly difficult as semiconductor processes rapidly evolve, the 
cost of fabrication escalates, and the ability to procure adequate quantities over a stable manufacturing 
"epoch" are problematic.  More and more, qualification becomes the responsibility of individual customers, 
but we lack "portable" strategies for rapidly establishing a reliability baseline as a foundation for any 
reasonable qualification strategy. 
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PHASE I: Assess the current reliability failure mechanisms in modern IC processes and devise strategies 
for comprehensive characterization through test monitor components.  Exlore feasibility of "portable 
qualification" alternatives and creative strategies to engineer and extract reliability knowledge. 
 
PHASE II: Demonstrate Phase I concepts through fabrication, electrical measurement, and radiation 
characterization.  Trusted foundry (e.g., at or below 65nm) offers an accessible option for offerors not 
otherwise connected to state-of-the-art fab lines.  Establish viability of alternative qualification strategies. 
 
PHASE III / DUAL USE: Military application: Military will immensely benefit from any viable technology 
that helps make available a ready supply of commercially fabricated, high reliability,  radiation-tolerant 
space parts for DoD systems. Commercial application: A viable technology that makes available a ready 
supply of commercially fabricated, high reliability, radiation-tolerant space parts would readily benefit 
commercial space system developers. 
 
REFERENCES:  
1. Sunderland, David A., “Qualification Issues and Pitfalls for Advanced Semiconductor Devices in 
Space,” Microelectronics Reliability and Qualification Workshop, 4 -5 December, 2007. 
 
2. Pease R.L., et. al., “Radiation Effects Challenges for 21st Century Space Systems,” IEEE Nuclear and 
Space Radiation Effects Conference Short Course, 1996. 
  
3. Srour, J. R., and J. M. McGarrity, "Radiation Effects on Microelectronics in Space," Proceedings of the 
IEEE, Vol. 76,  Issue 11,  pp. 1443-1469, November, 1988. 
 
KEYWORDS: Nanoelectronics, Nano-Scale CMOS, Reliability by Design, Trusted Foundry, Rad Hard By 
Design, ASIC 
 
 
 
 
AF083-198   TITLE: Low-Cost Deorbiting System 
 
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: Develop innovative, low cost, low impact de-orbiting systems for research and development 
spacecraft to comply with DoD Instruction 3100.12, Space Support, Section 6.4, Spacecraft End-Of-Life 
requirements. 
  
DESCRIPTION: DoD Instruction 3100.12, Space Support, requires satellites operating in low earth orbit to 
de-orbit in less than 25 years.  Many research and development (R&D) satellites fly in low earth orbits with 
mission requirements of a few days to approximately five years.  Most, if not all, R&D satellites do not 
have propulsion systems.  Those satellites will eventually de-orbit due to orbit decay.  This presents two 
problems:  1) the satellite may stay in orbit longer than 25-year limit, increasing the probability of orbital 
debris generation; and 2) decaying orbits can become erratic and unpredictable.  In order to reduce both 
effects, the desire is to accelerate and control a satellite’s de-orbiting into the Earth’s atmosphere.  To date, 
such controlled descents require additional fuel in order to increase rate of orbit decay.  This method is 
costly in terms of money and additional mass required upon launch and carried throughout the life of the 
satellite.  
 
This proposal is looking for innovative means for increasing a satellite’s drag area in order to control its 
orbit decay once within the range of the Earth’s atmosphere.  Such means can include ideas ranging from 
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modifying the spacecraft ballistic coefficient to deploying/attaching large area structures to the satellite.  
The goal is to develop methods to reduce de-orbiting system cost, mass, and stored volume by a factor of 
10 or better compared to current state-of-the-art systems while also improving descent control of the 
satellite.  Additional goals are a unit that the government can attach to existing space vehicles no larger 
than one inch deep, and a surface area of 12 inches by 12 inches.  The weight goal is less than five 
kilograms.  The system should not create any debris when deployed. 
 
PHASE I: Consider alternative detailed innovative design concepts identifying materials and parts, how to 
activate the system, and means of interfacing with the spacecraft.  Identify all hardware, support equipment, 
and testing required for validating the system. Perform a feasibility assessment analysis. 
 
PHASE II: Deliver a flight ready prototype unit, for integration onto a satellite.  The unit shall include 
complete instructions for spacecraft integration, all hardware, software (as needed), and post-assembly test 
requirements.  Provide documentation to show the unit completed qualification testing with appropriate 
margins.   
 
PHASE III / DUAL USE: Military application: A successful product would have applicability to virtually 
all future Air Force satellites, as virtually all Air Force missions have end-of-life deorbiting requirements. 
Commercial application: Successful demonstration of this product will result in its use for future 
government and commercial missions as a standard de-orbit system.  Unit may become a standard 
component on all future satellites operating in low earth orbit. 
 
REFERENCES:  
1. Space Test Program (STP), Experimenters User Guide, 2004.  
 
2. Public Law 106-65, Oct. 5, 1999, Congressional Direction, Appendix G, Space Technology 
Applications, Space Test Program. 
 
3. DoD Instruction 3100.12, Space Support. 
 
KEYWORDS: space vehicle, satellite, drag, de-orbit 
 
 
 
 
AF083-199   TITLE: Lucky Imaging -Enhanced Imagery for Space Situational Awareness 
 
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. 
 
OBJECTIVE: Develop innovative techniques capable of high-resolution and high performance imaging 
without increasing optical telescope size. 
 
DESCRIPTION: Terrestrial based optical-imaging for space situational awareness (SSA) demands high-
resolution imagery.  Adaptive optics (AO) techniques have been the primary method for compensating for 
the degradation of imagery by atmospheric turbulence along the observation path.  In conjunction with 
conventional incoherent systems, coherent imaging using both AO and optical phase conjugation (OPC) are 
presently under development.  A complementary technique, called “lucky imaging” [1], has been made 
feasible by developments in low light level charge coupled devices (L3CCDs), which enable high-speed 
collection of very low noise astronomical imagery.  The technique then selects a fraction of the large 
number of images based on the Strehl ratio of a reference star of known quality.  The images selected for 
best quality are then registered and fused to obtain a single high quality image.  Used within conventional 
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astronomy this technique has allowed the Palomar 5.1m telescope to achieve a resolution of 50 millraces.  
In a similar fashion, lucky imaging has been able to resolve periodic astronomical events with a time 
interval of 30 milliseconds.  
 
To make this technique applicable to SSA for enhanced resolution imagery, an alternative to fixed 
reference stars is needed.  Methods such as coherent imaging based upon AO or OPC may be used to gauge 
the degree of turbulence to cull both coherent and incoherent imagery obtained via L3CCD cameras. Such 
an approach, among others, when used in conjunction with advanced optical methods (both coherent and 
incoherent) can enable nearly diffraction-limited resolution from ground-based telescopes coupled with 
high temporal resolution.  Since this technique relies on selecting images associated with the lowest 
turbulence, as opposed to measuring absolute CN2 values for specific wavelengths, measurements 
collected within multiple wavelengths will be applicable to imagery simultaneously.  The Air Force seeks 
innovative approaches that couple coherent and lucky imaging methods to obtain high quality space object 
imagery.  
 
PHASE I: Develop an innovative concept for high resolution imaging of space objects using advanced 
coherent-optical methods in conjunction with lucky imaging.  Demonstrate the feasibility of the concept 
and assess its applicability in improving the capabilities of SSA in a laboratory environment. Perform 
complete characterization of the proposed system and establish its operation and performance envelope 
theoretically and experimentally. Produce a preliminary design of a field prototype to be constructed during 
Phase II and assess the risk factors associated with complete system development 
 
PHASE II: Produce a critical design of a robust, compact field system designed in Phase I, assemble the 
system, and conduct a field test. Refine the system during field tests and develop a plan to transition this 
technology across multiple surveillance missions as defined by the Air Force. Possible scenarios include, 
but are not limited to, links between ground-to-space or airborne platforms. 
 
PHASE III / DUAL USE: Military application: There are numerous applications that require or could 
benefit from the development of lucky coherent imaging. Examples include high resolution terrestrial 
imaging of distant objects as well as improved satellite and aerial reconnaissance. Commercial application: 
There are numerous applications that require or could benefit from the development of lucky coherent 
imaging. Examples include high resolution terrestrial imaging of distant objects as well as improved 
satellite and aerial reconnaissance. 
 
REFERENCES:  
1. Lucky Imaging Web Site, http://www.ast.cam.ac.uk/~optics/Lucky_Web_Site/index.htm. 
 
2. Baldwin, J.E, R. N. Tubbs, C. D. Mackay, et. al., "Diffraction-Limited 800nm Imaging with the 2.56m 
Nordic Optical Telescope," Ast & Astrophys, Vol. 368, L1-4, 2001.  
 
3. Tubbs, R. N, C. D. Mackay, et. al., "Diffraction Limited CCD Imaging with Faint Reference Stars," Ast 
& Astrophys, Vol. 387, L21-24, 2002. 
 
4. Mackay, C. D., R. N. Tubbs, and J. E. Baldwin, "Noise-Free Detectors in the Visible and Infrared: 
Implications for the Design of Next Generation AO Systems and Large Telescopes," SPIE 4840, page 436. 
26-28 August 2002, Kona, Hawaii, August 2002. 
 
5. Law, N. M., "Lucky Imaging: Diffraction Limited Imaging from the Ground in the Visible", Ph.D. 
Thesis, Cambridge University, UK, 2007. 
 
KEYWORDS: Lucky Imaging, Coherent Imaging, Low Light Level CCD (L3CCD), Adaptive Optics, 
Space Situational Awareness, Optical Phase Conjugation 
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AF083-200   TITLE: Advanced Lithium Ion Batteries for Space-based Applications 
 
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 and breakthrough approaches for improving State-of-the-Art battery 
performance for space-based applications. 
 
DESCRIPTION: Mission capabilities for State-of-the-Art (SOA) space-based military systems are often 
bounded by energy generation and storage performance limitations.  The current generation of lithium ion 
batteries are lacking in cycle and calendar life as well as chemical stability to be useful for upcoming space 
missions. Revolutionary new systems must be operationally fielded in the next few decades to maintain 
space superiority. This solicitation is not pursuing an engineering solution to enhance SOA battery or other 
energy storage concepts; it is attempting to "jumpstart" the industrial community towards a research and 
development solution to develop a revolutionary new configuration and/or internal chemistry that will meet 
the impending demand for a dramatic increase in energy storage capabilities. 
 
Areas of interest include, but are not limited to, increased power density via improved discharge rate, 
higher energy density through improved battery packaging and internal components/chemistry/cathode and 
anode material, increased cycle life and depth-of-discharge, exceptional durability when exposed to 
extremes in temperature and space environmental effects and an increase or total elimination of the 
calendar-life limitations of lithium ion batteries. Proposals should focus on dramatic paradigm-changing 
technologies rather than incremental improvements.  The goals for next generation space batteries are a 20-
year service life for geosynchronous satellites and 60,000 charge/discharge cycles over 10 years for LEO 
missions.   
 
PHASE I: The Phase I effort should consider approaches that enhance performance and exceed the current 
State-of-the-Art (SOA), culminating with a proof-of-concept design demonstrating the feasibility of the 
selected approach. 
 
PHASE II: The Phase II effort should involve fabricating a prototype cell. Power output and energy 
capacity should be scaled up to levels appropriate for integration into battery packs to demonstrate the path 
forward for subsystem-level performance. 
 
PHASE III / DUAL USE: Military application: Li-ion batteries with long life are needed for all DoD and 
NRO spacecrafts. Accordingly, in SMC the TSATs, GPS and other systems will have ready applications 
with appropriate development.  Commercial application: Commercial communications satellites will 
benefit in the same manner as military spacecraft from this technology.  Improved battery life and energy 
density would sell well in consumer electronics and hybrid vehicles. Military hybrid vehicles could run in 
silent electric mode for tactical advantage. 
 
REFERENCES:  
1. Yoshida, H., S. Kitano, T. Hue, M. Terasaki, K. Komada, M. Mizutani and M. Goto, "Development of 
Large-Scale Li-ion Cells for Space Applications," 50th lnternational Astronautical Congress, IAF-99-
R.2.10, Amsterdam, Oct. 4-8, 1999. 
 
2. Inoue, T., H. Yoshida, M. Mimtani and M. Goto, "Qualification Test Results of IOOAH Lithium Ion 
Cells for Space Applications," 18th AlAA lnternational Communications Satellite Systems Conference, 
Oakland, CA, Apr. 10-14, 2000. 
 
3. http://inventors.about.com/library/inventors/blbattery1.htm. 
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4. 
http://www.responsivespace.com/Papers/RS3%5CSESSION%20PAPERS%5CSESSION%205%5C5003-
PEARSON%5C5003C.pdf.  
 
5. Hyung-Wook Haa, Kyung Hee Jeong, and Nan Ji Yun, Division of chemistry and Molecular 
Engineering, Korea University, Seoul 136-701, South Korea, Ming Zi Hongb, Keon Kima, Jilin Institute of 
Chemical Technology, Jilin 132022, China, “Effects of Surface Modification on Cycling Stability of 
LiNi0.8Co0.2O2 Electrodes by CeO2 Coating,” Electrocimica Acta 50 3764-3769, 2005. 
 
6. George Ting-Kuo Fey, Department of Chemical and Materials Engineering, National Central University, 
Chung-Li 32054, Taiwan, ROC, Cheng-Zhang Lua, Jiun-Da Huanga, T. Prem Kumara, 1, Yu-chen Chang, 
Department of Chemical Engineering, Yuan-Ze University, Taoyuan, Nelli 301, Taiwan, ROC, 
“Nanoparticulate Coatings for Enhanced Cyclability of LiCoO2 Cathodes,” Journal of Power Sources 146, 
65-70, 2005. 
 
7. George Ting-Kuo Fey, P. Muralidharan, Cheng-Zhang Lu, and Yung-Da Cho Department of Chemical 
and Materials Engineering, National Centeral University, Chung-Li, Taiwan 32054, Taiwan ROC, “Surface 
Modification of LiNi0.8Co0.2O2 with La2O3 for Lithium-ion Batteries," Solid State Ionics 176, 2759-
2767, 2005. 
 
KEYWORDS: Lithium ion batteries, satellite energy storage, cycle life, energy density, power density, 
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AF083-201   TITLE: Integrated Blanket/Interconnect System (IBIS) for Thin Multijunction 

Solar Cells 
 
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: Develop an Integrated Blanket/Interconnect System (IBIS) for thin multijunction solar cells 
for a very high specific power solar array. 
 
DESCRIPTION: Increased power generation capability requirements in spacecraft to meet ever increasing 
payload power consumption for broadband warfighter satellite communications creates a need for an IBIS 
for ultra-thin III-V material multijunction solar cells.  These ultra-thin solar cells are of the same or higher 
efficiency as State-Of-The-Art (SOA) thicker versions.  In order to take full advantage of these new solar 
cells, new interconnect and integration schemes are needed to create lightweight, flexible solar blankets.  
These solar blankets will be used in conjunction with a lightweight flexible array support structure and 
advanced deployment schemes, to create thin multijunction solar arrays with array-level specific power 
approaching 1000 W/kg, increased stowability, and without increasing array size. 
 
Innovative solutions are sought for the design and construction of lightweight IBIS for flexible 
multijunction solar cells.  The IBIS, as a minimum, includes the underlying support material upon which 
the ultra-thin solar cells are laid, the electrical interconnects between the individual solar cells and the 
interconnects between the solar cell strings and the spacecraft power bus.  Further optimization of the IBIS 
would include the solar cell coverglass or a flexible coating.  The IBIS must be suitable for integration into 
a solar array structure designed for flexible solar cell blankets.  The novel lightweight IBIS for ultra-thin 
high efficiency solar cells will reduce solar array mass and stowed volume for Air Force space missions.  
Conventional solar array structures, consisting of honeycomb substrates with aluminum and composite 
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face-sheets, have been optimized for 140-170 micrometer thick crystalline solar cells with 75-300 
micrometer thick coverglass.  Current SOA solar arrays are limited to 30 KW total power, and are primarily 
constrained by launch vehicle fairing volume.  Specific power and stowability for SOA solar array designs 
approach 100 W/kg and 13 W/m3, respectively.  Novel designs for an IBIS with the incorporation of new 
materials can increase the array-level specific power, and be optimized to maintain the structural integrity 
of ultra-thin crystalline solar cells.  The Air Force is interested in concepts that will focus on significantly 
increased performance metrics for specific power and stowability relative to SOA multijunction solar 
arrays.  Significantly increased specific power and stowability will enable high power platforms supporting 
higher bandwidth communications for space-based applications.  Reduced mass for a given array power has 
the potential to reduce launch costs by enabling a launch vehicle step-down compared with SOA 
technology. 
 
PHASE I: Develop and demonstrate innovative approaches for producing an IBIS optimized for thin 
multijunction solar cells. Study multiple design approaches for this research and development (R&D). 
Select an optimized approach based on feasibility assessments. 
 
PHASE II: Fabricate IBIS prototype and demonstrate performance metrics for a thin multijunction solar 
cell. 
 
PHASE III / DUAL USE: Military application: All DoD spacecraft use multijunction space solar cells for 
electric power generation. Commercial application: Commercial satellites will also benefit from improved 
specific power and power densities, since these technologies decrease cost and improve performance. 
 
REFERENCES:  
1. Geens, W., K. Dessein, W. Kostler, M. Meusel, S. Taylor, P. Mijlemans, and G. Strbol, “Assessment of 
the Use of 100 mm Thin Germanium Wafers for High Efficiency Space Solar Cells,” 7th European Space 
Power Conference, May 9-13, 2005, Stresa, Italy. 
 
2. Kuchler, G., J. Muller, and I. Koker, “COMED-Flexible Solar Generator,” 7th European Space Power 
Conference, May 9-13, 2005, Stresa, Italy. 
 
3. D’Abrigeon, L., A. Carpine, and G. Laduree, “Solarbus Solar Array: Innovative Light Weight 
Mechanical Architecture with Thin Lateral Panels Deployed with Shape Memory Alloy Regulator,” 7th 
European Space Power Conference, May 9-13, 2005, Stresa, Italy. 
 
KEYWORDS: Solar array blankets, interconnects, solar cell coverglass, thin multijunction solar cells, 
space power, solar arrays 
 
 
 
 
AF083-202   TITLE: Operational Algorithms for Disturbance Storm Time (DST) Index 
 
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: Develop algorithms to produce Dst index on an operational basis (1) from ground 
magnetometers located near the equator; and/or (2) from Low Earth Orbiting satellites. 
 
DESCRIPTION: The Dst magnetic index is a measure of the space weather disturbance. The index is 
important to space weather operations both for monitoring of space weather conditions, and because several 
critical computer models that use Dst will likely be transitioned into the operational environment. 
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Unfortunately, the source for the Dst index is foreign (World Data Center (WDC), Japan), and cannot be 
used for operational purposes. We require a US-based algorithm to produce the index from ground-based 
magnetometers and possibly also from satellites.  
 
The goal of this task is to provide an operational index (Dst) with, at minimum, the temporal cadence and 
resolution required by space weather operations, namely every 15 minutes and within 15 minutes of real 
time. The WDC calculates the index with a one-hour cadence and a temporal resolution of one minute 
(sym-H) and one hour (Dst). Provisional indices are published approximately one hour after real time, 
which is not ideal for space weather operations. Innovative techniques to obtain this index from a 
constellation of ground magnetometers and/or space-based magnetometers are needed to provide a 
consistent and reliable index for operational use. Presently, only four ground-based stations are used for the 
WDC calculation of Dst. If and when one of these stations provides erroneous data, the calculation of the 
index suffers accordingly. These shortcomings can be fixed by including more stations or satellite data for 
cross-checks, using more robust estimation methods and incorporating quality control of data input in the 
calculation. These goals can be met by modification of existing algorithms (see reference below) or 
development of entirely new algorithms. The algorithm must demonstrate an ability to quantify and 
accurately handle the long-term baseline changes caused by non-space-weather effects such as the solar-
quiet (Sq) baseline, variations in the Earth’s magnetic field, and seasonal and tidal effects. This can, in 
principle, be done with virtually any temporal cadence, but it can also be tailored to the specific needs, such 
as the 15-minute cadences currently used by operations. Regular quality checks on data input to the 
algorithm must be addressed specifically in any successful proposal. Ideally the symmetric and asymmetric 
parts of Dst should be calculated separately and made available. 
 
In addition to using the ground-based magnetometer data, it is possible to derive a substitute for a one-hour 
index using magnetometer data from the IRIDIUM spacecraft. IRIDIUM is an operational asset of the 
Defense Department and consists of a constellation of satellites carrying magnetometers in low-Earth orbit. 
At present, the temporal resolution of the magnetometer data falls below the minimum required, but an 
upgrade of the system is anticipated in the near future. This will enable the system to return ten-minute 
magnetometer data, which will be more than adequate. 
 
 
A second part of the task is to produce operational algorithms which can produce 72-hour predictions of 
Dst. This is of great importance in current operational models run by AFSPC. A validation of the 
algorithm, comparing the predicted with observed Dst, must be included as part of this effort. Further, if 
time permits, the evolution of Dst from bigger geomagnetic storms can be fit to patterns of horizontal 
deviation in low latitude magnetometers or the Dst index itself that can be used to forecast the popular 
geomagnetic Kp index out to 72-hours providing the users with forecast model input for a variety of space 
environmental modeling needs. 
 
PHASE I: Produce preliminary algorithm to estimate Dst from ground stations and/or orbiting spacecraft. 
The algorithm must include data quality checks. A comparison of the preliminary index with the 
provisional value given by the WDC must be carried out in this Phase.  
 
PHASE II: Produce and deliver final products with complete documentation. Documentation must enable 
non-specialist operators to check on quality of product. Index derived from proposed algorithm must 
perform at least as well as valid WDC A indices. Forecasts of Dst must be validated against observations. 
 
PHASE III / DUAL USE: Military application: Military uses for Dst and Sym-H are obvious for our newer 
weather systems.  If proposed algorithms perform as anticipated, the Air Force Weather Agency can fund 
transition of the Dst algorithms for operational use. Commercial application: Dst and Sym-H are widely 
used in the scientific and space weather community.  A robust, reliable algorithm(s) will be useful to other 
users of space weather data and to the research community  
 
REFERENCES:  
1. Sugiura, M., "Hourly Values of the Eequatorial Dst for the IGY," Annales of the International 
Geophysical Year, 35, p. 9, Pergamon, NY, 1964. 
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2. Schunk, R. W., J. J. Sojka, J. V. Eccles, D. C. Thompson, and R. L. McPherron, "Testing Specification 
Model and Real-Time Data Coupling Schemes and Development of a Prototype Executive System for 
Space Weather Prediction," AFRL Technical Report, AFRL-VS-HA-TR-98-0050, 1998. 
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AF083-203   TITLE: Lightweight Solar Array Structure for Thinned-Multijunction Solar 

Cells 
 
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: Develop a solar array structure to support ultra-thin GaAs-based multijunction solar cells for 
very high specific power solar array. 
 
DESCRIPTION: The most advanced GaAs-based multijunction solar cells can be thinned to produce ultra-
thin (20 micron-thick), flexible solar cells of the same efficiency as state-of-the-art (SOA) versions (28-
29%). Combined with a lightweight array support structure, these thinned-multijunction solar arrays can 
result in array-level specific power approaching 1000 W/Kg without increasing array size. Previous 
lightweight solar array designs have ultimately failed when mass was added to the array structure in order 
to increase stiffness. Innovative solutions are sought for the design and construction of lightweight solar 
arrays for flexible multijunction solar cells. These novel lightweight solar array support structures for ultra-
thin high efficiency solar cells will take advantage of the lightweight and flexibility of ultra-thin GaAs-
based solar cells, reducing solar array mass and stowed volume for Air Force space missions. Conventional 
solar array structures, consisting of honeycomb substrates with aluminum and composite face-sheets, have 
been optimized for 140-170 micrometer thick crystalline solar cells with 75-300 micrometer thick 
coverglass. Current SOA solar arrays are limited to 30 kW due to launch vehicle fairing volume. Novel 
designs and incorporation of new materials can increase the array-level specific power, be optimized to 
maintain the structural integrity of ultra-thin crystalline solar cells, and retain the stiffness requirements for 
launch and on-orbit attitude control. New deployment techniques may also be needed for these array 
structures. Efforts should be focused on significantly increased metrics (W/kg and W/m2) over SOA solar 
arrays while maintaining stiffness and pointing accuracy. Significantly increased power per mass over SOA 
solar arrays will enable high power platforms supporting higher bandwidth communications for space 
based applications. Reduced mass for a given array power has the potential to reduce launch costs by 
enabling a launch vehicle step-down compared to SOA technology.  Typical SOA array level specific 
power is ~70W/kg;  technologies developed under this program should show potential for 600-1000 W/kg 
when coupled with inverted metamorphic solar cells with efficiencies greater than 33%.  Typical SOA 
stowage efficiency is 10-13 kW/m3;  taking advantage of the flexible nature of the inverted metamorphic 
solar cells.  Stowage efficiencies in excess of 60kW/m3 may be possible.  Technologies for environmental 
protection which provide protection while maintaining flexibility should also be considered.  Lastly, these 
new structures must maintain or improve upon stiffness achieved by todays rigid panel solar arrays.  
Typical array stiffness today is ~0.025 hz.  Array level stiffness in excess of 0.25 hz is desired. 
 
PHASE I: Develop and validate innovative approaches for producing an advanced solar array structure 
optimized for thin, flexible multijunction solar cells. 
 
PHASE II: Apply results from Phase I to fabricate prototype solar array structure to validate design 
approach for meeting specific power, specific volume and stiffness requirements. 
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PHASE III / DUAL USE: Military application: All DoD spacecraft use multijunction space solar cells for 
electric power generation. Commercial application: Commercial spacecraft are likely commercial 
applications for this technology. 
 
REFERENCES:  
1. Geens, W., K. Dessein, W. Kostler, M. Meusel, S. Taylor, P. Mijlemans, and G. Strobl, “Assessment of 
the Use of 100mm Thin Germanium Wafers for High Efficiency Space Solar Cells,” 7th European Space 
Power Conference, May 9-13, 2005, Stresa, Italy. 
 
2. Kuchler, G., J. Muller, and I. Koker, “COMED-Flexible Solar Generator,” 7th European Space Power 
Conference, May 9-13, 2005, Stresa, Italy. 
 
3. D’Abrigeon, L., A. Carpine, and G. Laduree, “Solarbus Solar Array: Innovative Light Weight 
Mechanical Architecture with Thin Lateral Panels Deployed with Shape Memory Alloy Regulator,” 7th 
European Space Power Conference, May 9-13, 2005, Stresa, Italy. 
 
4. Takomoto, T., T. Agui, H. Washio, N. Takahashi, K. Nakamura, O. Anzawa, M. Kaneiwa, K. Kaminura, 
and K. Okamoto, “Future Development of InGaP/(In)GaAs Based Multijunction Solar Cells,” 31st IEEE 
Photovoltaics Specialists Conference, Lake Buena Vista, FL, 2005. 
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AF083-204   TITLE: Deep Submicron Radiation Hardened Logic for Communications 
 
TECHNOLOGY AREAS: Materials/Processes, 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. 
 
OBJECTIVE: Support the development of radiation hardened (65-nm and below) deep submicron logic 
optimized for network processing and digital communications applications. 
 
