AIR FORCE
11.2 Small Business Innovation Resear ch (SBIR)
Proposal Submission Instructions

INTRODUCTION

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

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

The AF Program Manager is Mr. Augustine Vu, 1-800-222-0336. For general inquiries 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 ET). For technical questions about the topics during the pre-solicitation period (26 April through
25 May 2011), 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 (26 May through 29
June 2011), go to http://www.dodsbir.net/sitig/.

For additional information regarding the SBIR/STTR Programs, a Defense Acquisition University (DAU)
Continuous Learning Module, FA010, entitled “Small Business Innovation Research/Small Business
Technology Transfer (SBIR/STTR)”", may be accessed (subject to availability) at
https.//learn.dau.mil/html/clc/Clcl.jsp?cl. It is recommended that those taking the course register as
“General Public” and select “only browse the module not getting credit”. Site performance is enhanced
by utilizing Internet Explorer. Genera information related to the AF Small Business Program can be
found at the AF Small Business website, http://www. airforcesmallbiz.org. The site contains information
related to contracting opportunities within the AF, as well as business information, and upcoming
outreach/conference events. Other informative sites include those for the Small Business Administration
(SBA), www.shagov, and the Procurement Technical Assistance Centers, www.aptac-
us.org/new/Govt_Contracting/index.php. These centers provide Government contracting assistance and
guidance to small businesses, generally at no cost.

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

PHASE | 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 | should address the feasibility of a solution to
the topic. For the AF, the contract period of performance for Phase | shall be nine (9) months, and the
award shall not exceed $150,000. We will accept only one Cost Proposal per Topic Proposal and it must
address the entire nine-month contract period of performance.

The Phase | award winners must accomplish the majority of their primary research during the first six
months of the contract. Each AF organization may request Phase || proposals prior to the completion of
the first six months of the contract based upon an evaluation of the contractor’s technical progress and
review by the AF technical point of contact utilizing the criteria in section 4.3 of the DoD solicitation
The last three months of the nine-month Phase | contract will provide project continuity for all Phase Il
award winners so no modification to the Phase | contract should be necessary. Phase | technical
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proposals have a 20-page-limit (excluding the Cost Proposal, Cost Proposal Itemized Listing (a—),
and Company Commer cialization Report).

Limitationson 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 (&), and
Company Commercialization Report are excluded from the 20 page limit. Only the Proposal Cover Sheet
(pages 1 and 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
(arj), and Company Commercialization Report, will not be considered for review or award.

Phase | Proposal Format

Proposal Cover Sheets: Thefirst two (2) pages of the proposal will count as the Cover Sheets no matter
how they print out. Thiswill count toward the 20 page total limit. If your proposal is selected for award,
the technical abstract and discussion of anticipated benefits will be publicly released on the Internet;
therefore, do not include proprietary information in these sections.

Technical Proposal: The Technical Proposal should include all graphics and attachments but should not
include the Cover Sheet or Company Commercidization Report (as these items are completed
separately). Most proposals will be printed out on black and white printers so make sure al 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 a .pdf document within the hour. However, if your
proposal does not appear after an hour, please contact the DoD Help Desk at 1-866-724-7457 (8:00 am to
5:00 pm ET).

K ey Personnel: Identify in the Technical Proposal al key personnel who will be involved in this project;
include information on directly related education, experience, and citizenship. A technical resume of the
principle investigator, including a list of publications, if any, must be part of that information. Concise
technical resumes for subcontractors and consultants, if any, are aso useful. You must identify al U.S.
permanent residents to be involved in the project as direct employees, subcontractors, or consultants. Y ou
must also identify all non-U.S. citizens expected to be involved in the project as direct employees,
subcontractors, or consultants. For these individuas, in addition to technical resumes, please provide
countries of origin, the type of visa or work permit under which they are performing and an explanation
of their anticipated level of involvement on this project. You may be asked to provide additional
information during negotiations in order to verify the foreign citizen's dligibility to participate on a
contract issued as aresult of this solicitation.

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

Phase | Work Plan Outline

NOTE: THE AFUSESTHE WORK PLAN OUTLINE ASTHE INITIAL DRAFT OF

THE PHASE | STATEMENT OF WORK (SOW). THEREFORE, DO NOT INCLUDE

PROPRIETARY INFORMATION IN THE WORK PLAN OUTLINE. TODO SOWILL

NECESSITATE A REQUEST FOR REVISION AND MAY DELAY CONTRACT

AWARD.

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

cooTw

Cost Proposal

Cost proposal information should be provided by completing the on-line Cost Proposal form and
including the Cost Proposal Itemized Listing (aj) 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-j below) on how funds will be used
if the contract is awarded. The on-line Cost Proposal, and Itemized Cost Proposa Information (a-j) will
not count against the 20-page limit. The itemized listing may be placed in the “Explanatory Material”
section of the on-line Cost 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
fileincludes your complete Technical Proposal and the Cost Proposal Itemized Listing (&) information.
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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, specia testing or analysis, costs incurred in obtaining temporary use of specialized equipment.
Proposals, which include leased hardware, must provide an adequate lease vs. purchase justification or
rational.

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

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

f. Cost Sharing: Cost sharing is permitted. However, cost sharing is not required nor will it be an
evaluation factor in the consideration of a proposal. Please note that cost share contracts do not allow
fees. NOTE: Subcontract arrangements involving provision of Independent Research and Development
(IRAD) support are prohibited in accordance with Under Secretary of Defense (USD) memorandum
“Contractor Cost Share”, dated 16 May 2001, as implemented by SAF/AQ memorandum, same title,
dated 11 Jul 2001.

g. Subcontracts: Involvement of university or other consultants in the planning and/or research stages
of the project may be appropriate. If the offeror intends such involvement, describe in detail and include
information in the cost 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 hasissued the following guidance:

“Agencies participating in the SBIR Program will not issue SBIR contractsto 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 2.11 of the DoD
program solicitation for mor e 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 a minimum, an
offeror must include a Statement of Work (SOW) with a corresponding detailed cost proposal for each
planned subcontract.

h. Consultants: Provide a separate agreement letter for each consultant. The letter should briefly state
what service or assistance will be provided, the number of hours required and hourly rate.
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i. Any exceptions to the mode Phase | purchase order (P.O.) found at
https.//www.af shirsttr.com/Proposals/Default.aspx  (see “NOTE” within “Phase | Proposa
Submission Checklist” section, p. AF-5).

j. DD Form 2345: For proposals submitted under ITAR-restricted Topics, a copy of the certified DD
Form 2345, Militarily Critical Technical Data Agreement, must be included. The form, instructions, and
FAQs may be found a the United StateCanada Joint Certification Program website,
http://www.dlis.dlamil/jcp/.

PHASE | 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 | proposal shall be a nine-month effort and the cost shall not exceed $150,000.

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

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

It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, Technical Proposal
with any appendices, Cost Proposal, Itemized Cost Proposa Information, and the Company
Commerciaization Report -- be submitted electronically through the DoD SBIR Web site at
http://www.dodshir.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
ET, 29 June 2011 deadline. A hardcopy will not be accepted.

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

The AF recommends that you complete your submission early, as computer traffic gets heavy
near the solicitation closing and could slow down the system. Do not wait until the last minute.
The AF will not be responsible for proposals being denied due to servers being “down” or
inaccessible. Please assure that your e-mail address listed in your proposal is current and
accurate. By early July, you will receive an e-mail serving as our acknowledgement that we have
received your proposal. The AF is not responsible for notifying companies that change their
mailing address, their e-mail address, or company official after proposal submission without
proper notification to the AF.
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AIR FORCE SBIR/STTR SITE

As ameans of drawing greater attention to SBIR accomplishments, the AF has developed a SBIR/STTR
site at http://www.afsbirsttr.com. Along with being an information resource concerning SBIR policies
and procedures, the SBIR/STTR site is designed to help facilitate the Phase I11 transition process. In this
regard, the SBIR/STTR site: (a) SBIR Success Stories written by the Air Force; and (b) Phase | and Phase
Il 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 aPhase | Final Summary Report is a mandatory requirement for any company
awarded a Phase | 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 AF
anticipates that pricing will be based on adequate price competition. The next tie-breaker on essentialy
equal proposalswill be the inclusion of manufacturing technology considerations.

The AF will utilize the Phase | 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 AF will utilize Phase |1
evaluation criteriain section 4.3 of the DoD solicitation, however the order of importance will differ. The
AF will evaluate proposals in descending order of importance with, technical merit being most important,
followed by the Commerciaization Plan, and then qualifications of the principal investigator (and team).

NOTICE: Only government personnel and technical personnel from Federally Funded Research
and Development Center (FFRDC), Mitre Corporation and Aerospace Corporation, working under
contract to provide technical support to Air Force product centers (Electronic Systems Center and
Space and Missiles Center respectively) may evaluate proposals. All FFRDC employees at the
product centers have non-disclosure requirements as part of their contracts with the centers. In
addition, AF 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 AF has implemented on-line proposal status updates for small businesses submitting proposals
against AF topics. At the close of the Phase | Salicitation — and following the submission of a Phase Il 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 AF SBIR/STTR
site (http://www.afsbirstr.com). The Small Business Area (http://www.afsbirsttr.com/Firm/login.aspx) is
password protected and firms can view their information only.

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

The Principal Investigator (Pl) and Corporate Official (CO) indicated on the Proposal Cover Sheet will be
notified by e-mail regarding proposal selection or non-selection. The email will include alink to a secure
Internet page containing specific selection/non-selection information.  Small Businesses will receive a
notification for each proposal submitted. Please read each notification carefully and note the Proposal
Number and Topic Number referenced.

In accordance with FAR 15.505, a debriefing may be received by written request. As is consistent with
the DoD SBIR/STTR solicitation, the request must be received within 30 days after receipt of notification
of non-selection. Written requests for debriefing should be mailed to AFRL/XPP (SBIR), 1864 4th
Street, Room 225, Wright-Patterson AFB OH, 45433-7130. Requests for debriefing should include the
company name and the telephone number/email address for a specific point of contract, as well as an
aternate. Also include the topic number under which the proposal(s) was submitted, and the proposal
number(s). Debrief requests received more than 30 days after receipt of notification of non-selection will
be fulfilled at the Contracting Officers discretion. Unsuccessful offerors are entitled to no more than one
debriefing for each proposal.

NOTE: FAR 15.505 (a)(2) states the debrief, at the offeror’s request, may be delayed until after award.
However, under the AF SBIR Program, debriefs are automated and standardized. Therefore, pre-award
and post-award debriefs are identical.

IMPORTANT: Proposals submitted to the AF are received and evaluated by different offices within the
Air Force and handled on a Topic-by-Topic basis. Each office operates within their own schedule for
proposal evaluation and selection. Updates and notification timeframes will vary by office and Topic.
If your company is contacted regarding a proposal submission, it isnot necessary to contact the AF
to inquire about additional submissions. Check the Small Business Area of the AF SBIR/STTR site for
acurrent update. Additional notifications regarding your other submissions will be forthcoming.

We anticipate having all the proposals evaluated and our Phase | 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 || PROPOSAL SUBMISSIONS

Phase |1 is the demonstration of the technology that was found feasible in Phase I. Only those Phase |
awardees that are invited to submit a Phase |1 proposal and all FAST TRACK applicants will be eligible
to submit a Phase Il proposal. Phase | awardees can verify selection for receipt of a Phase Il invitation
letter by logging into the “Small Business Ared’ at http://afshirsttr.com. If “Phase Il Invitation Letter
Sent” and associated date are visible, a Phase |1 invitation letter has been sent. If the letter is not received
within 10 days of the date and/or the contact information for technical/contracting points of contact has
changed since submission of the Phase | proposal, contact the appropriate AF SBIR Program Manager, as
found in the Phase | selection notification letter, for resolution. Please note that it is solely the
responsibility of the Phase | awardee to contact this individual. There will be no further attempts on the
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part of the AF to solicit aPhase |1 proposal. The awarding AF organization will send a Phase Il invitation
including alink to detailed Phase Il proposal preparation instructions to the appropriate small businesses.
Phase |l efforts are typically two (2) years in duration with an initial value not to exceed $750,000.
NOTE: All Phase Il awardees must have a Defense Contract Audit Agency (DCAA) approved
accounting system. It is strongly urged that an approved accounting system bein place prior to the
AF Phase |l award timeframe. If you do not have a DCAA approved accounting system, this will
delay / prevent Phase Il contract award. If you have questions regarding this matter, please discuss
with your Phase| Contracting Officer.

All proposals must be submitted eectronically at www.dodsbir.net/submission. The complete proposal
— Department of Defense (DoD) Cover Sheet, entire Technical Proposal with appendices, Cost Proposal and
the Company Commerciaization 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
Commerciaization Report, any advocacy letters, SBIR Environment Safety and Occupational Health
(ESOH) Questionnaire, and Cost Proposal Itemized Listing (aj) 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 proposalsis Portable Document Format (.pdf). Graphics must be distinguishable in black and
white. Please virus-check your submissions.

FAST TRACK

Detailed instructions on the AF Phase |l program and notification of the opportunity to submit a FAST
TRACK application will be forwarded with all AF Phase | selection e-mail notifications. The AF
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
Il contract.

NOTE:
1) Fast Track applications must be submitted not later than 150 days after the start of the Phase |
contract.
2) Fast Track Phase Il proposals must be submitted not later than 180 days after the start of the
Phase | contract.
3) The AF does not provide interim funding for Fast Track applications. If selected for a Phaselll
award, we will match only the outside funding for Phase 1.

For FAST TRACK applicants, should the outside funding not become available by the time designated by
the awarding AF activity, the offeror will not be considered for any Phase Il award. FAST TRACK
applicants may submit a Phase |1 proposal prior to receiving aformal invitation letter. The AF will select
Phase Il winners based solely upon the merits of the proposal submitted, including FAST TRACK
applicants.

AIR FORCE PHASE || ENHANCEMENT PROGRAM

On active Phase Il awards, the Air Force may request a Phase Il enhancement application
package from a limited number of Phase Il awardees. In the Air Force program, the outside
investment funding must be from a government source, usualy the Air Force or other military
service. The selected enhancements will extend the existing Phase 11 contract awards for up to
one year and the Air Force will match dollar-for-dollar up to $500,000 of non-SBIR government
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matching funds. If requested to submit a Phase |1 enhancement application package, it must be
submitted through the DoD Submission Web site at www.dodsbir.net/submission. Contact the
local awarding organization SBIR Manager (see Air Force SBIR Organization Listing) for more
information.

AIR FORCE SBIR PROGRAM MANAGEMENT IMPROVEMENTS

The AF reserves the right to modify the Phase Il submission requirements. Should the requirements
change, al Phase | awardees that are invited to submit Phase |1 proposals will be notified. The AF also
reserves the right to change any administrative procedures at any time that will improve management of
the AF SBIR Program.

PHASE | SUMMARY REPORTS

In addition to all the Phase | contractual deliverables, Phase | award winners must submit a Phase | Final
Summary Report at the end of their Phase | project. The Phase | Summary Report is an unclassified, non-
sensitive, and non-proprietary summation of Phase | results that is intended for public viewing on the AF
SBIR/STTR site. A Summary Report should not exceed 700 words, and should include the technology
description and anticipated applications/benefits for government and/or private sector use. It should
require minimal work from the contractor because most of this information is required in the final
technical report. The Phase | Summary Report shall be submitted in accordance with the format and
instructions posted at http://www.af sbirsttr.com.

NOTE: Summary reports containing Intelligence, Surveillance and Reconnaissance (ISR)
information will not be posted on the AF SBIR/STTR site.

AIR FORCE SUBMISSION OF FINAL REPORTS

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

SPECIAL INSTRUCTIONSfor Topic AF112C-117
These special instructions apply only to topic AF112C-117, “ Advanced Non-Contact I nspection for
Rapid Measurement of Machined Structures’, and arein addition to theregular instructions listed
at the beginning of the AF section of the solicitation.

ThisisaManufacturing related R&D Critical SBIR topic. The primary focus of Phase | of thiseffortisto
demonstrate the feasibility of developing, integrating and transitioning innovative manufacturing process
technologies to support the production of DoD weapon system(s). For this effort, Phase | objective areto
define the requirements necessary to establish aninitial production capability to rapidly measure &
evaluate large tools, parts, and assemblies to close tolerance engineering requirements utilizing a non-
contact method (MRL 4 by Phase | completion). In addition to demonstrating the proposed technol ogy
solution, successful offerors should also consider the technical, business and transition plans necessary to
lower the risk of technology insertion into the integration processes of a DoD weapon system.

The Air Force plans on awarding two Phase | contracts on thistopic. Each Phase | contract will be

limited to $150K. Phase | contract awards will be executed at a normal pace, a 9-month effort, with six
months planned for the technical effort and an additional three months allowed for reporting. The Phase |
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effort will identify and demonstrate the measurement technique and provide a plan for the overall system
concept and architecture.

Asthis effort is focused on AF weapon system production, successful offerors may find it useful to dialog
and/or partner with an AF/DoD prime in order to understand their specific system requirements,
implementation risks and transition windows. Successful offerors may also benefit from consideration of
technical aswell as manufacturing readiness levels when preparing responses to the Manufacturing
Critical SBIR.

The primary focus of Phase |1 isto develop and implement to MRL 7 maturity, the non-contact inspection
system defined under the Phase | effort. The Air Force plans on awarding one Phase Il effort worth up to
$4M. Examples of the additional information needed in the Phase Il proposal package include the
following: innovative technical approaches to address the critical processes and associated return on
investment (ROI) and potential related uses. Also, it is expected that the Phase Il proposal will include
both a business plan and atransition plan. Phase Il proposals will be by invitation only. For the Phase |
proposals, contractors may work in a prime/subcontractor relationship or as partners. At that time, special
instructions will be provided for the Phase || proposals.

SPECIAL INSTRUCTIONS for Topic AF112C-176
These special instructions apply only to Air Force Topic AF112C-176, "High Temperature
Electro-Magnetic Actuators’, and are in addition to the regular instructions listed at the beginning
of the AF section of the solicitation.

The Air Force plans to award no less than three Phase | awards on thistopic. Each Phase | award will be
limited to $150K each (total cost of $450K for all Phase | efforts). These Phase | awards will be nine-
month efforts with six months planned for the technical effort and an additional three months allowed for
reporting. The Phase | effort will Develop high temperature Electro-magnetic Actuators and develop a
conceptual design to provide a plan for the overall system concept and architecture. Contractors should
plan and cost atrip to WPAFB at about 6 months to present accomplishments to the government team.

The Air Force plans on awarding two Phase | efforts worth $2.0M each (total cost of $4.0M) with a
period of performance of 24 months. The Phase 11 effort will demonstrate the capability of a prototype
with a prototype system demonstrated in a turbine engine representative environment. Collaborative
efforts are strongly encouraged with actuator manufacturers to reduce the transition risk of critical
component technologies. Examples of additional issues to be addressed during the Phase |1 effort
include: technical approach to address critical processes, lifing, estimated life-cycle cost, maintenance,
weight, and size. Also, it isexpected that the Phase |1 proposal will include both a business plan and a
transition plan. Phase |l proposals will be by invitation only. At that time, special instructions will be
provided for the Phase Il proposals.

The total cost of this project is estimated to be $4.95M.
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Air Force Program Manager Listing

Topic Number

AF112-001 thru AF112-010

AF112-011 thru AF112-014

AF112-017 thru AF112-026

AF112-029 thru AF112-043

AF112-046 thru AF112-093

AF112-094 thru AF112-109

AF112-110 thru AF112-130
AF112C-117

AF112-132 thru AF112-163

AF112-165 thru AF112-184
AF112C-176

Activity

Air Vehicles Directorate

AFRL / RB

2130 Eighth Street
Wright-Patterson AFB OH 45433

Directed Energy Directorate
AFRL/RD

3550 Aberdeen Ave SE
Kirtland AFB NM 87117-5776

Human Performance Wing
AFRL/RH

2610 Seventh, St, Bldg 441
Wright-Patterson AFB OH 45433

Information Directorate
AFRL/RI

26 Electronic Parkway
Rome NY 13441-4514

Space Vehicles Directorate
AFRL/RV

3550 Aberdeen Ave SE
Kirtland AFB, NM 87117-5776

Munitions Directorate
AFRL/RW

101 West Eglin Blvd. Suite 143
Eglin AFB, FL 32542-6810

Materials & Mfg. Directorate
AFRL / RX

2977 Hobson Way, Rm 406
Wright-Patterson AFB OH 45433
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Diagnostics and Health Management for Remotely Piloted Aircraft (RPA) Payloads
Aerial Distribution of Taggants

Autonomous Landing Capability for Air-Launched Small RPA (Group 2 / 3) Technology
(#2)

Advanced Anaysis and Design Tool for Scramjet Air-frame Propulsion Integration
Active Control of Shock-Wave Boundary Layer Interactions

Long Endurance Vertical Takeoff and Landing Tier 2 Size UAV

Design Methods for Simultaneous Aerodynamic Shape, Structural Topology, Subsystem
Topology, and Structural Sizing of Aerospace Vehicles

Physics-Based Models for Transient Behavior of Two Phase Flow Cooling Systems
Innovative Aero-Optics Research and Development

Model-Based Systems Engineering Tools for Laser Systems

Acquisition, Pointing and Tracking Applied to Optical Phased Arrays

System ldentification for Jitter Algorithmsin Beam Control Systems

Curved Sensor for Vision Systems (CSVS)

Sensor-Processors-Display Sandwich (SPDS) for Near-Eye Visualization Systems
Expert System for Training and Simulation Visual Display System

Colorless Opagueable Visor (COV)

Fusion, Management, and Visualization Tools for Predictive Battlespace Awareness and
Decision Making

Objective Assessment System to Evaluate and Validate Remotely Piloted Aircraft (RPA)
Training Device Effectiveness

Listener Performance Modeling in Urban Environments

Hardware Accelerated Code for Hybrid Computational Electromagnetics

Cognitive Approaches to Integrated Intelligence Production

Countering Future Cyber Threats to Air Force Weapon Systems

Applying Security Assertion Markup Language (SAML) to non SOAP protocols
Secure Cloud Computing

Enterprise Data Protection Against Exfiltration

Airborne Network Orderwire

Performance Enhancing Proxies for use on the Cyphertext Side of Inline Network
Encryptors

Multicast on aBlack MANET

Enabling visualization of events from unstructured text (HUMINT) on maps
Jam-resistant Waveform for Transponded Satellite Communications

SATCOM X-band Digital Beamforming Network

High Assurance SATCOM Policy-based Network Management

Quality of Information Services for Trusted Service Oriented Architecture Systems
Multiple Target Tracking (MTT) of Objects Exhibiting Significant Nonlinearities
High-Speed Data Transmission in Multimode Fiber

Solid-State Accelerometer for Reentry Vehicles

Automation of Nuclear Arsenal Awareness

Satellite Conjunction Post Analysis

Catalog Filtering for Conjunction Processing

Active Network Security Situation Awareness and Impact Mitigation
High-Performance, Low-Profile Antennas Utilizing Advanced Engineered Materials
Ensuring Optimal and Secure Routes, Packet Forwarding and Spectrum Utilization
through Synthesis of Tactical Wireless Broadband Systems

Highly-Reliable, Radiation-Hard Laser Diode Active Materias

Next-Generation Micro-chip Carrier for Cooling of Satellite Payload Electronics
Ultra-High-Efficiency, Multi-Junction Solar Cells for Space Applications

Active Vibration Control for Enhanced Satellite Communications

Satellite Optical Communication Crosslinks Adaptive Bandwidth System
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AF112-061 Development of Ultracapacitors with High Specific Energy Density

AF112-062 Anaog-to-Digital Converter for High Depth of Nulling SATCOM

AF112-065 GPS Autonomous Micro-Monitor

AF112-066 Fusion of Space Weather Data with Satellite Telemetry

AF112-067 Extended Response Silicon Detectors

AF112-069 Autonomous On-Board Control of Satellites for Space Superiority

AF112-071 Innovative Rapid Response Multi-Mission Space V ehicle Bus Technologies

AF112-072 Programmable Frequency Satellite Transceiver for Small Spacecraft

AF112-073 High-Efficiency Thin Film Solar Cells for Spacecraft

AF112-074 Hybrid Multi-signature Data Fusion for Remote Object | dentification and
Characterization

AF112-075 Concentrator Space Photovoltaic Solar Arrays

AF112-076 Autonomous Satellite Threat Processing and Response

AF112-077 Advanced Algorithms for Next Generation Wide Field-of-View (WFOV) EO/IR Staring
Sensor Exploitation

AF112-078 Carbon Nanotube Radiation-Hardened Logic Device

AF112-079 High-Capacity Satellite Common Data Link

AF112-081 Advanced Adhesives for Space Solar Arrays

AF112-082 Ephemeris Update Receiver for Space Vehicle Tracking

AF112-083 Electric Field Instrument for Cube- or Nano-sized Satellites

AF112-087 Radiation-hardened, Non-volatile Memory for Aerospace and Defense Applications

AF112-089 Large Deployable Telescope Components

AF112-091 Advanced Solar Arrays for Small Satellite Applications

AF112-092 Fusion of Multiple Space Weather Data for Situational Assessment

AF112-093 Nanomaterials for Lightweight Spacecraft Power Distribution and Data Transmission

AF112-094 Increased Data Processing Capabilities for Remotely Piloted Aircraft (RPA)

AF112-095 Secure/Covert Short Range Combat Wireless Personal Area Communications

AF112-096 Compact Extended SWIR Sensor for Targeting Applications

AF112-097 Laser Designator Beam Line Stabilization

AF112-098 Smart Bomb Rack(s) for 5th generation Fighter Aircraft

AF112-099 Boosted Penetrator Technology

AF112-100 Integrated Fast Light Micro-Inertial Sensorsfor GPS Denied Navigation

AF112-101 Wide Field of View Multi Waveband Closed Loop Guidance

AF112-102 Advanced Solid Rocket Motor Technology for Tactical Missiles

AF112-106 Multi-functional self-healing composites

AF112-108 Structural Reactive Composites

AF112-109 Attitude Control Enhancement Using Wing Load Sensing

AF112-110 Portable Laser Removal Tool

AF112-111 High-Temperature Ceramic Field Repair

AF112-112 Increased Infrared (IR) Sensor Angle of Regard for Conformal/Special Operations Force

AF112-113 Measurement of Hole Depth During Automated Drilling

AF112-114 Intelligent Wear Monitoring of Cutting Tools

AF112-115 Automate/Mechanize Current Manual Fuel Sealant Application Methodology

AF112-116 Composite Aluminum Aircraft Matting for High-Temperature Applications

AF112-118 Automation of Material Placement for Aircraft Radomes

AF112-119 Key Characteristics Metrology Solution

AF112-120 Automated Liquid Shim Application

AF112-121 Advanced Power Skiver Tool

AF112-122 Noncontact, Hand-Held Hole-to-Edge Distance Measurement Tool

AF112-124 Heat Transfer Switching Devices

AF112-125 High-Temperature Structural Material Process for Oxidation

AF112-126 High-Temperature Microsample Testing System

AF112-127 Novel Electrochemical Couplesfor High Energy and Power Density

AF112-130 Statistical Methods for Quantifying the Accuracy and Capability of Nondestructive
Sensing Methods for Damage Characterization

AF112-132 Integrated or Fused Multi-spectral Sensor Technologies for Missile Warning Sensors
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(MWS), Hostile Fire Indication (HFI), and Laser Warning (LW)

Tracking Algorithms for Multi-Static Passive Radar Systems

Readout Integrated Circuit (ROIC) Architecture Development for Remotely Piloted
Aircraft (RPA) Imaging Sensors

Cryocooler for New Focal Plane Arrays

High Range Resolution (HRR)-Surrogate SAR Target Identification

Multi-Sensor Data Fusion Frameworks for Layered Sensing

Insect Vision for Sense and Avoid Applications

Optimization Algorithm to Enhance Antenna Array Beamforming for Radar and Early
Warning (EW) Application

Hardware Based Broadband Ultra High-speed Digital Signal Processor

Multi-Use Laser Sensors for Remotely Piloted Aircraft (RPA)

Advanced Radar Concepts For Small (Tier I/11) RPAs

High Resolution Wide Band Direct Conversion Receiver

Ultra-Wideband Radio Frequency (RF) Vector Signal Generator for Early Warning (EW)
Applications

3L (Lightweight, Low-Cost, Low-light) Focal Plane for Persistent Surveillance
Integrated Optical Thresholder Function for Use in Optical Analog to Digital Converters
(OADCs)

20 Gigahertz (GHz) Radiation Hardened Solid State Power Amplifier (SSPA) for
Satellite Communications (SATCOM) Downlinks

Trusted Integrated Circuit Procurement for Space Assets

Navigation Warfare (NAVWAR) compatible Global Positioning System (GPS) receiver
for resource limited applications

Position Navigation and Time (PNT) Autonomous Negotiator Applying Cognitive
Interference Analysis (PANACIA)

Anti-jam (AJ) GPS Technology Development for Precise Global Positioning System
(GPS) Positioning Applications

Multifunction X-band Phased Array Antennafor Air/Space Surveillance and Space
Operations

Synthetic Aperture Radar (SAR) Aided Navigation

High Spatial Resolution Hyperspectral Sensor

Static Systematical Assessment for Dynamic Reputation Management I nitialization
Holographic Optical Elements for Coherent and Spectral Laser Beam Combining
Layered Target Reacquisition and Prosecution from Wide Area Motion Imagery (WAMI)
Cues

Conformal Packaging and Installation Techniques for In Situ Sensors In Extreme
Environments

Advanced Measurement Technology for Improved Turbine Machinery Component
Development

Spatially and Temporally Resolved Imaging of Dense Sprays

Revolutionary Technologies for the Reduction of Aircraft Jet Noise

Thermoacoustic Instabilities in High-Pressure Combustors for Aerospace Fuels and
Emerging Alternatives

Extended Endurance System Integration in an Air-launched Expendable Small Remotely
Piloted Aircraft (RPA)

Smart, High-Temperature Pressure Sensor

High Thrust Electric Propulsion

High Performance Cooling Methods for Liquid Rocket Engines

Fluid/Structural Interaction Tools for Liquid Rocket Engines

Satellite Disposal Technologies

Deep Throttle Enabling Nozzle Technology

Hypersonic Propulsion: Improvementsin Controls and I nstrumentation
Medium-Pressure Hydrogen Generator for Portable Electrical Power System for
Aeromedical Evacuation (PEPSAE)

Volcanic Ash Analysis and Detection Technology
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AF112-185 Methods For Measuring Coke Buildup in the Cooling Channels of Liquid Rocket Engines

AF112-187 Wind Tunnel Model Force and Moment M easurement Capability with Corrections for
Structural Motion Effects

AF112-188 Reduced Path Length Solar/L unar Exclusion Test Concept for Cryo-Vacuum Space
Simulation Test Chambers

AF112-189 Sub-Millisecond Internal LAN Time Synchronization

AF112-193 Desert Fauna Detection and Tracking System

AF112-194 Miniature Air Launched Rawinsonde and Dropsonde (MALRD)

AF112-195 Ultra High Performance Radar Absorbing Material

AF112-199 Airborne High Speed Video

AF112-201 Multiband UV/IR Combiner Development

AF112-203 Laser Materia Survivability Model

AF112-205 Improved Energy Conservation for Data Centers

AF112-206 Machining Parameters for Direct Digital Manufacturing (DDM) of Aerospace
Components

AF112-208 Proactive Methodology for Identifying Problem Aerospace Parts

AF112-212 Landing Gear Fatigue Inspection

AF112-213 In-Service Fatigue Loads Data Gathering

AF112-214 Non-Line of Sight Coating on High Strength Steel Substrate

AF112-217 Advanced Corrosion Resistant Coating Systems for Preservation of Aerospace and
Infrastructure Systems Used in Military and Commercial Applications

AF112-218 Smart Material Test Coupons for Improved Accelerated Laboratory and Operational
Environment ConditionTesting

AF112-219 Solar and Waste Heat Powered Environmental Control for Buildings

AF112C-117 Advanced Noncontact Inspection for Rapid Measurement of Machined Structures

AF112C-176 High temperature el ectro-magnetic actuators (HTEMA)
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Air Force SBIR 11.2 Topic Descriptions

AF112-001 TITLE: Diagnostics and Health Management for Remotely Piloted Aircraft (RPA)
Payloads

TECHNOLOGY AREAS: Air Platform, Material s/Processes, Sensors

OBJECTIVE: Develop and demonstrate a capability to determine the health and real-time capability of remotely
piloted aircraft (RPA) sensor-based payloads for increased reliability and operational effectiveness.

DESCRIPTION: There have been many funded efforts over the last decade to develop prognostics diagnostic and
health management tools for airplane subsystems. As a result, the means now exist to monitor the unavoidable
degradation of a subsystem (engines, actuators, flight controls, etc.), know the real-time condition of critical
components, and predict when the degradation will manifest itself as a fault on the platform such that maintenance
will be necessary. The pay off of this capability is that maintenance can be planned and become proactive instead of
reactive and routine time-based inspections can be eliminated so that only the platforms that reveal themselves as
requiring maintenance actualy receiveit.

However, few if any efforts have been pursued to date to address the condition or degradation of the payload on a
RPA/RPV which, it can be argued, are the most important elements on the platform; if the payload is not operating
satisfactorily, then the mission cannot be completed or is not worth launching. Typicaly, RPA payloads are
sophisticated sensor suites which differ from normal platform subsystems in that their performance can degrade
through their own deterioration usually as a function of age and from external sources such as EMI and jamming. It
is thus important for a mission commander, to know whether an adverse performance from a sensor suite is because
of external influences or self induced. The mission commander also needs to know whether permanent damage has
been inflicted on the vital payload system or merely temporarily degraded so that decisions can be made on pulling
the asset back to base and replacing it or leaving it on-station and restoring whatever capability can be salvaged on
thefly.

PHASE I: Identify ways and means to determine sources of degradation using output data from the sensor suite and
any other available information. Identify tools and methodologies to provide commanders w/accurate diagnosis and
prognosis of sensor suite health & as much as possible done remotely to restore system health.

PHASE I1: Develop & demo capability to monitor real time health of a sensor suite that can distinguish between
externally induced degradation such as jamming or normal degradation because of system age or internal faults. A
hypothetical but representative sensor suite can be used in place of an actua platform suite and typical data can be
synthesized as opposed to real datafrom an actual system.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: The military applications for the proposed technology includes remodely piloted aircraft,
autonomous systems, automatic decision-making, and sustainment.

Commercial Application: Sensor payloads are critical to other non military agencies such as Homeland Security
border patrol, drug reinforcement agencies, and even land based security monitoring devices.

REFERENCES:
1. M. Walker, "Next Generation Prognostics and Health Management for Unmanned aircraft,” 2010 IEEE
Aerospace Conference, March 6-13, 2010.

2. Tang, L., Kacprzynski, G.J., Goebel, K., Saxena, A., Saha,B., and Vachtsevanos,G., “Prognostics-Enhanced
Automated Contingency Management for Advanced Autonomous Systems,” 1st International Conference on
Prognostics and Health Management (PHM08), Denver CO, Oct. 2008.

3. (Removed from solicitation — 6/14/2011)
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4. A. Patterson-Hine, G. Aaseng, G. Biswas, S. Narashimhan, K. Pattipati, “A Review of Diagnostic Techniques for
ISHM Applications’. ISHM Forum, Napa, CA, 2005.

5. (Removed from solicitation — 6/14/2011)
6. (Removed from solicitation — 6/14/2011)

7. N. Vichare, M. Pecht, "Prognostics and Health Management of Electronics," |EEE Transactions on Components
and Packaging Technologies, vol 29, NO 1, March 2006

8. M. Schoeller, M. Roemer, M. Derriso, M. Leonard, "Embedded Reasoning Supporting Aerospace IVHM," AIAA
Infotech, Rohnert Park, CA, May 2007

9. M. Walker, R. Kapadia, B. Sammuli, M. Venkatesh, "Model-based Reasoning Framework for Condition Based
Maintenance and Distance Support,” ASNE Automation and Controls Proceeding 2007.

KEYWORDS: remotely piloted aircraft, unmanned vehicle, reasoning architecture, sensor degradation, prognostics

and hedth management, sensor reliability, situational awareness, battlefield awareness, condition-based
maintenance

AF112-002 TITLE: Aerial Distribution of Taggants

TECHNOLOGY AREAS: Air Platform

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 innovative methods to unobtrusively distribute taggants onto moving
targets for tracking, locating, and identification purposes.

DESCRIPTION: Taggants are very small devices that emit an electro-magnetic signal. They can be applied to
targets of interest and used to track/locate them in tactical situations. These targets of interest could be vehicles or
personnel, which could be moving or stationary. To effectively “tag” the target, the taggant must be administered
“unobtrusively,” meaning that the target should not be cognizant that taggants have been applied to them.
Obvioudly, this application is more easily accomplished by some sort of ground agent, but it is desirous to be able to
distribute taggants aerially via a small remotely piloted aircraft (SRPA). This is not as an easy task when factoring
unobtrusiveness. The easiest, but obtrusive, means of delivery would be for the SRPA to “divebomb” the target or
“shoot a paintball” at the target. The target would obviously notice a swooping SRPA and likely feel the sting of the
well-placed pellet.

The key to “unobtrusiveness’ for aeria application is the ability to deliver a “cloud” of taggants on the target's
location or directly in its path. In order to do this the taggants must be dust-like and have the ability to attach to the
target. One method of distribution would be “crop-dusting” from a sufficiently high altitude (to avoid detection) and
letting the dust-cloud fall on the target or in front of it if it is moving. This method would likely utilize a large
amount of taggant to assure probability of successful tagging, although it might be useful when tagging a group of
targets.

The next method would be to deliver a small munition close by and pneumatically blow a cloud of taggantson or in
front of the target. The munition could potentially air burst above the application zone or emplace itself near the
application zone and be proximity or command-detonated. These methods are given as examples; other innovative
methods are also sought.
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PHASE |: Design a feasible concept mechanism for unobtrusive aerial taggant distribution as described above. The
feasibility of the concept capability must be validated by means of analysis and/or simulation.

PHASE II: Refine the Phase | results to develop the mechanism into a feasible configuration/prototype that can be
employed by a SRPA. This phase must demonstrate the prototype’ s capability to distribute taggants.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Counter-insurgency and global war on terror (GWOT), marking civilians to prevent collateral
damage, marking coalition forces without Blue Force Tracker.