DESCRIPTION: The rapid expansion of satellite communications capacity is continuing as programs such 
as Transformational Satellite (TSAT) are being developed to bring the best affordable ‘last mile’ 
telecommunications connectivity to tomorrow’s warfighters.  To support this explosive growth in 
bandwidth demand, new families of logic will be required with feature sizes of 65-nm (and below).  High-
performance, radiation-hardened logic is particularly valuable in providing satellite-based message routing 
functionality, including buffers and cross connects.  The new approaches will be necessary due to 
significant size, weight, and power penalties associated with present rad-hard solutions, which could 
increase risk to satellite mass and power consumption targets without better alternatives to traditional (> 
90nm) technologies.  High performance logic also lends itself to processing intensive missions where there 
are large numbers of transmission-control-protocols (TCP) sessions running simultaneously on each 
wavelength.  Recent research suggests that radiation-induced single event upset in logic and memory 
circuits will continue to be a key issue for advanced Complementary Metal Oxide Semiconductor (CMOS) 
technologies.  For high performance 65-nm (and below) microcircuits, the critical charge required to upset 
the circuit can be relatively small, increasing the susceptibility of 65 (and below) nm latch and memory 
circuits to a wide range of ionizing particles.  Design challenges include ensuring saturated cross sections 
do not decrease as geometries decrease, protecting against multiple bit upsets as multiple geometries pack 
within sensitive diffusion areas, and minimizing single event transient error rates of circuits with hardened 
latches.  The purpose of this topic is to support the development of radiation hardened 65-nm (and below) 
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related materials, designs and/or processes that lend themselves to high data rate satellite communications 
processing.  Goals include total dose tolerance > 1 Mrad (Si), SEE (Single Event Effect) immunity > 
60Mev, operating temperature range -40 to + 80 deg. C.  
 
PHASE I: Establish deep submicron radiation-hardened design concepts for logic applications optimized 
for digital communications algorithms and processing architectures.  Select viable, optimized solutions 
based on feasibility assessment via modeling, simulation, and analysis.  
 
PHASE II: Extend Phase I approaches to create prototypes that demonstrate performance improvements 
over traditional rad-hard solutions using circuits of representative complexity and characterize them across 
full range of environmental extremes that geosynchronous missions are likely to encounter. 
 
PHASE III / DUAL USE: Military application: Military applications for radiation hardened 65 nm logic 
include military satellite processing, avionics, and terrestrial communications where a requirement to 
operate through an event exists. Commercial application: Commercial applications for 65 nm logic include 
commercial satellites and avionics. 
 
REFERENCES:  
1. KleinOsowski, A., P. Oldiges, P. M. Solomon, and R. Q. Williams, “Modeling Ionization Radiation in 
65 nm Silicon on Insulator Semiconductor Devices with a Double Current Pulse,” Proc. NSREC, 2006. 
 
2. Heidel, David F. Kenneth P. Rodbell, Phil Oldiges, Michael S. Gordon, Henry H. K. Tang, Ethan H. 
Cannon, and Cristina Plettner, “Single-Event Upset Critical Charge Measurements and Modeling of 65 nm 
Silicon-on-Insulator Latches and Memory Cells,” IEEE Trans. Nuclear Science, Vol. 53, No. 6, Dec. 2006. 
 
KEYWORDS: critical charge, silicon-on-insulator, leakage, gate oxide, radiation hardened by design, 
linear energy transfer, single event upset, single event effects 
 
 
 
 
AF083-205   TITLE: Space System Threat Mission Impact Assessment 
 
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: Research and develop technologies which will determine mission impact assessment from 
both single platform and theater-wide space system threats. 
 
DESCRIPTION: Many of today’s Air Force satellites are susceptible to anomalies with no standardized 
procedures or technologies in place to detect these anomalies and discriminate them from other non-related 
anomalous conditions. In addition, procedures to assess the impacts of these potential anomalies are ad-hoc 
at best. There has been a focus in recent years towards applying data fusion technologies for the detection, 
discrimination, and assessment of space system threats. These research efforts correspond to levels 0, 1, 
and 2 of the Joint Directors Laboratory (JDL) data fusion model. The next level of this model is mission 
impact assessment. Mission impact assessment seeks to determine the effects of space system threats. 
Mission impact assessment needs 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. The space system environment is complex, with many nonlinear constraints and 
independent agencies which are often stovepiped. In addition, automated mission impact assessment should 
significantly reduce the time needed to appropriately respond during periods of space warfare. This topic 
seeks to develop algorithms and a framework for mission impact assessment for known space system 
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threats. The framework must be robust enough to allow exercising multiple what-if scenarios as well as 
allowing for the integration of existing software components. A key component will be the validation of the 
mission impact outcomes through performance metrics. 
 
PHASE I: For space system threats develop and demonstrate an architecture to perform mission impact 
assessment. Research to leverage off previous efforts performed in threat detection. Particular emphasis 
should be placed on scalability and accuracy.Few approaches favored to optimize a feasible solutions. 
 
PHASE II: Build on the architecture developed in Phase I and incorporate higher fidelity components at all 
levels. This phase will target a set of realistic threat scenarios and operating constraints. Phase II will 
culminate in a detailed prototype demonstration of the architecture and provide performance metrics which 
would have broad applicability beyond the space domain. 
 
PHASE III / DUAL USE: Military application: The application of intelligent systems technologies to the 
problem of assessing anomalous situations on Air Force space systems from heterogeneous information 
sources.   
 Commercial application: The environmental factors affecting commercial spacecraft are identical to those 
encountered by military spacecraft. 
 
REFERENCES:  
1. Steinberg, A, and C. Bowman, “Rethinking the JDL Data Fusion Levels,” NSSDF JHAPL, June, 2004. 
 
2. Bowman, C. L., “The Dual Node Network (DNN) Data Fusion & Resource Management (DF&RM) 
Architecture,” AIAA Intelligent Systems Conference, Chicago, September 20-22, 2004. 
 
KEYWORDS: Space Situational Awareness, Mission Impact, Response Options, Decision Aids, 
Automated Tasking 
 
 
 
 
AF083-206   TITLE: Innovative Low-Cost Encrypted Mobile Ground Systems 
 
TECHNOLOGY AREAS: Ground/Sea Vehicles, 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: Develop an innovative,low-cost,encrypted mobile ground system.The systems will be 
incorporated in the advanced versions of ground archetectures in the next blocks of programs such as 
GPS,TSAT,AEHF, etc. 
 
DESCRIPTION: There are an increasing number of microsatellite research and development (R&D) 
missions within Air Force (AF) & Department of Defense (DoD) that require a dedicated ground system to 
achieve maximum mission payoff and minimum interference with existing ground segment architectures. 
These programs currently jockey for priority on the Air Force Satellite Control Network (AFSCN) with 
operational systems. A low-cost mobile ground system (MGS) would give the mission a dedicated ground 
system enabling a broader synoptic view and allowing SMC to demonstrate technologies in a relevant 
environment without upsetting the primary ground architecture. Transportability will allow for deployment 
at the integration facility where telecom system testing can be accomplished more efficiently and enable 
demonstrations to test operations over different continental United States (CONUS) and outside continental 
United States (OCONUS) theaters.  
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Proposers should specifically seek innovative options for reducing system-level cost by combining existing 
hardware with a new generation of low-cost components. The proposal should address the system level 
impacts and integration issues and to what extent can new components be integrated with existing systems. 
Offerors should also propose the accommodation of a K-band downlink with a minimum date rate of 
~100Mbps. It is recognized that fully-developed hardware/software solutions (with L/S/K-band links) may 
not be affordable under a Phase II SBIR, however, the Phase I proposal should identify potentially 
significant savings in life cycle costs. 
 
Additionally, the system should be easily integratable into a system of knowledge that provides a broad 
picture of friendly actions. Proposers may suggest methods for fusing multi-domain information from an 
array of identical or similar ground systems. 
 
The objective of this effort is to identify new approaches that can reduce recurring production costs and 
total ownership costs associated with the deployment of an L/S/K-Band mission ground system (MGS).  
The MGS should be Space-Ground Link System (SGLS) compatible, easily upgradeable to accommodate a 
K-band downlink, allow interoperability with the AFSCN and employ government furnished Type-1 crypto 
equipment. 
 
PHASE I: Phase I should culminate in a PDR-level design and may include the development and 
demonstration of prototype hardware and/or software needed to assess the feasibility of the proposed 
design concept. Phase I should also result in a clear technology development plan, schedule, budget, and 
requirement 
 
PHASE II: Phase II should culminate in a CDR-level design of the proposed concept. Phase II should also 
include the development and integration of prototype hardware/software to validate the design concept. 
 
PHASE III / DUAL USE: Military application: A successful development and demonstration of this 
technology will result in a continued use by the Air Force and Department of Defense commercial space 
community. Commercial application: A successful development and demonstration of this technology will 
result in a continued use by the commercial space community. 
 
REFERENCES:  
1.  Wheaton, M. J., “An Overview of Ground System Operations,” Crosslink, Spring 2006, The Aerospace 
Corporation. 
  
2.  Adams, R. J., and S. Eslinger, “The Use of Commercial Software in Ground Systems Development,” 
Crosslink, Spring 2006, The Aerospace Corporation. 
 
3.  Adams, R. J., and S. Eslinger, "COTS-Based Systems: Lessons Learned from Experiences with COTS 
Software Use on Space Systems," Aerospace Report No. TR-2001(8550)-1. 
 
KEYWORDS: Low-cost, Air Force Satellite Control Network (AFSCN), Space Ground Link System 
(SGLS), Field Deployable, Mobile, Transportable, Ground System   
 
 
 
 
AF083-207   TITLE: Digital Optoelectronic Logic for Highly Interconnected Systems 
 
TECHNOLOGY AREAS: 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. 
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OBJECTIVE: Develop new paradigms for ultra-dense and ultra-low power processing electronics that 
exploit the capability of optical devices. 
 
DESCRIPTION: Traditional chip performance improvements from scaling are saturating due to excessive 
power dissipation, primarily in the Input/Output (I/O) circuits.  Optical I/O will relieve this constraint with 
a cost effective way to incorporate optical devices within the chip.  Given that optical capability will reside 
within the chip, the focus of this topic is to use the optics in novel ways to implement logic.  For decades, 
Complementary Metal Oxide Semiconductor (CMOS) has dominated Very Large Scale Integrated Circuit 
(VLSI) logic design.  However, traditional logic (and memory) designs in the form of flip flops, counters 
and shift registers use excessive numbers of devices to implement simple operations such as edge-triggered 
latches, race-free flip-flops (J-K), etc. (For example, all flip flops generate Q and Q’ and yet Q’ is not really 
necessary).  Along with the extra devices comes a large dynamic power budget proportional to the clock 
frequency.  With optoelectronic capability within the chip, the thrust of this topic is to devise new 
optoelectronic approaches to functional implementations (for example, optically clocked logic states) that 
use fewer devices, fewer gate delays, lower power and achieve high speeds.  These will be new paradigms 
in how to realize the elementary functions (e.g., the flip flop may no longer be implemented with the classic 
NOR latch).  With the trend towards three dimensional (3D) interconnects, the optical output of the logic 
gate could play an important interconnect role.  The goals in terms of power consumption are a factor of ten 
less than CMOS  and a ten-fold reduction in device count using a JK flip flop as a benchmark.  It is 
expected that optical clocking will enable a density increase of ten-fold in interconnect with the novel use 
of waveguides and Wavelength Division Multiplexing (WDM) of control signals.  The new logic should be 
radiation resistant in terms of Single Event Upsets (SEUs) < 10-12 errors/bit-day and > 300 Krad of 
ionizing total dose tolerance and proton flux.  The availability of optical signals should be leveraged to 
eliminate switching noise, control impedance levels, and mitigate the effects of parasitic capacitance and 
inductance on output drivers.  This effort should produce new design approaches, together with new 
technology to implement these approaches. 
 
PHASE I: Analyze, design and simulate device concepts and their associated architectures for logic 
implementation with optoelectronic capability based on multiple approaches. Select a solution based on 
feasibility assessment.  
 
PHASE II: Build prototypes. Implement the new paradigm in the chosen technology with sufficient gate 
density to prove the advantage. Show a path to production and system insertion. 
 
PHASE III / DUAL USE: Military application: Military communications satellite programs could benefit 
from this technology. Commercial application: Commercial satellite programs such as Globalstar and 
Iridium could also benefit from this technology. 
 
REFERENCES:  
1. G.P. Agrawal, G. P., "Fiber-Optic Communication Systems," Wiley, 2002. 
 
2. Zhang, M., L. Wang, and P. Ye, "All-Optical XOR Logic Gates," Technologies and Experiment 
Demonstrations, IEEE Optical Communications, pp. S19-S24, May 2005. 
 
KEYWORDS: optoelectronics, digital logic, logic gate, interconnects, optical communications, wavelength 
division multiplexing 
 
 
 
 
AF083-208   TITLE: 3-D Space Qualifiable Field Programmable Gate Array 
 
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 
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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 a monolithically stacked, three dimensional Field Programmable 
Gate Array suitable for insertion in satellite communications mission. 
 
DESCRIPTION: By increasing the level of integration and reducing power of payload designs, Field 
Programmable Gate Arrays (FPGAs) provide design flexibility through reprogrammable logic for more 
efficient satellite waveform processing.  Unfortunately, this flexibility comes at a cost, as FPGAs operate at 
reduced performance when compared to Application Specific Integrated Circuits (ASICs), with significant 
amounts of die area dedicated to programmable routing resources.  Programmable routing also contributes 
to the total path delay of interconnects and leads to less power efficiency.  With the level of performance 
disparity between ASICs and FPGAs increasing as feature sizes decline into the deep sub-micron regime, 
architectural enhancements to FPGAs that alleviate programming/routing overhead are clearly needed.  
Closing the performance gap between FPGAs and cell based ASICs by stacking the programming overhead 
on top of logic blocks and interconnects could make FPGAs more attractive for use in space.  The purpose 
of this topic is to design and demonstrate a flightworthy 3-D FPGA prototype with an ASIC level of 
performance.   
 
PHASE I: Develop a preliminary design for a 3-D FPGA capable of ASIC like performance. Pursue 
multiple approaches for this and optimize a solution based on feasibility assessment.Verify design through 
modeling and simulation. 
 
PHASE II: Fabricate a minimum of eight 3-D FPGA prototypes and characterize for speed, usable gates, 
power consumption, operating temperature range and radiation tolerance. 
 
PHASE III / DUAL USE: Military application: Virtually all military space electronics and avionics that 
involve digital processing could potentially benefit from 3-D FPGA technology. Commercial application: 
Commercial applications for 3-D FPGA technology include consumer electronics, automotive electronics, 
and commercial avionics. 
 
REFERENCES:  
1. Lin, Mingjie, Abbas El Gamal, Yi-Change Lu, and Simon Wong, “Performance Benefits of 
Monolithically Stacked 3-D FPGA,” IEEE Trans. Computer-aided Design of Integrated Circuits, pp. 216-
220, Feb. 2007. 
 
2. Alexander, M., et. al., “Three-Dimensional Field Programmable Gate Arrays”, Proc. IEEE International 
ASIC Conf., Austin TX, September 1995, pp. 253-256. 
 
3.  Garrou, Phillip, “Future ICs Go Vertical,” Semiconductor International 2/1/2005, 
http://www.semiconductor.net/article/CA499680.html 
 
4.  MIT 3D FPGA Project, http://mtlweb.mit.edu/researchgroups/icsystems/3dcsg/ 
 
KEYWORDS: Field Programmable Gate Array, reprogrammable, logic block, three-dimensional, logic 
gate, wafer-stacked  
 
 
 
 
AF083-209   TITLE: Optical Switching Fabric 
 
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 
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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 optical switch fabric suitable for next generation space-based optical router. 
 
DESCRIPTION: In providing last mile connectivity to the warfighter, military satellite communications 
message traffic has steadily increased and future growth may dramatically accelerate as the full potential of 
battlefield information is realized.   As message traffic grows to encompass high capacity intersatellite 
optical communications links, the efficiency with which message traffic is routed between crosslinks and 
downlinks becomes increasingly important in maintaining payload size, weight and power at Medium 
Launch Vehicle (MLV) lift capabilities.   Optical routing offers the opportunity to increase routing data 
rates to values beyond the capabilities of electronics routing, and the Air Force is interested in advancing 
optical components for next generation satellite based photonic networks, providing scalable bandwidth, 
agile reconfigurability and low power consumption in the future.  One study found that a combination of 
optical cross connects combined with electronic buffering offered the minimum power dissipation, 
concluding that both optical and electronic technologies will be integral components of high capacity 
routers.  The purpose of this topic is to support the development of a high-data-rate,  low-power, 
flightworthy and robust optical switch fabric architectures in which a single point failure cannot disable the 
entire fabric.   
 
PHASE I: Investigate multiple design concepts for optical switch fabric and optimize the promising 
alternative.  Design high speed routing fabric and validate through modeling and simulation.  
 
PHASE II: Investigate design concepts and select promising alternative for a prototype.  Design high speed 
routing fabric and validate through modeling, simulation and tests as needed.  
 
PHASE III / DUAL USE: Military application: Military applications of optical switching fabric include 
communications satellites, large ships involved in high bandwidth communications and communications 
ground stations involved in GIG-BE. 
Commercial application: Commercial applications for optical switching fabrics include telecommunications 
industry and avionics. 
 
REFERENCES:  
1. Kar, K., T. Lakshman, D. Stiladis, and L. Tassiulas, “Reduced Complexity Input Buffered Switches,” 
Proc. HOTI VIII, paper 1.3. 
 
2. Neukermans, A. and R. Ramaswami, “MEMS Technology for Optical Networking Applications,” IEEE 
Commun, Mag., Vol. 39, No. 1, 2001. 
 
3. Sasaki, J., H. Hatakeyama, T. Tamnuki, S. Kitamura, M. Yamaguuchi, N. Kitamura, T. Shimoda, M. 
Kitamura, T. Kato, and M. Itoh, ”Hybrid Integrated 4X4 Optical Matrix Switch using Self-Aligned 
Semiconductor Optical Gate Arrays and Silica Planar Lightwave Circuit,” Electron. Lett., Vol. 34, No. 10, 
pp. 986-987, 1998. 
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AF083-210   TITLE: Responsive Multi-Parametric Methods for Remote Target Identification 

and Characterization 
 
TECHNOLOGY AREAS: Air Platform, Space Platforms, 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 
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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 an electro-optical system capable of fast and reliable multi-
parametric target characterization. 
 
DESCRIPTION: Tracking, pointing and identification of a remote fast moving target and its discrimination 
in a cluster of nearly identical objects is one of most critical issues in space situation awareness, in general, 
and space control, in particular.   Comprehensive target characterization and discrimination requires 
collecting, retrieving, processing and fusing a variety of optical signatures and information on the target; 
such as, a multi-spectral image in coherent and incoherent domains, data related to solid-body and 
segmental vibration spectra and velocity alteration (maneuvering), fine spectrally-selective and integral 
surface reflectivity, etc.  Acquiring, processing and fusion of such information in an integrated approach is 
essential for improved target characterization and classification.  
 
Only a fraction of the potentially available and retrievable data that could lead to improved target 
characterization is employed in existing systems.   Moreover, much of the currently collected data are 
incompatible with each other, rendering their coordinated fusion and posterior interpretation difficult.  The 
objective of this project is twofold: (1) to develop new techniques that extract compatible target 
information from raw sensor signatures detected, and (2) to establish new integrated fusion methods to 
improve target identification and discrimination. 
 
PHASE I: Develop, analyze and select the applicable methods for multi-parametric target characterization 
to enable integrated target data fusion.  Demonstrate feasibility of the concept in a laboratory environment 
and establish its operation range and performance envelop for a Phase II implementaton. 
 
PHASE II: Refine the Phase I preliminary design to fabricate, integrate and assemble a prototype system 
for high-level multi-parametric target characterization. Measurements should be carried out to assess 
system performance such as image resolution, vibration spectrum and range under realistic application 
scenarios. The products should include the system and associated hardware and software, measurement 
data that fully characterizes the system performance, a plan for a full-scale space surveillance application 
and demonstration, and the final report. 
 
PHASE III / DUAL USE: Military application: Numerous applications could benefit from the use of a 
scalable, high-resolution multi-parametric target characterization. Potential military applications include 
remote sensing, active tracking of fast-moving targets including missiles, satellites, and cross-
communication systems. Commercial application: One or more potential commercial applications of this 
technology include laser communications, laser profilometry, vibrometry, high-density optical data storage, 
as well as range-finding applications and laser clocks. 
 
REFERENCES:  
1. Lovern, M., and M. Monroe, Ballistic Missile Defense Organization (BMDO) Optical Target 
Characterization and Innovative Science and Technology Experimentation Facility (ISTEF) Program, 
Report # A795073, http://www.stormingmedia.us/79/7950/A795073.html. 
 
2.  http://www.mda.mil/mdalink/pdf/peisvol2.pdf. 
 
3.  http://www.cdi.org/news/space-security/afspc-strategic-master-plan-06-beyond.pdf. 
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AF083-211   TITLE: Development of Tensioned Phased Array Structural Technologies 
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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: Develop structural technologies for a low cost tensioned phased array compatible with 
Responsive Space class missions 
 
DESCRIPTION: Deployable phased array support structures based on tension mechanics offer many 
potential benefits over traditional backing structure technologies.  Traditional backing structures rely on 
bending mechanics to resist array out-of-plane deformations.  For example, the array hot side tends to 
expand, while the cold side contracts, resulting in bending deformation.  Structurally efficient and very low 
Coefficient of Thermal Expansion (CTE) materials, along with extremely precision fabrication techniques 
are required for these architectures.  Integration of the antenna with the structure is also challenging 
because the panels must be uniformly and frequently attached to the support truss.  In contrast, tensioned 
structures are inherently flat and dimensionally stable.  Tension tends to pull the structure flat and stiffen it, 
similar to the tensioned blanket solar arrays used on the International Space Station.  This dramatically 
reduces material and manufacturing requirements--combined structurally efficient and low CTE materials 
are no longer needed and ultra-precision structures are also no longer needed in tensioned architectures.  In 
addition, tensioned apertures are attached to a reaction structure at very few points, greatly simplifying 
independent development and integration of the array, compression structure and spacecraft.  While not the 
focus of this topic, tensioned apertures are also applicable to very large Medium Earth Orbit (MEO)-based 
systems.  Such systems will employ metrology and compensation systems to lower structural stiffness 
requirements and will benefit from the reduced thermal deformations of tensioned architectures.  However, 
successful development of smaller tensioned apertures is viewed as a prerequisite to the development of 
larger MEO systems.  Despite these benefits to both Low Earth Orbit (LEO) and MEO radar systems, 
tensioned apertures have seen relatively little hardware development. 
 
This topic is for the development of X-band antennas in the 10 to 50 m2 size range.  The aperture must be 
passively dimensionally stable to 1 mm because metrology and deformation compensation technologies 
will not be employed.  Proposals should focus primarily on concepts and predicted performance of the 
tensioned panel support structure.  The  compression structure that reacts to this tension and the panel level 
structural considerations are of less interest for this topic.   
 
PHASE I: Develop tensioned phased array concept given mission input form AFRL.  Assess deployment 
reliability, precision, mass, packaged volume and cost.  Develop manufacturing plan to develop prototype 
in Phase II.  Subscale hardware deliverables are encouraged. 
 
PHASE II: Refine concept and develop prototype(s).  Raise concept TRL level.  Conduct testing, provide 
detailed evaluation report, and recommendations.  Testing includes deployment, precision and mechanical 
load testing, demonstration of component integration, and testing of other capabilities, if applicable. 
 
PHASE III / DUAL USE: Military application: The envisioned phased array could be used for radar, 
imaging, communications, object identification and tracking and signal intelligence missions within a low 
cost Responsive Space class platform. Commercial application: The envisioned phased array could be used 
for earth science radar, imaging, communications, and marine commerce identification and tracking 
missions. 
 
REFERENCES:  
1. Adler, Aaron L., Martin Mikulas, John Hedgepeth, Mike Stallard, and John Garnham, “Novel Phased 
Array Antenna Structure Design,” Presented at the IEEE Aerospace Conference, Snowmass at Aspen, 
Colorado, Mar. 21-28, 1998. 
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2. Mikulas, Martin, “Engineering Large Space Structures: Next Generation Large Deployable Space 
Structures,” Presented at DARPA/NIA/NASA Large Space Systems Workshop, Hampton Virginia, August 
24, 2004. 
 
3. Leipold, M., H. Runge, and C. Sickinger, "Large SAR Membrane Antennas with Lightweight 
Deployable Booms," 28th ESA Antenna Workshop on Space Antenna Systems and Technologies, 
ESA/ESTEC, May 31 - June 03, 2005. 
 
4. Heald, J. C., M-J Potvin, and X. X. Jiang, "Experimental Investigations to Support a Multi-Layer 
Deployable Membrane Structure for Space Antennae," Proceedings of the 46th 
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics & Materials Conference, Austin Texas, 
AIAA 2005-2317, 18 - 21 April 2005. 
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AF083-212   TITLE: Payload Integrated Health Management Systems 
 
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: Develop models of interactive payload component reliability and combine these component 
models’ interactions into an integrated health management system. This topic supports the key technology 
area of Space Platforms. 
 
DESCRIPTION: Space and Missile Command needs advanced models for payload performance, 
component capabilities, and situational self awareness. To accomplish this, the interactions between 
payload components need to be predicted and monitored within a comprehensive payload integrated health 
management system. Current predictive models are insufficient for predicting payload performance as a 
whole, and therefore considerable research is needed into component interactions within payloads and the 
overall degradation mechanisms of the payload caused by these components. The goal of any proposal 
should be to develop the theoretical basis for satellite self-awareness programs and high level predictive 
models of how payload performance degenerates as a function of component degradation over expected 
mission life. Proposals should clearly identify the level of technical risk which their investigations are 
assuming, and what level of risk their proposed assumptions leaves with the government. 
 
In order to fully enable the predictive part of any Prognostic and Health Management (PHM) concept, there 
has to be some capability to relate detected incipient fault or degradation conditions to accurate "useful 
remaining life" predictions for any point in time and over the anticipated lifetime of a payload. Key to 
accomplishing this is being able to understand, empirically and theoretically, incipient fault-to-degradation-
to-failure progression characteristics for the component or subsystem of interest, and having realistic and 
verifiable prognostic models. The systems and components of interest in this topic are constituent 
components normally characteristic of Electro-Optical (EO) or Space Based Radar (SBR) sensing payloads, 
such as radar transmitters/receivers, cryogenic refrigerators, focal plane assemblies, signal processing and 
data processing electronics, reaction wheels, or gimbal drive motors. It is important that the payload 
designer be able to specify possible faults and degradation interactions accurately and predict failures and 
life remaining of these components. This may be accomplished through the merging of an understanding of 
the particular physics of failure, analytical models, physical models, statistical techniques, and actual 
failure experience data. Some level of real-time sensor or measurable state awareness will be a required 
input to these prognostic models and techniques. Combining these constituent component models into a 
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generalized sensor system and payload reliability estimate must then accurately reflect the interactive 
dependencies between the operations of these components within the payload. The modeling goal is to 
accurately portray payload operating life and degradation modes prior to system failure so that payload 
designers can assess the long-term margin implications of component selections and the total effects on 
payload operating margin and lifetime.  
 
This topic requires offerors to use modeling methods which progress beyond the classical statistical 
methods, which hitherto required a presumption of component failure mechanism independence, or fault 
tree analysis methods which provide little predictive basis for estimating payload degradation probability 
patterns or lifetime. Considerable flexibility is allowed within this context, which is, in turn, tied to the 
technical risk of the modeling proposed. Highly simplified models, involving large numbers of 
assumptions, are less desired by the government than models founded upon empirical data sets which, in 
turn, are correlated to constituent component performance models within the overall payload model. 
 
PHASE I: Develop and demonstrate a sensor payload subsystem (e.g. optical train to include cryogenic 
refrigeration and FPAs, gimbal tracking system) prediction model. Assess the application boundaries, 
accuracy, and limitations for these modeling and predictive techniques. Show how this subsystem model 
can be incorporated into a larger payload assembly model 
 
PHASE II: Develop and demonstrate a sensor payload system prediction system based on the advanced 
models, empirical performance databases, techniques, and programs demonstrated or specified in Phase I 
and apply them to real-world military platform system problems in a notional EO sensing payload. Assess 
the application boundaries, accuracy, and limitations for these modeling and predictive techniques. 
Compare the results of classical FEHMA methods to PHM methods. 
 
PHASE III / DUAL USE: Military application: Prognostic health management systems in both space and 
avionic payloads. Commercial application: Civilian space payload management and design. Civilian 
avionic system prognostic health management systems. 
 
REFERENCES:  
1. Byer, Bob, et. al., "Writing a Convincing Cost Benefit Analysis to Substantiate Autonomic Logistics," 
Aerospace Conference 2001, IEEE Proceedings, Vol. 6, pp. 3095, 3103. 
 
2. Lee, D. A., Jr., and G. C. Gilley, "Minimizing Error in Predicting the Reliability of On-Board Satellite 
Systems," Aerospace Corp., available through DTIC as TR-93(3411)-2 or SMC-TR-93-13 (appr. for public 
release), 1993. 
 
3. Saleh, J. H., et. al., "Impact of Subsystem Reliability on Satellite Revenue Generation and Present 
Value," Journal Of Spacecraft and Rockets, v. 42/6, p. 1122-9, 2005. 
 
4. Smith, Natasha and Sankaran Mahadevan, "Integrating System-Level and Component-Level Designs 
Under Uncertainty," Journal Of Spacecraft and Rockets, v. 42/4, p. 752-60, 2005. 
 
5. Zhaowei, Sun, et. al., "The Integrated System for Design, Analysis, System Simulation and Evaluation of 
the Small Satellite," Advances in Engineering Software, v. 31, p. 437–443, 2000. 
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AF083-213   TITLE: Resident Space Object Characterization Using Natural Illumination 
 
TECHNOLOGY AREAS: Sensors, Space Platforms 
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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: Employ natural environmental illumination to enable Resident Space Object (RSO) 
identification and characterization.  Exploit ultraviolet (UV), visible, and infrared (IR) sources of natural 
light that bathe RSOs in day lit and eclipse conditions. Exploit reflected and scattered light from earthshine 
and atmospheric airglow sources to characterize space objects from future space-based platforms, such as 
the Space Based Space Surveillance (SBSS) satellite. 
 
DESCRIPTION: Space Situational Awareness (SSA) requires real-time remote, full-feature 
characterization of dim RSOs. It is therefore crucial to detect, resolve, identify, and monitor dim space 
objects for all-threat sensing. Space sensing, detection, and characterization of small space objects from 
space-based platforms, such as the SBSS satellite may be enhanced by exploiting the natural illumination 
of space objects. Some sources of natural light include thermal emissions from the earth and clouds, 
emissions from the OH airglow layer, direct illumination (from moonlight in eclipse), reflections of sun and 
moon light from the earth and clouds (earthshine), and scattered light. Skyshine can also contribute. These 
sources of light irradiate space objects enabling sensor observation in suitable color bands. This topic aims 
to assess and evaluate the capacity of natural light sources to illuminate small space objects for space-to-
space sensing. Innovative first-principles physics-based modeling and/or innovative empirical simulations 
of the direct and indirect light irradiating orbiting satellites is crucial to the success of this effort. Solutions 
are needed that support full hemispherical, angular and spectral dependencies. Innovative first principal 
solutions that represent the fundamental physics and chemistry of atmospheric processes that contribute to 
hemispherical bathing are needed to describe the illumination observed by a space-based surveillance 
system.  The phenomenology should account for inhomogeneous sources of radiation, such as albedos from 
patchy clouds, snow, or desert terrain.  The proposed innovative research methods will be evaluated based 
on the potential capabilities to rapidly and accurately represent RSO irradiation for space-to-space sensing.  
 
PHASE I: The contractor will identify all the natural environmental sources of UV, visible, and IR 
radiation that illuminate RSOs, including irregular and inhomogeneous sources. Advanced first principles 
physics and chemistry methods and/or innovative applied research methods, including empirical techniques 
together with application of real-world data, may be used to investigate the capacity of natural light sources 
to illuminate small space objects for space-based sensing, detection and characterization. The methodology 
may include radiance and extinction modeling of light propagating from various natural sources to 
extraterrestrial space objects. The prototype model or empirical methods should include full hemispherical 
irradiation, angular, band, and spectral effects. The contractor will also provide a validation plan for the 
new irradiance models. 
 
PHASE II:  Effects of natural earth and celestial light sources upon space objects will be identified and 
modeled for characterization potential. A deliverable full-featured first-principles or innovative empirical 
model will provide the capability to calculate UV, visible, and IR irradiance of RSOs from natural light 
sources, including irregular and inhomogeneous sources. Arbitrary space-to-space viewing geometry 
should be included and the contractor should invoke local and/or non-local thermal equilibrium radiation 
transport algorithms as appropriate. The contractor will validate the models and create tools for effective 
data visualization that support the SSA mission. 
 
PHASE III / DUAL USE: Military application: Transition the irradiance models to computer codes for 
DoD and commercial space imaging and remote sensing applications. Provide optimal design tools for 
commercial space imagers by means of comprehensive codes that model propagation of earthshine, 
skyshine, and airglow in a three dimensional environment. Commercial application: This work could be 
applied to specification of irradiance of natural light sources for point or small source identification and 
discrimination applications in remote sensing applications include agricultural surveys, traffic control, 
search and rescue missions. 
 
REFERENCES:  
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AF083-214   TITLE: Exploiting of Nano Composite Materials Technology for Revolutionary 

Satellite Development 
 
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: Develop Carbon Nano Composite Materials (CNCM) technology  products for revolutionary 
satellite capabilities. 
 
DESCRIPTION: Carbon Nanotubes (CNTs) are attractive to construct devices through bottom-up 
fabrication. They offer unique electrical properties such as highest current density exceeding lo9 Ncm2 , 
and ultra-hi and thermal conductivity as big as that of diamond. They have therefore been suggested for use 
as future wiring materials. 
 
Semiconductor process technology is expediting the effective utilization of carbon nanotubes in 
Complementary Metal-Oxide Semiconductor (CMOS) fabrication. The high electrical conductivity, 
thermal conductivity and tensile strength of carbon nanotubes make them highly attractive for electronic 
device applications. These properties enable performance breakthroughs, both through incorporation into 
existing semiconductor products and in the development of next generation products. 
    
Carbon Nanotube History and Properties: CNTs were discovered in 1991 at NEC laboratories in Japan.  In 
the simplest terms, CNTs are an organized manifestation of carbon's ability to self-bond in long chains and 
rings.  It is easiest to envision CNT as grapheme sheets rolled up into tubes with the smallest diameters 
being 1 nanometer. 
   
Historically, improving performance involved evolutionary changes to microelectronic performance, 
structural components, solar arrays, etc.  The emergence of carbon nanotubes from laboratory curiosity to 
manufacturable material ushers in a new era in satellite development that will revolutionize the aerospace 
business.  CNT can form as Single-Wall Nanotubes (SWNT) or Multi-Walled Nanotubes (MWNT).  
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Carbon nanotubes, in one basic material, have remarkable mechanical, thermal, electrical and radiation 
properties that far exceed those of a myriad of different materials currently used in satellite components.   
 
PHASE I: Identify feasibility of incorporating Carbon Nano Composite Materials (CNCM) technology into 
potentially viable candidates for replacement of space systems “Electronics”. Consider multiple design 
alternatives for demonstration of concepts. Select a feasible alternative. 
 
PHASE II: Develop prototypes for CNCM stuctures. Define transitions to manufacturing technologies for 
building of large CNCM structures. Demonstrate the producibility and manufacturability for potential 
applications to Air Force revolutionary satellite electronics development.  Fabricate working prototypes for 
selected products to acquire the desired DoD space systems related “Technology Readiness Levels”. 
 
PHASE III / DUAL USE: Military application: Transition of the selective CNCM products for space 
qualification and certification and then application into the revolutionary satellite design and development. 
Commercial application: Current research and development programs in support of the NCMT span broad 
range of science and technology areas that are of primary interest to commercial sector with the potential of 
extremely high payoff. Many nationwide companies have already invested millions of dollars in these 
areas. 
 
REFERENCES:  
1. Han, Li, Wendy Wu, F. Louis Kirk, Jin Luo, Mathew M. Maye, Nancy N. Kariuki, Yuehe Lin, 
Chongmin Wang, and Chuan-Jian Zhong, "A Direct Route toward Assembly of Nanoparticle-Carbon 
Nanotube Composite Materials,"  
Department of Chemistry, State University of New York at Binghamton, Binghamton, New York 13902, 
and Environmental and Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, 
Washington 99352.  
 
2. Hrapovic, Sabahudin, Keith B. Male, Yali Lui, and John H. T. Luong, "Preparation of Polymer-Carbon 
Nanotube Composite Materials and Their Applications for Enzyme Entrapment," Biotechnology Research 
Institute, National Research Council of Canada, Montreal, Quebec, Canada.  
 
3. "Synthesis of a Self-assembled Hybrid of Ultrananocrystalline Diamond and Carbon nano-tubes," 
Advanced materials, 12/2005. 
 
4.  Additional Q&A from TPOC; 14 sets of Q&A. (Uploaded to SITIS) 
 
KEYWORDS: Carbon Nano Composite Material, CMOS Fabrication, Nano-switching and  Memory 
Devices, Vias for VLSI Interconnects, Li-ion Batteries w/Nanotube Electrodes, Molecular Sensors, 
Satellite Wiring, Integrated Circuits 
 
 
 
 
AF083-215   TITLE: Space-based Carbon Nanotube Ultracapacitor 
 
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. 
 
OBJECTIVE: Develop a nano-enhanced ultracapacitor suitable for space flight use. 
 
DESCRIPTION: Ultracapacitors are gaining increasing commercial acceptance due to their rapid 
charge/discharge and endurance when compared with batteries. As such, they can be used as a buffer to 
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keep a satellite’s battery pack from experiencing high-power loads and legnthening its lifetime.  In 
addition, by embedding the ultracapacitor power source near the point of load, wire size can be reduced, 
thereby minimizing cabling weight. The purpose of this topic is to further the development of reliable 
ultracapacitors suitable for use in future space missions that incorporate nano-scale structures to increase 
electrode surface area and device performance parameters. Before they can be space qualified, 
ultracapacitors must be shown to be reliable, have a high power density and able to withstand the harsh 
space environment. Goals include capacitance > 20,000 farads at 3.3V, a 20-year operational lifetime 
demonstrated by accelerated testing, and a power density > 8000W/kg. Additional goals include operating 
temperature range from –40 deg C to + 80 deg C and radiation total dose tolerance > 1 E6 rads (Si). 
 
After development, these ultracapacitors could be implemented on most military and commercial satellites 
to increase pulse power capability and compliment efforts to increase battery lifetime and reliability.  
Electric and hybrid vehicles, both military and civilian, could see similar beneifts from the development of 
these ultracapacitors. 
 
PHASE I: Evaluate nanostructure manufacturing processes consistent with technical objectives including 
size, weight, capacitance and number of charge/discharge cycles. Design an ultracapacitor and simulate 
operations validating performance characteristics. 
 
PHASE II: Finalize the design, then fabricate and characterize one or more prototypes.  
 
PHASE III / DUAL USE: Military application: Military applications include any application where battery 
loading varies significantly in satellite power applications such as ion propulsion. Commercial application: 
Commercial ultracapacitor applications include copy machines, car stereo amplifiers, hybrid cars, and solar 
generated walkway tiles. 
 
REFERENCES:  
1. Schindall, Joel, “The Charge of the Ultra-Capacitors,” IEEE Spectrum, North America Edition, Vol. 44, 
No. 11, pp. 42-46, Nov. 2007. 
 
2. Signorelli, Riccardo, Joel Schindall, and John Kassakian, "Carbon Nanotube Enhanced Ultracapacitor," 
Massachusetts Institute of Technology, Laboratory for Electromagnetic and Electronic Systems, Feb. 2006. 
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AF083-216   TITLE: ESPA Based Satellite Bus 
 
TECHNOLOGY AREAS: Space Platforms 
 
OBJECTIVE: Develop an EELV Secondary Payload Adapter (ESPA)-based satellite bus with standard 
mechanical, electrical, and logical interfaces to utilize the available mass margin on DoD and commercial 
rockets. 
 
DESCRIPTION: Numerous government and commercial space launches have considerable mass margin 
(~5,000 Kg in case of DMSP) that could be utilized by inserting an Evolved Expendable Launch Vehicle 
(EELV) Secondary Payload Adapter (ESPA) ring. The ESPA-satellite (“ESPA-Sat”) could be a standard 
spacecraft bus with the capability to add up to five different payloads or be utilized as a spacecraft in its 
own right. Oftentimes payloads are developed and require a host spacecraft bus to provide their needed 
power, electrical, mechanical, logical and communication needs. ESPA-Sat would provide these basic 
quantities for the payloads with an objective cost of $5M or less per spacecraft.  ESPA-Sat would be 
comprised of one spacecraft with a potential for up to five independent payloads.  This low-cost, high 
payoff opportunity will advance the SOA by providing an inexpensive, flexible spacecraft bus for any orbit 
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supporting up to five independent payloads that could be operated in up to five different orbits—all from 
the same bus. 
 
PHASE I: Develop a design and technologies for an "ESPA-Sat" spacecraft that would provide power, 
electrical, mechanical, logical and command/control/communications (C3) for up to five payloads on an 
ESPA ring with an objective recurring cost of $5M or less.  Designs should stretch the SOA in terms of 
propulsion (km’s/sec), low mass (<20 kg), and high maneuverability.   
 
PHASE II: Use the design developed in Phase I to build and test components and subcomponents. Use 
modeling and simulation to provide detailed analyses of the structural, electrical and C3 requirements. 
 
PHASE III / DUAL USE: Military application: ESPA-Sat could be utilized with any EELV with sufficient 
mass margin to launch up as many as 5 independently developed payloads as one spacecraft. The spacecraft 
bus would use one port of the ESPA. Commercial application: ESPA-Sat could be utilized with any EELV 
with sufficient mass margin to launch up to as many as 5 independently developed payloads as one 
spacecraft. 
 
REFERENCES:  
1. "EELV Secondary Payload Adapter (ESPA) User's Guide," November 2006, SMC/SD&TW, Kirtland 
AFB, NM. 
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AF083-217   TITLE: Isothermal Satellite Panels and Inter-Panel Connections 
 
TECHNOLOGY AREAS: Space Platforms 
 
OBJECTIVE: Develop and validate advanced thermal control technologies that enable isothermal satellite 
structures and buses for Operationally Responsive Space missions. 
 
DESCRIPTION: One aspect that poses a significant hurdle to achieving the goals of Operationally 
Responsive Space (ORS) and the “six day satellite” is the thermal control system (TCS).  Traditionally the 
TCS must be vigorously designed, analyzed, tested and optimized for every satellite mission.  This 
“reinvention of the wheel” is costly and time intensive.  Current design cycles require one to two years to 
complete even for small satellites.  To meet the goals of ORS, the thermal control system must be robust, 
modular and scalable to cover the wide range of components, payloads, orbits and mission requirements.  
 
There are three primary advantages to isothermal bus architectures.  First, the easiest system to model is a 
single node and is generally the starting place for most thermal designs.  By creating an isothermal bus 
structure, system analysis is essentially reduced to a single node thereby greatly simplifying the design and 
the overall time it takes to complete these efforts.  Second, an isothermal architecture leverages the entire 
thermal capacitance of the system to minimize the impact of transient conditions and further simplify the 
thermal design effort.  Finally, to truly isothermalize a satellite bus, very efficient heat transfer mechanisms 
are required, which in general improves heat acquisition and overall system robustness with respect to 
component and payload heat loads.  
 
For these reasons, the Air Force is interested in innovative solutions that enable isothermal satellite 
structures and inter-panel connections.  Proposed concepts must limit thermal gradients across a 1 m2 panel 
and between panels to less than 5 K and 3 K, respectively, at a nominal satellite temperature of 300 K.  In 
addition, concepts should minimize parasitic thermal mass so that the isothermal panels are mass 
competitive with traditional honeycomb and isogrid satellite structures.  Finally, all proposed solutions 
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must be compatible with the space environment and conform to space qualification requirements, including 
high vacuum, microgravity, radiation, atomic oxygen, low outgassing and high launch loads.   
 
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. 
 
PHASE III / DUAL USE: 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 very efficient heat transfer technologies 
include aircraft, automobile, microelectronic applications, or any sector where high power densities are 
required.   
 
 
REFERENCES:  
1. Gilmore, David G., "Spacecraft Thermal Control Handbook Volume I: Fundamental Technologies," 2nd 
Ed, The Aerospace Press, El Segundo, CA, 2002. 
 
2. Jilla, Cyrus D. and Dr. David W. Miller, “Satellite Design: Past, Present, and Future,” International 
Journal of Small Satellite Engineering, 12 Feb 1997. 
 
3. Williams, Andrew D., and Scott E. Palo, “Issues and Implications of the Thermal Control System on the 
‘Six Day Satellite’,” 4th Responsive Space Conference; Los Angeles, CA, 23-26 April 2006.   
 
4. Williams, Andrew D., and Scott E. Palo, “Issues and Implications of the Thermal Control System on 
Responsive Space Missions,” 20th Annual AIAA/USU Small Satellite Conference, Logan, UT, 14-17 
August 2006. 
 
5. Young, Quinn E., et. al., "Modular Thermal Control Architecture for Modular Spacecraft," 49th AIAA 
Structures, Dynamics, and Materials Conference, Schaumburg, IL, 7-11 April 2007. 
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AF083-218   TITLE: High Performance Low Integration Cost Magnetometer System 
 
TECHNOLOGY AREAS: Battlespace, Space Platforms 
 
OBJECTIVE: Develop low cost magnetometer system for space applications that provides high accuracy 
without adding stringent requirements to spacecraft design. 
 
DESCRIPTION: Placing high accuracy magnetometers that satisfy scientific requirements on space 
platforms generally requires a magnetically clean spacecraft and a boom of suitable length.  Due to the high 
cost of satisfying these requirements, scientific grade magnetometers are frequently not included as part of 
a space sensor suite on operational satellites.  The objective of this SBIR is to develop new ideas for low 
cost magnetometer systems that can obtain scientifically useful measurements without placing stringent 
requirements on boom length and/or spacecraft magnetic cleanliness.  A miniaturized magnetometer system 
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that can easily be included on small or micro satellites without extensive integration cost would be 
desirable.  Either improvements on current techniques or new approaches are acceptable.  While we expect 
the weight, size, and power to be minimized where possible, we anticipate the primary innovations to 
mostly apply in the integration of the magnetometer system into the satellite so that scientifically valuable 
data can be retrieved without incurring prohibitive integration cost.  
 
PHASE I: Develop concepts and establish technical feasibility for low cost magnetometer systems that 
accurately perform scientific measurements in a variety of space environments.  Quantify levels of 
integration costs and scientific performance for different software and instrumentation configurations. 
 
PHASE II: Improve the Phase I design and develop prototype to demonstrate and validate design concept 
including performance, calibration, reliability and physical characteristics of production design.  
 
PHASE III / DUAL USE: Military application: Miniaturized sensors on small satellites are essential for 
future ionospheric specification and forecasting required for communication, navigation, radar ranging & 
tracking of resident space objects. Commercial application: The space-qualified, low-cost, miniaturized 
instrument has many applications in advanced scientific and engineering systems. 
 
REFERENCES:  
1. Magnes, W., D. Pierce, A. Valavanoglou, J. Means, W. Baumjohann, C. T. Russell, K. Schwingenschuh 
and G. Graber, "A Sigma–Delta Fluxgate Magnetometer for Space Applications," Meas. Sci. Technol. 14, 
p. 1003-1012, 2003. 
 
2. Snare, R. C., "A History of Vector Magnetometry in Space, Measurement Techniques in Space Plasmas: 
Fields," R. F. Pfaff, J. Borovsky, D. Young, editors, Geophys. Mono., volume 103, American Geophysical 
Union, 1998. 
 
KEYWORDS: Magnetometer, low-cost, space technology 
 
 
 
 
AF083-219   TITLE: Compact Precision Quantum Measurement Gyroscope for Inertial 

Navigation 
 
TECHNOLOGY AREAS: Air Platform, Sensors 
 
OBJECTIVE: Develop a stable, accurate, small scale atom interferometer for use in an autonomous jam-
free inertial navigation system. 
 
DESCRIPTION: Small robust inertial sensors are uniquely poised to dramatically shift the advantage of the 
future warfighter. Atom interferometers have previously demonstrated accuracies surpassing state-of-the-
art ring laser gyroscopes. Many future combat systems will benefit greatly from unaided precision pointing 
and navigation. To this end, the innovative development of small compact cold atom systems with an eye 
towards future integration into a complete inertial navigation system is desired. 
  
Improving light-based gyroscope accuracies by going to shorter wavelengths faces difficult challenges. 
Mechanical gyroscopes are costly, difficult to manufacture and difficult to maintain. By laser cooling 
atoms, it is possible to make precision quantum measurements that could surpass accuracies obtainable by 
light-based devices while reducing cost and maintenance concerns of a mechanical gyroscope. To enable 
long-term unaided flight, this device would need to have a very low bias drift rate (less than 0.01 deg/hr) 
and very low random drift (less than 0.001 deg/sqrt(Hz); therefore, investigation into the sampling rate 
should be performed. Also, the design will need to account for external noise and provide a means of 
mitigating any external noise that could interfere with the gyroscope's operation. Lastly, a creative design 
should take seriously the cost, reliability, ease of manufacturing, size and power consumption of the device 
to ensure its long-term value.     
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PHASE I: Research and design an innovative compact atom interferometer with high accuracy (less than 
0.01 deg/hr) and low drift (less than 0.001 deg/sqrt(Hz)). 
 
PHASE II: Develop a prototype of the Phase I design and demonstrate interferometry.  
 
PHASE III / DUAL USE: Military application: An atom interferometer utilized for jam-free rotation 
sensors that include: GPS-free, jam-proof navigation; missile guidance; tracking; targeting; and pointing 
with inertial sensors for feedback. Commercial application: Any application that can use an ultra-high 
accuracy gyroscope.  Space-based commercial applications include satellite pointing for communications. 
 
REFERENCES:  
1. Gustavson, T. L., P. Bouyer, and M. A. Kasevich, "Precision Rotation Measurements with an Atom 
Interferometer Gyroscope," Phys. Rev. Lett., 78 2046, 1997. 
 
2. Crookston, M. B., P. M. Baker, and M. P. Robinson, "A Microchip Ring Trap for Cold Atoms," J. Phys. 
B, 38 3289, 2005. 
 
3. Wang, Ying-Ju, Dana Z. Anderson, Victor M. Bright, Eric A. Cornell, Quentin Diot, Tetsuo Kishimoto, 
Mara Prentiss, R. A. Saravanan, Stephen R. Segal, and Saijun Wu, "Atom Michelson Interferometer on a 
Chip Using a Bose-Einstein Condensate," Phys. Rev. Lett., 94 090405, 2005. 
 
KEYWORDS: Rotation sensor, Fiber optic gyroscope, Bose-Einstein condensation, atom interferometry.  
 
 
 
 
AF083-220   TITLE: Distributed Satellite Resource Management for Space Superiority 
 
TECHNOLOGY AREAS: Space Platforms 
 
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: There has been a focus in recent years towards applying data fusion technologies for the 
detection and discrimination of spacecraft threats.   The complement of the 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 resource management should significantly reduce the time needed to 
appropriately respond during periods of space warfare.  Resource management (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 
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recommendations and, furthermore, a Space Operations Squadron (SOPS) is not currently authorized to 
directly task (i.e., manage the resources of) a space surveillance network (SSN) unit to increase 
surveillance of a resident space object of interest within a specified distance of a protected satellite.  
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: Develop and demonstrate RM prototypes tailored to a JSpOC environment that has direct or 
indirect control over satellite resources.  Investigate opportunities where non-linear combinations of RM 
responses were more appropriate during complex situations than the checklist responses of operators.    
 
PHASE II: Refine Phase I results with more sophisticated threat conditions that could occur in cross-
constellation/cross-network RM situations.  In addition, a new level 2 RM capability of cooperative 
resource tasking will be developed and evaluated.  Finally, distributed level 1 and 2 RM tasking of 
multiple-satellites will developed and performance improvements measured.   
 
PHASE III / DUAL USE: Military application: This technology is extendable to the management of 
resources for any number of application domains, including surveillance collection, countermeasure 
response, communications, and process management. Commercial application: Applicable to NASA 
missions where optimal management of science payloads is a critical need.  Also has applicability to 
commercial ground station providers. 
 
REFERENCES:  
1. Steinberg, A, and C. Bowman, “Rethinking the JDL Data Fusion Levels,” NSSDF JHAPL, June, 2004. 
 
2. Bowman, C. L., “The Dual Node Network (DNN) Data Fusion & Resource Management (DF&RM) 
Architecture,” AIAA Intelligent Systems Conference, Chicago, September 20-22, 2004. 
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AF083-221   TITLE: Space Networking Protocol Hardware / Software 
 
TECHNOLOGY AREAS: Space Platforms 
 
OBJECTIVE: USAF is pursuing solutions to ubiquitous communications within and between spacecraft 
and other platforms. 
 
DESCRIPTION: Decades ago, spacecraft communication was specialized and organizations such as 
National Aeronautics and Space Administration (NASA) designed custom, ad hoc protocols for the space 
environment. The tremendous growth of the World Wide Web, cellular telephony, software radio, wireless 
networks, and ubiquity in computation have resulted in dramatic transformations of how we access 
information and interact.  Space systems, unfortunately, have dramatically lagged behind, largely due to the 
conservatism of space development and complications in flying commercial technologies.   To support a 
vision of a truly global information grid, it will be necessary to explore the more agressive exploitation of 
ubiquitous network technologies.  Or reinvent them.  The challenges are daunting, to include radiation-
hardening, compensation for the mobility and dynamicism of space networks, being compatible with 
myriad legacy approaches, and dealing with the entanglements of information protection (security, 
encryption). In the ambitious vision, every platform, to include individual soldiers or ground points of 
contact, would be the endpoints of a total network.  The endpoints would be intelligent, capable of self-
forming networks with other endpoints.  While in this concept, the biggest communication platform would 
be like a "super-endpoint."  In fact, every single endpoint is also a part of the network, capable of 
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opportunistic routing of information.  Waveform transformations would be automatically inferred within 
the capability of any endpoint.  Some would do better than others, but all would contribute to the overall 
system.  In this case, information itself might be "sticky", if not "tenacious", taking various paths, perhaps 
involving a scattering of bits and packets, hopping from warfighter to warfighter, some of it finding the 
random cell tower or weather balloon, some bouncing through a ground network.   Cues for the re-
assembly of information might be embedded in the information itself, of course, along with arbitrarily-
strong encryption. It is expected that this solution would build on the considerable body of work already 
done in terrestrial systems, building on internet protocol (IP), for example.  It is desirable to leverage these 
advances for space plug-n-play avionics (SPA) for local (bus) and wide (crosslinks, downlinks, uplinks) 
area IP networking.  Along with enabling net-centric end-to-end operations, the standard protocols and 
applications associated with IP routing can be a significant contribution to the reduction in satellite 
development time and cost. 
 
PHASE I: AFRL seeks proposals that address the reliable and efficient implementation of spaceworthy IP 
networking protocols for a SPA communications architecture.  Phase I explores feasibility of proposed 
concepts.   
 