Commercial Application: Law enforcement and Homeland Security, wildlife tracking, remote or toxic chemical spill
mapping.

REFERENCES:

1. Eardley, D. and Katz, J.. "Small Scale Propulsion Fly on the Wall, Cockroach in the Corner, Rat in the Basement,
Bird in the Sky"; Report: JSR-97-135, 34p, Sep 1997.

2. Nunan, S.C., Coakley, P.G., and Niederhaus, G.A. Lum; "GLIMPS sensor and taggant delivery systems';
Proceedings of SPIE - The International Society for Optical Engineering, v 4232, p 252-257, 2001.

3. Van Leevwen, Johan. "Launched at 36,000g." Science Magazine Vol 329. 23 Page 395, July 2010.

KEYWORDS: tagging, tracking, locating; aeria distribution, small remotely piloted aircraft

AF112-003 TITLE: Autonomous L anding Capability for Air-Launched Small RPA (Group 2/ 3)
Technology (#2

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop an automated landing/guidance system that enables small unmanned aircraft systems
(SUAS) to be ground-recovered covertly.

DESCRIPTION: SUAS present a wide array of challenges, which includes safe ground recovery of the asset so it
can be reused. This ground recovery is likely to be accomplished in contested territory where covertness is key to
the recovery team’s survival. This problem is compounded by the limited payload capability of these small UAS to
include specific landing guidance egquipment, so innovative solutions are sought to minimize the airborne hardware
while also not overburdening the recovery team with excessive equipment. An ideal solution would leverage
existing equipment from both SUAS and recovery team.

The Government seeks an innovative solution system capable of safely recovering the SUAS while operating in a
global positioning system (GPS) denied environment. In order remain covert, the recovery of the aircraft has to be
accomplished without radio frequency (RF) emission. As such, the on-board components of the system may not
actively radio information to the ground operator, thus maintaining the covert nature of the landing. The autonomous
landing capability shall not compromise the aircraft or the landing area. The system must be capable of landing
multiple UAVs in proximity to one another within the landing area. While RF solutions are not feasible, optica
solutions may be viable. Laser beam riding or infrared strobe seeking are potential solutions, but other innovative
techniques are sought.

PHASE I: Develop innovative solution concept with analytical validation and demonstration of key technology in a
laboratory environment. Analytical feasihility of system should be established through modeling and simulation and
other risk reduction accomplished via the demonstration. Identify integration necessary with the existing SUAS
autopilot system.
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PHASE II: Develop a prototype covert auto-landing/guidance system as outlined in the objective above to be
installed on a government-provided SUAS. Test and vaidate the proposed system’'s software and hardware
components and demonstrate its capability. If a government test bed platform is not feasible then a suitable
contractor-provided surrogate should be proposed.

PHASE Il DUEL USE COMMERCIALIZATION: Military Application: Air Force Special Operations Command
(HQ AFSOC) has an interest in using this technology for potential operational use. Follow-on activities are expected
to be aggressively pursued by the developer. The system will be demonstrated on a government test range using a
government provided Group 2/3 asset or, if the government allows, a contractor surrogate.

Commercial Application: Potential commercialization opportunities could exist with the Department of Homeland
Security e.g. border control, the Department of Justice e.g. law enforcement, or the traffic reporting industry.

References:

1. Defense Technology Area Plan for 2005; DoD Key Technology Areas (#1, #7); AFSOC/A5ZU Key Technology
Areas — Autonomous Navigation without GPS.

2. Schulz, HW., Vorsmann, P. “Towards Vision-Based Autonomous Landing for Small UAVs. Hardware and
Control Algorithms.” American Institute of Aeronautics and Astronautics. Infotech@Aerospace 2007. AIAA 2007-
2851.

3. Cestti, A., Frontoni, E., Mancini, A., Zingaretti, P. “ Autonomous Safe Landing of a Vision Guided Helicopter.”
Mechatronics & Embedded Systems and Applications. July 2010 p. 125-130. DOI: 10.1109/MESA .2010.5552081.

4. Air Force Research Labs Air Vehicles Directorate. http://www.wpafb.af .mil/afrl/rb/

KEYWORDS: SUAS, Air Launched SUAS, Off-board Sensing, Covert Landing, Autonomous Landing

AF112-004 TITLE: Advanced Anaysis and Design Tool for Scramjet Air-frame Propulsion
Integration

TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Develop robust, credible multifidelity computational tools for comprehensive simulation to aid
scramjet flowpath development, analysis, and design.

DESCRIPTION: Recent flight tests (X-43 and X-51) have conclusively demonstrated the feasibility of scramjet
propulsion. Ongoing ground and flight experiments (HIFiRE-2) are advancing knowledge of the main processes that
currently inhibit routine, sustained hypersonic flight. For many reasons, airframe and propulsion components of
scramjets must be designed in an integrated fashion. A principal challenge for successful, sustained supersonic
combustion arises from the extremely short residence time in the combustor, compounded by the diminishing
mixing rates at high speed, and the tendency for combustion to engender instabilities which can propagate upstream.
Viable designs utilize the external part of the vehicle underbody as an external compression surface to augment the
pressure increase. The need to reduce flowpath length, and thus weight of the vehicle, necessarily generates
compression designs that engender non-isentropic processes, often accompanied by flow separation, vortex
formation and unsteadiness. Thus, a main factor determining scramjet performance “ inlet distortion and its effects
on combustion® is poorly characterized, and lack of understanding of this phenomenon precludes the development
of optimized inlet-combustor combinations and injection strategies.

Computational methods will play an enabling role in scramjet flowpath design and optimization. Various levels of
simulation fidelity are in vogue, from simple quasi-1D modeling of a single component to 3D high order large eddy
simulations (LES) with relatively small numerical dissipation fully coupled to finite rate chemica models of the
entire configuration. The simpler methods invoke assumptions that significantly degrade accuracy and limit
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conditions, but provide rapid turnaround. The more sophisticated methods are computationally expensive and
typically suited for one-of-a-kind analyses and cannot usually be employed for optimization.

A multifidelity integrated suite of computational tools should be developed to analyze and aid the creation of
advanced scramjet flowpaths. The tool set should accept the output from traditional engineering design to execute
from alow order Reynolds Average Navier-Stokes (RANS) methodology up through today’s state-of-the-art high
order (4th or higher) LES level analyses, solve thermal nonequilibrium mechanisms, accurate subgrids scale (SGS)
models, consider conjugate heat transfer, general finite-rate chemistry with ease to modify data base for
hydrocarbon/hydrogen-air mixtures, high temperature, and multiphase effects, etc. In this manner, the flow
distortion associated with the inlet can be exploited to actually enhance combustion by proper placement of
injectors, whose configuration can be varied to avoid flash back and lesser instabilities. A comprehensive variable-
fidelity, robust and well validated tool with easy to use interfaces is needed to explore and optimize innovative
flowpath paradigms. The reduced order models as well as higher-fidelity approaches must be validated on canonical
configurations. This tool must evaluate high angles of attack, predict heating and turbulent transition, structure
interactions (ablation), inlet operability limits and ignition process, separated/reverse flows, high atitude and Mach
number effects on complex geometries to prove multifaceted concepts and suggest proper modifications. A
multifidelity tool capable of incorporating these many and varied factors will greatly enhance our ability to pursue
routine, sustained hypersonic flight.

PHASE |: Identify the most significant parameters for optimizing fully coupled forebody/inlet/combustor
hypersonic flowpath, develop suitable analytical/numerical procedures and demonstrate it for different canonical test
cases, and assess its accuracy and efficiency at several fidelity levels.

PHASE Il: Develop a GUI-based tool that integrates the various levels of fidelity into a seamless iterative tool
combining high fidelity to generate reduced models, employed to optimize key performance of an integrated system.
Verify the optimal solutions by high-fidelity analyses. Validate experimental efforts to ensure they are viable, cost-
effective, and capable of alternatives to innovative concepts.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The codes and methodologies developed will be broadly applicable, with modest alterations,
to different high speed propulsion devices, including combined cycles and pul sed detonation engines.

Commercial Application: Multiple applications of combustors, including turbojet aircraft as well as burners and
augmenters. The modeling tool will be able to predict processes and aid efficiency.

REFERENCES:
1. Yu, K. H., Wilson, K. J,, and Schadow, K. C., "Effect of Flame-Holding Cavities on Supersonic-Combustion
Performance,” Journal of Propulsion and Power, Vol. 17, No. 6, 2001, pp. 1287-1295.

2. Mao-Molina, F. J, Gaitonde, D. V., and Ebrahimi, H. B., "Three-Dimensiona Analysis of a Supersonic
Combustor Coupled to Innovative Inward-Turning Inlets,” AIAA Journal, Vol.48, No.3, March 2010.

3. Ben-Yakar, A., and Hanson, R. K., "Cavity Flame-Holders for Ignition and Flame Stabilization in Scramjets. An
Overview,” Journa of Propulsion and Power, Vol. 17, No. 4, 2001, pp. 869-877.

4. Baurle, R. A., Mathur, T., Gruber, M. R., and Jackson, K. R., ”A Numerical and Experimental Investigation of a
Scramjet Combustor for Hypersonic Missile Applications,” AIAA Paper 98-3121, July 1998.
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AF112-005 TITLE: Active Control of Shock-Wave Boundary Layer Interactions

TECHNOLOGY AREAS: Air Platform
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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 adaptive active actuators for enhanced boundary layer/free stream momentum exchange for
control of unsteadiness and separation associated with shock-wave/turbulent boundary layer interactions.

DESCRIPTION: Shock-wave boundary layer interactions are key limiting phenomena in supersonic and hypersonic
flight. The consequences of the rapid pressure rise due to the shock wave on the low enthalpy near-wall flow result
in flow separation, vortical structure formation, enhanced peak heating loads, and unsteady loading. These effects
influence the aerodynamic properties of the vehicle as well as the propulsion system. In particular, deflection surface
control authority and component fatigue life is substantially degraded. Flow distortion and loss of total pressure in
the propulsion flow path reduces inlet and combustor performance measures with increased drag and reduced thrust.
In recent years, advances in experimental and computational techniques have provided new insights into the main
mechanisms of shock boundary layer interactions SBLI. In particular, the range of unsteady scales observed has
been classified into relatively high- and low-frequency phenomena. This understanding opens a significant
opportunity for control with unsteady actuators utilizing relatively low power to selectively influence boundary layer
superstructures and global instabilities of separated regions. At the same time, advances in power and electronic
component design sensors and signal processing have generated exciting new possibilities for flow control with
basis in the dynamics of plasmas as well as synthetic jets, which have proven highly effective in the low-speed
environment. This effort should develop and demonstrate versatile, controllable actuators, together with an
activation strategy, to exert authority on shock boundary layer interactions ranging from nominally two-dimensional
(2-D) cases such as oblique and normal shocks impinging on flat and cylindrical surfaces, as well as three-
dimensional (3-D) cases such as oblique grazing shocks impinging on 2-D side walls.

PHASE I: Identify actuators with power and frequency range capable of enhancing momentum transfer to control
SBLI in a broad Reynolds number range for Mach numbers from 2 to 5. Perform analysis of aternatives and
preliminary experiments and simulations to validate approach and develop control strategy.

PHASE |I: Develop actuator components together with power supply and frequency control devices. Demonstrate
and document effectiveness quantitatively by measuring unsteadiness, boundary layer health, separation suppression
and surface load mitigation.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: High-speed air vehicles, including supersonic aircraft, scramjet inlets and combustors.

Commercial Application: Air transports, short- and long-range airlines, supersonic business jets.
REFERENCES:

1. E. Touber and N.D. Sandham, “Comparison of Three Large-eddy Simulations of Shock-induced Turbulent
Separation Bubbles,” Shock Waves, Voal. 19, 2009, pp. 469-478.

2. J. Beresh, N.T. Clemens, and D.S. Dolling, “Relationship Between Upstream Turbulent Boundary-Layer Velocity
Fluctuations and Separation Shock Unsteadiness,” AIAA Journal, Vol. 40 No.12, 2002, pp. 2412-2422.

3. M.S. Loginov, N.A. Adams, and A.A. Zheltovodov, “Large-eddy Simulation of Shock-wave/Turbulent-boundary-
layer Interaction,” Journal of Fluid Mechanics, Vol. 565, 2006, pp. 135-169.

4. H. Babinsky, Y. Li, and C.W. Fitt Ford, “Microramp Control of Supersonic Oblique Shock-Wave/Boundary-
Layer Interactions,” AIAA Journal, Vol. 47, No. 3, March 2009.
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AF112-006 TITLE: Long Endurance Vertical Takeoff and Landing Tier 2 Size UAV

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Design and test a Tier 2 sized long-endurance VTOL UAV. Show how the design can be scaled and
identify critical size/weight/endurance limits. Design control algorithms for all flight regimes.

DESCRIPTION: Design and demonstrate a long-endurance vertical take-off and landing (VTOL) unmanned air
vehicle (UAV). Show how the design can be scaled and identify critical size/lweight/endurance limits. The nominal
design should be on the order of 10 ft wingspan, 5 hour endurance, 70 Ibs gross take-off weight, 70 mph cruise
speed and be able to launch/land in a 3m radius cylinder 5m tall.

As UAVs and their sensors increase in capability, the need to deploy UAV's from a greater variety of venues also
increases. The ability to launch and land in confined spaces allows the deployment of UAVs in critical areas such as
from forward operating bases (FOB). Many UAV systems have rail launchers and require runways or complicated
capture devices for recovery. In addition, a long obstacle-free landing approach is required when landing on a
runway or into a capture device. When such an approach path is not possible (such as coming over alarge fence into
a small operating ared), a vertical take-off and landing aircraft is necessary. Additionally, a VTOL aircraft lessens
the logistic footprint by eliminating the need for launch and recovery equipment.

The purpose of this topic is to investigate the vehicle design and control strategies necessary to achieve a VTOL
UAV where the hover capability is mainly used during launch and land, i.e. we seek design trade-offs that yield the
capability of a fixed wing UAV (in terms of endurance and payload) while alowing for vertical take-off and
landing. A design study of the proposed configuration comparing its performance to a conventional VTOL rotorcraft
(i.e. helicopter) and non-VTOL fixed wing aircraft is desired. Candidate designs must offer significant range and
duration capability beyond conventional helicopters and approach that of the best fixed wing UAVs currently
available. Additionally, an analysis of overall endurance as a function of percentage hover duration would allow
new mission extensions such as communication relay, stationary surveillance, and remote payload emplacement.
Designs that do not use exposed rotors are desired. The vehicle must be able to operate safely with human operators
in close proximity and exposed rotors are not considered safe enough in the event of contact with personnel on the
ground.

In addition to the vehicle design and analysis, development and demonstration of the necessary control strategies for
hover, level-flight, and transition regimes are necessary. A focus on robustness to uncertainty, especially with regard
to wind, should yield a controller with known safe bounds for launch and recovery. The control strategies are
targeted for completely autonomous flight, so the UAV must be able to land even in the presence of loss of
communication. As the UAV isto launch and land in a small, possibly confined space, often near humans, safety
and failure modes should be well characterized. Finally, a statement as to the acoustic impact of the proposed design
should be included.

PHASE I: Vehicle design and preliminary analysis of endurance trade-offs. Proposed control strategy for hover and
transition regimes. Implementation and demonstration plan. Initidl demonstrations of key technologies are
encouraged.

PHASE I1: Verification of control design (theory, simulation, and demonstration). Prototype vehicle built and tested
with accompanying analysis of safety, noise level, robustness to disturbances, failure modes, scalability, and
endurance trade-offs.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Work with Tier 1/2/3 vendors to develop VTOL capability in system of record.

Commercial Application: Homeland security, hazardous material monitoring, crop inspection, search and rescue.
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AF112-007 TITLE: Design Methods for Simultaneous Aerodynamic Shape, Structural Topology,
Subsystem Topology, and Structural Sizing of Aerospace Vehicles

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop and evaluate multi-disciplinary methods that can produce shape, structural/subsystem layout,
structural sizing, and control surface configuration designs simultaneously.

DESCRIPTION: Innovative concepts are sought to bridge the gap between: (1) Conceptual design and (2) high-
fidelity analysis and design. Air vehicle design is a complex process that involves severa stages[1,2]. To begin the
development of anew air vehicle, a set of complex requirements and objectives are put forward. Once the high level
set of requirements are established, the conceptual design of potential configurations that meet those requirements
are explored. In the conceptual phase, the vehicle and its performance are represented by a series of parametric
equations, empirical relations, and or historical databases.

Once the conceptual design study is completed, several attributes of the vehicle are obtained. The configuration(s)
resulting from the conceptual phase need to be analyzed and the design refined to satisfy vehicle requirements
associated with strength, stiffness, buckling, cruise performance, maneuver performance, static aeroelastic stability,
dynamic aeroelastic stability, and controllability. In order to perform the design refinement at the critical set of flight
conditions, higher fidelity, coupled, and/or chained analyses are required. The design parameters at this stage of the
process are aerodynamic parameters, structural sizing parameters, structural layout, subsystem layout. A common
practice is to employ a parametric associative representation of the configuration to perform the analyses and the
design refinement.

Currently, there is a deep chasm between these two stages of the design: Conceptual representation and a
representation that is necessary for a higher fidelity analysis. As a consequence, the state of the art is extremely time
consuming and hands-on intensive. The structural layout and subsystem layout is mostly based on years of
experience and company standards and practices. As a result, the design process is dow, partitioned, biased, and
ultimately non-optimal.

Develop and test an multidisciplinary design optimization (MDO) methods that can simultaneously develop
aerodynamic shape, structural layout, subsystem layout and structural sizing while considering constraints related to
strength, tiffness, buckling, cruise performance, maneuver performance, static aeroelastic stability, dynamic
aeroelastic stability, and controllability requirements. The developed methods shall be able to efficiently
accommodate both commercial-off-the-shelf (COTS) or in-house computer software that perform the response
analyses for the evaluation of each separate requirement. The resulting methods shall be demonstrated on a
representative air vehicle design.

PHASE I: Propose an architecture that is suitable for simultaneous aerodynamic shape, structural/subsystem layout
topology, and structural sizing optimization. Demonstrate this architecture by performing structural topology/layout
optimization while considering local panel buckling and static aeroelastic constraints on a representative air vehicle
configuration.
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PHASE II: Expand the Phase | development by including subsystem topology(location of mass & volumes),
aerodynamic shape, structura sizing and the number, size, and location of the control effectors as design variables
and extend the constraint set to include vehicle performance, and dynamic aeroelastic stability/performance within
the design optimization process. Demonstrate the full Phase | & Phase |1 capability on a representative air vehicle
configuration.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: The developed methodology will be
applicable to the design and development of military aerospace vehicles producing lighter weight vehicles with
improved performance.

Commercial Application: The developed methodology will be applicable to the design and development of
commercia aerospace vehicles producing lighter weight vehicles with improved performance.

REFERENCES:
1. Raymer DP, Aircraft Design: A Conceptual Approach, AIAA, Reston, Virginia, 3rd ed., 1999.