PHASE II: AFRL would expect a functional prototype that demonstrates the viability of an overall 
solution. 
 
PHASE III / DUAL USE: Military application: Communications in military systems.  The goal is an 
effective global information grid. Commercial application: Commercial exploitation of space continues at a 
pace consistent with the military use of space and solutions to this topic are universal to both. 
 
REFERENCES:  
1. Fronterhouse, Don, James Lyke, and Steve Achramowicz, "Plug-and-Play Satellite," Proceedings of the 
AIAA Infotech Conference, Rohnert Park, CA, 7-9 May 2007.  
 
2. "Net Reaches out to Final Frontier," BBC News, 13 April 2007, 
(http://news.bbc.co.uk/1/hi/technology/6551807.stm). 
 
3. Bates, J., "Cisco Takes Its Internet Router to Space," Space News, 26 April 2004. 
 
4. OMNI project documentation archives, available at (http://ipinspace.gsfc.nasa.gov/documents/). 
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AF083-222   TITLE: Advanced Electronic Cooling Technologies 
 
TECHNOLOGY AREAS: Electronics, Space Platforms 
 
OBJECTIVE: Develop innovative thermal management concepts for electronics packaging that utilize 
advanced packaging techniques to meet Air Force needs. 
 
DESCRIPTION: As electronics become more miniaturized, the removal of heat often becomes the limiting 
factor and a barrier to further performance enhancements. The mean number of input/output (I/O) 
interconnects per chip is projected to be greater than 5,000 by the end of the decade, and feature size will 
decrease to less than 0.1 micrometers.  As the power density goes up, the need for more advanced cooling 
techniques significantly increases and traditional means are no longer meeting the demand.  For example, 
transmit-receive modules based on wide band gap materials operate at five times the peak power of 
conventional systems, and thus require improved heat removal performance.  Laser diodes are another 
example where heat loads can range from 100 W to 100 kW and generate thermal fluxes from 500 W/cm2 
to 2000 W/cm2. 
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The thermal management problem must be addressed at all levels within the thermal path. At the transistor 
level, devices are generating 10s of watts of power in a few square millimeters of area, with heat traveling 
through the die itself to the base, which may be attached to a heat spreader or printed circuit board (PCB).  
These interfaces are primary thermal resistance barriers and must be improved.  Once heat is transferred to 
the heat spreader or PCB, it must be acquired and transported to the system sink, which can often be meters 
away.  Very efficient heat acquisition and transport technologies that are compatible with Air Force 
operating environments are required.   
 
To meet these needs, the Air Force is interested in technologies that improve the entire thermal path from 
heat source to heat sink.  Technologies must be able to meet the demands of current and future systems.  
These include total heat removal of 1 kW (threshold) to 10 kW (objective), heat fluxes of 700 W/cm2 
(threshold) to 1200 W/cm2 (objective), and thermal stability, both spatial and temporal, of less than 2 K for 
the device at standard component operating temperatures.  In addition, all proposed solutions must be 
compatible with both air and space operating environments including high-g, micro-g, high vacuum, 
radiation, atomic oxygen, low outgassing, high vibration loads, corrosion, extreme temperatures, and health 
and safety requirements.  In addition, solution components must have a maintenance-free lifetime of at least 
10 years. 
 
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.  
 
PHASE III / DUAL USE: Military application: Advanced thermal control technologies are applicable to all 
military systems that employ high power electronics, including spacecraft, aircraft and directed energy 
weapons. Commercial application: Applications for advanced thermal packaging technologies include 
commercial versions of the military applications and applications for high power electronics, 
microelectronics and PC processors. 
 
REFERENCES:  
1. Gilmore, David G., "Spacecraft Thermal Control Handbook Volume I: Fundamental Technologies," 2nd 
Ed, The Aerospace Press, El Segundo, CA, 2002. 
 
2. Sloan, Joel L., "Design and Packaging of Electronic Equipment," Van Norstrand Reinhold Company, 
New York, 1985. 
 
3. Steinberg, Dave S., "Cooling Techniques for Electronic Equipment," 2nd Ed., John Wiley & Sons, Inc., 
New York, 1991. 
 
4. Harper, Charles A., "Electronic Packaging and Interconnection Handbook," 4th ed., McGraw-Hill, 2005. 
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cooling, thermal packaging 
 
 
 
 
AF083-223   TITLE: Unconventional Sensors for Characterization of Resident Space Objects 

and Activities 
 
TECHNOLOGY AREAS: Sensors, Space Platforms 



AF - 249 
 

 
OBJECTIVE: Develop unconventional sensing techniques to detect and characterize resident space objects 
and their activities. 
 
DESCRIPTION: Today’s detection and characterization of resident space objects (RSO) are achieved by 
passive sensors in the spectral range from thermal infrared (IR) to visible or by active sensors requiring 
transmitted radiation such as radar.  
 
For Space Situational Awareness space-based sensing, wide area search and dim object detection 
capabilities are both required. Because of the typically inefficient trade-off between coverage and 
sensitivity, existing techniques are limited in instantaneous field of coverage. Furthermore, these 
techniques, which are generally based on scattering of solar radiation off or thermal emission from the 
RSO’s body, are generally not optimized for the detection of RSO’s activities. Examples of activity-related 
signatures are due to radiation scattering and fluorescence of molecular and particle thruster’s by-products. 
 
Proposals to develop unconventional wide field of view (FOV) sensing techniques are sought to address the 
deficiencies in detection coverage and space asset situational awareness. The sensor technology sought by 
this solicitation is one that provides near spherical coverage with refresh rate less than 1 hour. The 
technology is intended for space deployment. With this sensor, we expect to determine at least three of the 
following: the presence of RSOs with limiting visible magnitude of 8 or better; their position relative to the 
sensor; signatures of thrusters; and activities. The more detail that can be derived from the signature, the 
higher is its figure of merit. Wide FOV sensors such as the Solar Mass Ejection Imager are viable 
candidates though that particular sensor doesn’t meet the refresh rate requirement.  
 
PHASE I: Candidate methodologies are identified in Phase I proposal. In Phase I, the following is required 
of selected concept.  1) Demonstrate its applicability and projected effectiveness in proof-of-principles 
experiments or simulation.  2) Develop a conceptual design to achieve stated objective. 
 
PHASE II: 1) Comprehensive testing to address all questions about feasibility, performance and concept of 
operation. Tests of crucial component and performance of the instantaneous FOV are required.  2) Develop 
an implementable design that achieves the stated objective.  
 
PHASE III / DUAL USE: Military application: Operational system based on the developed concept will be 
considered for follow-up space experiments or space systems development. Commercial application: High-
value commercial satellites may consider asset protection as part of their requirements. 
 
REFERENCES:  
1. Shelton, W., "Space Superiority," American Institute of Aeronautics and Astronautics International Air 
and Space Symposium and Exposition, AIAA 2003-2602, July 14-17, 2003. 
 
2. Kung, R., L. Cianciolo, and J. Myer, "Solar Scattering from Condensation in Apollo Translunar Injection 
Plume," AIAA Journal, Vol. 13., No. 14, p. 432, 1975. 
 
3. S. L. Keil, R. C. Altrock, S. W. Kahler, B. V Jackson, A. Buffington, P. L. Hick, G. Simnett, C. Eyles, 
D. F. Webb, and P. Anderson, “Solar Mass Ejection Imager”, SPIE Vol. 2804, 1996. 
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AF083-224   TITLE: Electro-Optical (EO), Infrared (IR) and Radio Frequency (RF) 

Calibration Structures 
 
TECHNOLOGY AREAS: Sensors, Space Platforms 
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OBJECTIVE: To design, develop, and test lightweight, low volume, low cost, electro-optical (EO), infrared 
(IR), and radio frequency (RF) space structures for calibration of ground and space-based sensors of the 
space object sensor identification (SOSI) system. 
 
DESCRIPTION: The U.S. has an inadequate capability to precisely calibrate ground and space-based 
Space Situational Awareness (SSA) sensors (U.S. SOSI system) with objects of known signatures. These 
mechanical/inflatable, deployable, expendable devices, employed from a space-based platform, will 
provide a low-cost way of calibrating the U.S. SOSI system performance. These objects need to have 
known simultaneous visible EO, IR and RF characteristics to calibrate the U.S. SOSI system.  An enhanced 
U.S. SOSI system will enable the U.S. to maintain our space capabilities for executing space control 
missions, ensuring freedom of action in space, and supporting defensive space control (DSC) by providing 
the ability to detect and characterize an attack and timely determine object/owner intent capability and 
intent.  Previous work done with the TAOS and IOSS programs did not have simultaneous IR and RF 
signatures or IR and RF signatures respectively.  This program will have simultaneous EO/RF/IR 
signatures.  It is difficult to achieve simultaneous EO/RF/IR characteristics for calibration activities—we 
need in-situ space observation/measurements.  Calibration of SOSI sensors with objects of unknown 
signature characteristics can contribute to erroneous characterization of objects of military interest.  
Technical parameters will be provided under separate cover due to classification.  The objects should have 
the following characteristics:  Inflatable, mechanical, or rigidizable structures, space qualified, and electro-
optical (EO), IR and RF signatures.  The calibration objects should be designed for Low Earth Orbit (LEO), 
sun synchronous orbits and be less than 30 kilograms.  Power and volume should be minimized within 
those constraints. 
 
PHASE I: Develop designs and technologies for lightweight, low cost, and low volume deployable space 
structures for EO, IR, and RF calibration. Recommend materials, components, design, deployment 
methodology, and concept of operations (CONOPs) to ensure mission success. 
 
PHASE II: Use the results from Phase I plus additional modeling, simulation, and engineering development 
and refinement to build and test proto-flight structures for in-situ calibration. 
 
PHASE III / DUAL USE: Military application: Calibration of radars, IR and EO sensors. Development of 
inflatable/mechanical technology for creating very large structures in space supporting solar sails, space 
radar, SAR, sparse apertures, AMTI. Commercial application: Development of inflatable-rigidizable 
technology for creating very large structures in space supporting solar sails, solar arrays, antennas, etc. 
 
REFERENCES:  
1. Chmielewski, A. B., and C. H. Jenkins, "Gossamer Structures: Space Membranes, Inflatables and Other 
Expendables in Structures Technology for Future Aerospace Systems," AIAA Progress in Aeronautics and 
Astronautics (A.K. Noor, Ed.), Vol 188, Chapter 5, 2000. 
 
2. Huang, J., Al Feria, B. Lopez, and M. Lou, "Deployable and Lightweight Antennas for Space 
Applications," IEEE Antennas and Propogation Society International Symposium, pp. 1244, July 16, 2000. 
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AF083-225   TITLE: Corrosion and Fatigue Degradation Analysis and Forecasting System 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: To develop a method to assess the extent of hidden corrosion and fatigue degradation and 
build a predictive capability to improve maintenance planning. 
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DESCRIPTION: The Air Force has determined that there are serious concerns about the impact of 
corrosion on structural integrity, despite excellent maintenance programs. Corrosion damage continues to 
be surprises because the difficulty to measure and predict. Flight safety may be compromised through 
pitting corrosion, intergranular corrosion, exfoliation corrosion, stress corrosion cracking, corrosion fatigue 
and uniform corrosion. Pitting corrosion is suspected of contributing to widespread fatigue damage.  
 
The Air Force has determined that there are no material inspection methods to quantify accumulated fatigue 
damage until micro-cracks can be detected. Fatigue damage can accumulate differently aircraft to aircraft, 
as each is not subject to uniform operational parameters – as in commercial aviation. The ability to measure 
and track fatigue accumulation in a specific aircraft will allow two benefits – earlier detection and therefore 
better planned and more economical remedial efforts when fatigue reaches a critical point, and the potential 
extension of use based on the lack of material degradation in a given component regardless of its 
operational history. 
 
The Air Force currently has no way to capture shop metrics concerning structural corrosion and fatigue. 
The problem manifests in two ways – (1) lack of an effective on-site large-scale measurement apparatus 
capable of finding corrosion and (2) lack of a system to provide algorithm based analysis and predictive 
capability on an aircraft-by-aircraft basis. 
 
There is some evidence that advanced radiography and tomography techniques can determine areas of 
corrosion for a given structure and configuration and that the analysis of the measurements taken over time 
can be used to predict when corrosion has reached (or will reach) the critical point with respect to structural 
integrity. This knowledge would allow the Air Force to make better predictions of corrosion effect and 
would plan appropriate preventive maintenance regimes to correct the problem economically. The result 
would be reduced maintenance time and cost and improved platform availability. 
 
There is some evidence that the use of nano-scale technologies can characterize material defects at a 
resolution far smaller than conventional crack detection technologies. Such techniques can theoretically 
identify and quantify accumulated material damage from mechanisms like metal fatigue. The analysis of 
these data over time can in turn be used to predict when fatigue will become a safety problem (or whether a 
component’s life can be extended). This knowledge would allow the Air Force to make better maintenance 
and operational predictions of fatigue and would plan appropriate preventive maintenance regimes to 
correct the problem economically, or extend the life of components showing lower-than-critical fatigue 
damage. The result would be reduced maintenance cost and improved platform availability, including the 
use of aging aircraft. 
 
 
PHASE I: Establish measurement framework and models for evaluating hidden corrosion and material 
fatigue at progressively increasing sizes across large surfaces and structures. Verify models through coupon 
level testing. 
 
PHASE II: Develop a prototype corrosion and material fatigue measurement apparatus and related software 
algorithms that will implement the framework and models from phase I.  Demonstrate a procedure for 
using the accumulated data to build predictive maintenance programs at a depot level. 
 
PHASE III / DUAL USE: Military application: Increased performance time & decreased repair & 
Maintenance cost through earlier detection of damage on critical aircraft structures and improved 
preventive maintenance on an aircraft-specific basis. Commercial application: Opportunities exist in the 
civil aviation, reusable space vehicle, railroad, heavy equipment, oil drilling and construction industries. 
 
REFERENCES:  
1. “New Inspection and Maintenance Requirements Create Widespread Uncertainty”. Air Safety Week, 
June 21, 2004. 
 
2. Dexter, H.B and Barker, D.J. 1994. “Flight Service Environmental Effects on Composite Materials and 
Structures”. Advanced Performance Materials 1(1):51-85. 



AF - 252 
 

 
3. Schors,J, Harbich, W, Hentschel, M, Lange, A “Non-Destructive Mico Crack Detection in Modern 
Materials” ECNDT 2006 WE2.2.2. 
 
4. “NDE of Fatigue on Metals Thermography, Acoustic Microscopy and Positron Annihilation Method”. 
Proceedings, Italian Society for Non Destructive Testing and Monitoring Diagnostics, October 2000. 
 
5.  Stephens, R.I., A. Fatemi, R.R. Stephens, H.O. Fuchs. 2001, “Metal Fatigue in Engineering”, 2nd 
Edition, John Wiley and Sons, New York. 
 
KEYWORDS: corrosion, widespread fatigue damage, measurement, nondestructive, monochromatic x-ray, 
asset maintenance, lifetime material health 
 
 
 
 
AF083-226   TITLE: Replacement for Hexavalent Chromium Conversion Coatings for 

Magnesium and Zinc-Nickel 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Replace the highly toxic hexavalent chromates with an equivalent or better coating that still 
meets air force needs. 
 
DESCRIPTION: Because of hexavalent chromium's high toxicity and cost for treatment and disposal, the 
coating industry has focused on reducing or eliminating its use. Hexavalent chromium is a known 
carcinogen and a designated hazardous air pollutant.  Protection of employee health and safety as well as 
the environment requires a high level of emissions control.  
 
To function as a suitable substitute for hexavalent chromates, an alternative coating must offer a 
combination of surface adhesion, paint adhesion, and corrosion resistance.  The alternatives must meet the 
requirements of AMS 2417 Type 2 and BAC 5637 Type II for zinc nickel and meet or exceed the corrosion 
resistance of AMS M 3171 Type VIII for magnesium alloy substrates. The alternative solutions must be 
applied by immersion process and may not exceed 190F.  The coatings applied by the alternative solutions 
must be removable with no damage to the substrate and must not cause any deteriorative effects on the 
substrate such as fatigue or embrittlement.  The coatings applied are both a final finish and adhesion 
promoters for paint depending on the part. The alternatives must be less toxic and hazardous than 
hexavalent chromium.  To date, no single coating can replace the properties and processing ease of 
traditional hexavalent chromates.  It is expected that the successful alternative will be a trivalent chromate 
solution; however other alternatives may be accepted. 
 
PHASE I: Research alternative chemicals to Hexavalent Chromium conversion coatings for Magnesium 
and Zinc Nickel coatings. 
 
PHASE II: Show that the replacement chemical composition is as good or better than the current 
hexavalent chromium coversion coatings without the negative health effects and meets or exceeds ASM 
standards. 
 
PHASE III / DUAL USE: Military application: Both military & commercial applications with any plating 
shop currently using hexavalent chromium conversion coatings for magnesium and zinc nickel. 
Commercial application: Both military & commercial applications with any plating shop currently using 
hexavalent chromium conversion coatings for magnesium and zinc nickel. 
 
REFERENCES:  
1. OSHA facts on Chrome http://www.osha.gov/dts/sltc/methods/inorganic/id215/id215.html 
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2. Metal Finishing News 
http://www.wmrc.uiuc.edu/main_sections/info_services/library_docs/manuals/finishing/plating.htm 
 
3. AMS 2417 
 
4. AMS M 3171 
 
5. BAC 5637 
 
KEYWORDS: Hexavalent Chromium conversion, coatings, replacement  
 
 
 
 
AF083-228   TITLE: Residual Stress Measurement and Forecasting System 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: To develop a method to quantify residual stress lifetimes from manufacturing processes and 
build a predictive capability to improve maintenance planning.  
 
DESCRIPTION: The Air Force performs many manufacturing processes with the aim of inducing residual 
stress in metals to prevent, or arrest the onset of fatigue induced cracking. Examples of processes are shot 
peening and cold expansion of fastener holes. Current methods used to quantify the residual stress 
condition of material processed, are either destructive in nature or have significant limitations. This results 
in potential safety issues, especially as Air Force platforms are not subject to uniform operation and 
associated stresses. Therefore, a method to measure residual stress at manufacture, and changes that occur 
over operational cycles would be extremely valuable for both maintenance and design lifetime 
improvements. 
 
The Air Force currently cannot capture metrics quantifying residual stress before, during or after processes 
such as peening or cold working. The problem manifests in two ways – (1) lack of an effective 
measurement apparatus capability to quantify residual stress inside the material itself and (2) lack of a 
system to provide algorithm based analysis and predictive capability on an aircraft-by-aircraft basis. 
 
There is some evidence that the use of innovative nano-scale technologies characterize material condition 
at detection thresholds far more sensitive than conventional techniques, which require the presence of a 
crack. Theoretically, such a technique can identify and quantify material attributes from residual stress. 
Further, the difference in residual stress before, during and after the process and repeated during 
maintenance could be quantified. Recent evidence of a field level capability suggests the Air Force could 
benefit significantly in its ability to manage residual stress and prevent cracking in critical component 
configurations or around fasteners. The result of such a test would provide the ability to manage 
maintenance more effectively and reduce the occurrence and cost of restorative work when cracks in 
peened or cold worked components occur. 
 
PHASE I: Establish framework for evaluating residual stress before, during and after being subject to 
manufacturing processes and to quantify the rate of relaxation in service. Verify framework through coupon 
level testing.  
 
PHASE II: Develop a prototype residual stress measurement apparatus and develop related software 
algorithms that will implement the framework from phase I. Demonstrate a procedure for using the 
accumulated data to build predictive maintenance programs at a depot and field level.  
 
PHASE III / DUAL USE: Military application: Increased availability and decreased repair & Maintenance 
cost through prediction of need on critical aircraft structures, especially on peened surfaces and around 
fasteners. Commercial application: Almost any manufacturing effort, including aviation, reusable space 



AF - 254 
 

vehicle, automotive, railroad, heavy equipment, chemical and refining, oil drilling and construction 
industries. 
 
REFERENCES:  
1. A.M.Howatson, P.G.Lund and J.D.Todd (1991): Engineering Tables and Data (Second Edition). 
Chapman & Hall. 
 
2. T.Nicholas, J.P.Barber and R.S.Bertke (1980): Impact Damage on Titanium Leading Edges from Small 
Hard Objects. Experimental Mechanics Vol.20, No.10, pp.357-364. 
 
3. D.J.Bamman and E.C.Aifantis (1987): A Model for Finite Deformation Plasticity. ActaMechanica 70, 1-
13. 
 
4. D.J.Bamman et. al. (1990): Predictions of Ductile Failure in Metal Structures. In AMD-Vol. 107, Failure 
Criteria and Analysis in Dynamic Response, Edited by H.E.Lindberg, 7-12. 
  
5. “Positron Annihilation in Steel Burnished by Vibratory Shot Peening”, Proceedings of the 36th Polish 
Seminar on Positron Annihilation, Turawa, Poland, 2006. 
 
KEYWORDS: residual stress, lifetime material health, measurement, nondestructive, asset maintenance 
management 
 
 
 
 
AF083-229   TITLE: Decision Support System Based On Collaborative-orientated System 

Engineering Capabilities 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: A Framework to aid reverse engineering, technology insertion and re-design providing risk 
assessment to determine the impact on operational safety, suitability, and effectiveness of the system. 
 
DESCRIPTION: Supply Chain engineering decision making is a complex activity that requires very 
detailed analysis of the mechanical, electronic, and material properties of aerospace components/parts.  The 
level of analysis and the subsequent decisions are largely based on the ability of individual engineers.  A 
number of GAO reports on Project Management and Technology Transition have outlined significant 
management challenges faced by the Department of Defense to improve and standardize reverse 
engineering, technology insertion, and re-design processes.  Problem examples include 1) no clear 
engineering integration framework for systems that are in use, 2) electro-mechanical integration models are 
essentially non-existent, 3) no material properties models exist to facilitate material substitutions,  4) no 
industry best practices, 5) not event driven, 6) lack of risk based assessment of engineering decisions, 
among several other problems.  In an aging Air Force fleet, increased focus on reverse engineering, 
technology insertion, and engineering redesign in supply chain management support are required.  In an 
effort to improve supply chain engineering support a need exist to link requirements, opportunities, and 
problematic issues across the supply chain, from engineering analysis through product fielding. The 
proposed framework should create a standardized method that will allow engineers to: 
1) Identify electro-mechanical-material critical characteristics in an integrated framework 
2) Identify the critical engineering issues associated with reverse engineering, technology insertion and 
engineering redesign 
3) Determine risks associated with each proposed approach technical approach 
4) Explore and implement different advanced methodologies and techniques to enable more effective and 
efficient engineering analysis of reverse engineering, technology insertion, and engineering redesign 
5) Determine the technology risk and scope of analysis and testing required to implement the engineering 
proposal 
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6) Identify Systems Engineering tools that are appropriate for the type of analysis that is required to assess 
and integrate various alternatives 
 
PHASE I: Research and develop a concept for a methodology that provides a framework to aid in a 
standardized engineering assessment.  Demonstrate the proof of concept for such a capability and report 
Phase I findings. 
 
PHASE II: Develop a prototype framework based on the concept approved in Phase I using a supply chain 
management environment.  Provide a final report that will document validated results, measured metrics 
and benefits based on demonstration of provided requirements.  
 
PHASE III / DUAL USE: Military application: Applies to all Original Equipment Manufacturers (OEMs) 
with aging aircraft support, air industry with similar technology sustainment repair requirements and 
contract repair facilities. Commercial application: Applies to all Original Equipment Manufacturers 
(OEMs) with aging aircraft support, air industry with similar technology sustainment repair requirements 
and contract repair facilities. 
 
REFERENCES:  
1.  Improvements Needed to More Accurately Identify and Better Oversee Risky Projects, 
http://www.gao.gov/new.items/d061099t.pdf 
 
2.  Stronger Practices Needed to Improve DoD Technology Transition Processes, 
http://www.gao.gov/new.items/d06883.pdf 
 
3.  DoD Systems Modernization, http://www.gao.gov/new.items/d05189.pdf 
 
KEYWORDS: framework system, engineering decision aid, supply chain management 
 
 
 
 
AF083-230   TITLE: Inspection Process Management 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: To develop processes and procedures to reduce the overall inspection time required, 
simplifying the processes, and integrating the results into the depot repair environment. 
 
DESCRIPTION: While the maintenance process has changed significantly over the years, the inspection 
process has changed very little. The current process is a manual paper based inspection where the 
individual inspector is required to perform a physical inspection of a particular area utilizing many different 
tools and manual inspection techniques. The process is in many cases highly technical, difficult to manage 
and can be highly variable based on the experience of the person performing the inspection. Like most 
depots the aging workforce has greatly reduced the number of highly experienced inspectors. New 
concepts/processes/training is needed that will simplify the inspection process, reduce the variability, and 
maintain the high quality standards already established without increasing costs. 
 
The current inspection processes used at the depot are mandated. The inspections examine a wide range of 
systems including but not limited to avionics, sheet metal, electrical, and structural components. Some of 
the inspections are manual and are based entirely on human decision making while others are automated 
using many different technologies. Because of the age and complexity of the weapons systems and their 
components, extreme care must be taken to ensure every component is thoroughly inspected and properly 
documented. This enables the timely repair/replacement of the component without impacting the weapons 
systems completion date. The new concepts must be flexible enough to address four primary production 
lines while still addressing the distinctions between the weapons systems. It must also consider the 
experience of the inspector and simplify the process where at all possible. 
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While much research has been conducted on TQM (Total Quality Management), Six Sigma and reliability 
analysis, there are gaps in the research associated with techniques regarding the physical execution and 
management of the processes in a depot setting. Past efforts have focused on root cause analysis of specific 
issues, but not on the actual inspections including personnel, automated equipment, and the simplification 
of the overall process. Any approaches to solving the issues must take into account the physical constraints, 
security protocols, and personnel restriction/limitations. The resulting concepts/processes/training must be 
demonstrated with the context of the depot repair environment and must follow the strategic, operational, 
and tactical framework of the DoD Depot repair processes. 
 
PHASE I: Research inspection process management techniques and the feasibility of resolving the material, 
personnel, and equipment constraints within depot.  Based on the research results, develop a concept 
demonstration and metrics for assessing the program's feasibility for Phase II. 
 
PHASE II: Develop a real world demonstration of the concepts/processes/training to be assessed by 
managers involved in the numerous production lines, shops, and support processes. The demonstration 
should include the integration of the concepts/processes/training in at least two different areas.  
 
PHASE III / DUAL USE: Military application: Application of this model is applicable to all weapons 
systems and easily extensible to similar DoD operations. Commercial application: A significant impact on 
material quality, accuracy, efficiencies, and throughput on any inspection process such as commercial 
aircraft. It would improve quality, reduce cost, and increase throughput. 
 
REFERENCES:  
1. James R Evans, “Quality and Performance Excellence: Management, Organization, and Strategy”, 
South-Western, c2007. 
 
2. James R. Evans, William M. Lindsay, “Managing for Quality and Performance Excellence”, Thomson 
South-Western, c2007. 
 
3. Sidney Dekker, “Field Guide to Understanding Human Error”, Ashgate Publishing, Limited, c2006. 
 
4. John Moubray, “Reliability-Centered Maintenance”, Industrial Press, c1997. 
 
KEYWORDS: quality, inspections technologies, reliability analysis 
 
 
 
 
AF083-233   TITLE: Speckle Reduction in Coherent Imaging Systems 
 
TECHNOLOGY AREAS: Air Platform, Sensors, Human Systems 
 
OBJECTIVE: Develop an innovative method to significantly reduce the optical noise (speckle) observed in 
real-time coherent imaging systems. 
 
DESCRIPTION: The Air Force is seeking highly innovative solutions to significantly reduce or eliminate 
the optical speckle phenomena in real-time coherent imaging systems.  Current laser projection systems 
used in flight simulation suffer from significant image speckle which reduces image detail, serves as a 
distraction to simulator pilots, and reduces the overall realism of the display. It is highly desirable to 
eliminate the speckle phenomena while maintaining the other advantages of laser imaging systems.   The 
intent is to develop coherent imaging systems with eye-limiting resolution, for which the speckle 
phenomena is a significant concern.   
 
The objective is a system or solution resulting in reduction in speckle contrast to below 5%, with ideal 
reduction of speckle contrast to below 1%.  The solution must be relatively simple to implement and of 
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high reliability while maintaining overall image quality (intensity, contrast, resolution, etc) consistent with 
current state-of-the-art imaging systems. In particular, the speckle reduction must be performed such that 
there is no reduction in spatial or temporal resolution.  A solution which is possible to implement with 
currently existing laser projection systems is desirable, though not anticipated.  Innovative solutions may 
include, but should go beyond, the well known, commonly implemented, relatively poor performing 
speckle reduction techniques such as moving/time-varying optical diffusers or multiple beam combination.  
Extensive innovation, superior optical performance, and ability to commercialize the results are critical 
requirements of this solicitation.   
 
Successful completion of Phase 1 will require delivery of a technical report detailing the development of 
the proposed speckle reduction technology to include robust mathematical analysis, applicable software 
simulation, system design/application, impact on overall optical performance, any anticipated 
shortfalls/limitations/tradeoffs of the solution, and a preliminary design of the phase II prototype effort.  A 
feasibility demonstration should be included. 
 
PHASE I: Deliver a technical report which demonstrates the feasibility of the concept, including the 
anticipated reduction in speckle contrast and effects on overall image quality.  Provide a feasibility concept 
demonstration and design criteria for a prototype demonstration to be given in phase II. 
 
PHASE II: Provide a prototype demonstration of the technology proposed in the Phase I technical report. 
Deliver a detailed technical report summarizing the results achieved by the prototype demonstration; 
include any additional innovation or design changes not documented in phase I. 
 
PHASE III / DUAL USE: Military application: DoD applications include all forms of visual simulation, 
including wide-body and fast jet flight simulation, ground mover simulation, JTAC and air traffic control 
simulation. Commercial application: Commercial applications include media and motion picture industries, 
consumer displays, planetariums, CAD/CAM, home entertainment, projection displays, industrial virtual 
reality, and medical devices. 
 
REFERENCES:  
1. Niall, K.K. & Pierce, B.J. (2000). Assessment of visual requirements, Aircrew Training: Methods, 
Technologies, and Assessments. Lawrence Erlbaum Associates, Inc. 
 
2. J. W. Goodman and J. I. Trisnadi. (2000). Speckle Reduction by a Moving Diffuser in  Laser Projection 
Displays, Annual Meeting of the Optical Society of America, Rhode Island. 
 
3. J. W. Goodman. (1984). Statistical Properties of Laser Speckle Patterns. Topics in  Applied Physics 
volume 9 (edited by J. C. Dainty), pp. 9-75, Springer-Verlag, Berlin Heidelberg. 
 
4. MacDonald, L.W. & Lowe, A. C.  (Eds.). (1997).  Display Systems: Design and Applications,  West 
Sussex, England: John Wiley & Sons Ltd. 
 
5. Geri, G., & Winterbottom, M.  (2005).  Effect of display resolution and antialiasing on the discrimination 
of simulated-aircraft orientation.  Displays, 26, pp. 159-169. 
 
KEYWORDS: Speckle, Coherent, Visual System, Image, Graphics, Simulator, DLP, LCoS, Laser, 
Projection, Optics, Image Quality, Diffuser, High Resolution, Optical Noise. 
 
 
 
 
AF083-235   TITLE: Environmental Boundary System 
 
TECHNOLOGY AREAS: Materials/Processes 
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OBJECTIVE: Develop a lightweight, portable and low cost technology as an environmental boundary 
system enabling aircraft maintainers to keep aircraft structural repair surfaces and areas free of debris. 
 
DESCRIPTION: An environmental boundary system provides a self-contained and protected area for 
surface repair in a variety of applications for both existing and new aircraft.  
 
Composites are becoming more prevalent to reduce aircraft size and weight in new aircraft designs.  The 
use of composite materials on aircraft structure has introduced significant complexity in the repair and 
maintenance of military aircraft.  In external environments, high winds and loose debris (e.g. dirt, sand, 
leaves) contaminate the repair surface during the critical steps leading up to and including, material 
application and cure without an environmental boundary system tool.   
 
In addition to composites, other uses for an environmental boundary system include other aircraft repairs 
where a localized or specific environment, such as an inert environment, is required.  Examples include 
localized prime and paint, application of caulking materials and sealants, work with low observable 
materials, and repairs in and around fuel tanks or other potentially hazardous environments. 
 
Removing the structural component requiring repair from the aircraft is oftentimes impractical (e.g. wing 
removal).  The high cost of building and maintaining hangars for minor aircraft structural repairs makes 
repairing aircraft on the flight line when the right tools are available become very cost effective.    
 
Previous attempts to use commercial, off the shelf (COTS) environmental containment systems have not 
been successful, and would only have addressed the blowing debris environment.  To be functional, the 
system should allow the user to establish a barrier that prevents blowing debris from contaminating the 
repair area without restricting the maintainer's ability to effect the repair.   
 
To this end, the maintainer must be able to set up and take down the system quickly and easily, and the 
system must remain fixed on the desired part of the aircraft (may be upside down).  In addition, the system 
should be compact when stored, and should be light weight to allow it to be very portable.  Finally, it 
should be possible for the maintainer to manipulate the repair while the system is deployed, and for the 
maintainer to pass repair materials through the boundary while executing the repair. 
 
While the initial work should focus on the blowing debris environment, consideration should be made for 
future expansion into other austere environments (e.g. cold, rain and sea spray). 
 
PHASE I: Provide a technical report for the design of an environmental boundary system to allow a 
maintainer to perform a repair on aircraft, but prevent blowing debris from contaminating the repair 
surface.  Weight and stored size of the proposed environmental boundary system should be minimized.  
 
PHASE II: Develop a prototype based on the Phase 1 design with the addition of environmental 
considerations, reduction in weight and size of the device, optimization of the operational device size for 
consideration of actual fielded repair use.  Demonstrate production readiness evaluation.  
 
PHASE III / DUAL USE: Military application: Deliver multiple prototype devices and ready for field test 
by deployed units.  Demonstrate operation of the system in alternate environmental conditions. Commercial 
application: Primarily the aerospace usages of composites, but additional composite materials in other 
industries (infrastructure, marine vehicles, automotive). 
 
REFERENCES:  
1. T.O. 1-1-690 General Advanced Composite Repair Process Manual. 
 
2. T.O. 1-1-8 Application and Removal of Organic Coatings, Aerospace and non-Aerospace Equipment. 
 
KEYWORDS: Composite; Repair; Austere Environment; Environmental Boundary; Containment; 
Contamination 
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AF083-236   TITLE: Method of Locating Unexploded Ordnance 
 
TECHNOLOGY AREAS: Sensors, Battlespace 
 
OBJECTIVE: Develop and demonstrate method to tag and locate unexploded ordnance (UXOs). This will 
increase safety and efficiency of Air Force (AF) operations by facilitating identification and location of 
UXO. 
 
DESCRIPTION:  
Explanation of problem: 
The September 2005 Defense Science Board Task Force on Munitions Systems Reliability made a number 
of recommendations to the Munitions community regarding Unexploded Ordnance (UXO). In a nutshell, 
military operations have the potential to leave a large number of UXO on the battlefield. When munitions 
do not detonate as planned, they become a hazard to friendly and civilian operations in that area until they 
can be identified and removed.  
 
A method of tagging combined with a serialized database, could be used to tag, locate, and identify UXO 
on the battlefield. This would not only allow the Air Force to quickly identify and locate UXO, but also 
supports the battle damage assessment and failure analysis processes. The current thought is to use a tag 
applied in some way to the tail kit of bombs during build-up.  
 
If the ordnance detonates as planned, the tag would likely be destroyed. If the ordnance doesn’t detonate, 
the tag would likely survive the impact. If the serial numbers were properly paired with a database of 
munitions types, aircraft loads, and areas of operation, the location of a particular tag would reveal a large 
amount of command and control data while also fixing the position of the UXO for Explosive Ordnance 
Disposal (EOD) units. 
 
Requirements: 
Use some method to tag munitions (bombs/rockets etc.) that will survive the impact of being fired/dropped, 
can be read from a distance of at least 100 meters while buried 10 ft in dirt and ideally from satellites in 
low earth orbit. The required detection rate is 99%. This research focuses primarily on general purpose 
bombs, but the ideal solution will be usable on other munitions as well.  The research will include a 
survivable tagging technology, location/placement on munition, and appropriate security to safeguard the 
information contained by the tag.  Ideally the tags will be able to be read from both satellite and handheld 
mobile devices; although a partial solution may be useful as well. This will allow the Air Force to pinpoint 
the UXO from satellite and send an EOD team to the area. Once in the area the EOD team can quickly 
locate the ordnance and more efficiently and safely perform their duties.  Survivability and distance at 
which the tags can be read are the main technical risks. Survivability includes launch and impact 
acceleration/deceleration of 25,000 G’s and velocities of 1000 Ft/sec. Detection and location of bomb 
buried 10 ft from a distance of 100 meters also presents a problem.  
 
Radio Frequency Identification (RFID) is an example of one technology that could be further developed to 
potentially meet this requirement. There are many other potential solutions using different approaches and 
technologies that could potentially be used.  
 
PHASE I: Submit a written solution and concept of operations for the location of UXO to include a detailed 
technical design which must address the tag design, placement, and survivability; readers (if necessary), 
and data storage and retrieval. A complete system solution is the goal. 
 
PHASE II: Develop a working prototype of the PHI solution and concept of operations to the AF that meets 
the requirements previously addressed. Demonstrate that the prototype works in the application prescribed. 
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PHASE III / DUAL USE: Military application: The military applications are locating UXO, aiding in battle 
damage assessment, and providing data on failures (duds) that can be used to pinpoint and correct the 
causes. Commercial application: The commercial applications include real-time tracking of packages, 
vehicles or other sensitive items from much greater distances than currently available commercially. 
 
REFERENCES:  
1. Shubert, K. A. (2007). "Enhanced Electromagnetic Tagging for Embedded Tracking of Munitions and 
Ordnance During Future Remediation Efforts" Battelle SERDP Project MM-1272. 
 
2. Defense Science Board (2005). "Task Force on Munitions System Reliability". 
 
KEYWORDS: RFID,unexploded,ordnance,dud,tag,locate,location,tracking,RFUID,sensor,sensors 
 
 
 
 
AF083-238   TITLE: Low-cost Smear Reduction for Digital Displays 
 
TECHNOLOGY AREAS: Information Systems, Human Systems 
 
OBJECTIVE: Develop smear reduction display components applied to deployable, high fidelity visual 
simulation, utilizing novel concepts of low-cost digital-display components to reduce smear artifacts. 
 
DESCRIPTION: Digital display technologies e.g., liquid crystal display (LCD), liquid crystal on silicon 
(LCoS) for training systems have relatively high spatial resolution, but their temporal resolution is limited 
compared to cathode ray tubes (CRTs). The limited temporal resolution results in the blurring of moving 
images. The moving-image blur was thought to be the long onset and offset times of the light engine, which 
are often longer than the frame duration. However, resent improvements have reduced onset and offset 
times, so the limited temporal response now is a consequence of the sample-and-hold property associated 
with these displays. Resent research conducted at AFRL/RHA concluded a temporal resolution hold-time 
of 8 msec or less significantly reduces motion blur. The Air Force is seeking innovative solutions; S/W, 
H/W or system that furthers smear reduction technology thus providing improved moving image quality. 
Technologies of interest include but are not limited to: digital and/or mechanical shutter components, 
pulsed illumination components, and other techniques which resolve this issue for projector, flat-screen, 
and/or head mounted display applications.  
 
Low production cost, high reliability, and large commercial potential for integration to existing digital 
displays are critical requirements for the proposed solution. Of particular interest are novel concepts; S/W, 
H/W, or system digital-display components reducing the smear artifacts below the 8msec temporal 
resolution. Applications for this technology include future deployable fighter and wide body aircraft, 
helicopter crew, special operations forces, and Joint Terminal Attack Controller (JTAC) training 
applications. 
 
PHASE I: Provide a technical report determining the feasibility of the concept and provide a feasibility 
demonstration. 
 
PHASE II: Phase II will result in prototyping, demonstrating, and testing the concept proposed under Phase 
I and a technical report. The prototype device will be delivered to the Air Force for research and evaluation. 
 
PHASE III / DUAL USE: Military application: This work, with on-going efforts, increase image resolution 
for aircrew and medical training devices. Commercial application: This work increases image resolution for 
benefit to commercial virtual reality industry in manufacturing, medical, media and motion picture special 
effects, CAD/CAM, and home entertainment systems. 
 
 
REFERENCES:  
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1. Air Force Research Laboratory, Human Effectiveness Directorate, Warfighter Readiness Research 
Division, 6030 Kent Street -- Mesa Arizona 85212 (480) 988-6561. http://www.mesa.afmc.af.mil/ (Mr. 
Marc Winterbottom x304 or Dr. Byron Pierce x219). 
 
2. Niall, K.K. and Pierce, B.J. (2000). Assessment of visual requirements, Aircrew Training: Methods, 
Technologies, and Assessments. Lawrence Erlbaum Associates, Inc. 
 
3. Geri, G.A. & Morgan, W.D. (2007). The effect of FLCoS-display hold time on the perceived blur of 
moving imagery. Journal of the Society for Information Display. 15, pp 87-91. 
 
4. Klompenhouwer, M.A. & Velthoven (2004). LCD motion blur reduction with motion compensated 
inverse filtering. SID 04 Digest, 3502, 1340-1343. 
 
5. Oka, K., & Enami, Y. (2004). Moving picture response time (MPRT) measurement system. SID 04 
Digest, 43.4. 
 
KEYWORDS: DISPLAYS, SMEAR, BLUR, MOVING IMAGE QUALITY, MOTION PICTURE 
RESPONSE TIME, LCoS, LCD, PROJECTOR, DEPLOYABLE, HELMET MOUNTED DIPSPLAYS, 
HMD, SIMULATOR, GRAPHICS, VISUALIZATION, HIGH-RESOLUTION, LOW-COST, VISUAL 
SYSTEM 
 
 
 
 
AF083-239   TITLE: Dimensional Restoration of Landing Gear Component Bores 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop and qualify a thermal spray system (hardware and controls) to apply a high 
performance coating to restore internal diameters (bores) of aluminum landing gear components to original 
dimensions. 
 
DESCRIPTION: The objective of this project is to demonstrate the feasibility of using a thermal spray 
process to rapidly restore the bores of aluminum landing gear components to original design dimensional 
tolerances.  The production of a consistent, repeatable sprayed coating on the internal diameter of surfaces 
(bores) has been a challenge for engineers for many years.  It involves the development and evaluation of 
specialized equipment and coating materials to achieve the desired results.  The equipment problem centers 
on the optimal design for a spray gun nozzle used in a limited space.  The nozzle expansion ratio, particle 
size, accelerating gas type, operating pressure, and temperature are some of the main factors influencing the 
accelerating behavior of spray particles in a limited space.  This project outlines the requirements to repair 
the dimensional tolerances of internal diameters (bores) of worn/damaged aluminum alloy aerospace 
components, specifically landing gear (LG) parts.  The LG base metals are high-strength heat-treated 7000 
series aluminum alloys.  The repair process targeted in this project can use any thermal spray process 
including but not limited to cold spray, warm spray, plasma spray, HVAF, and arc spray.  Spray equipment 
must be developed or modified to operate successfully in a geometrically confined space.  Process 
manipulation should be addressed.  Bore dimensions down to the three to four inch range are being targeted 
for repair.  Capability for even smaller bore repair is desirable.  The equipment must be capable of spraying 
a high quality coating while maintaining a maximum part surface temperature of 225 degrees F.  Overspray 
(dust) generated during the spray process must be adequately removed from the bores, which may include 
blind holes, to maintain coating quality.  The required coating is for high-performance aerospace 
applications.  The process must produce coatings that are consistent and repeatable.  Coatings must be fully 
dense, cohesive, well adhered, and corrosion and wear resistant as required.  The coating should be 
compatible with the Type II sulfuric acid anodize process which is a base metal post-coating process 
requirement.  Coating thicknesses up to 0.025 inch (finished) is being targeted for repair applications.  
Component surface preparation is part of the coating development.  Coating permeability (both gas and 
liquid) must be addressed in the development.  Coating integrity (delamination/ spalling resistance) as it 
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relates to residual stresses associated with thicker coatings must be addressed.  Coating integrity under 
conditions of high strain loading must be addressed.  Effects of the coating on the base material fatigue life 
must be addressed.  Coating must be capable of being finished by grinding using conventional methods to 
the required surface profiles (roughness). Phase I efforts shall result in the design of a complete operating 
thermal spray system and down selection of coatings capable of being qualified for Air Force use on the 
intended applications.  Phase II efforts shall 1) build the preferred Phase I deposition system, 2) deposit the 
Phase I down selected coatings, 3) evaluate the deposition process parameters, and 4) evaluate the Phase I 
down selected coatings for qualification for use on the intended applications. 
 
PHASE I: Design or modify equipment (spray hardware) and controls for a thermal spray system capable 
of applying a coating in a restricted space (internal diameter).  Down select a high-performance coating that 
is compatible with high strength aluminum alloys. 
 
PHASE II: Develop and test the Phase I deposition device, deposit thick coatings on the inside diameters of 
3"-4" tubes using the Phase I down selected coatings, perform qualification testing of the coatings using an 
Air Force approved test plan. 
 
PHASE III / DUAL USE: Military application: This technology application could be used to repair the 
internal diameters of aluminum components of military weapon systems, especially landing gear parts, 
which have previously been nonrepairable. Commercial application: This technology application could be 
used to repair internal diameters of aluminum components of commercial aerospace systems, especially 
landing gear parts, that have previously been nonrepairable. 
 
REFERENCES:  
1.  "Development of Thermal Spray for Automotive Cylinder Bores"; D. Cook, M. Zaluzec, K. Kowalsky; 
Thermal Spray 2003: Advancing the Science and Applying the Technology (Proc. ITSC 2003), (Orlando, 
FL), ASM International; pp 143-147.  
  
2.  "Potential Applications of Cold Spray Technology in Automotive Manufacturing"; R. McCune; Thermal 
Spray: Advancing the Science and Applying the Technology (Proc. ITSC 2003), (Orlando, FL), ASM 
International; pp 63-70. 
 
KEYWORDS: thermal spray, cold spray, HVAF, dimensional restoration, bores, landing gear, aluminum  
 
 
 
 
AF083-240   TITLE: In-Situ Detection of Hidden General and Pitting Corrosion of Aircraft 

Structure 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop and verify techniques for the in-situ measurement of general and pitting corrosion 
in aluminum structures. 
 
DESCRIPTION: General surface corrosion and pitting corrosion on aluminum are two of the primary 
corrosion mechanisms for military aircraft. Pits formed by pitting corrosion are potential sites for the 
initiation of fatigue cracks. For both general and pitting corrosion, there is a need for the capability to 
determine the rate of general and pitting corrosion activity in hidden or inaccessible areas.   
 
Currently, some military aircraft return for major inspections and repairs.  The work package includes 
1000s of man-hours for component removal and opening up inaccessible areas just to facilitate inspections 
for corrosion.   The ability to detect the corrosion activity in these hidden and inaccessible areas will allow 
us to forego inspections on aircraft with no or low corrosion rates.  Eliminating these inspections will 
reduce maintenance hours, reduce cost, and improve aircraft availability.   Success in meeting the 
requirement of this SBIR topic will provide military aircraft with a corrosion prognostics capability. 
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The end goal for this topic is to develop and verify a sensor or technique for determining if there has been 
corrosion activity in a hidden or inaccessible area of aircraft structure with out having to disassemble the 
structure.  If corrosion is detected, the sensor or technique must also be able to determine the amount of 
general surface corrosion and determine density and depth distribution of any corrosion pitting. 
 
PHASE I: Determine a methodology with theoretical basis and an experimental program for determining 
general and pitting corrosion in aluminum alloys. Selection and initial trial of sensors/technique with on-
aircraft suitablility will occur. 
 
PHASE II: Refine the methodology for measuring general and pitting corrosion. Validate both the 
sensors/technique and methodology, and demonstrate that general corrosion and pitting corrosion, 
particularly pit depth, can be predicted from the sensor/technique data. Demonstrate components, business 
case, and Return on Investment (ROI) of a complete system including sensors and data acquisition that 
could be deployed on-aircraft.   
 
PHASE III / DUAL USE: Military application: The business case and ROI from Phase II will be used to 
justify deploying the system on military aircraft.  The benefits will be advertised to other potential military 
and commercial aircraf Commercial application: Commercial aircraft manufacturers, owners, and operators 
will capitalize on the benefits and ROI associated with this technology. 
 
REFERENCES:  
1.  ASM Handbook, Nondestructive Evaluation and Quality Control, vol. 17, J.R. Davis, S.R. Lampman, 
ASM International, 1994, Ultrasonic Testing of Materials, Krautkramer, Krautkramer, Springer Verlag, 
1990. 
 
2. C-130 Condition-Based Maintenance,  
http://www.agingaircraftconference.org/all_files/49/49a/169_doc.pdf 
 
3.  Corrosion Engineering , by Mars G. Fontana  and Norbert D. Greene, ISBN: 0070214611. 
 
4.  Corrosion and Corrosivity Sensors, by V.S. Agarwala and G.K. Brown, ISBN: 1877914738. 
 
KEYWORDS: Aircraft, Aluminum, Fatigue, Structures, Component, Corrosion, Hardware, Sensor 
 
 
 
 
AF083-241   TITLE: Improved Reliability and Multi-modal Capability of Non-Destructive 

Inspection for Cracks and Corrosion 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop reliable and more efficient Non-Destructive Inspection (NDI) technique for large 
platform inspections. 
 
DESCRIPTION: As service lives of aging aircraft continue to be extended beyond original design goals, 
the presence of multi-site damage can be the primary threat to maintaining system safety. Historically, the 
Air Force has relied on conventional “single-mode” NDI techniques, including eddy-current, ultrasound, 
radiography, penetrant and magnetic particle to detect damage during the life of the aircraft. While these 
techniques have proven to be effective in detecting damage in discrete areas early in the design life of the 
aircraft, they fall short in their ability to reliably and efficiently detect damage later in the design life, as the 
size of the inspection area increases.  
 
At the same time that inspection requirements on aging aircraft have been increasing, questions about the 
reliability of NDI processes have been raised [Ref. 1]. These concerns about reliability drive the 
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requirement for multiple (redundant) inspections of a single area in order to satisfy the minimum detection 
requirements. These redundant inspections further increase the time spent performing NDI on aging 
aircraft.  
 
A more reliable inspection process is required to detect damage in aluminum structure as aircraft age and 
damage areas become more widespread. These new processes will employ multi-mode inspection 
equipment to allow multiple inspection elements to interrogate large areas of the aircraft in a single 
inspection pass. The technology would be well suited for complex inspection safety-of-flight critical span-
wise splice joints of large transport aircraft, particularly. Target size for detection of cracks with 90% 
probability is .100". The multi-mode inspection equipment will offer increased reliability and probability of 
detection (PoD) and will allow multiple inspections to be completed in the same amount of time as 
conventional single-mode inspection. 
 
PHASE I: Develop concept for multi-modal inspection. Demonstrate proof-of-concept on calibration 
standards and representative aluminum test articles. In addition, utilize modeling and simulation techniques 
to optimize results for this process. 
 
PHASE II: Applying the phase 1 results, develop and manufacture a prototype system for application on 
small and large scale inspections. Demonstrate and validate the effectiveness of the inspection process 
through testing of representative test specimen. 
 
PHASE III / DUAL USE: Military application: Military aircraft utilize NDI for their respective inspections. 
Commercial application: Commercial aircraft utilize NDI for their respective inspections. 
 
REFERENCES:  
1. Forsyth, D., Berens, A., Rummel, W., Non-destructive Inspection Reliability and Risk in the Field and 
Depot, 10th Aircraft Structural Integrity Program (ASIP) Conference, San Antonio, TX, November 2006. 
 
2. Kraft, K., USAF NDI Reliability Improvement – Lessons Learned, 11th Aircraft Structural Integrity 
Program (ASIP) Conference, Palm Springs, CA, November 2007.  
 
3. ASM Handbook, Nondestructive Evaluation and Quality Control, vol. 17, J.R. Davis, S.R. Lampman, 
ASM International. 
 
KEYWORDS: NDI, NDE, crack, corrosion, detection, nondestructive, PoD, reliability, inspection 
 
 
 
 
AF083-242   TITLE: Wearable Nuclear/Biological/Chemical Agent Detector 
 
TECHNOLOGY AREAS: Chemical/Bio Defense, Human Systems 
 
OBJECTIVE: Develop and test a non-intrusive NBC agent detection device for use with DoD gas masks or 
garments.  
 
DESCRIPTION: Today’s military personnel are faced with asymmetric warfare.  Enemies are evolving 
unforeseen, simple, yet effective methods of attacking US assets and personnel.  The growing threat of 
“dirty bombs” place troops at risk across the globe.  The potential material used for these attacks range 
from low-level radiological matter and industrial chemicals in their containers to Ricin created in a home 
laboratory.  The Nuclear/Biological/Chemical (NBC) threat is real and growing. 
 
Currently, the gas masks worn by USAF, USN, Army, USMC, and the Secret Service agents do not have a 
method to tell the wearer whether or not he has been exposed to NBC agents.  The USAF, as lead for the 
common protective full face respirator, seeks proposals for innovative solutions by which the wearer of the 
common or future Joint Service General Purpose Mask (JSGPM) can be notified of exposure to NBC 
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agents, the concentration level of exposure, and the subsequent reduction of agent concentration down to 
acceptable levels.  This concept is put forth by the Joint Services (JS) community through the JS Mask 
Technical Working Group (MTWG) Sub-Integrated Product Team (IPT). 
 
Constraints include visible to the warfighter, unobtrusive, small in size (1” diameter or less), no impact to 
form, fit or function of the mask, hands free device, and interfaces with current Military Operating 
Protection Posture (MOPP) Level IV NBC garments or MCU-2P and JSGPM without degrading overall 
protection.  Hand held devices limit operation capability and may not be with each person entering a 
contaminated area.  Detection capability may include but not necessarily limited to Cvanogen Chloride 
(CK), blister agents, nerve agents, and common threat Toxic Industrial Chemicals (TICs) like Chlorine and 
Hydrazine.  Detailed information of mask properties and garments will be provided as necessary during 
Phase I. 
 
PHASE I: Develop a reasonable solution or method for indication of chemical exposure that is visible to 
the warfighter and worn with either a gas mask or NBC protective garment.  Define all chemical warfare 
agents and TICS solution or method encompasses.  Confirm feasibility of all developed solutions. 
 
PHASE II: Refine solution or methodology.  Design and test prototypes under relevant test conditions to 
include but not limited to environmental effects studies (MIL-STD-810) and battle field contaminants (TOP 
8-2-110).   
 
PHASE III / DUAL USE: Military application: Gas masks are worn by all military personnel as part of 
personal protective garments. Commercial application: Gas masks are common throughout industry.  The 
technology to detect agents can easily be transferred to OEMs and users of fielded masks. 
 