2. Roskam J, Airplane Design, Darcorporation, Lawrence, Kansas, 2nd ed., 2003.

KEYWORDS: Multidisciplinary Design Optimization, air vehicle design, topology optimizatioin, shape
optimization

AF112-010 TITLE: Physics-Based Models for Transient Behavior of Two Phase Flow Cooling
Systems

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Development of physics-based component models that allow system level parametric sensitivity
analysis and parameter iteration to be evaluated for two-phase flow cooling systems.

DESCRIPTION: Current AF aircraft use single phase open loop cooling systems that have reached their capacity to
successfully cool upgraded avionics systems and subsystems. Platform upgrades such as improved avionics cooling
for advanced radar, electronic warfare, signal processing, and communication system will be required over the
vehicle lifetime for F-22, F-35, and other aircraft for strike/reconnai ssance/ SOF/defense missions. Advancements
beyond the current state of the art are required due to thermal limitations that affect mission success. The ability to
predict system level performance of vapor compression thermal cooling systems is required for transition from any
existing open loop single phase cooling system. Development of physics based component and system models that
allow system level parametric sensitivity analysis and parameter iteration to be evaluated for transient, non-steady
state, Two Phase Flow Cooling Systems. Develop characterization and scaling methodologies for advanced cooling
system design and corresponding modeling tool that incorporates these scaling methodologies. Minimum system
design must include pumped loop design, with the desired end state capability to predict performance of vapor-
compression thermal cooling systems. The ability to design successful two-phase cooling systems is dependent on
the ability to model and predict the system performance and capacity for growth based on the physics of platform
dynamics and materia properties.

PHASE I: Development of physics based component models that allow parametric exploration of working fluid,
cooling loop components, heat exchanger, pumps, reservoir, physical dimensions and materials of the components.
Include unpressurized and pressurized effects on components.

PHASE |I: Demonstrate a Two Phase, Non-Steady state cooling system model. Perform sensitivity analysis on
parameters to optimize system level operation. Develop characterization and scaling methodologies for advanced
cooling system design and corresponding modeling tool that incorporates these scaling methodologies. Predict
performance of advanced cooling system.
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PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Better design of active cooling systems for use on existing fighters, bombers, reconnaissance,
SOF and future air vehicles.

Commercial Application: There are several commercial requirements for improved therma management that could
be met with this effort in aerospace and other markets, including modeling for heat sinks or heat exchangers for
server farms and el ectronics cooling applications.

REFERENCES:
1. Jain, Prashant Kumar; “Simulation Of Two-Phase Dynamics Using Lattice Boltzmann Method (LBM)”
Dissertation, University of Illinois at Urbana-Champaign, 2010 Urbana, Illinais.

2. Wang, Sida; “Lagrangian Techniques For Particle Flux And Concentration”, Thesis, University of Illinois at
Urbana-Champaign, 2010 Urbana, Illinois

3. R. Baasubramaniam, E. Ramé, J. Kizito, and M. Kassemi; “Two Phase Flow Modeling: Summary of Flow
Regimes and Pressure Drop Correlations in Reduced and Partial Gravity” NASA/CR—2006-214085, Jan 2006.

4. De Schepper, S., Heyndericks, G.J., and Marin, G.B.“CFD modeling of all gas-iquid and vaporliquid flow
regimes predicted by the Baker chart”, Chemical Engineering Journal 138 (2008) 349-357, June 2007.

5. Pontaza, J.P.; “ Simulation of Vortex-Induced Vibrations and Two-Phase Flow on Overset Grids’ 9th Symposium
on Overset Grid and Solution Technology, October 2008

KEYWORDS: transient two-phase flow physics, two-phase turbulence modeling, instantaneous two-phase flow,
transient nonsteady state two-phase flow cooling systems, two-phase fluid dynamics simulation, two-phased flow
computational methods, thermal management of cooling loop systems, system level modeling for active two-phased
cooling systems, vapor-compression thermal bus, Lagrangian particle trgjectories, Lattice Boltzmann methods
(LBM), Peng-Robinson (P-R), equation of state

AF112-011 TITLE: Innovative Aero-Optics Research and Devel opment

TECHNOLOGY AREAS: Air Platform, Weapons

OBJECTIVE: Develop novel laser turret designs and/or flow control methods to compensate for the intensity losses
suffered when a high energy laser is propagated through aircraft-induced optical turbulence.

DESCRIPTION: Thistopic is applicable to high energy laser system (HEL) concepts for future airborne offensive
or defensive applications. Potential aircraft platforms of interest are the next-generation gunship (B-1 as platform for
the Electric Laser on aLarge Aircraft (ELLA)), the Joint Strike Fighter or future Long Range Strike bombers. High
performance (HEL) aircraft must incorporate large fields of regard in order to enhance mission capability and to
provide for greater missile self-defense coverage. Unfortunately, aircraft motion perturbs the refractive index field
over a significant portion of the aft field of regard near the HEL exit aperture. As aresult, the outgoing HEL laser
beam undergoes extreme disturbances due to shock waves, turbulent shear layers and regions of separated flow. The
net effect of the large, rapidly varying wave front aberrations imposed on the HEL beam is to degrade the on-axis
intensity of the HEL at the target. Since aero-optical turbulence contains a significantly high frequency content,
current state-of-the-art adaptive optics (AO) systems cannot adequately compensate for these effects. The purpose of
this effort is to investigate and develop new laser turret designs or flow control technologies that would ameliorate
the optical effects associated with these turbulent flow fields, making it possible to employ the current state-of-the-
art AO components. Some approaches may seek to mitigate, reduce or shift the frequency spectrum of the
turbulence flow itself while a turret design approach might seek to prevent or minimize the turbulence formation
altogether.
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PHASE I: Develop a preliminary design for a turret concept that would either prevent/minimize the formation of
turbulent shear layersin the aft looking direction, propose novel flow control technologies that could alter an already
established flow or a combination of the two technologies.

PHASE I1: Fabricate model(s) for the proposed turret or flow control technology concept, arrange for optical testing
and validate turbulence reduction in a scaled wind tunnel experiment.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Includes the Airborne Laser, (ELLA), Laser Strike Fighter, High Energy Liquid Laser Area
Defense System (HELLADS), Relay Mirror, unmanned aeria vehicles (UAVs) and aircraft surveillance systems.

Commercial Application: Includes applications with requirements for atmospheric compensation such as astronomy,
laser communications, power beaming, etc.

REFERENCES:
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Vol 8, Environmental Research Institute of Michigan, Ann Arbor MI, 1993.
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Optical Phenomena,” Progressin Astronautics and Aeronautics, Vol 80.

3. Kesal, D. (1982) “Optical Measurements of Degradation in Aircraft Boundary Layers’ in “Aero-Optical
Phenomena,” Progress in Astronautics and Aeronautics, Vol 80.
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AF112-012 TITLE: Model-Based Systems Engineering Tools for Laser Systems

TECHNOLOGY AREAS: Sensors, Weapons

OBJECTIVE: Develop innovative software technology to support model-based engineering (MBE) for end-to-end
field laser propagation systems for the purpose of ranging, imaging, and other military applications. These systems
inherently involve multiple scientific and engineering domains and complex cross-domain interactions, some of
which cannot be adequately modeled using standard multiphysics techniques.

DESCRIPTION: MBE has been identified by the Office of the Director, Defense Science and Engineering as one of
four potentially “game-changing” technologies that could bring about revolutionary advances across the entire DoD
research and development and procurement cycle. To be effective, however, MBE requires robust underlying
modeling and simulation technologies capable of modeling all the pertinent systems, subsystems, components,
effects, and interactions at any level of fidelity that may be required in order to support crucial design decisions at
any point in the system development lifecycle. Very often the greatest technical challenges are posed by systems
involving interactions that cut across two or more distinct scientific or engineering domains; even in cases where
there are excellent tools available for modeling each individual domain, generally none of these domain-specific
tools can be used to model to the cross-domain interactions. Some kinds of cross-domain interactions can be well-
modeled using now-standard multiphysics techniques. These techniques generally make it possible to combine
multiple domain-specific models using finite element modeling (FEM) to approximately solve coupled sets of
partia differential equations (PDES) appropriate to those different domains. In some other cases, the interactions
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within distinct domains can be decoupled in a straightforward manner simply because they act on very different
timescales. However, there remain important classes of systems where cross-domain interactions cannot be
adequately modeled using standard multiphysics techniques, and cannot be decoupled based on timescales. For
example, consider an imaging system or a laser beam projection system employing adaptive optics to sense and
compensate for the aberrating effects of turbulence along the propagation path. Such systems can involve closely
coupled interactions among structures, optics, thermal effects, atmospherics, target interaction, and non-trivial
digital control logic. Some, but not al, of the cross-domain interactions can be modeled using standard multiphysics
techniques, and some effects which cannot be modeled using these techniques, e.g., propagation delays due to the
finite speed of the light, can be crucia to making accurate performance predictions for such systems. What is
needed, therefore, is an innovative modeling and simulation technology that can incorporate the capabilities already
provided by the existing domain-specific modeling tools, but which can also be readily extended to model any and
all cross-domain effects and interactions at any level of fidelity that may be required in order to make sufficiently
accurate performance predictions to address crucial design decisions.

PHASE I: Develop innovative software technology to support MBE for end-to-end field laser propagation systems
for the purpose of ranging, imaging, and other military applications. These systems inherently involve multiple
scientific and engineering domains and complex cross-domain interactions, some of which cannot be adequately
modeled using standard multiphysics techniques.

PHASE II: Transition the MBE environment from Phase | into a deliverable software tool with sufficient
documentation and testing to be used by non-expert programmers. Apply the tool within the context of a real world
development effort for alarge-scale field laser propagation system.

PHASE IIl DUAL USE COMMERCIALIZATION: Military Application: Model-based systems engineering for
field laser propagation systems and other large-scale systems requiring multidisciplinary, multifidelity modeling.
Commercial Application: Model-based systems engineering for advanced optical systems and other large-scale
systems requiring multidisciplinary, multifidelity modeling.

REFERENCES:
1. “A Report of the National Science Foundation Blue Ribbon Panel on Simulation-Based Engineering Science:
Revolutionizing Engineering Science through Simulation,” May 2006. For example, see

http://www.nsf.gov/pubs/reports/sbes final_report.pdf

2. "Systems engineering: key to modern development,” Schlager, J. (July 1956). IRE Transactions EM-3: 64-66.
doi:10.1109/IRET-EM.1956.5007383.

3. “A Methodology for Systems Engineering,” Hall, Arthur D. (1962), Van Nostrand Reinhold. ISBN 0442030460.
4. “ Systems Engineering,” Sage, Andrew Patrick (1992), Wiley |EEE. ISBN 0471536393.
5. Additional information from TPOC -- A Discussion of the SBIR on Model-Based Engineering, posted 5/17/2011.
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AF112-013 TITLE: Acquisition, Pointing and Tracking Applied to Optical Phased Arrays

TECHNOLOGY AREAS: Sensors, Weapons

OBJECTIVE: Develop anovel beam control approach for optical phased array systems.

DESCRIPTION: Over the past 6 years, a basic understanding of optical phased array technologies has been
developed. The goal would be to draw from this and develop a fuselage conformal system for small, high-speed air

platforms. These platforms will require substantial improvements in size, weight and power (SWaP). In this case,
the improved SWaP stems from the ability to digitally add low resolution sub-aperture images to form a high
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resolution image based upon the full aperture and the advent of high power fiber lasers that conveniently lend
themselves as an easily packaged, distributed laser source. These advances eliminate the need for beam combining
and beam expansion optics for imaging and beam projection respectively. This dramatically reduces SWaP. Add to
this approach low-non-mechanical beam steering such as Risley Prismsand one can potentially replace the turret
with afuselage conformal window to eliminate unwanted weight, volume and aerodynamic effects of the turret.

Specific beam control technology advancements include Heterodyne interferometry for imaging and wavefront
sensing, several approaches to coherently combine the transmitted beam, approaches for low-non-mechanical beam
steering and an initial system level concept. The Air Force isinterested in leveraging these advancements to develop
phased array beam control architectures for target acquisition, pointing and tracking (APT). This multi-input/multi-
output beam control architecture is substantially different than a traditional monolithic control loop where the
discontinuous pupil forces the tilt and phase commands to be collected in an unconventional manner. Solutions
should consider atmospheric, target dynamics, sensor bandwidth limitations, 19 and 43 sub-apertures, latencies
associated with digital calculations and time of fight requirements, signal-to-noise realities and target radiometry.

PHASE I: Model a complete beam control system using realistic plant, sensor, disturbance and actuator models.
Demonstrate that the architecture adequately addresses the fundamental principles and hardware limitations of the
selected approach.

PHASE I1: Using the model developed in Phase |, develop control algorithms and validate through modeling the
feasibility of a phased array beam control system that accommodates APT in realistic environments. When needed,
small validation experiments should be used to reduce risk of model uncertainty.

PHASE |1l DUAL USE COMMERCIALIZATION: Military Application: To serve missions such as Close Air
Support and Integrated Air Defense Systems which require a high energy laser system on a small high speed air
platform.

Commercial Application: High resolution active imaging using a synthetic aperture on a small dynamic air platform
will trandate to compact sensors on commercial satellites and air platforms for earth sensing applications.

REFERENCES:

1. “Phased Arrays,” Directed Energy Systems Symposium Proceedings, Monterey, CA, @ www.deps.org,
2009/2010.

2. J. Barchers, “Conformal Laser Weapon System (CLAWS) Technical Review — Phase |,” Nutronics, 2010.
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Control Concept,” Proc. Of SPIE V. 5895, 2005.

4. R.G. Paxman and J.C. Marron, "Aberration Correction of Speckled Imagery With an Image Sharpness Criterion,"
In Proc. of the SPIE Conference on Statistical Optics, 976, San Diego, CA, August (1988).

5. J. Marron and G. M. Maorris, "Image-plane speckle from rotating, rough objects," J. Opt. Soc. Am. A 2, 1395-
1402 (1985).

6. D. Marker, K. Bush, W. Green, Phased Array Control Function Mapping (uploaded in SITIS 6/14/11).
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AF112-014 TITLE: System Identification for Jitter Algorithmsin Beam Control Systems

TECHNOLOGY AREAS: Information Systems, Sensors, Weapons
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OBJECTIVE: Develop fast system identification of the plant model and disturbances for performing diagnostics,
controller updates and advanced pointing, tracking control and jitter stabilization algorithms.

DESCRIPTION: The Air Force is exploring and developing several aircraft mounted high energy laser (HEL)
systems for precision strike and self- defense missions. All HEL systems require fast, accurate pointing, tracking and
precise stabilization of the laser beam to be effective. Some of most advanced pointing and precise stabilization
algorithms require an accurate model of the system plant which includes base motion and disturbances in the
system. In an airborne system, these system characteristics can change drastically depending on the operational
environment. Therefore, the estimated system model is always uncertain, because of these disturbances and the lack
of an absolutely correct system model. System identification of the system plant model and its disturbances can help
at many levels, for instance, performing diagnostics, controller updates and as well as applications on advanced
pointing and tracking control algorithms. The ability to accurately perform system identification to get an accurate
system model of the plant would be a key component in achieving our algorithms most optimal effectiveness.
System identification is a method of developing mathematical models of a dynamic system based on a set of
measured stimulus and response data. One can use system identification in a wide range of applications, including
mechanical engineering, biology, physiology, meteorology, economics and model-based control design.

One of the model-based control design process which is utilized for precision pointing, tracking and jitter mitigation
is a real time adaptive lattice filter technique called Predictive Feed Forward Controller (PFFC). This technique
involves identifying a plant model and disturbances, analyzing and synthesizing a controller for the plant, simulating
the closed-loop system and deploying the controller to real-time hardware. Therefore, this technique requires a very
precise system model for it to perform optimally.

PHASE |: Develop a design of a system ID agorithm for performing diagnostics, controller updates, pointing,
tracking and jitter mitigation algorithms. Concept design for addressing the system performance and architecture
implications as applied to an advanced tracking control for jitter reduction algorithm.

PHASE II: The goal of Phase Il is to complete the system ID algorithm design, then build and test an engineering
development unit running the Predictive Feed Forward Controller. Develop preliminary design of aflight-qualifiable
version of the system identification technique coupled with the Predictive Feed Forward Controller that can be field
tested. Unit will be delivered to the government for testing.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: Beam stabilization is required for a laser
system to be effective. A system ID algorithm coupled with an advanced pointing and tracking agorithm for jitter
reduction can achieving this effectiveness.

Commercial Application: Any feedback and control application which operates under conditions where the system
plant and disturbance models are changing dynamically would benefit from this devel opment.

REFERENCES:
1. Ljung, Lennart, "System Identification — Theory For the User," 2nd ed, PTR Prentice Hall, Upper Saddle River,
N.J., 1999.

2. Pintelon, Rik and Schoukens, Johan, "System identification: a Frequency Domain Approach,” January 2001,
Wiley-IEEE Press.

3. Van Overschee, Peter and De Moor, Bart , "Subspace Identification for Linear Systems,” Norwell, MA: Kluwer
Academic Publishers, 1996.

4. Gilmore, J.P., Luniewicz, M.F. and Sargent, D.G., “Enhanced Precision Pointing Jitter Suppression System,”
Proceedings of SPIE Vol. 4632, Laser and Beam Control Technologies, San Diego, CA, January, 2002.

5. Chen, N. and Gibson, J. S. , “ Subspace System Identification Based on Multichannel Lattice Filter,” in American
Control Conference, (Boston, MA), |EEE, June 2004.
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KEYWORDS: System Identification, System 1D, Feedback and Control, Jitter Reduction, Pointing and Tracking
algorithms

AF112-017 TITLE: Curved Sensor for Vision Systems (CSVS)

TECHNOLOGY AREAS: Air Platform, Sensors

OBJECTIVE: Develop curved focal plane array digital sensor for visible thru SWIR with pixel types varying from
intensity-sensing in center to motion-sensing away from center, and integrate with smple optic.

DESCRIPTION: Sensors integration into small form-factor applications, such as helmet mounted systems (HMS)
and small uninhibited air vehicles (UAV), has been inhibited by limitations in optics and focal plane array
technologies. Limitations in microelectronics fabrication technology have forced the focal plane arrays (FPA), the
element within the sensor that converts photons to electrica signals, to be rectilinear flat. The problem is
compounded by the necessity to design and use a complex objective optic (expensive train of lens elements) to
convert the curved field-of-view (FOV) (e.g. 40° solid cone) of optical flux that arrives at the sensor aperture to a
flat field required at the FPA plane. Volume, weight, and expense of the objective optics often prevents the
integration of sensors into applications where weight and space are critical. Recent bio-inspired work has taken note
that the retina of the eye is curved, which accepts the curved FOV optical flux arriving at the aperture (the pupil),
which, in turn, enables avery simple lenses. The results of this recent research (see references) indicate that a curved
sensor sensitive to visible (VIS 0.4-0.7 um), near infrared (NIR, 0.7-0.9um), and shortwave infrared (SWIR, 0.9-1.8
pum), or to all threein one sensor, is now possible with image resolutions 1280 by 1024 or higher. The CSV S sought
in this topic would be suitable for integration into an HMS with threshold (objective) performance of 1280x1024
pixels (2560 by 2048 pixels) spatial image resolution, 30 Hz (60 Hz) frame rate), VIS (VIS-NIR-SWIR) bands, 1-in.
(0.5-in.) radius of curvature, monochrome (red-green-blue) color for VIS band, and D* comparable to flat FPA
cameras for NIR and SWIR bands. Approaches based on organic, inorganic, and hybrid materials, and all pixel
technologies, are sought. Space, weight, ergonomics, power, performance, and integration (SWEPPI) must al be
addressed in a single performance vector for the HMS application (threshold) and for other applications such as
small UAV. Fabrication techniques and manufacturing technology, including a plan for scaling for eventua
production must be addressed.

PHASE I: Design CSVS capable of being integrated to small formfactor applications to provide visualization
capability to pilots and other warfighters. Novel materials, sensor pixel structures, array readout schema, and
fabrication techniques should include proof-of-concept experiments. Develop roadmap.

PHASE IlI: Fabricate CSVS and demonstrate performance in laboratory environment. Perform evaluation
experiments and compare performance to comparable state-of-the-art classical sensors. Demonstrate synergistic
capabilities of CSVS in support of HMS and other gear now worn or used by warfighters. Evaluate potential of
CSVSin commercial applications to create an industrial base for affordable production.

PHASE 11l DUAL USE COMMERCIALIZATION:

Military Application: Military applications include head mounted display (HMD) systems for pilots (all aircraft),
tankers, and dismounted combatants and sensors for small uninhabited air vehicles (UAVS).

Commercial Application: Commercial applications include cameras embedded in consumer electronics (computers,
cell phones, camcorders), homeland security, and police.

REFERENCES:

1. Focal-Plane Arrays: Curved Sensor Array To Help Simplify Cameras, Laser Focus World 44 (6), 2008,
http://mww.optoig.com/Ifw-wel come-ad.articles.laser-focus-world.volume-44.issue-6.world-news.focal -plane-
arrays-curved-sensor-array-to-hel p-simplify-cameras.html ?cName=Ifwseptember

2. (8) Seung-Bum Rim, Peter B. Catrysse, Rostam Dinyari, Kevin Huang and Peter Peumans, The optical

advantages of curved focal plane Arrays, OSA Optics Express, Vol. 16, No. 7, pp. 4965-4971 (2008),
http://ece661web.groups.et.byu.net/notes/curved_fpa.pdf; (b) Rostam Dinyari, Seung-Bum Rim, Kevin Huang, Peter
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B. Catrysse, and Peter Peumans, Curved monoalithic silicon for nonplanar focal plane array, Applied Phys. Lett. 92,
091114 (2008), http://apl.aip.org/resource/1/applab/v92/i9/p091114 s17isAuthorized=no. Theoretical analysis and
demo of 30-um silicon island pixels connected by silicon springs in 105 by105 pixel array deformed into a
subhemispherical dome having 1-cm radius.

3. D. Shenoy, Hemispherical Array Detector for Imaging (HARDI),
http://www.darpa.mil/mto/programs/hardi/index.html

Program focused on exploiting materials and processing methods to create curved focal plane to reduce optical
elements and need for image post processing,

4. Solid-state curved focal plane arrays, U.S. Patent 7786421, Filing Date 13 Sep 2004, Published 31 Aug 2010,
http://www.freepatentsonline.com/7786421.html

5. Gunchul Shin, Inhwa Jung, Viktor Malyarchuk, Jizhou Song, Shuodao Wang, Heung Cho Ko, Y onggang Huang,
Jeong Sook Ha, and John A. Rogers, Micromechanics and Advanced Designs for Curved Photodetector Arraysin
Hemispherical Electronic-Eye Cameras, in Small, Val. 6, Issue 7, pp. 851-856 (April 9, 2010),
http://onlindibrary.wiley.com/doi/10.1002/smll.200901350/abstract

KEYWORDS: curved focal plane array, digital retinal camera, hemispherical detector, bio-inspired vision, imaging
system, short wavelength infrared

AF112-018 TITLE: Sensor-Processors-Display Sandwich (SPDS) for Near-Eye Visualization
Systems

TECHNOLOGY AREAS: Information Systems, Sensors, Human Systems

OBJECTIVE: Develop integrated digital device for near-eye visualization comprising a sandwich with layers
including a pixelated sensor focal plane array, processors (ROIC, IO, generator), and a microdisplay.

DESCRIPTION: Currently fielded night vision systems perform imaging (sensing, processing, display) in an
integrated device train comprising alow workfunction phosphor, microchannel plate, fiber-optic bundle, and visible
(green) phosphor. Examples include AN/AV S-9 and Panaoramic Night Vision Goggles (PNVG). The image sensed
in these fielded systems is in-line with the eye: there is no off-set and users often think of their indirectly-sensed
view of theworld asif it were direct-view with an unaided eye. These current systems, base on so-called generation
Il near-infrared (NIR) vacuum tube technology, are not digital. Digital sensors (based on both solid state and
vacuum device approaches) are beginning to appear that may match the scene image resolution provided by a Gen-
[11 analog NIR tube, which is about 5 Mpx in a 40° field-of-view (FOV). Furthermore, these digital sensors can be
sensitive to multiple bands: visible (VIS 0.4-0.7 um), near infrared (NIR, 0.7-0.9um), and shortwave infrared
(SWIR, 0.9-1.8 um), or to all three. Digital image processors and algorithms are now available that can handle at
least 1280x1024 pixels at 60 Hz, with a path to handle 2560x2048 pixels at 60 Hz. Digital displays have appeared in
multiple technologies at 1280 x 1024 pixels capable of 80 Hz, and higher resolution (4000 x 2000 pixels) are now
possible. The maturity of the digital imaging components for sensing, processing, and display is now sufficient to
initiate innovation towards a purely digital Sensor-Processors-Display Sandwich (SPDS) for Near-Eye Visualization
Systems to replace the analog vacuum tube technology now used in fielded night vision equipment. These digital
SPDS devices enable capabilities not available to the currently fielded analog technologies, such as image
processing, fusion, recording, communication to/from the helmet system. Importantly, the SPDS provides these
advantages of digital while retaining an in-line sensing of the world with the line-of-sight (no off-sets as in other
current testbeds for digital near-eye systems). Space, weight, ergonomics, power, performance, and integration
(SWEPPI) must al be addressed in a single performance vector for the helmet-mounted application. Fabrication
techniques and manufacturing technology, including a plan for scaling for eventual production must be addressed.

PHASE |: Design SPDS capable of being integrated to near-eye applications to provide visualization capability to

pilots and other warfighters. Novel materials, structures, devices, processing schema, and fabrication techniques
should be addressed via proof-of-principle experiments. Devel op roadmap.
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PHASE I1I: Build digital SPDS testbed system, including optics, with threshold (objective) resolution of 1Mpx
(5Mpx). Address fabrication, integration, and packaging to the extent budget permits. Compare testbed capabilities
with analog tube-based systems. Establish a plan for development into a product for military and commercial
applications with an industrial base for affordable production.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Military applications include helmet-mounted and helmet-integrated visualization systems for
pilots, dismounted combatants (handheld systems, rifle sights, head-mounted vision), and vehicle operators.
Commercial Application: Commercial applications include camera viewfinders embedded in consumer electronics
(computers, cell phones, camcorders), homeland security, and police.

REFERENCES:

1. Intevac Night Port, digital image intensified night vision viewer comprising Electron Bombarded Active Pixel
Sensor (EBAPS) ISIE-11 integrated with eMagin SXGA AMOLED microdisplay, weighting 237 g.
http://www.intevac.com/vision-systems/nightport ,

http://ir.emagin.com/phoenix.zhtml?c=96135& p=irol-newsArticle print&1D=1410514& highlight

2. Digital vacuum sensors, including Joseph Estrera, “A Primer on I2CMOS and its Applicability to System
Integrators,” L3 Electro-Optical Systems, briefing, IDGA Night Vision Sys. (27 Jul 2009).
http://www.slideshare.net/mglover43/nightvisionsystems2009final

3. Digital solid state sensors, including B. Ackland, C. Rafferty, C. King, I. Aberg, J. O’'Neill, T. Sriram, A. Lattes,
C. Godek and S. Pappas, “A Monoalithic Ge-on-Si CMOS Imager for Short Wave Infrared,”
http://www.imagesensors.org/Past%20W orkshops/2009%20W orkshop/2009%20Papers/053_paper_ackland _noblep
eak_swir.pdf

4. Digital microdisplaysincluding AMLCD (http://www.kopin.com/cyberdisplay-military-industrial/), QPI
(http://www.fags.org/patents/app/20090086170), MEMS, LCOS, and AMOLED display technologies.

5. Digital ASIC processors, including Acadia® Il System-on-a-Chip,
http://www.sarnoff.com/files/acadia Il.pdf

KEYWORDS: Sensor-Processor-Display Sandwich, SPDS, near-eye visualization system, in-line digital night
vision module, digital image intensifier, replacement for analog Gen-I11 tubes

AF112-019 TITLE: Expert System for Training and Simulation Visual Display System

TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Research task-based requirements for simulator visual display systems, and prototype an expert
system to aid defining and measuring these systems.

DESCRIPTION: The acquisition and validation of visual display systems as a key capability of U.S. Air Force
(USAF) training systems is a complex process. Accurate mapping of high-level user requirements into system and
device level performance requirements is challenging. Over-specifying drives unnecessary cost, while under-
specifying results in system performance that does not support the needed training. Vague training system
specifications can lead to disagreements in required system characteristics, cost estimates, and adequacy of
performance in the delivered system. Additionally, although USAF end users may have very good descriptions of
particular tasks that need to be trained in a simulation environment, the correlation of these operational training tasks
with particular attributes of the simulator visual display subsystem fidelity has to date been only anecdotal. The
ultimate objective of thistopic is to prototype an expert system/database that will aid users in assessing the tradeoffs
and what-if decisions necessary for generation of visual display system performance criteria based on training tasks,
cost, schedule, and other resource constraints. This task will consist of (1) researching task-based training system
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requirements for simulator visual display designs, (2) establishing standard specification parameters and verification
methods, and (3) prototyping an expert system as an aid to users and acquisition engineers in specification of
required visual display system performance based on training task requirements as inputs. Enabling objectives are
to develop standardized attributes for specification of visual display system performance, and standardized
verification methods for each attribute. This effort is particularly focused on research of requirements for such an
expert system, development of novel measurement/assessment methods to be incorporated which do not require
speciaized or vendor/specific equipment, and design of the enabling software architecture. The intent is to develop a
new paradigm in which an expert system can be used to assess key high-level criteria which will thoroughly
characterize a visual display system for smulation and training. Visual system components to be considered include
databases, image generator, imaging hardware (e.g., projectors, head worn displays) for both daylight and night
vision applications. Selection of key performance parameters should be based on the best available research and
documentation. Additionally, successful completion of this proposed effort will involve new research to: (@)
standardize a set of objective (i.e. measurable), and achievable performance criteria, and (b) establish empirical
linkages between those criteria and specific training tasks.

PHASE |: Research training tasks and visual simulation system attributes for fighter aircraft and develop a design
approach for an expert system. Deliver atechnical report summarizing results.

PHASE Il: Phase Il will result in prototyping, demonstrating, and testing the concept proposed under Phase | and a
technical report. The prototype device will be delivered to the USAF for further research and evaluation.

PHASE IIl DUAL USE COMMERCIALIZATION: Military Application: Development of an expert system to aid
acquisition and acceptance testing of visual simulation systems would have military aviation applications.
Commercial Application: Development of an expert system to aid acquisition and acceptance testing of visual
simulation systems would have commercial aviation applications.

REFERENCES:

1. Akerkar, R., and Sajja, P., (2009) Knowledge-Based Systems. Jones & Bartlett Publishers; First Edition August
2009. ISBN-10: 0763776475. ISBN-13: 978-0763776473.

2. Giarratano, J.C., Riley, G.d., (2004) Expert Systems. Principles and Programming, Fourth Edition. Course
Technology; 4th Edition Oct 2004. 1SBN-10: 0534384471. 1SBN-13: 978-0534384470.

3. Schreiber, G., Akkermans, H., Anjerwierden, A., de Hoog, R., Shadbold, N., Van de Velde, W., and Wielinga, B.
(1999) Knowledge Engineering and Management: The CommonKADS Methodology. The MIT Press, Dec 1999.
ISBN-10: 0262193000. 1SBN-13: 978-0262193009.

4. Relative Effects of Five Display Design Variables on Aircraft Identification Range in Daylight

5. A Modd of the Relative Effects of Key Task and Display Design Parameters on Training Task Performance.

KEYWORDS: simulator display metrics

AF112-021 TITLE: Colorless Opagueable Visor (COV)

TECHNOLOGY AREAS: Sensors, Human Systems

OBJECTIVE: Develop neutral-density complex curvature visor that fails clear but is opagueable to block up to 90%
of ambient illumination using advanced optical structures,materials, and fabrication techniques.

DESCRIPTION: Helmets for fighter pilots have traditionally had two passive visors (one clear, one dark) to enable
operation over seven orders of ambient illumination ranging from very dark (0.01 Ix, moonless overcast night) to
extremely bright (108 kix, full sun day). Dimmable visors, activated either by photonic flux or electrical excitation,
have been sought for over 35 years (see references) to enable a single visor design. Unfortunately, no effort to date
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has yielded an approach that fails clear, provides controllable transmission of the ambient illumination ranging from
at least 10 percent to less than 90 percent, and dims light equally at al visible wavelengths (i.e. colorless, so-called
neutral-density, light filtration). Recent advances in optical micro- and nano-structures, quantum optoel ectronics,
organic and inorganic materials, and novel fabrication techniques including molecular self-assembly, provide new
opportunities to achieve colorless opagueable visors (COV) and windows. Potential approaches include novel
microel ectricalmechanical system (MEMS) structures such as micro-blinds or fluid-suspended nanorods, advanced
photochemicals and electrochromics developed by combining quantum theoreticall molecular modeling and
synthesis with device fabrication and evaluation, various polymer dispersed liquid crystal (PDLC)-based devices,
nano-structured semiconductor materials, and porous nano-crystalline films. Efforts to develop energy-efficient
windows for buildings and cars provide additional approaches to be explored for helmet visors. This topic is
focused on the discovery and development of effective, affordable technology enabling an opaqueable, complex
curvature, single-visor pilot helmet design. Threshold performance is demonstration of fail-clear with minimum
clear-state (dimmed-state) transmission of 10 percent (90 percent) uniform across al visible wavelengths on a flat
and on a single-radius-of-curvature visor substrate material. Intermediate performance sought includes threshold
goals plus demonstration on a complex dual-radius-of-curvature visor substrate material. Objective performance
includes the intermediate goals plus compatibility of all materials and structures with the application of fixed-
wavelength optical filters. The threshold (objective) transition time sought is 400 ms (100 ms) for transition from the
clear state (>90 percent transmission) to the maximally dimmed state (<10 percent transmission), or the reverse
(same times). This transition time corresponds to eye blink (corneal reflex). Removal of the activation energy
source that controls dimming (e.g. ambient illumination or electrical power) should result in transition to the clear
state within the afore noted transition times. Transition from the maximally clear state to the maximally dimmed
state should be continuous and selectable via pilot vehicle interface (PVI) control. Visor must be trimmable along
the bottom edge (e.g. by including a clear, non-photoelectric region) for custom fit to each pilot. Space, weight,
ergonomics, power, performance, and integration (SWEPPI) must al be addressed in a single performance vector
for the helmet-mounted fighter pilot COV application. Fabrication techniques and manufacturing technology,
including a plan for scaling for eventual production must be addressed. Commercia applications and markets must
be demonstrated that make the technology viable and affordable to military applications. Partnership with large
businesses that develop helmet systems for DoD program offices must be demonstrated to ensure a technology
transition pathway.

PHASE |: Design COV capable of being fabricated in a single-piece with complex-curvature for military aviation
helmet. Novel optical structures, materials, and fabrication techniques should be addressed via proof-of-principle
experiments. Develop COV roadmap including iterative fabrications/demonstrations.

PHASE |I: Fabricate COV and demonstrate performance in laboratory environment. Perform evaluation
experiments and compare performance to published transparency control technologies for visors, goggles, and
windows. Demonstrate technology readiness level (TRL) and revise roadmap leading to products. Evaluate
potential of COV in commercial applications to create industrial base for affordable production.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Military applications include helmet systems for pilots, window/canopies in aircraft and
vehicles, and dust goggles and other eye protection wear (sunglasses) for dismounted combatants

Commercial Application: Commercia applications include helmet systems for pilots, window/canopies in aircraft
and vehicles, motorcycle helmets, and dust goggles and other eyewear (sunglasses) for dismounted combatants.

REFERENCES:

1. John P. Dobbins, “Variable-Transmittance Visor (VTV) for Helmet-Mounted Display,” final report (Jul 1976),
DTIC Accession No. ADA027177, on contract to Rockwell Intl in Anaheim CA; claimsto befirst effort to develop
VTV responding controllably with rapidity; based on liquid optronic medium in a sandwich-cell visor running on
28vdc aircraft power; accommodated 80:1 external luminance variations.

http://oai .dtic.mil/oai/oa verb=getRecord& metadataPrefix=html & identifier=ADA 027177

2. “Variable Transmittance Space Suit Visor,” NASA Johnson Space Center SBIR Phase |1 report (1987) on
contract to EIC Laboratoriesin Norwood MA (http://www.eiclabs.com); demonstrated materials with electrically
controllable optical propertiesin laminated structures with photopolymerizable H+ ion conducting polymers for
optical switching and simplified mfr. http://shir.nasa.gov/SBIR/successes/ss/097text.html
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3. “Smart glass,” http://en.wikipedia.org/wiki/Smart_glass provides areview of devices, materials, and techniques
used to enable electrical control of the amount of light passing through awindow material.

4. Neutral color e-Tint lens based on high-performance dichroic dyes developed by AlphaMicron, Inc. in Kent OH is
reported to bein field test for flight deck goggles with a sealed power supply and in research for fighter pilot visors,
http://www.alphamicron.com/military/fighter_pilot_visors.html (accessed 1 Oct 2010).

5. Electrochromic devices with switching ranges of 70 percent in sizes up to 16 x 24-in. are reported by Eclipse
Energy Systems, Inc. in St Petersburg FL, http://eclipsethinfilms.com/prodsservices available.aspx (accessed 1 Oct
2010).

KEYWORDS: colorless opaquesble visor, COV, helmet systems, neutral-density filter, variable transmission
windows, indoor/outdoor transition lenses for eyewear

AF112-022 TITLE: Fusion, Management, and Visualization Tools for Predictive Battlespace
Awareness and Decision Making

TECHNOLOGY AREAS: Information Systems, 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 nationas, 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 improved fusion management and visualization environment, toolset for common operating
picture development and mission planning, course of action evaluation, execution and after action review in first
responder environments.