REFERENCES:  
1. MIL-STD-810 
 
2. TEPCOM TOP 8-2-110 
 
3. Electrode Independent Chemoresistive Response for Cobalt Phthalocyanine in the Space Charge Limited 
Conductivity Regime, K. A. Miller, R. D. Yang, M. J. Hale, J. Park, C. N. Colesniuc, B. Fruhberger, I. K. 
Schuller, A. C. Kummel, W. C. Trogler, J. Phys. Chem. B, 110, 361-366 (2006).  
 
4. Ultrathin Organic Transistors for Chemical Sensing, Richard Yang, et al., Applied Physics Letters vol. 
90, 263506-263508 (2007). 
 
KEYWORDS: nuclear, biological, chemical, agent, detector, TICs 
 
 
 
 
AF083-243   TITLE: Meta-Data Mining for Optimized Aircraft Repair and Overhaul 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Review aircraft maintenance, repair and overhaul practices and develop data mining, meta-
data design tools, and modeling/optimization methods to improve forecasting and work package execution. 
 
DESCRIPTION: Currently, aircraft maintenance, repair and overhaul practices at Air Force bases rely 
primarily on simple data sources such as PDMSS and REMIS, without intelligently processing the data and 
developing requirements forecasts and repair packages which are optimized. This has adverse effect on 
time to repair, as well as personnel and facilities utilization required to carry out the repair processes. Data 
mining and meta-data design tools are used to derive relevant data relationships and provide greater insight 
into the data content. This facilitates discovery by query and retrieval methods and enables optimization 
tools to improve maintenance execution.  
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Data/meta-data and exploitation techniques, therefore, are anticipated to improve maintenance 
requirements forecasts that will be linked eventually to work package development and execution. 
Technologies from the emerging Condition Based Maintenance (CBM) area may be appropriate enablers in 
addressing these problems. Data mining attributes, such as clustering and association, in conjunction with 
data validation and fusion, will provide the basis for meta-data design so that the initial data can be 
transformed to a higher, more valuable level of information. Generalized descriptors can be discovered that 
reveal useful data associations and correlations. Processed data and algorithms, as “virtual sensors”, will 
enable a CBM based maintenance strategy for better feedback of requirements and resources. Enabling 
technologies here include decision tree induction, data transformation and relevance analysis, decision tree 
classification, content reasoning, among others.  
 
The goal of this program is to develop new modeling, optimization tools and algorithms to act upon current 
databases, meta-data and repair practices to arrive at considerable personnel, parts and other resources 
savings and shorter repair time horizons within the MRO environment. An aircraft maintenance and repair 
work scope optimizer, as a decision support tool, will utilize dynamic data and meta-data information and 
knowledge to provide the repair work force with a daily work package that accommodates contingencies 
via dynamic re-planning, it is orderly, repeatable and can be tightly controlled. 
 
PHASE I: Based on a review of current databases/algorithms, and repair practices, use a subset of the 
database to develop appropriate data/meta-data processing tools; conceptualize a modeling/optimization 
framework for work package development and execution; and develop a proof-of-concept demonstration. 
 
PHASE II: Phase 2 will build upon the phase 1 findings to apply data mining and meta-data design tools to 
the database and develop the modeling/optimization tools for forecasting and repair work scheduling. The 
tools will be demonstrated on an actual database and work flow for a representative aircraft component 
(landing gear, wing, etc.) 
 
PHASE III / DUAL USE: Military application: This technology is directly applicable to a broad range of 
military applications. Data management and optimized maintenance, repair and overhaul scheduling tools 
will find Commercial application: Data management and optimized maintenance, repair and overhaul 
scheduling tools will find extensive application in commercial aircraft, transportation, power generation, 
industrial processes, etc. 
 
REFERENCES:  
1. Tannenbaum, A. (2001). Metadata Solutions: Using Metamodels, Repositories, XML, and Enterprise 
Portals to Generate Information on Demand. Addison Wesley Professional, Reading, MA. 
 
2. Baeza-Yates, R., Ribeiro-Neto, B., Baeza-Yates, R. (1999). Modern Information Retrieval. Addison-
Wesley Pub Co., Reading, MA. 
 
3. T. Back, D. B. Fogel, and Z. Michalwicz, Evolutionary Computation 2: Basic Algorithms and 
Operations, Vol. 2, Lop Pub, Bristol, United Kingdom, 1999. 
 
KEYWORDS: Data mining, meta-data design, optimization techniques, repair processes, scheduling 
 
 
 
 
AF083-244   TITLE: Efficient Chemical Storage of Hydrogen in a Liquid 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Identify and study innovative methods of hydrogen chemical storage in a liquid for fuel cell 
and direct hydrogen applications that meets/exceeds the US Dept of Energy 2010 Hydrogen Storage 
targets. 
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DESCRIPTION: Hydrogen is one alternative energy scheme that can potentially be efficient and widely 
implemented if an effective and practical storage method can be found. Various states/forms of hydrogen 
have been explored in attempting to resolve this problem. Cryogenic liquid hydrogen, pressurized gas at 
over 6,000 psi, and metal hydride storage all fall short of the US Department of Energy 2010 goals as well 
as requiring a new and expensive infrastructure. On the other hand, the chemical storage of hydrogen in an 
organic liquid phase would be one solution that would overcome the special infrastructure requirements of 
the other storage methods and, being a liquid, be able to be readily stored and transferred using familiar 
fuel handling methods. 
 
DoE 2010 Hydrogen Storage targets are:  
- specific energy, 2 kWh/kg and 6 kg-H2/kg system  
- energy density of 1.2 kWh/l and 36 gm-H2/l total system.   
 
Total system capacity in the range of 3 to 5 kg is desired for vehicle applications. 
 
PHASE I: Research and develop innovative method for efficient storage of hydrogen in an organic liquid 
phase that meets and or exceeds the US Department of Energy 2010 Hydrogen Storage targets.  Develop 
design considerations for Phase II prototyping. 
 
PHASE II: Demonstrate 1 kg hydrogen storage in an organic liquid for fuel cell and direct hydrogen 
applications that meets and or exceed the US Department of Energy 2010 Hydrogen Storage targets. 
 
PHASE III / DUAL USE: Military application: Efficient, compact storage of hydrogen is the key to 
permeating hydrogen technology throughout the US as an alternative vehicle fuel for the military . 
Commercial application: Efficient, compact storage of hydrogen is the key to permeating hydrogen 
technology throughout the US as an alternative vehicle fuel for thecommercial world. 
 
REFERENCES:  
1.  U.S. Department of Energy, Chemical Hydrogen Storage Center of Excellence, DOE Hydrogen 
Program:  FY 2005 Progress Report, 2005. 
 
2.  Motyka, T., Zidan, R., and Summers, W.A., Hydrogen Storage: The Key Challenge Facing a Hydrogen 
Economy, commissioned under DOE contract DE-AC09-96SR18500, 2004. 
 
3.  Brown L.F., Int. J. Hydrogen Energy, 26 (2001) 381-97. 
 
4.  Schlapbach L., Zuttel A., Nature, 414 (2001) 353-355. 
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AF083-245   TITLE: Aircraft Corrosion Inspection 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop an inspection system/technique that can inspect for subsurface corrosion in deep, 
multi layer, metallic structures. 
 
DESCRIPTION: With the many aircraft within the Air Force becoming older there is a need to inspect for 
corrosion and flaws in these multi-layer metallic structures. Presently corrosion is often not found until the 
aircraft has been removed from service and some disassembly accomplished. This corrosion causes 
troubleshooting and repair, which significantly add to Air Force sustainment costs. A major drawback to 
utilizing current methods of inspection requires the aircraft to be removed from service and disassembled 
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for inspection. This leads into a host of problems. The goal of this SBIR project is to research a method to 
inspect for the corrosion without disassembling the aircraft. 
 
An innovative proposal will research and develop a method to detect the presence of corrosion without 
removing the skin of the aircraft.  An interest area is corrosion found at the interface of titanium and 
aluminum (stress corrosion, pitting, and other forms) and between aluminum and steel alloys (galvanic 
corrosion) on different aircraft. For instance, corrosion occurs between outer skin(s) and inner structure 
(such as spars, ribs, etc) of the aircraft.  A solution would need to be able to locate corrosion of 
approximately 0.050” diameter in size. This would need to be accomplished in up to and including 5 layers 
of material or approximately 0.50” deep. 
 
PHASE I: Research and develop a method to detect the corrosion in multi-layer metallic in aerospace 
vehicles. Demonstrate the ability to detect corrosion within the material on an aircraft component. 
 
PHASE II: Develop and demonstrate and deliver a portable, easy to use, and cost effective system to be 
used on the outside of the aircraft. This system should be able to detect the corrosion on the aircraft. Apply 
the results of Phase I to the design, fabrication, and experimental validation of the prototype unit. 
Demonstrate the operability to AF personnel and provide a manual for use & maintenance. 
 
PHASE III / DUAL USE: Military application: Potential applications include inspection of composite 
structures on military aircraft. Commercial application: Potential applications include inspection of 
composite structures including commercial aircraft. Potential customers include aerospace, FAA, DoD and 
the DOE. 
 
REFERENCES:  
1. ASM Handbook, Nondestructive Evaluation and Quality Control, vol. 17, J.R. Davis, S.R. Lampman, 
ASM International, 1994, Ultrasonic Testing of Materials, Krautkramer, Krautkramer, Springer Verlag, 
1990. 
 
KEYWORDS: Aging aircraft, NDE, NDI, inspection, corrosion 
 
 
 
 
AF083-246   TITLE: Aircraft fatigue damage inspection 
 
TECHNOLOGY AREAS: Air Platform, Materials/Processes 
 
OBJECTIVE: Develop an inspection system/technique that can inspect/detect for subsurface fatigue 
damage in deep, multi layer metallic structures.  
 
DESCRIPTION: With the many aircraft within the Air Force becoming older there is a need to inspect for 
fatigue cracks in these multi-layer metallic structures. Presently the fatigue cracks are not found until the 
aircraft has been removed from service and some disassembly accomplished. These fatigue cracks cause 
troubleshooting and repair, which significantly add to Air Force sustainment costs. A major drawback to 
utilizing current methods of inspection requires the aircraft to be removed from service and disassembled 
for inspection. This leads into a host of unintended problems. The goal of this SBIR project is to research a 
method to inspect/detect fatigue for the cracks without removing the outer layer of the aircraft.  
 
An innovative proposal will research and develop a method to detect the presence of fatigue cracks without 
removing the skin of the aircraft. Many methods have been tried without success. The quantitative 
performance objective of this topic is to identify cracks in the 0.030- 0.050” length range and be 
accomplished in up to and including 5 layers of material (approximately 0.50” deep).  Cracks originating at 
fastener holes (with fastener in place) are of interest, and the ability to locate these cracks will increase 
speed of the repair process.  Also, locating cracks under installed bushings is very difficult.  These bushings 
are installed to reconstitute worn metallic structures to their original specifications. Embedding sensors 
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within the component to detect the flaw and demonstrate the ability to detect cracks between these layers of 
structure is a possibility. Focus should primarily be on cracks on titanium alloys, but results should be 
applicable to aluminum and steel alloys typical to aerospace structural composition. 
 
PHASE I: Research and develop a method to detect the fatigue cracks in multi-layer metallic in aerospace 
vehicles. Demonstrate the ability to detect fatigue damage within the material on a provided component or 
representative sample. 
 
PHASE II: Develop, demonstrate and deliver a portable, easy to use, and cost effective system to be used 
on the outside of the aircraft. This system should be able to detect the flaw on the aircraft. Apply the results 
of Phase I to the design, fabrication, and experimental validation of the prototype unit. Demonstrate the 
operability to AF personnel and provide a manual for use and maintenance. 
 
PHASE III / DUAL USE: Military application: Potential applications include inspection of composite 
structures including military aircraft. Commercial application: Potential applications include inspection of 
composite structures including commercial aircraft. Potential customers include aerospace, FAA, DoD and 
the DOE. 
 
REFERENCES:  
1. ASM Handbook, Nondestructive Evaluation and Quality Control, vol. 17, J.R. Davis, S.R. Lampman, 
ASM International, 1994, Ultrasonic Testing of Materials, Krautkramer, Krautkramer, Springer Verlag, 
1990. 
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AF083-249   TITLE: Non-Spherical Blast in a Cluttered Environment 
 
TECHNOLOGY AREAS: Weapons 
 
OBJECTIVE: Develop, implement, and demonstrate an innovative all-Lagrangian finite element technique 
to model non-spherical air blast in a cluttered environment. 
 
DESCRIPTION: Vulnerability assessments of ground shelters and flying aircraft require an ability to 
simulate damage mechanisms associated with explosive threat munitions such as high-explosive incendiary 
(HEI) projectiles associated with anti-aircraft artillery, small warheads associated with Man Portable Air 
Defense System (MANPADS) missiles, as well as larger surface-to-air, air-to-air, and air-to-ground 
munitions. Current structural analysis modeling procedures inaccurately assume that the warhead produces 
spherical blast loads. Present models also incorrectly account for shadowing effects and blast reflections. 
Without these analytical capabilities, analysts have no ability to efficiently examine the effects of coupled 
non-spherical air blast and fragmentation loads on complex structures. 
 
A need exists for a fast-running (i.e. complete a single model run within 24 hours or less) computer routine 
within a physics-based Lagrangian finite element code that can simulate non-spherical warhead explosions 
and the effects on surrounding structures within cluttered environments. The code must be able to account 
for not only non-spherical effects, but also shadowing and reflections of the blast from surrounding 
structures. The goal is to generate a representative blast load profile that can be applied to structural 
surfaces. In addition to being able to handle non-spherical blast generated by stationary explosive charges, 
the code must consider the dynamic velocity of a moving explosive charge. The resulting code must be 
verified and validated using existing data (unclassified) collected from stationary and moving munitions 
tests. 
 
Develop, implement, and demonstrate a fast-running, non-spherical, air blast routine in an explicit time-
integration finite element code. Implementation will include either insertion of the capability as a user-
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defined subroutine within an existing code, or full development of a new code. If a new code is developed, 
the non-spherical blast routines should be modular in nature so that they can be implemented in other 
existing codes. Results of the demonstration must match blast test data to within ±15% at five polar angles 
(measured from tip to tail of the explosive threat) and do so at five distances (measured from the center of 
the explosive threat). 
 
PHASE I: Assess the feasibility of implementing an innovative all-Lagrangian finite element technique to 
model non-spherical air blast in a cluttered environment. Define and develop a subroutine that assesses 
non-spherical air blast and interactions with surrounding clutter. 
 
PHASE II: Refine the subroutine and implement it within an explicit time integration finite element code. 
Verify and validate the code against existing data from guided and unguided munitions tests. Demonstrate 
its use against a government-defined target. 
 
PHASE III/DUAL USE: MILITARY APPLICATION: Supports assessment of realistic asymmetrical blast 
loads that may occur within aircraft. Supports iteration of military aircraft design concepts for improved 
survivability. COMMERCIAL APPLICATION: Supports assessment of how terrorist bombs can affect US 
infrastructure (tunnels and bridges), heavy industry (power plants), and heavily populated buildings (airline 
terminals, malls, subways). 
 
REFERENCES: 
1. C. N. Kingery and G. Bulmash, “Airblast Parameters from TNT Spherical Air Burst and Hemispherical 
Surface Burst”, ARBRL-TR-02555, Ballistic Research Laboratory, Aberdeen Proving Ground, MD, 1984. 
 
2. D. Hyde, “ConWep - Application of TM5-855-1”, Structural Mechanics Division, Structures Laboratory, 
USAE Waterways Experiment Station, Vicksburg, MS, 20 August 1992. 
 
3. J. R. Britt and M. G. Lumsden, “Internal Blast and Thermal Environment from Internal and External 
Explosions: A User’s Guide for the BLASTX Code, Version 3.0”, SAIC 405-94-2, Science Applications 
International Corporation, St. Joseph, LA, May 1994. 
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environment, load, structure, model, simulation 
 
 
 
 
AF083-250   TITLE: Passive Dry Bay Fire Extinguishing System 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop an effective, light-weight, low-cost, low-maintenance passive method to quickly 
extinguish aircraft dry bay (void space area) fires in manned and unmanned platforms. 
 
DESCRIPTION: Dry bay fire is typically the single largest contributor to military and commercial aircraft 
vulnerability currently in service. As a result, dry bay fire extinguishing capability is at the forefront of 
concern for the aircraft survivability community. However, dry bay vulnerability reduction measures are 
typically overlooked by the design community because of associated weight, cost, and maintenance 
penalties. Historically, active halon fire extinguishing systems have been effective, but due to concerns for 
ozone depletion, halon use is no longer permitted in new designs. Other active system designs have shown 
limited effectiveness and/or have not often been considered due to violation of one or more acquisition, 
platform, or environmental requirements, including those mentioned above. 
 
A universal passive fire extinguishing system would represent a viable alternative to active systems. 
Concepts for this method involve the use of materials and/or devices that do not require power and are not 
subject to function by using complex systems of detectors or sensors and control systems. Passive systems 
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remain dormant until a fire ignition event or active fire occurs, allowing the protective device to function 
alone to extinguish the fire. These qualities have the potential to produce designs capable of overcoming 
some of the weight, cost, and maintenance concerns of the aircraft community. However, these systems 
have rarely been demonstrated beyond the laboratory.  The effectiveness of the few existing passive 
systems that have been integrated onto aircraft is often limited to small arms and small anti-aircraft artillery 
threats, they have not been applicable to safety fires, and/or they have large maintenance issues. Thus, an 
effective, light-weight, low-cost, low-maintenance passive method to extinguish dry bay fires is urgently 
needed. This fire protection system will offer the possibility of usage throughout the military and civilian 
community as a passive means of fire protection in manned and unmanned aircraft systems. 
 
The passive system developed must be capable of extinguishing a dry bay fire quickly enough to prevent 
structure from reaching damaging temperatures (approximately 700°F for aluminum). It is estimated this 
capability requires the fire to be extinguished within approximately five seconds of fire initiation. Unlike 
current active fire extinguishing systems, the proposed system should be capable of extinguishing multiple 
fires in more than one area within the dry bay, all within 5 seconds of each fire initiation. A single ballistic 
threat impact, and resulting fire should not decrease the effectiveness of the system from extinguishing any 
subsequent fires in the same or other locations. The system should be equally effective for threat and safety 
initiated fires. The proposed system should be virtually maintenance free and demonstrated to have a high 
reliability in an aircraft environment. It should be easy to retrofit in a legacy aircraft platform. The 
proposed system should offer weight advantages compared to current passive and active fire protection 
systems.  For example, a protection level below 2 pounds per cubic foot (lower end density of some rigid 
dry bay foams) of protected dry bay volume would be desirable.  This fire protection system should be 
completely passive, requiring no power source or powered sensors. 
 
PHASE I: Design and develop a light-weight, low-cost, passive aircraft fire protection system capable of 
extinguishing dry bay fires quickly enough to prevent permanent damage. Demonstrate the system’s 
performance in a lab environment and provide evidence of the system’s weight, cost, and maintenance 
advantages. 
 
PHASE II: Demonstrate that the new fire protection system’s performance meets or exceeds the criteria 
identified in Phase I in a full-scale dry bay fire test facility. The system must comply with all performance 
criteria identified in Phase I, including fire extinguishment within five seconds of fire initiation in a realistic 
dry bay. Identify design criteria. 
 
PHASE III / DUAL USE: Military application: The new fire protection system developed for manned and 
unmanned Department of Defense aerospace systems. It is a passive system which is applicable to any dry 
bay areas. Commercial application: The fire protection system may be used throughout industry as a fire 
extinguishing system in commercial aircraft, automotive and ground vehicles, buildings, and in 
construction of new structures. 
 
KEYWORDS: Fire protection, passive fire extinguishing, low-cost, light-weight, aircraft dry bay 
 
 
 
 
AF083-252   TITLE: High Activation Temperature Intumescent Material Passive Fire 

Protection Technique for Aircraft Engine Nacelle 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop a light weight, quick expansion, and high activation temperature coating material 
for passive fire protection in engine nacelles on manned/unmanned platforms. 
 
DESCRIPTION: Fire is either the primary cause, or a contributing factor, in most aircraft kills (both in 
peacetime and wartime). In many instances, injuries to personnel and loss of mission capability accompany 
a fire event. Methods and technologies to mitigate them are imperative. A previous program has proven the 
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feasibility of using intumescent material to create an “instant firewall” in an aircraft engine nacelle as a fire 
protection solution. The intumescent material responded sufficiently to create a firewall which ultimately 
extinguished the nacelle fire within 10 seconds. The intumescent material’s shortfall was that its activation 
temperature was too low for an engine nacelle’s environment. The current intumescent material begins 
expanding at temperatures < 200ºF. There is an industry-wide need for a passive light-weight fire 
protection technique for current and future aerospace systems. A coating/material is needed which shares 
many of the intumescent’s desirable characteristics (light-weight, quick expanding, char strength sufficient 
to withstand airflow), but does not initiate expansion/activation until reaching 300ºF or higher. This 
enhanced material will significantly advance its capability to passively suppress fires rapidly and 
effectively in manned and unmanned aerospace systems.  
 
PHASE I: Develop a coating/material, begins expansion >300ºF, 1 inch minimum char, char withstand 5 
lbms/sec airflow & exposure of -50ºF to 160ºF without degradation. Meet MIL-PRF-32161 non-
combustibility requirement. Coating must extinguish fire within 10 seconds. Demonstrate in a lab. 
 
PHASE II: Demonstrate the new material’s performance capability which meets/exceeds the criteria 
identified in Phase I in a full scale engine nacelle test facility. The material must comply with all 
performance criteria identified in Phase I including engine nacelle fire extinguishment within 10 seconds of 
fire initiation.  
 
PHASE III / DUAL USE: Military application: The new coating/material developed for the Department of 
Defense for manned and unmanned aerospace systems. Applicable in all engine nacelles. Commercial 
application: Coating is equally applicable for use throughout industry as a fire retardant/suppressant on 
commercial aircraft, in buildings and in construction of new facilities. 
 
REFERENCES: 
1.  MIL-PRF-32161, Performance Specification: Insulation, High Temperature Fire Protection, Thermal 
and Acoustic, 29 June 2004, 44 pp. 
 
2.  MIL-PRF-24596A, Performance Specification: Coating Compounds, Nonflaming, Fire-Protective 
(Metric), 9 August 2006, 32 pp. 
 
KEYWORDS: Intumescent material, fire suppression, intumescent coating, fire protection. 
 
 
 
 
AF083-253   TITLE: Directed Energy  Detection and Characterization Instrumentation 
 
TECHNOLOGY AREAS: Weapons 
 
OBJECTIVE: Develop prototype Directed Energy Detection and Characterization Instrumentation.  
 
DESCRIPTION: The use of High Energy Laser (HEL) and High Power Microwave (HPM) Directed 
Energy (DE) weapon systems are quickly expanding.  Some of these systems are in development and are 
projected for Initial Operational Capability in FY12.  Ongoing military acquisition programs involving DE 
are the Airborne Laser, Force Protection, Active Denial System, USAF Munitions Hardening, and Air Base 
Infrastructure/Security Systems Hardening.  These and future DE weapons programs will require 
inexpensive, disposable instrumentation that will measure key parameters such as power, beam quality, 
pulse width, pulse characteristics, and weapon effectiveness.  
 
A challenge facing these programs is measuring HEL and HPM main beam characteristics employed in 
engaging various enemy targets.  Another challenge is assessing the success of hardening precision guided 
munitions and onboard instrumentation against actual/simulated DE threat systems.  Directed Energy 
weapons testing will be destructive and damaging to instrumentations used in collecting this data. The 
actual final measurement results may have to be postulated or extrapolated beyond the point at which the 
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instrumentation failed. It is critical that there is an acceptable, affordable HEL and HPM instrumentation 
design that can be used in test and evaluation (T&E) scenarios and yet provide all of the pertinent DE 
characteristic measurements necessary for complete system performance evaluation.  
 
Phase I effort is to explore and describe HEL and HPM instrumentation designs meeting this criteria.  
Phase II will be to develop and demonstrate both HEL and HPM prototype instrumentations based on 
designs selected from Phase I.  Phase III will use demonstrated results from Phase II to procure 
instrumentation suitable to support both military and commercial directed energy applications. 
 
PHASE I: Define HEL and HPM instrumentation requirements to measure key parameters such as power, 
beam quality, pulse width, and pulse characteristics.  Investigate current instrumentation 
technologies/designs and conduct innovative research to characterize instrumentation designs for testing 
DE devices.  
 
PHASE II:  Fabricate HEL and HPM prototype instrumentations based on chosen/refined designs from 
Phase I. Demonstrate utility of both prototypes to provide DE measurement data in various types of T&E 
scenarios up to the point of instrumentation damage/destruction.  
 
PHASE III / DUAL USE: Military application: There is a pressing need throughout DoD for a low cost, 
sacrificial HEL and HPM Detection and Characterization Instrumentation. Commercial application: 
Industry-wide need for similar instrumentation for directed energy measurement related to welding, cutting, 
micromachining, RF Devices, Power Supplies,  Communications, and Medical X-ray & control systems. 
 
REFERENCES:  
1. Directed Energy Test & Evaluation Capability (DETEC) Air Force DE T&E Requirements (November 
2006). 
 
KEYWORDS: Directed Energy, High Energy Laser, High Power Microwave, Test and Evaluation, 
Directed Energy Targets, Directed Energy Hardening, Directed Energy Threats, Testing, Performance 
Assessment, Transmission, Instrumentation 
 
 
 
 
AF083-254   TITLE: Portable Missile Miss-Distance Identification System (PMMDIS) 
 
TECHNOLOGY AREAS: Weapons 
 
OBJECTIVE: Develop and demonstrate a portable, low-cost, non-contact, and verifiably accurate method 
of quantifying miss-distance during missile tests performed on remote and austere ranges. 
 
DESCRIPTION: Free-flight launching of infrared (IR) Man-Portable Air Defense System (MANPADS) 
missiles at fixed targets is a test technique used to examine missile guidance tracking, determine missile 
warning system effectiveness, and evaluate IR countermeasure effectiveness.  Miss-distance measurements 
help quantify the missile’s ability to track and countermeasure’s ability to break the missile’s track.  
Furthermore, miss-distance measurements are used to validate computer endgame models that predict hit-
points.  Current techniques for determining missile miss-distances are only accurate to within several feet at 
best and they are also expensive and time-consuming to setup.  Data analysis is also time-consuming and 
subject to interpretation.  Furthermore, sensors and data collection systems are placed at risk of being 
damaged by wayward missiles. 
 
A portable, low-cost, non-contact, verifiably accurate, and largely autonomous system is needed to 
efficiently and precisely quantify the miss-distance of MANPADS missiles against fixed targets. This 
Portable Missile Miss-Distance Identification System (PMMDIS) must be compatible with existing test 
ranges that perform MANPADS launches. Typically these ranges are remotely located with limited 
infrastructure available to support data acquisition and archival.  These ranges are often subject to severe 
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environmental conditions, including temperature extremes, wind, and precipitation.  The proposed miss-
distance measurement system must be capable of being setup and calibrated by a single technician within 
four hours and without need to measure sensor positions, orientations, and other parameters by hand.  The 
system must operate using limited power from an on-board source, or from a range-supplied generator.  If 
range power ceases without warning, the system must gracefully shutdown and have the capability of being 
restarted both locally and from a remote home station (up to thousands of miles away).  The system must 
be portable and adjustable so it can be repositioned based on a wide variety of test requirements (this 
includes the ability to shift or add sensors to adjust the coverage area).  System design needs to consider 
practicalities associated with the range geometry such as limited and often-cluttered space near the targets, 
steep drop-offs a short distance from the targets, and surrounding access roads that do not allow cable 
crossings.  The system must consist of adequate sensors to monitor an area of air space not less than 60 feet 
above, below, and to the sides of the target array.  Target arrays can consist of a single IR-source, or several 
sources spread horizontally up to 40 feet.  The system must be able to withstand extreme environmental 
conditions (temperatures between 0°F and 120°F, winds up to 60 mph, and precipitation) without being 
degraded, damaged, or dislocated.  The system must be robust enough to provide at least 15-days of 
continuous unattended operation and data archival.  While system monitoring and troubleshooting should 
be allowed from a remote location on the test range, long term monitoring, adjustment, and data retrieval 
will be done from a remote home station.   The system must be able to acquire, interpret, analyze, and 
archive data collected by each sensor and then (within 10-minutes of the test event) automatically report the 
missile’s miss-distance (from the target center and relative to the surveyed benchmark) to within 3-inches.  
The system must not interfere with other data measurement systems being employed for the same test.  The 
system must have no effect on the missile being tested. 
 