DESCRIPTION: This effort will develop tagging and fusion methods and demonstrate visualization technologies
and tools to enable decision making and improved data management for predictive command and control awareness,
information fusion, correlation, critical mission planning, execution evaluation, damage assessment, and after action
review. Large scale disasters and humanitarian operations require a capability that fuses and manages the most
current and relevant information for planning to meet commanders intent. COPS are typically visualizations of a
variety of data from disparate sources integrated into an actionable product that provides a broad picture of friendly
actions. For this effort we envision a capability that can tag, fuse, manage and display data as diverse as instant
messaging/chat, voice, application sharing, video, electronic whiteboarding, file sharing, database synchronization,
and alerts as examples. Visualization methods such as 2 and 3D displays and multidimensional representations such
volumetric displays and virtual sand tables are potential visualization media for examination. We expect a successful
effort to develop and demonstrate the following: 1) a robust schema for tagging various sources of data and 2) an
intelligent data management model that fuses and integrates the information based on mission objectives, and 3) a
visualization model that displays and continually updates the operations picture based on incoming data. This
technology should be developed in the context of  first responder/homeland security operations and show how this
technology could be applied to other data/information management applications such as. cyber or information
operations At the present time, watch and on scene commanders are severely limited in their ability to effectively
evaluate alternative courses of action and to evaluate mission plans and scenarios using COPs in real time and with
the level of fidelity necessary to visualize predictive outcomes for mission execution evaluation and after action
analysis. Data from current operations indicate that teams in a Emergency Operations Centers (EOCs) and other
decision planning and execution cells do not have the fusion or visualization tools to evaluate and assess mission
strategy and execution potentials prior to actual decision and execution. This effort will develop a next generation
and generalizable data management, fusion, and visualization environment and toolset for COPs and for watch
commanders COA evaluation and after action analysis.
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PHASE I: Will investigate and develop a scheme for tagging severa sources of data that allows for information
fusion. Phase | will design the intelligent data management and visualization model architectures that can fuse and
display information from a variety of sources based on the tagging schema. The effort will result in a proof of
concept in arepresentative first responder scenario that demonstrates the major components of the technology.

PHASE I1: Phase Il will build upon Phase | to fully develop, refine, test and evaluate the data tagging capabilities,
fusion, integration and visualization models, in an integrated system for first responder operations. .

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Areas of potentia application include any data rich environments with multiple sources of data
such as intelligence,, cyber space, and ar combat operations.

Commercial Application: High value for commercialization as there is no accepted standard for fusing and
managing large data and separate data sources for decision making and for visuaization of the operating
environment.

REFERENCES:

1. Burgeson, JC. et a., (1996). Natural effects in military models and simulations: Part Il — "Analysis of
requirements versus capabilities." Report No., STC-TR-2970, PL-TR-96-2039, (AD-A317 289).

2. Defense Modeling and Simulation Office homepage: www.dmso.mil.

3. Distributed interactive simulation systems for ssmulation and training in the aerospace environment. Proceedings
of the Conference, Orlando, FI, 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. Additional Q& A from TPOC in response to FAQs, posted in SITIS 5/25/11.

KEYWORDS: data fusion management, data visualization, course of action (COA) evaluation, execution and after
action review (AAR), decision making, predictive battlespace awareness, common operating picture

AF112-023 TITLE: Objective Assessment System to Evaluate and Validate Remotely Piloted
Aircraft (RPA) Training Device Effectiveness

TECHNOLOGY AREAS. Human Systems

OBJECTIVE: Develop an automated process within a software technology for measuring training effectiveness of
remotely piloted aircraft (RPA) training devices to meet training requirements and validate the results using
objective performance measures.

DESCRIPTION: There are a variety of training devices available today that are effective in training pilots and
sensor operators to operate and perform their missions without having to rely solely on live flight or full fidelity
cockpit simulators. Examples of the types of devices include: procedures trainers, part task trainers, various type of
motion/force cued simulators, desktop simulators, and even hand-held gaming devices. There are a variety of
technologies that span the spectrum fidelity previously mentioned that could potentially be both cost effective and
useful for RPA training; however, no process exists which can quickly provide an analysis of the fidelity trade space
of potential trainers based on training requirements. Current methods for the analysis of training systems such as
training system requirements analysis (TSRA) exist, however these are time consuming, typically provide one-time
analyses, and do not typically consider performance and effectiveness or define the tradespace of fidelity, training
capability, or outcomes as analytic products. As training requirements are updated or changed due to new
capabilities and/or new tactics, techniques, and procedures (TTPs), so too do the requirements for training making it
difficult to know exactly where a training system falls short in meeting new requirements. Added to this problem is
the practical difficulty of defining criteria that quantify effects of differing levels of fidelity on training and
effectiveness. To be truly cost effective, it isimportant to be able to measure the quality of the simulation and how
fidelity and training capability tradeoffs affect training effectiveness, performance, and transfer. New processes and
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approaches that define the simulator/fidelity/requirements tradespace are needed. This new process should include
measurement techniques for determining changes in pilot and sensor operator behavior and performance. Finaly,
the software tool should have the capability to use the performance metrics to update a decision model and make
more accurate decisions in the future about fidelity tradeoffs for RPA training. This effort should focus on
developing a technology solution for the MQ-1 and MQ-9 RPAs but have the capability to be applied to other
platforms as well. At a minimum, relevant Mission Essential Task Lists (METLS), Training Task Lists (TTLs), and
Mission Essential Competencies (MECs) for these aircraft should be considered in proposing and developing a
solution along with any other relevant supporting documentation deemed appropriate for this effort.

PHASE |: Define an automated process for determining simulator system effectiveness. This includes devel oping
metrics to determine the effectiveness of the simulation and specifications for the software tool to measure the
effectiveness for tasks associated with ISR and tactical RPA missions against training regquirements. Develop a
software proof-of-concept that demonstrates the feasibility and major components of this technology.

PHASE I1I: Fully develop the prototype software technology;, verify, and demonstrate the processes, tools, and
algorithms used to conduct the effectiveness evaluations, demonstrate the capability to isolate the effects of
simulator system performance on trainee behavior and performance, and develop an algorithm that feeds this data
back into the model to improve future decision making system capabilities.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Provides a research and data driven effectiveness measurement tool for better decision
making. (Evaluating aircraft systems and subsystem effectiveness using simulation during design and testing)
Commercial Application: Includes application of these processes and tools to commercial agencies (such as airline
companies) for determining flight simulator systems effectiveness.

REFERENCES:
1. Department of the Air Force (1997). Distributed Mission Training Operational Requirements Document. (CAF
[USAF] 009-93-1-A). Washington, D.C.

2. Department of the Air Force (2001). AFHDBK 36-2235, Information for Designers of Instructional Systems, Vol.
3, Application to Acquisition (Chapter 5). Washington, D.C.: HQ United States Air Force.

3. Colegrove, C. M. and Alliger, G. M. (2002). Mission Essential Competencies. Defining Combat Mission
Readinessin aNovel Way. Paper presented at: NATO Research & Technology Organization, Studies, Analysis, and
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AF112-024 TITLE: Listener Performance Modeling in Urban Environments

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop computational/statistical models (empirical models that account for human/environmental
effects) to predict the ability of a human observer to detect auditory targetsin sound environments.
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DESCRIPTION: The purpose of this effort is to acquire predictive modeling and capabilities needed to simulate
human detection of air vehicles in a variety of tactical environments. Specific research topics of high interest
include: (1) tools and methods for the prediction of human aural detection of air vehicles; and (2) techniques and
processes for modeling, numerical code and validation.

Current date-of-the-at methods for auditory detection prediction are based upon classic
psychoacoustic/psychophysical models of the ability of a human listener to distinguish a target against extraneous
sounds in simple or quiet acoustic settings. What are lacking are mathematical models, computational, empirical or
both, that account for the complex and non linear aspects of listener recognition of auditory targets in complex
environments with rapidly changing, transient spatial, spectral and temporal envelopes (urban setting sound
environments). Models are needed to predict a human listener's ability to recognize specific auditory targets within
acoustically complex urban environments based on dynamic ambient listening environments and the target sound
(aircraft).

PHASE I: The goal of Phase | will be to produce a detailed description and explanation of an auditory model that
can predict the ability of a human listener to identify auditory targets (aircraft) in complex listening environments.
The proposed model should explicitly extend current state of the art methods. The description of the proposed model
should describe how it differs from traditional models, how it is novel, and why it should provide improved
prediction. It should account for the auditory identification of complex acoustic targets in complex acoustic
environments by human listeners. Phase | should also identify and describe the methodology by which the model
can be validated and assessed.

PHASE II: The goal of Phase Il is to develop, validate, and demonstrate a computer model that predicts human
listeners' ability to identify complex acoustic targets (aircraft) in complex auditory environments. The model will
be validated based on the methodology described in Phase |. A successful demonstration is defined, but not limited
to, obtaining a Pearson correlation coefficient (r) that is equal to or greater than .8, or aternatively, has a predictive
accuracy of 64% when compared to human listener performance. Additionally, Phase 11 will produce a sensitivity
analysis to examine how predictive variability relates to different inputs to the model. This analysis will be key to
understanding the robustness of the auditory model.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The development and fielding of an auditory detection model has broad implications for
military aerospace and automotive technologies. Such models can be used to predict sound source detection and
identification, and location in military environments, and will provide predictions across a wide variety of
background noise environments or soundscapes. Auditory detection models may aso prove useful in military
training simulators, which have traditionally relied mostly on visual information and cues.

Commercial Application: The development and fielding of an auditory detection model has broad implications for
automotive technology areas, the FAA, and the U.S. Department of the Interior/National Park Service. It will
provide these agencies with the ability to accurately predict auditory detection of aircraft and automobiles across a
wide variety of locations, including residential areas, parks, and commercial zones.
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AF112-025 TITLE: Hardware Accelerated Code for Hybrid Computational Electromagnetics

TECHNOLOGY AREAS: Information Systems, Biomedical, Sensors

OBJECTIVE: Develop a graphics processing unit (GPU) approach for solving advanced computational
electromagnetic problems.

DESCRIPTION: Electromagnetic devices have become commonly used in modern society. Accordingly, there has
been a great amount of research as to the safety of these devices. In recent years, computational electromagnetics
software has been increasingly utilized by engineers to help design such devices, and to study their propagation
characteristics in complex environments. Furthermore, computational electromagnetics has been crucial for
understanding the health and safety aspects of these technologies, and ensuring compliance with national and
international standards. However, the computational methods most appropriate for field propagation analysis (e.g.
Ray-Tracing) may not be most appropriate for a detailed analysis of field interaction with, for instance, a human
anatomical model. Therefore, some researchers have proposed hybrid approaches which attempt to merge the
benefits of two or more computational methods, each being applied to a portion of the computational domain.

Even with a hybrid approach, some problems may prove to be intractable due to excessive computational runtime.
However, recent research using GPUs has shown that they can often provide great speed increases compared to a
central processing unit (CPU). In fact, many computational electromagnetic methods are ideally suited to GPU
computation. A GPU-enabled implementation of a hybrid electromagnetic software would allow users to simulate a
broad-range of electromagnetic problemsin a much shorter time frame than previously possible.

Antenna engineers, biomedical scientists, health and medical physicists, and bioenvironmental engineers would all
benefit from software that enabled electromagnetic analysis across a variety of problem domains. Ideally, the
software should be portable to both the CPU and a GPU, include a user interface for creating simulations and
viewing output, and be robust enough to solve for near/far field behavior, propagation, and field interaction with
complex geometrical features, as well as calculating hazard zones and the potential for biological impact of this
energy.

PHASE I: Determine the computational methods to be used, and develop prototype software that illustrates the
effectiveness of the chosen method. Construct a hybridization scheme that allows computational methods to be
used, each being applied appropriately in a subdomain of the problem space.

PHASE I1: Extend the software created in Phase | to allow for a broad range of antenna structures and environments
to be modeled. Extend the software to allow for CPU or GPU simulations. Develop a graphical user interface (GUI)
for creating simulations and viewing results. Validate the devel oped software against empirical data.

PHASE |1l DUAL USE COMMERCIALIZATION: Military Application: Use by engineers and health physicists to
study antenna propagation through complex environments and to understand potential health and safety risks.
Commercial Application: Use by engineers and health physicists to study antenna propagation through complex
environments and to understand potential health and safety risks.
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AF112-026 TITLE: Cognitive Approaches to Integrated I ntelligence Production

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop cognitively-derived analyst tools to support the production of more fully integrated
intelligence products of greater relevance to the warfighter.

DESCRIPTION: Data overload is a significant factor in the generation of intelligence products. Multiple collection
systems, both tactical and national, overwhelm exploitation and analytic capacities. Their numbers are increasing
while new capabilities are becoming operational. Yet additiona collection systems are programmed to become
operational in the future. At the same time, consumers (war fighters and policy makers) are demanding more fully
integrated intelligence products which are both timely and highly relevant to their individual needs. The analytic
community is faced with both increasesin data input and greater complexity in product content.

Current operational operational-state-of-the art is generally limited to single source (e.g., electro-optical sensor full
motion video) and product integration is often limited to generating overlays of graphics and/or aphanumerics to
selected still image underlays. Production metrics are generally limited to "talies’ of the number of planned
collection target images exploited and do not reflect either the cognitive complexity of the exploitation task or the
degree to which the required essential elements of information have been satisfied because of the resultant integrated
intelligence product.

Emerging technologies may offer some promise in remediating (or, at least, ameliorating) the complexities of data
overload in intelligence production. As examples, the study of macrocognition may offer exploitable insights into
the cognitive demands of complex analysis performed under conditions of data overload / product integration while
adaptive neural network applications may support the rapid typing and cross matching of related information and
provide relevant context to complement newly collected information.
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Research is required to identify and assess the relevance of cognitive sciences theories and methods which may be
applicable to gaining a deeper understanding of analyst cognitive demands. Research is required to identify and
assess automated and adaptive techniques which may aid the analyst. Research is required to develop cognitively-
derived measures of effectiveness (MOEs). Specific MOEs which will be used to assess progress toward Topic
solution may include capability to generate aternative hypotheses to explain the intelligence input, capability to
perceive subtle cues within complex imagery, capability to comprehend the socia and temporal context of the
observations, and capability to infer the intent of the observed activity. MOEs which also reflect the capability to
remove or at least remediate possible analyst biases are also desired. Research is required to explore the interaction
between the analyst and the aiding technologies within the context of realistic intelligence production tasks.

New data visualization and relational understandings between information sources are required to assist with
improving the understanding as well as supporting techniques to comb through multiple data sources pulling
relevant information together for the analyst without the ongoing related keyword to keyword linking.

The resulting exploitation and analysis software package must incorporate a user interface that accommodates the
less experienced analyst without limiting the productivity of a more experienced analyst. The non-expert should be
able to create or adapt workflows to a specific production tasking without in-depth knowledge of the system.
However, the frequent user should be able to create new products quickly and efficiently.

The MOEs shall be used to assess progress toward the development of an effective analyst tool set.

PHASE I: Conduct applied research to identify and define opportunities for inserting analyst-aiding technologies
appropriate to complex analytic tasks and data overload. Apply the MOEs to assess progress.

PHASE |I: Develop and demonstrate cognitively-derived analyst tools to support the production of more fully
integrated intelligence products of greater relevance to the warfighter.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: Intelligence, surveillance and
reconnai ssance exploitation; mission planning, target nomination, counter insurgency operations.

Commercial Application: Civil engineering surveys, land use management, urban planning, disease management,
multinational collaboration
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AF112-029 TITLE: Countering Future Cyber Threats to Air Force Weapon Systems
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TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Develop innovative methods to mitigate Weapon System susceptibility to cyber threats.

DESCRIPTION: Ensuring confidentiality, integrity, availability, non-repudiation, and authentication of Weapons
Systems is essential to establishing and maintaining trusted platforms. These platforms may operate in networked or
non-networked environments which are vulnerable to threat sources of network-based attacks, inadvertent or
malicious insider threats due to data propagation through removable media devices and vulnerabilities introduced
through the supply-chain. In addition, the effort to detect and repair systems after cyber attack exacts a tremendous
burden through man-hours, software costs, and lost processing time due to processor overhead, system downtime
and potential loss of data.

Weapon Systems have unique information assurance needs that cannot be met by existing commercial intrusion
detection/prevention and anti-virus applications. For instance, virus scanning software is developed to be unique to a
particular operating system, and as such is not applicable to many application-specific devices. Also, many systems
devoted to performing critical tasks cannot be burdened to perform virus scans or intrusion monitoring, in addition
to procedures for keeping the required virus and attack signatures up to date. More importantly, signature detection
may not be a form of protection at al, as zero-day attacks account for an ever-increasing percentage of the attack
vectors used to compromise these systems. Lastly, introducing information assurance controls to Weapon Systemsis
limited by availahility of system resources including processing cycles, memory and storage capacity.

An innovative solution is needed to implement system assurance in Weapon System IT assets supporting the
mission of the target system without adding burdensome overhead to mission-critical devices. These systems
generally have static software and/or hardware configurations, and are only updated as new updates are added to the
baseline utility software

A novel approach to Weapon System assurance should focus on the mission requirements of the individual platform.
By ensuring the correct functionality and protecting the mission of each of the identified mission-critical systems
within a platform, the overall mission of that platform can be assured. This means both avoiding environmental
threats, aswell as surviving attacks that produce unknown or unanticipated system states. Since susceptible mission-
critical devices may be any device able to interface with the transmission or storage of critical information, the
information flows into and out of these systems must be assured as well.

As such, an approach must:

1 - Protect the mission-required portions of critical devices and thus the system as awhole

2 - Minimize the impact on mission-critical hardware/software functions

3 - Assure onboard devices are only used to accomplish their mission

Such a solution should protect the functions of mission-critical Weapon System devices, including denying privilege
escalation, blocking the addition of unauthorized accounts and aterations to onboard applications, and refusing
interoperability with added devices. The goal for these toolsis not to duplicate existing operating system controls or
those currently available through commercia applications such as antivirus or traditional white listing, but to enable
the system to avoid and/or survive extraordinary conditions which may induce unexpected or undesirable states into
the system.

PHASE I: Develop preliminary design based on intended implementation. Detail how design will be used to assure
mission essential functions, critical data flows and information processes into and out of the system without
interfering with mission essential devices and processes.

PHASE I1: Develop the designed tool as a means of allowing mission-critical devices and processes to avoid and/or
survive malicious attacks and subversion of the system. Show robustness of tool to unexpected system states
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potentially introduced by bad input parameters consistent with a cyber attack and extraordinary conditions.
Likewise, show the cost-effective benefit of the design to real-world applications.

PHASE |11 Dual Use Applications:

Military Application: The mission assurance provided by this research could provide a more robust, secure and
mission-assured weapons platform.

Commercial Application: This research could likewise improve security and robustness of commercial information
and infrastructure systems.
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AF112-030 TITLE: Applying Security Assertion Markup Language (SAML) to non SOAP protocols

TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Develop a method for applying the Security Assertion Markup Language (SAML) XML-based
standard to non-SOAP based protocols (e.g., RESTful web services).

DESCRIPTION: DOD has placed significant investment in specifying security architectures that rely on the
Security Assertion Markup Language (SAML) XML-based standard for asserting authentication and authorization
information. While this standard works well for SOAP based transactions, it is not readily applicable to "lighter
weight" protocols. With the push toward usage of Representational State Transfer (RESTful) web services, which
are implemented using HTTP and simple Uniform Resource Identifiers (URIs), the method to apply a SAML
authentication or authorization statement to a request is not well defined.

Previous informal research initiatives have attempted to include a binary representation of the SAML statement as
part of the HTTP cookie; however, size limitations are encountered with network routers and firewalls that
effectively truncate the information from a request. While limited success has been achieved applying a binary
SAML statement representation in a HTTP header, the ability for this approach to scale for use across the various
COT S vendor products used within DOD network infrastructures remains a significant risk.

While novel approaches to apply SAML statements to HTTP based transactions may continue to be assessed, it is
unlikely those attempts will result in a methodology that is widely accepted across industry and government.

Other approaches to security for RESTful transactions include the use of OpenlD Authentication and OpenlD
Attribute Exchange specifications. While these standards are the basis for authentication in socia frameworks and
have gained significant momentum in the commercial environment for securing RESTful transactions in recent
years, they have not been widely promoted or used with DOD applications. To remain standards based, DoD must
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provide away to leverage the new specifications (e.g., OpenlD) within the present operating environment to foster
the use of light weight transaction protocols.

To effectively enable the use and implementation of secure of RESTful services within DOD, the ability to bridge
between multiple authentication and attribute exchange specifications must be supported. For example, DOD user
attribute stores (e.g., LDAP directories) that presently provide SAML attribute assertions must also provide a
method for obtaining such information using Openl D Attribute Exchange.

A demonstration of the ability to bridge between the two standards to achieve confidentiality, authentication,
integrity, and authorization is an overall objective.

PHASE |: Prototype an simple authentication and authorization example for a RESTful web service using the
OpenlD and OpenlD Attribute Exchange using the existing SOAP based web services within DoD (e.g., PKI
authentication services, and Net-Centric Enterprise Services (NCES) user attribute stores).

PHASE II: Integrate the simple authentication/authorization capability with the DOD/IC tactical integration
framework (i.e., DCGS Integration Backbone (DIB)). Demonstrate interoperability with existing security policy
enforcement/decision points (e.g., IBM DataPower) to provide access control at the web service (e.g., access to
invoke WSDL) and data levels (e.g., filter results based on user attributes).

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Security Assertion Markup Language (SAML) alows authentication and authorization to
services and information in Joint and federated service environments. The evolution to IP-based tactical networks
offers tremendous tactical advantage but enterprise security standards such as SAML must be adapted to ensure
security. Integrating SOA security in the tactical environment (e.g., iPhone) requires a lightweight, effective, &
standard based authentication alternative to SAML/SOAP.

Commercial Application: Companies operating in a web environment today often develop their own RESTful
approach to authentication/authorization (Amazon). A standard approach would facilitate commercial
interoperability.

REFERENCES:
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AF112-031 TITLE: Secure Cloud Computing

TECHNOLOGY AREAS: Information Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationas, 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 to provide a capability to test and assess the ability to
determine/predict "Trust" in afederated cloud environment.

DESCRIPTION: The technical landscape is changing. Increased desire for security and reliability has fueled the

growing use of cloud environments. Federated cloud environments are not homogeneous as each cloud has its own
applications, server platforms and other varied characteristics. This technology offers a number of positive benefits
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to users. The use of different clouds to provide computing performance, scalability, service levels etc is promising.
However, there are several drawbacks as well. Federated cloud environments present a myriad of security concerns.
One of which is that the user does hot own or maintain control over any of the equipment that is processing, storing
or transmitting their sensitive information. There have been efforts to protect these clouds by incorporating anti-
tamper technology into the computing nodes and encrypting the communications among the nodes. Many potential
weaknesses till remain, including but not limited to: cloud resources being damaged or destroyed, spoofed,
subjected to a distributed denial of service attack, or nodes that are uncompromised and yet provide erroneous data.
The primary goals related to this SBIR effort are to develop a way to gauge the trustworthiness of individual cloud
elements or aggregate cloud resources without access to the physical cloud elements and to create a mitigation
strategy. An example scenario might be the need to determine in real time how much trust to place in a particular
application running in the cloud. A potential solution is to use fuzzy testing/assessment to provide immediate
feedback on the trustworthiness of the application. The proposed solution should be scalable and applicable across
as broad arange of cloud elements as possible.

PHASE I: 1. Research and develop concept for determining trustworthiness of cloud resources and the ability to
assess a degree of trust in transmitted information. 2. Provide design and architecture documents of a prototype
system. 3. Provide aminimal software prototype demonstrating the capabilities.

PHASE II: 1. Based on the results from Phase |, refine and extend the design of the trusted querying prototype to a
fully functioning solution. 2. Provide test and evaluation results based on an actual cloud and demonstrate the
scalability of the system (proof of scalability may be based on simulated results).

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The desired product is a robust tool capable of assessing DoD federated cloud environments
operating within the Global Information Grid (GIG) infrastructure.

Commercial Application: A trust assessment tool for federated cloud environments supporting commercial sector
applications such as for transportation, shipping, e-commerce, and robotics.

REFERENCES:
1. http://www.cloudsecurityalliance.org/

2. http://lwww.cloudswitch.com

KEYWORDS: trust, information assurance, cloud computing, trusted cloud computing, network security

AF112-032 TITLE: Enterprise Data Protection Against Exfiltration

TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Research and develop technology to provide enterprise wide protection against data leakage, theft
and/or exfiltration when data is in transit. Focus is on preventing data from being transmitted to unauthorized
systems/users, not on new encryption techniques.

DESCRIPTION: Critical to the conduct of military missions is the security and confidentiality of information
regarding intelligence, assessments, plans, operations, etc. Information processed on computer systems and sent
across communications networks must not be revealed.

Data |eakage can occur when sensitive data is released through applications or incorrect actions such as; email, chat,
HTTP/S, metadata, inappropriate access privileges, modified security settings, inadequate shielding, covert
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exfiltration, unintentional actions or mistakes, configuration errors, unauthorized software loaded on systems,
unpatched application vulnerabilities, malware, etc. Data exfiltration further describes the unauthorized and often
covert transfer of this information out of a system. A specific example of the data leakage problem might include
small tidbits of data sent via chat or email when collected together could provide classified or operationally sensitive
information. Another example may be of improper settings for security features which result in data which it
expected to be sent in encrypted form being released in non-encrypted, cleartext format. The successful
implementation of this technology would detect the violation, remove the sensitive data from the stream and notify
the user/administrator.

Data Leak (or Loss) Prevention (DLP) refers to the practice of identifying, monitoring, and protecting data in use,
data in motion, and data at rest through techniques such as deep content inspection, application filters, outbound
message checkers, content analysis, document matching, fingerprinting, policies, least privilege, encryption,
auditing, logging, behavior evaluation, managed file transfer, transaction monitoring, content monitoring/filtering,
layered protection, incident response aarms, extrusion detection, digital rights management (DRM),
white/blacklisting, etc.

With the ubiquitous use of information systems in military environments and the increased reliance on
interconnections and interoperation between other services, alies and civilian organizations and many levels of
security the likelihood of data loss or |eakage increases. New techniques need to be explored to detect, stop and
identify the sources of data leakage.

PHASE I: Identify and design mechanisms that could be employed to detect and stop data |eakage when datais in
transit.

PHASE II: Prototype hardware and/or software and demonstrate its effectiveness in detecting and stopping leakage
when dataisin transit.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Detection and elimination of data leakage in military networks.
Commercial Application; Detection and elimination of dataleakage in civil or commercial networks.

REFERENCES:
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AF112-033 TITLE: Airborne Network Orderwire

TECHNOLOGY AREAS: Air Platform, Information Systems, Space Platforms

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.
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OBJECTIVE: Development of a communications control channel orderwire to support autonomous mobile network
management.

DESCRIPTION: Future Joint Aerial Layer Networks (Ref. 1) will be composed of mobile nodes interconnected by
heterogeneous communication links such as directional common data links, omnidirectional tactical targeting
network technology and Inmarsat. Management of these interconnected nodes and interconnecting links to gain
effective and optimal use for future warfighting needs will be a major challenge. Frequency or time slot allocations
must be made so as to avoid cosite and spatial/spectral interference, yet allow for frequency re-use. Navigation data
and communication state information of the airborne nodes can be used to estimate future network conditions and
proactively change operating parameters (e.g. frequency, power, data rate/time slot assignments, routing tables) or
inter-node connections (e.g., antenna directions) to avoid interference and path loss, optimize throughput or
minimize latency. Node positions/velocities and communication performance information may be exploited for
enhanced network topology formation and routing.

Recent airborne networking SBIR developments and Joint Capability Technology Demonstrations (CABLE, Ref. 2)
have identified the need for an orderwire. The orderwire is a communication among all participating nodes (Ref. 3 &
4) that will support autonomous mobile network management. It may be transmitted by an out-of-band channel as
well as over in-band communication links. It is used to exchange navigation data, node communication capability,
current performance state and other data among network participants.

The collection of nodes' states, obtained from the orderwire, may be used by a centralized or distributed topology
management capability to dynamically determine frequency, transmit power level and time slots allocations and
point directional antennas toward appropriate neighboring nodes. Additional information carried by an orderwire
might identify an application flow's source, destination and Quality of Service (Qo0S) requirements to guide the
formation of connections to support high-priority flows. The orderwire may also be used to transport user data,
serving as alow-data-rate backup to the main communication links.

Innovative concepts are needed for an orderwire architecture and waveform definition that will interoperate with
heterogeneous communication terminals and mobile networking protocols for dynamic link connection (topology)
management and routing. Interoperability with heterogeneous communication systems means the ability to be
transported over them as well as (indirectly) control their operating parameters through mobile networking (e.g.,
topology/link management) protocols. The orderwire must support the entry and exit of nodes to and from a
network, the merging and splitting of networks, and associated | P address assignment/reclamation.

The orderwire must operate over an extended range to reach al nodes in the network. The orderwire must be
scalable to support a large number of network participants. In omnidirectional broadcast mode, it should be capable
of LPI/LPD operation. The orderwire data format should integrate seamlessly into the framing format of existing
radio and satellite systems and keep overhead to a minimum. Its form factor must be suitable for operation on small
drones.

Technical criteria guiding this research include coverage range, capability vs. overhead tradeoffs, covertness, and
interoperability with military radios, GPS/navigation systems and existing/emerging mobile networking protocols.

PHASE I: Develop an orderwire architecture, protocol and concept of operation. Determine the feasibility of the
orderwire in supporting autonomous network management. Simulate performance, in conjunction with mobile
networking protocols, in a network composed of heterogeneous communication links.

PHASE I1: Extend phase 1 simulations with higher fidelity. Refine processes for data compression and performance
enhancements. Develop a prototype orderwire capability. Demonstrate orderwire operation with selected radio and
satellite terminals in a mobile environment. Identify transition opportunities.

PHASE 11l DUAL USE COMMERCIALIZATION:

Military Application: An airborne network orderwire will support the implementation of the JALN (1) high-capacity
backbone and distribution/access/range extension components, including sensor networks composed of drones.
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Commercial Application: An orderwire may support airborne networks composed of links between commercial
aircraft for the exchange of aviation information and extending the internet into remote areas, such as over the
oceans.

REFERENCES:
1. Initial Capabilities Document for Joint Aerial Layer Network, v1.65, 26 March 2009.

2. http://www.af cea.org/events/pastevents/documents/ Track6Session5-Aeria Layer-BACNCABLE.ppt

3. D. J Van Hook, et. al., Automated Topology Control for Wideband Directional Links in Airborne Military
Networks, MILCOM 2006

4. W. M. Bynoe, et. a., Implementation and Performance of a Network Control Plane for Airborne Networks,
MILCOM 2007

KEYWORDS: airborne network, orderwire, autonomous network management

AF112-034 TITLE: Performance Enhancing Proxies for use on the Cyphertext Side of Inline
Network Encryptors

TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Definition, development and demonstration of performance enhancing proxies operating with on the
cyphertext side of in-line network encryptors.

DESCRIPTION: In-line Network Encryption (INE) is a process for providing data confidentiality for IP data
communications. INE’s encrypt at the network layer (layer 3) of the protocol stack. INESs operate with [PSec (Ref 1),
a framework of open standards for protecting communications over an IP network. 1Psec supports network-level
peer authentication, data origin authentication, data integrity, data encryption, and replay protection.

There are two modes of INE operation: transport mode and tunnel mode. In transport mode, the user data payload
field of the IP datagram is encrypted, but the 1P header, containing the hosts' 1P addresses, TCP ports, protocol and
QoS level, are not. Transport mode is typically used for end-to-end (host-to-host) encryption. In tunnel mode, the
entire user |P datagram, including the header and data payload, is encrypted and inserted into the payload of another
IP packet with a different header. The source and destination |P addresses are those of the INEs. The addresses of
the originating and destination host(s) along with application TCP port numbers and protocol are encrypted.
Typically, tunnel mode is used for connections between routers through an untrusted network with the formation of
a virtua private network between host enclaves connected to routers at each end. End-to-end and enclave-to
enclave encryption over vulnerable networks is being promoted by the Defense Information Systems Agency
(DISA) (Ref. 1) and is being adopted in the architectures of many programs.

Performance Enhancing Proxies (PEPS) are typically located within enclaves, on the clear-text side of the INE,
where the PEP can readily access the destination address, protocol type being transported, type of service required,
IPv4 options field (or 1Pv6 header extensions), contained in the plain-text |P datagram header, and the flow details
contained in the TCP or UDP header. Operating in a tunnel mode, these fields are not available on the cyphertext
side of the INE. If only remote enclave authenticated traffic is allowed to enter an enclave, and no information is
available from the intervening network, components within that enclave receive limited information on transport
conditions within the intervening network. This limits a PEP, located within an enclave, in its ability to respond to
dynamic, link-specific conditions in the intervening network.
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Innovative approaches are needed to define and develop INE cipher-text-side (enclave external) PEPs for transport
and tunnel mode operation. Applications whose performance can be enhanced with external PEPs need to be
prioritized for PEP development. The pros and cons of cypher- vs. plain-text-side PEP operation need to be analyzed
for each identified application. Performance of internal versus external PEPs should be quantified for each
application under dynamic link conditions of the intervening network. Multi-functional PEPs that are capable of
enhancing the performance of several applications simultaneously should be explored.

PHASE |: Determine applications where performance may be enhanced with a cipher-side PEP operating with INES
in transport as well as tunnel mode. Identify any plain-text-side components needed. Simulate performance of black
PEPs for multiple applications and contrast against a plain-side PEPs.

PHASE II: Extend phase 1 performance simulations of external PEPs with higher fidelity and select a suite of
applications for further development. Develop and demonstrate PEP operation with 1PSec operating in transport as
well as tunnel mode. Compare against enclave-internal PEP equivalents.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: External PEPs would be widely used in military 1P networks. This architecture is promoted by
DISA, and adopted by development programs.

Commercial Application: PEPs developed from this research could be used in commercial, wireless mobile IP
networks.

REFERENCES:
1. Security Architecture for the Internet Protocol, RFC 4301, http://tools.ietf.org/html/rfc4301

2. DoD Global Information Grid Architectural Vision, http://cio-nii.defense.gov/docs/GlGArchVision.pdf

KEYWORDS: performance enhancing proxy, PEP, in-line network encryption, INE, airborne network, mobile
network

AF112-035 TITLE: Multicast on aBlack MANET

TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Concept development for secure, dynamic, and efficient multicast services (voice, video, data) over
heterogeneous black airborne networks.

DESCRIPTION: Airborne network architectures are focusing on implementing "black" Internet Protocol (IP)
backbone networks for transporting all information among tactical edge networks (see Ref 5). Inline Network
Encryption (INE) devices will encrypt traffic at each red user edge/domain. INEs encrypt at the network layer (layer
3) of the protocol stack, operating with IPSec (see Ref 4), a framework of open standards for protecting
communications over an IP network. IP ciphertext traffic will be transported across the black backbone network
between user domains, with decryption and distribution of the resulting plaintext information occurring within the
end-user networks. The backbone transport network will comprise a variety of point-to-point, broadcast, and hybrid
radio links. Mobile ad hoc network (MANET) (or equivalent) routing protocols will be used to route IP packets
efficiently over the resulting backbone network.

Current approaches to implementing multicast services over such a dynamically mobile network include
broadcasting multicast traffic over all links (using, for example, Simplified Multicast Forwarding), or using sparse
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mode Protocol-Independent Multicast (PIM). The first approach tends to utilize scarce transmission resources very
inefficiently, particularly if most multicast groups are small (few users). However, sparse mode PIM requires
establishing and maintaining “rendezvous points’ at strategic routing points within the network — the feasibility of
which is uncertain in a rapidly changing mobile network. Techniques for efficient multicast transport across
dynamic and heterogeneous airborne networks must be devel oped and assessed.

A second issue is support for multicast services. INEs are generally designed to support IP multicast only when
connected to individual host systems; they are not designed to provide multicast services to networks. INEs will not
pass required end-user and network multicast signaling packets between the red (plaintext) and black (ciphertext)
sides. Current multicast implementations establish multiple Generic Routing Encapsulation (GRE) tunnels among
participants in each multicast group; this non-scalable approach requires intensive manua coordination and
consumes precious bandwidth. A scalable approach for multicast transport across dynamic airborne networks is
required.

PHASE I: Review techniques for secure IP multicast over airborne networks; identify key technical/operational
issues and alternative concepts. Develop integrated architecture for secure IP multicast in dynamic, heterogeneous
airborne networks. |dentify/propose changes to related protocol s/software.

PHASE II: Modify networking protocols/software to support laboratory implementation configurations. Evaluate
proposed architecture and modified protocols using a combination of networking and radio hardware/software and
radio link emulation of representative operational scenarios for airborne networking. If necessary, INE networking
features may also be emulated, with or without packet encryption.

PHASE 11l DUAL USE COMMERCIALIZATION: Military Application: Secure IP multicast transport is critical
for effective and timely dissemination of ISR and C2 video, voice, etc., among tactical edge users, and for
implementation of planned net-centric services.

Commercial Application: Efficient transport of multicast video, voice, and data across maobile networks (air and
surface) for commercial airlines, disaster response teams, etc.

REFERENCES:

1.“Simplified Multicast Forwarding in Mobile Ad hoc Networks’, Joseph P. Macker, Justin Dean, and William
Chao, Information Technology Division, Naval Research Laboratory,
http://cs.itd.nrl.navy.mil/pubs/docs/SMF_milcomO04.pdf

2. Simplified Multicast Forwarding, draft-ietf-manet-smf-10, http://tools.ietf.org/html/draft-ietf-manet-smf-10

3. RFC 2362 - Protocol Independent Multicast-Sparse Mode (PIM-SM), http://www.fags.org/rfcs/rfc2362.html

4. Security Architecture for the Internet Protocol, RFC 4301, http://tools.ietf.org/html/rfc4301

5. DoD Global Information Grid Architectural Vision, http://cio-nii.defense.gov/docs/GIGArchVision.pdf

KEYWORDS: airborne, networking, multicast, IP-multicast, MANET, INE, NETSEC, mobility

AF112-036 TITLE: Enabling visualization of events from unstructured text (HUMINT) on maps

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Enable visualization of events from unstructured text on maps by advancing Text Extraction
technology in the areas of event coreference/consolidation, and extraction/association of locationsto events

DESCRIPTION: Intelligence analysts need an automated capability to visualize events from unstructured and semi-

structured textual data sources -such as Human Intelligence (HUMINT) reports, Significant Activity Reports
(SIGACTS), Initial Phase Interpretation Reports (IPIRS) and other relevant reports and documents- on maps. This
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would help aleviate textual data overload, the current situation in which analysts get more information in than they
can possibly process manually in the time available. As a result, textual data with potentially valuable event
information literally "falls on the floor".