PHASE I: Design and develop a portable, low-cost, non-contact, and verifiably accurate means of acquiring 
missile miss-distances on remote and austere test ranges. The design must address the system’s autonomous 
nature and allow quick setup and unattended operation from a remote home station.   
 
PHASE II: Refine the PMMDIS design, fabricate a prototype, and demonstrate system capabilities during 
free-flight missile launches.  Demonstrate portability, ruggedness, rapid setup, and automated data 
collection and analysis.  Demonstrate the system's ability to achieve long-term unattended operation and the 
ability to be monitored/controlled from a remote home station.  
 
PHASE III / DUAL USE: Military application: System can be applied to evaluate other weapon systems.  
Large bombing ranges need a similar low-cost system to rapidly assess mission success.  The system could 
also be installed on drone targets. Commercial application: Methodology is applicable to collision 
avoidance in automotive and construction industries.  Manufacturing industry may use the system for 
surveillance and management of autonomous plant operations. 
 
REFERENCES:  
1. Electronic Trajectory Measurements Group Range Commanders Council, The Radar Roadmap, 
Document 260-98, September 1998. 
 
2. C.H. Chapman, D.M. Devine, A Multiprocessor Architecture for a Threat Radar Simulation System, 
Australasian Workshop on Parallel and Real-Time Systems, Melbourne, Australia, July 1994. 
 
3. Under Secretary of Defense for Research and Engineering, Major Range and Test Facility Base 
Summary of Capabilities, DoD 3200.11-D, June 1983. 
 
4.  A.T. Smith, Miss Distance Measurement Using One Camera, Royal Aircraft Establishment Farnborough 
(United Kingdom), December 1973. 
 
5 Bestard, J. and G. Czarnecki, “Missile Miss Distance,” Proceedings of the American Institute of 
Aeronautics and Astronautics (AIAA) U.S. Air Force T&E Days, AIAA, Los Angeles, CA, February 2008. 
 
6.  Supplemental Instructions for PMMDIS, 1 page. (Uploaded to SITIS) 
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KEYWORDS: portable, low-cost, non-contact, verifiable, accurate, missile, miss-distance, test, 
measurement, MANPADS   
 
 
 
 
AF083-255   TITLE: Infrared Projection Systems for Wide Field of View Sensor Testing 
 
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. 
 
OBJECTIVE: Develop a projection system for cyro-vacuum, wide field-of-view sensor testing. 
 
DESCRIPTION: Calibrations of new sensor systems for space technology need IR optical source images 
over the 1-25 micrometer wavelength region that provide unresolved targets at temperatures up to 2500 K 
and projected over 20 degree fields-of-view (FOV) at 20 K and 10-6 Torr cryo-vacuum conditions. Current 
facilities provide precision infrared and visible, point and distributed target images to the Sensor Under 
Test (SUT) via a collimating optical system directly into the SUT, typically providing roughly a one degree 
optical FOV. Phase I should experimentally demonstrate at <77 K, 10-6 Torr cryo-vacuum conditions the 
feasibility of a 4-degree (minimum) FOV optical projection system that operates over the 4-16 micrometer 
(minimum) wavelength region and provides unresolved targets at selectable temperatures between 100 to 
500 K, ~20 microradian angular extent, and a frame rate of 60 Hz or greater. The final prototype system 
needs to operate at <20 K, 10-6 Torr cryo-vacuum conditions over a 20 degree FOV, provide simultaneous 
projection of at least two 5-micrometer wide sub-bands within the total waveband of 1-25 micrometers, 
provide unresolved targets at selectable temperatures between 100 to 500 K (stretch goal of 2500 K), ~20 
microradian angular extent and a frame rate of 60 Hz or greater.  
 
PHASE I: Demonstrate the feasibility of operation at cryo-vacuum conditions. 
 
PHASE II: Develop and demonstrate the final prototype system for cryo-vacuum conditions. 
 
PHASE III / DUAL USE: Military application: This would include those involved in the military satellite 
industry (e.g., Boeing, Raytheon). Commercial application: Many test facilities that operate at cryogenic 
temperature and need dynamic position capabilities.  This would include those involved in the satellite 
industry. 
 
REFERENCES:  
1.  Lowry, H.S., Nicholson, R.A., Steely, S.L., and Crider, D.H., “Developing the Test and Evaluation 
Infrastructure at AEDC for Space Sensor Testing”, presented at the AIAA T&E Days Conference, 6 Feb 
2008, Los Angeles, CA. 
 
2.  Pollock, D.B., and Korsch, D., “An All-reflective, Wide Field of View Collimator”, SPIE Vol. 751, p. 
135 (1987). 
 
3.  Korsch, D., Reflective Optics, Academic Press, Boston, 1991. 
 
KEYWORDS: cryogenic, space testing, scene projection, sensor testing, wide field of view 
 
 
 
 
AF083-256   TITLE: Thermal Microwave Signature of Rocket Exhaust Plumes 



AF - 276 
 

 
TECHNOLOGY AREAS: Sensors, Space Platforms, 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 physics-based spectral radiative transfer model missile plume signature 
capability. 
  
DESCRIPTION:  A physics-based spectral radiative transfer model for computing the microwave 
signatures of missiles and rockets is needed to support "early missile launch detection programs".  
Microwave detection of missile launches is an alternative to the current infrared radiation based 
hypertemporal approach because of superior microwave penetration through obscuring clouds, dust, and 
fog and thus providing an all-weather detection capability for rockets/missile launches. All-weather 
detection capability is important for missiles that attempt to escape detection by conventional overhead 
assets. The radiative transfer model should compute passive microwave signatures of major molecular 
species typical of missile and rocket plumes. The model should have the capability to compute the spectral 
radiative plume signatures for narrow line-of-sight field-of-views (FOVs) as a function of viewing angle 
while taking into account gradients of temperature, pressure and species concentration within the plume. 
The spectral region should cover the primary radiation bands of the major plume molecular species. The 
SBIR company is not expected to compute the temperature, pressure and species concentrations of plume 
flow-fields. The radiative transfer model should also have the capability to integrate microwave plume 
signatures for FOVs that encompass the full plume.  
  
Phase I: Demonstrate the feasibility of computing plume signatures at microwave frequencies for one 
molecular specie.  
  
Phase II: Develop and demonstrate a plume signature code with the fully integrated plume microwave 
signature capability.  
  
PHASE III / DUAL USE:  Military application: Microwaves are used extensively for communications plus 
chemical and pharmaceutical processing, hence the opportunities for commercialization are extensive. In 
addition to missile detection, microwaves are being used to detect chemical warfare agents and as a medical 
diagnostic technique. Commercial application: Microwaves are used extensively for communications plus 
chemical and pharmaceutical processing, hence the opportunities for commercialization are extensive. In 
addition to missile detection, microwaves are being used to detect chemical warfare agents and as a medical 
diagnostic technique.   
  
REFERENCES:       
1. Army Program - AWRFLD (All Weather Radio Frequency Launch Detection Program), 
SMDC/ARSTRAT http://www.smdc.army.mil/FactSheets/AWRFLD.pdf  
 
2.  NIST Microwave Database for Diatomic and Tri-atomic Molecules; 
http://srdata.nist.gov/gateway/gateway?keyword=spectrum).  
 
3. Taylor, Robert J., “Passive Microwave Sensors for Boost Phase Intercept,” white paper, MDA-DV, 
Missile Defense Agency – Advanced Technology, Jan 08, robert.taylor.ctr@mda.mil 
 
4. Samuels, Alan C., Jensen, James O., Suenram, Richard D. and Hight, Walker, “Microwave Spectroscopy 
of Chemical Warfare Agents: Prospects for Remote Sensing,” Proc. SPIE- Int. Soc. Opt. Eng. (1999) 3703: 
121-129. 
 
KEYWORDS: plume signature, microwave, plume detection 
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AF083-257   TITLE: High Heating Rate Calorimeter Calibration System 
 
TECHNOLOGY AREAS: Sensors, Weapons 
 
OBJECTIVE: Development of a calorimeter calibration system for high heating rates.  
 
DESCRIPTION: A calorimeter calibration system is needed for sensors used under hypersonic conditions, 
in particular those used to characterize the flowfield provided by arc heated test facilities. This system must 
provide calibrated heating rates on the order of 20,000-25,000 BTU/lbm to a sensor several times per hour. 
Calibrating calorimeters used in arc-heated flows at these heating rates is currently not possible. A 
calibration capability is critical for existing and future system calorimetry technology needs. The 
calibration system will allow for gage certification in the laboratory and minimize the number of arc heater 
tests needed to validate the gage and insure proper flow conditions. The final prototype system should 
generate heating rates of at least 20,000 BTU/lbm with a stretch goal of 25,000 BTU/lbm. The heat flux 
should be applied over a circular spot of at least 0.25 inches diameter, with energy uniformity of ± 5%. The 
heat flux needs to be a fast step input with duration of at least 0.5 secs at the higher heat flux levels, and 
longer for partial heat flux settings. Several heat creation methods are possible, including lasers, plasma 
generators, chemical reactions, and more exotic methods.  
 
PHASE I: Develop a concept and provide analyses to prove system feasibility.  
 
PHASE II: Develop and demonstrate a prototype system with heating rates of at least 20,000 BTU/lbm.  
 
PHASE III / DUAL USE: Military application: This system has potential for use in government settings for 
calibrating calorimeters used in high temperature flows such as on hypersonic vehicles and in arc heaters, 
combustion heated facilities, and jet engines. Commercial application: This system has potential for 
calibrating calorimeters used in high temperature flows such as combustion heated facilities, jet engines, 
and on hypersonic vehicles. 
 
REFERENCES:  
1. Kidd, C. T., “Recent Developments in High Heat-flux Measurement Techniques at the AEDC,” ISA 
Paper # 90-156, 1990. 
 
2. Kidd, C. T., “High Heat Flux Measurements and Experimental Calibrations/Characterizations,” NASA 
Conference Publication 3161, The 1992 NASA Langley Measurement Technology Conference, 1992.  
 
3. Lohle, et. al, “Characterization of a Heat Flux Sensor using Short Pulse Laser Calibration,” Review of 
Scientific Instruments 78, 053501, 2007. 
 
4. Eric, John, “Laser hardened materials evaluation laboratory performs evaluation of advanced materials 
for aerospace systems,” NASA Tech Briefs, 2000. 
 
KEYWORDS: Calorimeter, Calibration Standards, Arc Heater 
 
 
 
 
AF083-258   TITLE: Miniaturized Thermocouple Scanner 
 
TECHNOLOGY AREAS: Air Platform, 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 
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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 miniaturized temperature scanning system for turbine engine testing. 
 
DESCRIPTION: Development of a remotely distributed miniaturized temperature scanning system is 
needed to improve testing accuracy and dependability. The temperature scanners need to be self-contained 
data acquisition subsystems capable of converting the analog inputs to millivolts and transmitting the 
millivolt values back to a host computer via an open digital communication standard such as Ethernet, 
TCP/IP. The temperature scanners need to handle simulated test facilities temperatures ranging from -10 to 
65°C, humidity 0-80% non-condensing, vibrations up to 10g over a frequency range of 10 to 40 Hz. 
Current systems require extensive wiring from up to 700 temperature sensors carrying low-level signals 
across electrically noisy environments over several hundred feet. The wiring is intermediately terminated at 
Uniform Temperature References (UTR), converted to copper wiring, and ultimately terminated at a 
remotely located instrumentation rack where the signals are amplified, conditioned, digitized, and read by a 
data processing system. Advances in application specific standard products (ASSP’s) by the integrated 
circuit industry as well as increases in the density and functionality of programmable devices may enable 
development of this scanner that would have been impossible before now. Migration of these functions 
from the remote location to the test cell is desired to a) significantly decrease uncertainty and increase 
bandwidth performance, b) reduce engine installation complexity and time, and c) greatly reduce noise. The 
prototype system should have an integrated uniform temperature reference, an input channel interface and 
support copper input wiring. The prototype system should have no more than ±10 µVolts measurement 
uncertainty and a programmable sample rates per channel up to 200 samples/sec.  
 
PHASE I: Develop an end-to-end system block diagram with identification of critical components to 
construct the temperature sensor scanner system described above.  
 
PHASE II: Develop and demonstrate a prototype data acquisition system for turbine engine testing.  
 
PHASE III / DUAL USE: Military application: On-board data acquisition systems could be used for myriad 
military combustion engine development programs. Commercial application: On-board data acquisition 
systems could be used for commercial data acquisition applications that monitor thermocouple and low 
voltage measurements. 
 
REFERENCES:  
1.  “IEEE Standard for a Smart Transducer Interface for Sensors and Actuators,” September 16, 1997, 
IEEE-1451.2-1997.  
 
2. Matthews, Charles, "Thermocouple scanner: RUTHLESS SURVIVOR", Instrumentation and 
Automation Society, Intech magazine, March 1, 2002, 
http://www.isa.org/InTechTemplate.cfm?Section=Article_Index1&template=/ContentManagement/Content
Display.cfm&ContentID=8384 
 
3. Carter, Joseph S., “A Technique for the Simultaneous Measurement of Several Hundred Heat Flux 
Sensors,” presented at the 45TH ISA International Instrumentation Symposium, Albuquerque, New 
Mexico, May, 1999. 
 
4.  Additional information from TPOC in response to FAQs (10 sets of Q&A uploaded to SITIS). 
 
KEYWORDS: data acquisition, scanner, smart sensor, IEEE-1451 
 
 
 
 
AF083-259   TITLE: Integrated Overset Meshing and Grid Assembly Capability 
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TECHNOLOGY AREAS: Air Platform, Information Systems, Weapons 
 
OBJECTIVE: Develop structured and unstructured overset grid Computational Fluid Dynamics (CFD) 
codes to analyze complex aircraft and test facility configurations. 
 
DESCRIPTION: Multiple DoD organizations have requirements for both structured and unstructured grid 
CFD codes to analyze complex aircraft and test facility configurations in order to support overall 
improvements in the DoD system acquisition process. Development of flexible grid methods are also 
required for commercial CFD applications involving complex geometries, including internal flow 
simulations for intricate ducting and ventilation passages. CFD applications are limited for geometries that 
require specialized expertise to develop the complex computational grids.  The complexity can be mitigated 
using structured overset grid solver techniques. Even for experts using overset grid methods, the grid 
generation and assembly process can consume as much as 80% of the manpower for simulation of a single 
complex geometry using CFD. The overset grid methods also provide a mechanism to model the fluid 
dynamics of multiple bodies in relative motion. Currently available structured overset CFD solver 
processes are insufficient for many complex DoD requirements, in that they are ad-hoc with no 
standardization and require intermediate tools making them impractical for all but the most experienced 
users. Most popular grid assembly codes are limited to structured grids, e.g. PEGSUS4 and PEGASUS5. 
While OVERGRID provides a graphical interface to the PEGASUS5 process, it is still limited to structured 
grids and is not integrated with the mesh generation process.  Recent advances in developing generalized 
grid overset methods, e.g. SUGGAR, are applicable to structured and unstructured grids, but these methods 
are still immature, requiring additional research to improve their effectiveness.  Integrating mesh generation 
software with one or more overset grid assembly programs is required to improve the overall efficiency and 
effectiveness. For non-moving simulations, the grid assembly process should operate as an integral part of 
the grid generation package. Recent advances have demonstrated that moving-body applications, such as 
aircraft stores separation, are possible with unstructured CFD codes, such as NASA Langley’s USM3D, 
using an overset grid approach.  An efficient, effective, automated method for performing the integrated 
meshing and overset grid assembly process for both structured and unstructured grid CFD processes 
currently does not exist. The requirement is for an automated and effective overset grid generation 
capability that is tightly integrated with the grid generation process to decrease the manpower required for 
the grid generation and assembly process by 50% for CFD applications, particularly those involving 
complex configurations and moving bodies; and operational in stand-alone mode. 
 
PHASE I: Demonstrate an overset grid user-interface in an existing grid generation package.  
 
PHASE II: Develop and demonstrate an effective overset grid assembly capability. 
 
PHASE III / DUAL USE: Military application: The incorporation of this capability into Military CFD 
products will allow non-CFD experts to utilize CFD tools, particularly for applications with complex 
geometries. Commercial application: The commercial CFD packages could be utilized extensively in the 
aerospace, propulsion, and automotive for applications with complex geometries. 
 
REFERENCES:  
1.  Noack, R., "DiRTlib: A Library to Add an Overset Capability to Your Flow Solver," AIAA-2005-5116, 
17th AIAA Computational Fluid Dynamics Conference, Toronto, Ontario, Canada, June 6-9 2005. 
 
2.  Noack, R., " SUGGAR: a General Capability for Moving Body Overset Grid Assembly," AIAA-2005-
5117, 17th AIAA Computational Fluid Dynamics Conference, Toronto, Ontario, Canada, June 6-9 2005. 
 
3. Chan, W., Meakin, R., and Potsdam, M., “CHSSI Software for Geometrically Complex Unsteady 
Aerodynamics Applications,” AIAA 2001-0539, AIAA 39th Aerospace Sciences, Meeting, Reno, NV, Jan. 
2001. 
 
4.  Power, G.D. and Calahan, J.A., “A Flexible System for the Analysis of Bodies in Relative Motion," 
AIAA-2005-5120, 17th AIAA Computational Fluid Dynamics Conference, Toronto, Ontario, Canada, June 
6-9 2005. 



AF - 280 
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AF083-260   TITLE: High Range, and Durable Thermocouples for Turbine Engines 
 
TECHNOLOGY AREAS: Sensors, Space Platforms, Weapons 
 
OBJECTIVE: Develop high temperature thermocouples/sensors for gas turbine engines. 
 
DESCRIPTION: There is a need for improved high temperature thermocouple (~ 4000 °F) for use in the 
gas turbine environment. Thermocouples provide a point measurement of the temperature in a given media. 
Current commercially available high temperature thermocouples are unable to measure turbine inlet 
temperatures in most large gas turbine engines. Currently, thermocouple, (TC's) do not exist which can 
measure turbine inlet temperature (> 3100 °F). Type B TC’s when protected by compacted mineral 
insulation and appropriate outer sheath, are usable from 871 to 1704 °C, (1600 to 3100 °F). These 
platinum/rhodium TC’s easily contaminated and damaged by reducing atmospheres. Type C, 
rhodium/tungsten, can go up to 4200 °F in inert or vacuum atmosphere. Additionally, high pressure turbine 
exit temperature is difficult to measure using TC's on some engines. Ability to directly measure the turbine 
inlet temperature would allow precise fuel control, thereby minimizing fuel consumption and maximizing 
turbine life. The TC should survive about 100 thermal cycles. Approaches are not limited to standard wire-
type thermocouples. 
 
PHASE I: Demonstrate the feasibility of best candidate thermocouple/sensor for hot gases similar to a 
turbine engine. 
 
PHASE II: Demonstrate at least two types of thermocouples/sensors for monitoring temperature in gas 
turbine engine environment.  
 
PHASE III / DUAL USE: Military application: Thermocouples capable of operating at elevated 
temperatures could find application in high temperature process control where inferential measurements are 
currently used. Commercial application: High temperature thermocouples could be used for onboard 
control for commercial turbine power systems. 
 
REFERENCES:  
1. Schuh, W. and Frost, N., “Improving Industrial Thermocouple Measurement,” ISA conference 
Proceedings, 2002.  
 
2. Burley, N. A., "N-CLAD-N A novel integrally sheathed thermocouple: Optimum Design Rationale for 
Ultra-high Thermoelectric Stability," in Temperature Its Measurement and Control in Science and Industry, 
edited by J. F. Schooley, AIP Conference Proceedings Volume 6, New York: American Institute of 
Physics, 1992, pp. 579-584.  
 
3. Burns, G. W., Strouse, G. F., Liu, and B. M., Mangum, B. W., "Gold versus platinum thermocouples: 
performance data and an ITS-90 based reference function," in Temperature Its Measurement and Control in 
Science and Industry, edited by J. F. Schooley, AIP Conference Proceedings Volume 6, New York: 
American Institute of Physics, 1992, pp. 531-636. 
 
KEYWORDS: Thermocouples, platinum thermocouples, thermocouple sensors materials, turbine engine  
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AF083-262   TITLE: Advanced Third Generation Midwave Sensor Control Architecture 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Develop a sensor control scheme that can maintain sensor sensitivity and dynamic range 
over a background range of +50 to -40°C. 
 
DESCRIPTION: It has been shown that the existing sensor architecture used to control midwave staring 
sensors is inadequate to maintain required sensor sensitivity and dynamic range over the background 
temperature range of interest.  This problem is pervasive in the industry and not limited to any one program 
or system.  The present industry standard of control and performance specification is ubiquitous among all 
suppliers.  It represents what could easily be done in the circa 1992 timeframe from which all present 
designs descend.  A paradigm shift in requirements understanding and hence sensor architecture is required 
to satisfy what were and are reasonable sensor performance requirements.  A redefined sensor performance 
understanding will potentially unleash the high performance potential of these advanced sensor designs.  
Recent improvements in test capabilities are the key tool to this new understanding.  These new test 
capabilities will serve to demonstrate and verify advanced architecture candidates.   
  
Improved sensor performance is needed to meet the growing demand for more accurate truth data during 
sensor testing.  Pursing a new architecture will improve sensitivity, which at present is limited by factors of 
5 to 10 at low temperature.  Meeting this requirement will require a major shift in sensor performance and 
architecture. The resulting technology will require analysis as well as design and demonstration to show the 
constant contrast over changing background temperatures.  The demonstrations will need to have both 
laboratory and outdoor imaging components in order to verify anticipated benefits.  Therefore, four 
objectives in two phases are envisioned. 
 
PHASE I: Investigate ways to improve the sensitivity, contrast and range of images detected by midwave 
infrared sensors. Investigate techniques to achieve a constant contrast in the picture on the display.  Report 
improvement achieved by various techniques and make recommendations for sensor improvements. 
 
PHASE II: Phase II will develop a prototype design for a new midwave infrared sensor and perform side-
by-side testing with existing sensors demonstrating the improved data and image qualities using the new 
architecture over the existing systems. 
 
PHASE III / DUAL USE: Military application: Improved sensor performance is needed to meet the 
growing demand for more accurate truth data during sensor testing.  Pursuing a new architecture will 
improve sensitivity. Commercial application: Commercial customers include the para-military sensor 
market as well as manufacturing control monitoring, and industrial and residential security industries 
 
REFERENCES:  
1. Radiative Transfer in the Midwave Infrared Applicable to Full Spectrum Atmospheric Characterization,  
Michael Griffin, Hsiao-hua Burke, John Kerekes MIT Lincoln Laboratory, Lexington, MA. 
 
2.  Compact high-performance MWIR camera with exposure control and 12-bit video processor Thomas S. 
Villani, Kenneth A. Loesser, Steve N. Perna, D. R. McCarthy, and Francis P. Pantuso Sarnoff Corp. (USA).  
 
3.  InGaAs NIR focal plane arrays for imaging and DWDM applications Jeffrey Barton, Robert Cannata, 
Susan Petronio Indigo Systems Corporation. 
 
KEYWORDS: third generation, midwave, infrared, sensor, dynamic range, control architecture 
 
 
 
 
AF083-263   TITLE: Small-scale treatment of rocket propellant laboratory derived waste 
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TECHNOLOGY AREAS: Materials/Processes, Weapons 
 
OBJECTIVE: Research and develop small scale laboratory technologies to treat experimental laboratory 
derived rocket propellant waste.  
 
DESCRIPTION: During the normal course of research, development, and testing by the Air Force 
Research Laboratory at Edwards Air Force Base (EAFB) small quantities of environmentally hazardous 
waste propellants, explosives, and pyrotechnics (PEP) are produced. An open burn/open detonation 
(OBOD) process is used to dispose of these materials, a process that is strictly regulated under the Resource 
Conservation and Recovery Act (RCRA) Part B Subpart X permits. The compliance costs and burden 
associated with OBOD operations are considerable, including permit fees, ground water, soil and air 
sampling, analysis and monitoring of environmental impacts, regulatory tracking and reporting, and 
compliance inspections. 
 
Technologies exist for disposal operations with ready access to large volumes of water and specialized 
waste-water treatment facilities capable of treating chemical contaminates, such as perchlorate, in the 
process waste stream.  
 
Research and development of technologies that can provide small scale laboratories and field operations 
sites, facilities typically without access to large volumes of water and waste water treatment, the capability 
to safely and economically treat laboratory generated PEP wastes are needed.  
 
Disposal techniques and technologies developed will need to eliminate the energetic properties of all 
hazardous laboratory wastes [using US EPA Method 8330B - Nitroaromatics, Nitramines, And Nitrate 
Esters by High Performance Liquid Chromatography (HPLC)], while minimizing equipment, and operating 
and maintenance (O&M) costs. As a minimum, the research into the feasibility must include: (1) the need 
for pretreatment and safety considerations; (2) environmental issues and regulatory concerns; (3) 
applicability of the technology to treat the waste streams; (4) degree of technical development; (5) 
throughput potential; and (6) total annualized cost. 
 
PHASE I: Demonstrate the feasibility, safety, and cost effectiveness of the destruction of small quantities 
of laboratory derived PEP waste materials.  Proposed technology must render hazardous laboratory wastes 
to non-detectable levels [using US EPA Method 8330B - Nitroaromatics, Nitramines, And Nitrate Esters by 
High Performance Liquid Chromatography (HPLC)]. 
 
PHASE II: Develop and demonstrate a working prototype system based upon the Phase I results. Proposed 
technology must render hazardous laboratory wastes to non-detectable levels [using US EPA Method 
8330B - Nitroaromatics, Nitramines, And Nitrate Esters by High Performance Liquid Chromatography 
(HPLC)]. 
 
PHASE III / DUAL USE: Military application: Leads to the design and installation of disposal systems at 
military rocket propellant development lab facilities that lack permitted OBOD facilities. Also, will provide 
for the portable disposal of unexploded ordinance. Commercial application: This effort will benefit 
laboratories working with highly energetic materials that lack permitted OBOD facilities or that possess 
inadequate annual limits on RCRA Part B subpart X (OBOD) permits.  A secondary commercial 
application is for manufacturers of low-order energetic pyrotechnics (fireworks, road and boating flares, 
etc.).  
 
REFERENCES:  
1. 40 CFR, Chapter I, Part 61 § 61.43 – Emission testing -- rocket firing or propellant disposal 
(http://www.smartpdf.com/40CFR/vol_8/VOL_844.html). 
 
2. 22 CCR, 66264.90(d) – Ground Water Monitoring and Response Program. 
 
3. 22 CCR, 66264.601 and 66264.602 – Detection and Monitoring -- soil and air detection and monitoring 
program. 
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4. http://www.epa.gov/epaoswer/hazwaste/test/pdfs/8330B.pdf  (See Appendix A). 
 
KEYWORDS: Rocket Propellants, Treatment, Propellants, Explosives, Pyrotechnics, Open Burn, Open 
Detonation, Resource Conservation and Recovery Act, EPA Method 8330B 
 
 
 
 
AF083-264   TITLE: MOBILE LOW-POWER MULTIPOINT LASER DOPPLER 

VIBROMETER 
 
TECHNOLOGY AREAS: Sensors 
 
OBJECTIVE: Research and develop an alternative mobile, low-power, human eye safe, matrix laser beam 
Doppler vibrometer. 
 
DESCRIPTION: Vibration diagnostics and predictive structural health analysis plays an important role in 
the flight testing of airframe structures and avionic sub-systems. AFFTC has a need to test structural 
integrity and predictive response/failure analysis of control surfaces, relative response of doors, store-
hangers, articulating surfaces, pods, and fins.  
 
The predictive analysis of structural-behavior to airflow, propulsion, ionic gases, shock waves, in low/high 
atmosphere, under normal or extreme operating conditions, provides a key metric for evaluating design 
integrity and structural health of flying vehicle and its avionics. It links actual system behavior to design 
specifications.  
 
Measurements of structural response to forced excitation are traditionally obtained from a distributed 
network of surface mounted accelerometer load cells, which are time consuming to set up and dismantle. 
  
More recently, there have been some publications in alternative methods, employing non-contact optical 
measurements made possible by the laser Doppler vibrometer (LDV). It measures vibration at the point 
where the laser beam is incident on the surface. The instrument is, however, costly (typ. $250,000), and the 
measurement cycle can still be very time consuming on large structures which require many hundreds of 
point measurements.  With existing LDV instruments, this information must be inferred from multiple 
time-sequential measurements based on the assumption that steady-state conditions prevail between the 
first and final measurement.  
 
The research is needed to devise an alternative low power human eye safe Multiple Beam Laser Doppler 
Vibrometer to facilitate the single-shot capability of simultaneous measurement of structural integrity of 
airframe structures. Electro-optic, acoustic, or multi-channel diffraction optics are preferred to be used to 
achieve the multipoint measurement capability (2-D matrix including at least 256 points) without any 
moving parts. This will also ensure minimum power consumption and eye safety.  Other approaches which 
offer the capability of providing these measurements without extensive use of accelerometers will also be 
given appropriate consideration. Other factors that can be considered are developing an intelligent data 
processing system that can process the measurement data and plot the whole field, time resolved vibration 
data into engineering parameters commonly used in test, evaluation and design. 
 
PHASE I: Perform a feasibility study and develop a conceptual design for mobile low-power multipoint 
laser Doppler vibrometer. 
 
PHASE II: Develop and demonstrate a prototype system based on the Phase I design. 
 
PHASE III / DUAL USE: Military application: There exists a continuing need to measure and evaluate the 
response to vibrations in military aircraft and components which could be greatly improved by new non 
contact measurement technology. Commercial application: There exists a continuing need to measure and 
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evaluate the response to vibrations in civilian aircraft and components which could be greatly improved by 
new non contact measurement technology. 
 
REFERENCES:  
1.  A. Chattopadhyay, M. J. Schulz, R. Thornburgh, K. Waldron and A. Ghoshal “Experimental of Damage 
Detection in Composite Material Structures Using a Laser Vibrometer and Piezoelectric Actuators” Journal 
of Intelligent Material Systems and Structures, Vol. 14, No. 8, 521-537 (2003). 
 
2.  E. Peter Carden and Paul Fanning, Vibration Based Condition Monitoring: A Review, Structural Health 
Monitoring, Vol. 3, No. 4, 355-377 (2004). 
 
3.  JA Oliver and JB Kosmatka , “Evaluation of modal-based damage detection techniques for composite 
aircraft sandwich structures”, Proceedings of SPIE,Volume 5767, Nondestructive Evaluation and Health 
Monitoring of Aerospace Materials, Composites, and Civil Infrastructure IV, May 2005, pp. 264-273. 
 
4.  Damage identification and health monitoring of Structural and mechanical systems from changes in 
their vibration characteristics: A literature review. S. W. Doebling, C. R. Farrar, M. B. Prime, and D. W. 
Shevitz. Technical Report LA-13070-MS, Los Alamos National Laboratory, Los Alamos, NM, 1996. 
 
5.  Cawley, P. et al. “The Location of Defects in Structures from Measurements of Natural Frequencies,” 
Journal of Strain Analysis, Vol.14, No.2, p.49-56, 1979. 
 
KEYWORDS: Matrix Laser Beam Doppler Vibrometer, control surfaces, relative response of doors, store-
hangers, articulating surfaces, pods, fins 
 
 
 
 
AF083-265   TITLE: Algorithms for GPS-IMU Tracking Data (AGTD) 
 
TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors 
 
OBJECTIVE: Develop intelligent algorithms to control Kalman Filter tuning states that will accurately 
construct tracks from GPS/ Inertial measurement unit (IMU) data. 
 
DESCRIPTION: TSPI is a means that gives an accurate trajectory of a vehicle at a specific path in space 
over a given time.  The trajectory is constructed from a set of points supplied from an onboard GPS unit.  
These GPS data points are labeled with time.  GPS is used in conjunction with an IMU.  Additional data 
from the IMU can be useful in maintaining an accurate trajectory in the event of GPS dropouts or inherent 
errors that exist in satellite position.  The IMU will also lose accuracy over time due to Coriolis forces and 
requires updates from the GPS.  Post flight processing of the data can remove error and provide a more 
accurate trajectory.  The software used in the post flight process is called” Multi-sensor Optimal Smoother 
Estimation Software” or MOSES.  MOSES is“Man in the Loop” software that processes the GPS and IMU 
data and produces an optimal Kalman filter/smoother trajectory estimate. 
 
This topic focuses on development of intelligent algorithms that when incorporated into MOSES, will 
eliminate the “Man in the Loop” by automating the process.  The intelligent algorithms will also result in 
improved data reliability by using improved modifications of adaptive Kalman Filtering to estimate 
dependable parameters for tracking. 
 
Current post flight TSPI analysis use iterative mathematical processes that are manpower intensive and 
time consuming.  Requirements to estimate state parameters to construct accurate trajectory in near real 
time are increasing exponentially.  Future, well defined and expected requirements for programs like JSF & 
Blackswift, require faster TSPI production turn around which are not adequately supported by current 
methods. 
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The combination of a GPS and an IMU has provided greatly enhanced capabilities to determine position, 
attitude and motion of an airborne vehicle. The ability to reach a realistic solution depends upon noise 
rejection, fault recognition in GPS signal, the degree of GPS-to-IMU coupling, and methods of tuning a 
Kalman Filter to estimate reliable parameters used in construction of accurate tracks. 
 
Research on fault detection of the GPS signals has produced mechanisms to enhance data reliability. This 
includes a threshold value from a statistical reasoning to determine if GPS data are valid, weightings on 
GPS and IMS data according to fuzzy rules, and a condition on the GDOP (Geometric Dilution Of 
Precision, delivered by the sensor) value. Yet the reliability of parameters used in tracking remains limited.  
Using adaptive online Kalman Filtering, parameters are altered according to how accurately the internal 
equations of the filter can predict the measurements of the system. Fuzzy adaptive Kalman filters have been 
found to perform well in experiments. 
 
Primary factors that may be considered are innovation in implementing data-fusion, use of online adaptive 
Kalman filtering, offline stochastic meta-heuristic searches, etc.  Research should lead to the introduction 
of contextual information in the proposed processing routine, defining validity domains of each sensor to 
reject bad data when detected, and reliability in terms of robustness to system failures.  
 
RISK:  Development risk is considered to be medium/high due to the limited body of applied research and 
the complexity of the required algorithm. 
 
PHASE I: Perform feasibility and analysis of alternatives for intelligent algorithms to estimate state 
parameters for the case of presence/degradation of GPS signal to accurately construct tracks from 
GPS/IMU data.  The purpose of Phase I is to produce a concept of an algorithm that will reduce processing 
time.   Any significant reduction in TSPI processing time and/or the reduction of man hours will be 
acceptable but the goal is to minimize or totally eliminate the “Man in the Loop” part of the process and 
thereby produce the greatest possible cost reduction.   
 
Phase II: Develop and demonstrate an algorithm proposed in Phase-I to verify it reduces TSPI production 
time and/or reduces man hours in accordance with the estimates produced in Phase I based upon the 
proposed approach. 
 
PHASE III / DUAL USE: Military application: New algorithms will stimulate new developments in 
military applications of GPS-IMU navigation systems and provide higher accuracies for use as truth 
sources in testing applications. Commercial application: New algorithms will stimulate new developments 
in civilian aircraft applications of GPS-IMU navigation systems and provide higher accuracies for use as 
truth sources in testing applications. 
 
REFERENCES: 
1. J. Farrell, M. Barth. The Global Positioning System and Inertial Navigation. McGraw-Hill, New York, 
1998.S. Bolognani, L. Tubiana, M. Zigliotto. Extended Kalman filter tuning in sensorless PMSM drives. 
IEEE Transactions on Industry Applications, 39(6):1741-1747, 2003. 
 
2. D. Loebis, R. Sutton and J. Chudley. A fuzzy Kalman filter optimized using a multi-objective genetic 
algorithm for enhanced autonomous underwater vehicle navigation. Proceedings of the Institution of 
Mechanical Engineers Part M: Journal of Engineering for the Maritime Environment, 218(1):53-69, 
February 2004. 
 
KEYWORDS: GPS, IMU, State Parameter, Estimate of Trajectory, Algorithm 
 
 
 
 
AF083-266   TITLE: Systems Deployment & Relative Motion Analysis 
 
TECHNOLOGY AREAS: Air Platform 
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OBJECTIVE: Develop, or modify an existing method to provide a provably second-order accurate viscous 
aerodynamic analysis capability for aeroelastic analysis of a/c structures involving large relative motion.  
 
DESCRIPTION: Major portions of testing resources are dedicated to issues such as cargo/weapon release, 
fueling/icing boom operations, egress operations, etc. Due to the complex nature of these systems, 
operational capability is reduced or lost because little is understood early in the acquisition process.  In 
order to reduce cost, improve schedule, and safety, large relative motion simulation techniques need to be 
constructed to simulate real world problems.  Large relative motion analysis will expand simulation 
capability to encompass a larger number of problems addressing mission-capable systems deployment.  
The techniques developed will be applicable to all fixed wing and weapon system acquisition programs as 
well as many non-military applications. 
 
Simulation in a coupled field analysis with association of multiple systems operating in near space is a 
complex issue. Current low order simulation capabilities such as prescribed motion, rigid body motion, and 
clumsy coupling algorithms do not provide sufficient insight into these problems. In order to assist the 
flight tester, a high fidelity solution must be found to manage the non-linear effects of these systems.  The 
construction of these simulation capabilities should detail consideration for the implementation, the user, 
and a quick turn around time.   
 
Coupled field technology already exists that is capable of accurately representing the aerodynamics (using 
Computational Fluid Dynamics) and the elastic structure (using non-linear Finite Elements).   
Implementation of the large relative motion module will need to be integrated with the prerequisite fluid, 
structure and temperature models present in the existing coupled field analysis tool. Ideally, a capability for 
this technology would also be developed and implemented in a Reduced Order Modeling (ROM) 
environment. 
 
Although many of these technologies exist individually, incorporating them into a coupled field framework 
that is capable of producing predictive systems deployment and relative motion analysis will require 
advanced development of the requisite algorithm. In order to capture the interaction between these 
disciplines the order of accuracy for the overall simulation must be retained during message passing 
between the fluid dynamics, structural dynamics and systems deployment and relative motion modules. 
Ultimately this predictive analysis capability can be exploited to predict aeroelastic instabilities, 
aerodynamic characteristics, P&FQ (Performance and flying qualities), and help establish the safety 
boundary prior to open air flight tests.  The capability can significantly reduce the flight test time required 
to certify new military and commercial aircraft. 
 
PHASE I: The Phase I objectives should include a rigorous development of the methodology, 
mathematically demonstrate the order of accuracy, and a demonstration simulation of the method using a 
plausible simplified geometry. 
 
PHASE II: The Phase II objectives should include integration of the methodology into the software used at 
the Air Force Flight Test Center, and validation using a realistic full aircraft configuration with large 
relative motion.   
 
PHASE III / DUAL USE: Military application: Systems deployment and relative motion analysis is vital to 
the near future of the military.  This high-fidelity simulation tool will be used to augment development, 
prototyping, and testing. Commercial application: Systems deployment and relative motion analysis is vital 
to the near future of commercial aviation.  This high-fidelity simulation tool will be used to augment 
development, prototyping, and testing. 
 
REFERENCES:  
1.  A Summary of the 2004 Overset Symposium on Composite Grids and Solution Technology ,R. Noack, 
University of Alabama at Birmingham, Birmingham, AL; J. Slotnick, The Boeing Company, Huntington 
Beach, CA, AIAA-2005-921, 43rd AIAA Aerospace Sciences Meeting and Exhibit, Reno, Nevada, Jan. 10-
13, 2005. 
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2.  Progress in the three-dimensional DRAGON grid scheme, Yao Zheng and Meng-Sing Liou (NASA, 
Glenn Research Center, Cleveland, OH), AIAA-2001-2540, AIAA Computational Fluid Dynamics 
Conference, 15th, Anaheim, CA, June 11-14, 2001. 
 
KEYWORDS: Mesh Motion, Store Separation, Fluid-Structure Interaction, Coupled-Field Analysis, High-
Fidelity, Physics-Based, Aviation Technology, Mathematical and Computer Sciences. 
 
 
 
 
AF083-267   TITLE: Aeroacoustic Analysis 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop a highly accurate aeroacoustic analysis of full aircraft configurations involving 
open bay doors, external stores, and engine noise in the subsonic, transonic, and supersonic regimes. 
 
DESCRIPTION: Aerodynamic noise produces varying levels of acceptable and unacceptable operational 
loads.  Examples of aeroacoustic loads are cabin noise, engine noise, and noise produced by the 
deployment of systems (such as landing gear or the opening of bay doors).  Sensitive systems within the 
weapon system are sometimes exposed to relative extreme acoustic loads, analogous to the examples 
above.  These acoustic loads or vibrations caused by violent turbulence can drastically alter the 
performance of a weapon system or even cause total loss of capability. 
 
Many resources are expended late in the acquisition process because currently flight test is the only way to 
analyze most aeroacoustic problems. The aeroacoustic problem is highly dynamic and analysis is heavily 
dependent on a complete analysis tool.   Accurate analysis requires fully modeling the aerodynamics, 
structural dynamics, aircraft systems, and flight conditions of the complete aircraft configuration.  
 
Coupled field technology already exists that is capable of accurately representing the aerodynamics (using 
Computational Fluid Dynamics) and the elastic structure (using non-linear Finite Elements).   
Implementation of the aeroacoustic module will need to be integrated with the prerequisite fluid, structure 
and temperature models present in the existing coupled field analysis tool. Ideally, a capability for this 
technology would also be developed and implemented in a Reduced Order Modeling (ROM) environment. 
 
Although many of these technologies exist individually, incorporating them into a coupled field framework 
that is capable of producing predictive aeroacoustic analysis will require advanced development of the 
requisite algorithm. In order to capture the interaction between these disciplines the order of accuracy for 
the overall simulation must be retained during message passing between the fluid dynamics, structural 
dynamics and the aeroacoustics. Ultimately this predictive analysis capability can be exploited to predict 
aeroelastic instabilities, aerodynamic characteristics, performance and flying qualities (P&FQ) traits, and 
help establish the safety boundary prior to open air flight tests.  The capability can significantly reduce the 
flight test time required to certify new military and commercial aircraft. 
 
PHASE I: The Phase I objectives should include a rigorous development of the methodology, mathematical 
demonstration of the order of accuracy, and a demonstration simulation of the method using a plausible 
simplified geometry. 
 
PHASE II: The Phase II objectives should include integration of the methodology into the software used at 
the Air Force Flight Test Center, and validation using a realistic full aircraft configuration aeroacoustics 
data.  
 
PHASE III / DUAL USE: Military application: Acoustic Aerodynamic load analysis is vital to the near 
future of the military.  This high-fidelity simulation tool can also be used to augment development, 
prototyping, and testing. Commercial application: Acoustic Aerodynamic load analysis is vital to the near 
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future of commercial aviation.  This high-fidelity simulation tool can also be used to augment development, 
prototyping, and testing. 
 
REFERENCES:  
1.  Parallel computation of complex aeroacoustic systems, Foluso Ladeinde, Xiaodan Cai (Aerospace 
Research Corp., Stony Brook, NY), Miguel R. Visbal, and Datta V. Gaitonde (USAF, Research Lab., 
Wright-Patterson AFB, OH), AIAA-2001-1118, Aerospace Sciences Meeting and Exhibit, 39th, Reno, NV, 
Jan. 8-11, 2001. 
 
2.  Aeroacoustic Study of Airfoil Leading Edge High-Lift Device, C. Andreou, W. Graham and H. Shin, 
Cambridge University, Cambridge, Great Britain AIAA-2006-2515 12th AIAA/CEAS Aeroacoustics 
Conference (27th AIAA Aeroacoustics Conference), Cambridge, Mass., May 8-10, 2006. 
 
KEYWORDS: Fluid-Struture Interaction, Coupled-Field Analysis, High-Fidelity, Physics Based, 
Aeroelastic, Aeroacoustic, Aviation Technology, Mathematical and Computer Sciences. 
 
 
 
 
AF083-268   TITLE: Geometric Proximity of Independent Systems Simulation 
 
TECHNOLOGY AREAS: Air Platform 
 
OBJECTIVE: Develop or modify an existing method to provide a provably second-order accurate viscous 
aerodynamic analysis capability for aeroelastic analysis of full A/C structures involving gap 
closing/opening. 
 
DESCRIPTION: Many resources are expended late in the acquisition process because currently flight test 
is the only way to analyze interaction of problems where systems are operating in near space. Refinement 
of simulation techniques are needed to address mission capable geometric proximity in coupled-field 
problems to augment flight tests that simulate full configuration aircraft.  Current low order simulation 
capabilities, such as independent system analysis, do not address the unpredictable interactions.  In order to 
assist the flight tester, a high fidelity solution must be found to manage the non-linear effects of these 
interactions.  Implementation should take into account Fluid-structure interaction solvers with moving 
meshes.  The construction of these simulation capabilities should detail considerations for the 
implementation, the user, and a quick turn around time.   
 
Coupled field technology already exists that is capable of accurately representing the aerodynamics (using 
Computational Fluid Dynamics) and the elastic structure (using non-linear Finite Elements).   
Implementation of the geometric proximity of independent systems module will need to be integrated with 
the prerequisite fluid, structure and temperature models present in the existing coupled field analysis tool. 
Ideally, a capability for this technology would also be developed and implemented in a Reduced Order 
Modeling (ROM) environment. 
 
Although many of these technologies exist individually, incorporating them into a coupled field framework 
that is capable of producing predictive geometric proximity of independent systems simulation will require 
advanced development of the requisite algorithm. In order to capture the interaction between these 
disciplines the order of accuracy for the overall simulation must be retained during message passing 
between the fluid dynamics, structural dynamics, and geometric proximity simulation. Ultimately this 
predictive analysis capability can be exploited to predict aeroelastic instabilities, aerodynamic 
characteristics, P&FQ (Performance and flying qualities), and help establish the safety boundary prior to 
open air flight tests.  The capability can significantly reduce the flight test time required to certify new 
military and commercial aircraft. 
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PHASE I: The Phase I objectives should include a rigorous development of the methodology, 
mathematically demonstrate the order of accuracy, and a demonstration simulation of the method using a 
plausible simplified geometry. 
 
PHASE II: The Phase II objectives should include integration of the methodology into the software used at 
the Air Force Flight Test Center, and validation using a realistic full aircraft configuration using 
opening/closing gap analysis.   
 
PHASE III / DUAL USE: Military application: Geometric proximity of independent systems simulation 
analysis is vital to the near future of the military. Commercial application: Geometric proximity of 
independent systems simulation analysis is vital to the near future of commercial aviation. 
 
REFERENCES:  
1.  Aerodynamic Forces Approximation for Aeroservoelastic Models ,R. Botez, S. Ibrir, D. Biskri and D. 
Hamza, Ecole de Technologie Superieure, Montreal, Canada, AIAA-2003-1577 44th 
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Norfolk, 
Virginia, Apr. 7-10, 2003. 
 
2.  Application of the transpiration method for aeroservoelastic prediction using CFD, Cole H. Stephens, 
Andrew S. Arena Jr. (Oklahoma State Univ., Stillwater), and Kajal K.Gupta (NASA, Flight Research 
Center, Edwards, CA), AIAA-1998-2071  
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference and Exhibit, 
39th, and AIAA/ASME/AHS Adaptive Structures Forum, Long Beach, CA, Apr. 20-23, 1998, Collection 
of Technical Papers. Pt. 4 (A98-25247 06-39) 
 
KEYWORDS: Mesh Motion, Captive Carriage, Opening Gaps, Closing Gaps, Fluid-Structure Interaction, 
Coupled-Field Analysis, High-Fidelity, Physics Based, Aviation Technology, Mathematical and Computer 
Sciences. 
 
 
 
 
AF083C-068   TITLE: Technologies for the Rapid Curing of Composite Parts 
 
TECHNOLOGY AREAS: Materials/Processes 
 
OBJECTIVE: Develop and demonstrate methods and technologies for rapidly curing composite parts. 
 
DESCRIPTION: Polymer-matrix composite parts are routinely fabricated using long autoclave cure cycles.  
The length of the cure cycle is driven by the ability to heat up and cool down the part/tool as well as the 
dwell time at temperature that is required by the resin.  The current autoclave cycle times can result in 
increased capital expenditures for programs with high build rates.  For simpler parts such as blade seals, 
spars and fairings it is desirable to move toward processes that would reduce the requirement for autoclaves 
to support high production rates thus freeing up these resources for parts such as large skins.  At the same 
time, programs desire to use the same materials and are less interested in technologies such as E beam that 
would require new resin systems.  The objective of this project is to develop and demonstrate novel 
processes that would enable the cure of existing qualified materials such as IM7/5250-4 and IM7/977-3 in a 
more timely manner.  The effects of the alternate process must be quantified both in terms of mechanical 
properties and overall part dimensional repeatability.  Further, the process must be shown to be scalable for 
parts such as long spars, blade seals and moderately complex contoured fairings. 
 
PHASE I: Develop methods to cure qualified material systems (e.g., IM7/5250-4 and IM7/977-3) to be 
cured more rapidly. Demonstrate process feasibility; determine the effect on critical mechanical properties 
(e.g., bearing, ILS, ILT, FHT, OHT) & basic glass transition temperatures.  Develop scale-up concept. 
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PHASE II: Complete process development.  Finalize process parameters; determine process 
bounds/sensitivities. Demonstrate structural acceptability of laminates by performing mechanical coupon 
tests as in Phase I. Demonstrate process scale up and acceptable quality/dimensional capabilities by 
fabricating multiple parts (e.g., spars, blade seals, contoured fairings). Capture/document cycle time 
reductions.   
 
PHASE III / DUAL USE: Military application: The technologies and processes developed will be 
applicable to all military aircraft which use moderately contoured composite parts. Commercial application: 
The technologies and processes developed will be readily applicable to commercial aerospace and 
consumer goods where high build rates and low capital expenditures are critical for composite usage. 
 
REFERENCES:  
1.  Brosius, D., Noble, N., Schlimbach, J. Ogale, O.,  An Advanced Out-of-Autoclave Curing Technology 
for Prepregs and Resin Infusion, SAMPE Asia Conference, Bangkok, Thailand (2008). 
 
2.  Brosius, D., Law, H., Tiam, S., Odagiri, N., Quickstep Processing of an AGATE Qualified Carbon 
Epoxy Prepreg, SAMPE Fall Technical Conference, Dallas, Texas (2006). 
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AF083C-071   TITLE: Non-Metallic Conductive Material for ESD/EMI Applications 
 
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 large area, cost effective, carbon nanotube based, non-woven prepreg mats. 
 
DESCRIPTION: Carbon nanotubes (CNTs) provide an avenue to prepare corrosion resistant and 
environmentally friendly materials.  Recent improvements in the electrical properties of CNTs suggest that 
CNTs offer a viable substitute for nickel-based conductive fillers used for establishing an integrated 
conductive surface for ESD/EMI purposes.  The light weight of CNTs makes them attractive for use in air 
vehicle applications.  To date, most of the relevant development efforts have been done on a small scale or 
at the component level due to the limitation on the current capacity of CNT production and its associated 
cost.  As a result of these limitations, integrating CNT non-woven mats into polymer resin systems to form 
a composite prepreg for large scale trials has not yet been achieved.  The intent of this Small Business 
Innovation Research (SBIR) topic is to develop a mass producible, light weight, environmentally friendly, 
structurally integrated CNT mat for use in graphite composite laminates with integrated shielding.  
Production quantities should target rolls of dry CNT mats approximately 52 inches wide and 100 feet in 
length.  The projected cost of the CNT shall be less than $10/gram at the end of Phase II.  Note that this 
SBIR is strictly intended for developing and/or scaling up a material and process system for a dry CNT mat 
product.  The main focus of the program shall be: 1)  Optimize the aerial density of a CNT mat that meets 
shielding requirements 2)  Develop a process to integrate the dry CNT mats into epoxy and BMI resin 
systems 3)  Develop a process to make a prepreg roll from the integrated CNT/polymer material 4)  
Develop an in-situ quality control during the synthesis of CNTs 5)  Verify the properties of the final 
product. 
 
The main focus of the program shall be:1)  Optimize the aerial density of a CNT mat that meets shielding 
requirements2)  Develop a process to integrate CNT mats into epoxy and BMI resin systems3)  Develop a 
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process to make a prepreg roll from the integrated CNT/polymer material4)  Develop an in-situ quality 
control during the synthesis of CNTs5)  Verify the properties of the final product. 
 
PHASE I: Optimize the aerial wt. of CNT mat & obtain shielding test data. The aerial wt. of CNT mat must 
be less than 20gram/m² & electrical resistivity less than 5x10-4 ohms-cm. Investigate the development of 
an epoxy and BMI prepreg material.  Fabricate a 100ft² CNT prepreg demo and conduct relevant tests. 
 
PHASE II: Optimize and scale-up fabrication processes developed in Phase I to produce a 52 inch wide and 
100 ft long roll of CNT mat and prepreg.  The cost of the CNT shall be less than $10/gram at the end of 
Phase II.  Perform evaluation of the fabricated prepregs to determine mechanical and electrical properties.  
Demonstrate an in-situ quality control process for CNT mat and prepreg production.  
 
PHASE III / DUAL USE: Military application: Non-nickel conductive materials may be utilized by aircraft 
manufacturers and repair facilities that have established requirements for this technology. Commercial 
application: Light weight, non-nickel conductive materials may be utilized by aircraft manufacturers that 
currently use or plan to use nickel in commercial aircraft for ESD/EMI applications. 
 
REFERENCES:  
1.  S. Iijima, Nature 354, 56 (1991). 
 
2.  Chen-Chi M. Ma , Yuan-Li Huang , Hsu-Chiang Kuan , and Yie-Shun Chiu, “Preparation and 
electromagnetic interference shielding characteristics of novel carbon-nanotube/siloxane/poly-(urea 
urethane) nanocomposites,” Journal of Polymer Science: Part B, 345 (2004). 
 
3. http://nanotechweb.org/cws/article/tech/19186 
 
KEYWORDS: non-nickel, carbon nanotubes (CNTs), prepreg, nanocomposites, EMI shielding, non-woven 