This problem impacts a number of different types of intelligence analysts. It impacts strategic and operational level
Command and Control (C2) analysts who want to see "what has changed" when they look at events displayed on a
map for their area of interest (AOI). It affects Special Ops Forces (SOF), who need to assess activities in their AOls
and identify potential threats. It also impacts analysts in Air Operation Centers (AOCs) and named commands, who
need to quickly process 1,000s of documents near real-time, to achieve operational-pace assessment. This would
enable AOCs to determine how effective previous targeting cycles were, and to better stay apprised of the current
battlefield situation. In summary, a key aspect of developing and maintaining situational awareness is quickly
becoming apprised of what events are occurring where.

The R&D goal of this SBIR Topic is to advance the state-of-the-art of Text Extraction technology, in regards to
enabling visualization of event information from unstructured and semi-structured text, on maps. This is to be
accomplished by addressing one or more of the major technology gaps associated with achieving this capability.
These include, but are not necessarily limited to: location-tagging of events (the ability to correctly determine the
location of an event, and correctly associate that location with that event), nominal event extraction (extraction of
events in the form of noun phrases), and event co-reference resolution (the ability to determine all event mentions
that refer to the same real-world event, to enable consolidation of al information pertaining to that event, including
location). R&D may be proposed against a different technology gap, but it will be up to the offeror to explicitly
identify the technology gap being addressed, and to successfully demonstrate the significance of addressing that gap
in order to achieve the objective of thistopic.

PHASE | Conduct research and experiments to determine the most promising techniques for high accuracy location
extraction, event extraction, and location-tagging of events from unstructured textual data sources. Design a
prototype capability enabling visualization of event information on maps.

PHASE II: Perform in-depth research and development of techniques for high accuracy location extraction, event
extraction, and location-tagging of events from unstructured and semi-structured textual data sources. Develop a
prototype capability demonstrating how this new technology enables visualization of events from text on maps. The
government'sintent is to find a user with real data to support this.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: Operational assessment, command and
control, indications and warnings, trend analysis, homeland defense, special ops forces.

Commercial Application: Business intelligence, trend analysis, law enforcement, medical and health organizations
monitoring and analyzing health-related events and outbreaks.

REFERENCES:
1. Chanlekha, H. and Callier, N. "A methodology to enhance spatial understanding of disease outbreak events
reported in news articles'. International Journal Of Medical Informatics, April 2010, pages 284-296.

2. Tomaszewski, B. "Situation awareness and virtual globes: Applications for disaster management" (2010).
Available from
http://people.rit.edu/bmtski/docs/tomaszewski_Virtual_Globes SA disaster_management. CAGEO 2010 final.pdf

3. Mani, | etal. "SpatialML: Annotation Scheme, Resources and Evaluation” (2009). Available from
http://www.mitre.org/work/tech_papersitech papers 09/09_3827/09 3827.pdf

4. Bgjan, C. and Harabagiu S. "Unsupervised Event Coreference Resolution”. Proceedings of the 48th Annual
Meeting of the Association for Computational Linguistics, 2010, pgs 1412-1422.

KEYWORDS: event extraction, event coreference, location extraction, information extraction, text extraction,
spatial annotation
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AF112-037 TITLE: Jam-resistant Waveform for Transponded Satellite Communications

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 advanced waveform techniques that ameliorate the effects of jamming and are suitable for
use in transponded SATCOM applications.

DESCRIPTION: Transponded military satellite communications (SATCOM) is beginning to play an increasingly
critical role in support of applications such as warfighter battlefield telecommunications, and AISR (Airborne
Intelligence, Surveillance and Reconnaissance). As the benefits of transponded SATCOM grow, adversaries may
potentially become interested in developing capabilities to develop transponded SATCOM DOS (Denial of Service)
attacks. The purpose of thistopic isto solicit jamming protection solutions to transponded satellite communications.
Hardware and algorithms must be capable of meeting all existing SATCOM waveform restrictions including the
presence of adjacent sub channels, EIRP (Effective | sotropic Radiated Power) restrictions, frequency hopping, BER
(Bit Error Rate) and designated SATCOM frequencies. Specifically, proposed solutions must not lead to adjacent
channel interference, nor exceed downlink power restrictions. Proposed waveforms may include spread-spectrum,
frequency hopping, chaotic modulation or other methods designed to afford protection in hostile electromagnetic
environments. Research should address relevant operationa issues such as clock recovery, frequency offset and
transmission effects. Because research may involve terminal modifications, proposed solution should strive to
minimize the impact to the existing space and terrestrial terminal infrastructure by incorporating user friendly ‘plug
and play’ solutions which readily adapt terminals to new waveforms without requiring extensive retrofit.

PHASE I: Investigate transponded satellite communications design techniques that mitigate the effects of jamming.
Design innovative transponded SATCOM component and verify through modeling and simulation.

PHASE Il: Fabricate prototype and characterize for SATCOM performance, reliability, size, weight, power, and
ease of installation.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This research is for existing transponded military satellite communications programs like the
Wideband Global SATCOM program.

Commercial Application: Commercial programs utilizing transponded SATCOM could aso benefit from this
research.

REFERENCES:
1. Lee. J. and Marshal. V. “Maximum capacity prediction and anti-jam performance analysis for commercial
satellite communication systems’ |EEE Milcom’ 94, Oct. 1994,506-510.

2. Gulliver, T. and Felstead. E., “Anti-jam by Fast FH NCFSK-Myths and Redlities’. IEEE Milcom'’ 93, Oct. 1993,
187-191.

3. Charles, R A, “Note on Signal-to-Noise Ratio in Band-Pass Limiter,” IRE Transaction on Information Theory,
1961.

KEYWORDS: satellite, communications, transponder, transponded, anti-jam, jamming, jam-resistant, jam-
resistance, waveform

AF112-038 TITLE: SATCOM X-band Digital Beamforming Network
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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 X-band digital beamformer suitable for use in satellite communications applications.

DESCRIPTION: Future generations of high data rate digital Satellite Communications (SATCOM) systems will
require advanced digital beamforming networks at X-band (7.9-8.4 GHz) to maximize the benefits of frequency
reuse and bandwidth efficient modulation. The Digital Beam Former (DBF) design should support seamless
integration into phased array antennas with the ability of controlling large numbers of independent beams at X-band
each with a minimum of .5 GHz instantaneous bandwidth. The DBF design should also enable bandwidth efficient
modulation formats such as QPSK (Quadrature Phase Shift Keying) and 16-QAM (Quadrature Amplitude
Modulation). The DBF system should also be capable of producing multiple simultaneous narrow beams to support
spatial diversity for frequency re-use. Additional DBF design goals include mitigation measures for co-channel
interference, effective nulling and capability to support both left and right hand circular polarization waveforms.

PHASE I: Identify and develop candidate beamformer/combiner architectures and perform wideband testing and
characterization methodologies.

PHASE |1: Develop prototype beamformer that implements at least 16 channels of the architecture devel oped during
Phase | and characterize for bandwidth, operating frequency range, data rates and depth of nulling.

PHASE |1l DUAL USE COMMERCIALIZATION:
Military Application: Military applications include Wideband Global SATCOM system.
Commercial Application; Commercial applications include commercial SATCOM programs as well as avionics.

REFERENCES:
1. Vishwanath Venkataraman and Johy Shynk, “Performance of an OFDM Subcarrier Adaptive Beamformer”,
MILCOM 2004, 2004.

2. C. K. Kim, S. Choi, and Y.S. Cho, “Adaptive beamforming for an OFDM System” Proc. IEEE Vehicular
Technology Conf. pp. 484-488, May 1999.

KEYWORDS: digital beamformer, satellite communications, X-band, beamforming network, QPSK, QAM, nulling

AF112-039 TITLE: High Assurance SATCOM Policy-based Network Management

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 nationas, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: Develop the next generation of Policy-based Network Management (PBNM) tools for commercial
and military satellite communications.

DESCRIPTION: Commercial and military satellite networks generaly include the satellite constellation(s),

corresponding terrestrial-based facilities, such as the mission control center and gateways, and a diverse set of
terminals located on airborne, terrestrial (fixed and mobile) and sea-based platforms. Next generation commercial
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and military satellite communications architects are faced with a disparate set of design objectives. First, SATCOM
(Satellite Communications) must be user-friendly and readily accessible to a consortium of multi-national forces,
including the U.S. and its allies and their associated ISR (Intelligence, Surveillance and Reconnaissance) platforms.
Second, commercial and military SATCOM must be capable of withstanding protracted penetration attempts from
one or more technically savvy adversaries to protect from industrial and military espionage. Third, SATCOM must
support a broad range of capacity, connectivity, coverage and Quality of Services (QoS) objectives associated with
the rapid set-up and tear-down of disparate networks using a diverse set of protocols. Finaly, there is an acute need
to keep SATCOM services affordable in the face of stagnating or declining budgets. The purpose of this topic is to
support next generation PBNM tools capable of meeting the challenges of user friendly, robust, secure, flexible,
adaptable, and affordable military satellite communications. Research performed should address the expanding
military SATCOM infrastructure (i.e. additional terminals, satellites, and the capability to meet existing and
projected QoS performance attributes of military networks including WIN-T (Warfighter Information Network —
Tactical). That military SATCOM infrastructure is generally considered to consist of three classes of systems.
Narrowband SATCOM systems operate in the Ultra High Frequency (UHF) band, and support secure voice and data
communications at relatively low data rates (kilobits per second) for both mobile and fixed users. Wideband
SATCOM systems operate in the Super High Frequency (SHF) and Extremely High Frequency (EHF) bands, and
support multichannel, secure voice, and high data rate (megabits per second channels). Finally, Protected SATCOM
operates in the EHF band and supports survivable voice and data communications not normally found on other
systems. Additionally, commercial SATCOM systems are leased by the military to augment the bandwidth available
from military SATCOM. Furthermore, each of these disparate SATCOM systems consists of not only the satellites
themselves, but also the control stations and user terminals. Taken as a whole, the satellite communications
enterprise that the military depends upon is therefore an enormously complex system of systems and its management
is understandably a very complex task. Today that complexity is handled largely in brute force fashion by treating
systems as stovepipes. While this divide and conquer approach may simplify the problem by treating it as multiple
independent tasks, it also makes it much more difficult to optimize the use of available SATCOM resources.
Technical advances across the spectrum of SATCOM management processes, from planning (e.g. optimization
techniques, modeling & simulation, etc.), to monitoring (e.g. management protocols, data distribution
standards/mechanisms, data mining, etc.) to control/reconfiguration (distributed agents, PBNM, etc.), would make it
much easier to address the SATCOM infrastructure as a system of systems and are all potential parts of solutions of
interest for this SBIR topic.

PHASE |: Evaluate existing and projected SATCOM networks for capacity, connectivity, and QoS characteristics.
Design a PBNM solution addressing one or more SATCOM enterprise performance requirements.

PHASE II: Develop a prototype of the High Assurance PBNM solution for SATCOM and evaluate its performance
on a simulation and/or emulation testbed.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This research could make military SATCOM more user-friendly, robust, secure, and
adaptable.

Commercial Application. Commercial: This research could likewise make commercial SATCOM more user-
friendly, robust, secure, and adaptable.

REFERENCES:
1. Zhang, Wen-bo, Xu Ye, Jiang, Yue-qui, “Research on the Architecture of Policy Based Satellite Network
Management,” Proc. Eighth Int. Conf. on Intelligent Systems Design and Applications, 2008.

2. M. Charalambides, P. Flegkas, G. Pavlou, “Dynamic policy analysis and conflict resolution for diffServ quality of
service management”, Proc IEEE/IFIP Network Operations and Management Symposium (NOMS 2006),
Vancouver, Canada, pp. 294-304, April 2006.

KEYWORDS: policy based network management, SATCOM, satellite communications, globa information grid,
Policy enforcement point, satellite network, satellite network management
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AF112-041 TITLE: Quality of Information Services for Trusted Service Oriented Architecture
Systems

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Research and develop Quality of Information (Qol) mechanisms needed for the fielding of trusted
information services in Service Oriented Architecture (SOA) based environments.

DESCRIPTION: New capabilities, efficiencies, and agility have motivated the Air Force and DoD to replace legacy,
stove-piped systems with networked components in a Service Oriented Architecture (SOA). SOA-based systems
decouple information consumers from producers and allow for dynamic coalitions among Air Force, DoD, civilian,
and international communities. This decoupling interrupts the established chains of trust in information. Decision
makers need to know they are using authoritative sources of data, even when the particular source is dynamically
selected or personaly unknown to them. In most cases, the quality of a piece of information cannot be assessed
solely by inspection. Some sort of trusted pedigree information (metadata) must accompany the data. For example, if
amessage is received on the location of insurgents in a commander's Area of Responsibility (AOR), some metadata
that indicates the source and timeliness of this information would be required in order to act upon it with any
certainty. It is not enough to just know the insurgents identity and location. It is also imperative to know if the
source of the information is reliable, and if so, whether or not enough time has elapsed for the insurgents to have
fled the area. Needed are Qol solutions to establish trust in the information provided by critical enterprise SOA
services. A central architectural decision is whether Qol information (pedigree/provenance) should be stored and
retrieved (as with any other data) by a separate service, or be a more fundamental aspect that is “baked into” core
information services. If a separate pedigree service (for example, aweb service) is provided, the onusis on end users
and devel opers to make use of the pedigree data whenever Qol is an issue for the underlying information. Whenever
new information is produced, and presumably stored or distributed via aweb service, the producer is responsible for
alerting the corresponding pedigree service (which will then store the pedigree data). This required “orchestration”
of service calls complicates Information Management (IM) in general, and goes against the spirit of providing a
minimal set of universal IM services to users in order to simplify client concerns. The producer, for instance, may
not know what the appropriate life cycle is for the pedigree data, but rather, this is up to the consumers of that data
based on their needs. Further, separating data and pedigree (metadata) services requires intimate communication
between them to ensure synchronization and ACID (atomicity, consistency, isolation, and durability) constraints. On
the other hand, requiring most or all core IM services to be pedigree-aware involves a development investment and
overhead when creating services. This tradeoff is not as severe as it may seem, however, as core services must
already handle metadata that could include in-line storage of pedigree data. Questions of scalability, access control
to pedigree data, and integrity of pedigree data must be investigated for comparative assessment of each of these
approaches to address the technical challenge of rapidly determining the relevance, value and trustworthiness of
information and services.

PHASE I: Investigate architectural models & simulations provisioning of Qol services within SOA environments,
perform trade-off analyses, research implementation & deployment processes for services within large enterprises.
Document lessons, research & develop adesign for Phase Il prototype implementation.

PHASE |I: Based on Phase | design activities, implement and demonstrate one or more proof-of-concept Qol service
prototypes. Design an experiment to measure prototype performance characteristics and document the results.
Research results should identify and recommend areas requiring further investigation.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Reliable tracking of pedigree for Qol opens up alarge field of new possibilities for Qol-driven
policy enforcement, workflow management, and warfighter decision support.

Commercial Application: Cloud computing and software (security) as a service (SAAS) are example domains for
the commercial application of Qol. In particular, pedigree services would be of benefit to the field of medicine.

REFERENCES:

1. Moreau, L., Chen, L., Groth, P., Ibbotson, J., Luck, M., Miles, M., Rana, O., Tan, V., Willmott, S. and Xu, F.
(2005). Logica architecture strawman for provenance systems, Technical report, University of Southampton
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2. Chen, L., Yank, X., Tao, F., (2006). A Semantic Web Service Based Approach for Augmented Provenance,
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AF112-042 TITLE: Multiple Target Tracking (MTT) of Objects Exhibiting Significant Nonlinearities

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 demonstrate Multiple Target Tracking (MTT) agorithms to improve the ability to track
objects in scenarios exhibiting significant dynamic and measurement model nonlinearities.

DESCRIPTION: Current sensor systems are capable of providing detections for multiple targets within their field of
view. Moving Target Indicator (MTI) techniques then alow the isolation of the detections of moving targets.
Multiple Target Tracking (MTT) techniques then attempt to process these detections correctly into tracks.
Application areas of interest in the military domain include MTT of sensor outputs for Air Moving Target Indicator
(AMTI) and Ground Moving Target Indicator (GMTI). Current systems generally do well for MTT of targets that
are exhibiting linear motion. However, they have difficulty maintaining track for targets that are exhibiting nonlinear
motion. These nonlinearities come not only from nonlinear dynamic motion, but also from nonlinearities in the
measurement model. In addition, these nonlinearities cause decreased performance in the association process, where
current detections need to be associated with developed tracks. Errors in association interfere considerably with the
MTT process. Current systems generally use the Kalman Filter or variants such as the Extended Kalman Filter
(EKF) astracking filters. These perform well in linear scenarios but have problems in nonlinear scenarios. Efforts at
improving the ability of systemsto deal with nonlinearities have focused on a number of areas. One area has been to
develop filters that perform better in the face of nonlinearities. These include the Unscented Kalman Filter (UKF)
and the Particle Filter (PF). Another direction of study has been to set up a suite of filters which have different
capabilities for dealing with nonlinearities and also vary on other dimensions. The concept is to base the choice of
filter on MTT results as a scenario unfolds. Research has also looked at the degree to which MTT performance can
improve. The Cramer-Rao bound has been studied relative to MTT in order to determine the degree to which MTT
performance can be improved. Part of this process consists of making estimates of the inherent level of nonlinearity
in a given scenario. Approaches to this problem have included such methods as curvature measures of nonlinearity
as well as use of the Normalized Innovation Squared (NIS) metric. While work has been done to develop and
explore novel ideas within areas involved with MTT for nonlinearities, comprehensive work has not been done
towards incorporating these and other techniques in a comprehensive manner. This program seeks to explore novel
concepts and develop innovative technology to coordinate the MTT process in the face of nonlinearities so as to
improve overall MTT performance across awider regime of operational situations.

PHASE |: Design innovative concepts for Multiple Target Track (MTT) of objects exhibiting significant
nonlinearities using algorithms providing advanced reasoning & processing. The Phase | research will identify the
critical technology challenges and define Phase I1.

PHASE I1: Develop prototype software tools and algorithms for Multiple Target Track (MTT) of objects exhibiting
significant nonlinearities to optimize tracking. Test and verify the tools against a government provided scenario and
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data set. Demonstrate these tools and algorithms in an operationally representative and stressing scenario; provide
evaluation results with final recommendations.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Persistent surveillance of targets exhibiting significant nonlinearities can ensure maximum
coverage for situation awareness and to maintain track of hostile targets.

Commercial Application: Improved Multiple Target Track (MTT) of objects with nonlinearities can be used by
Police Departments and Homeland Defense to assess traffic delays and track criminal activity.

REFERENCES:
1. Gordon, N. J., Salmond, D., & Smith, A. F. (1993). Novel approach to nonlinear and non-Gaussian Bayesian state
estimation. | EE Proceedings-F, vol. 140, No. 2, (pp. 107-113).

2. Hue, C., Le Cadre, J-P., & Perez, P. (2006). Posterior Cramer-Rao bounds for Multi-Target Tracking. |EEE
Transactions on Aerospace and Electronic Systems, vol. 42, No. 1, (pp. 37-49).

3. Mallick, M., "Differential Geometry Measures of Nonlinearity with Applications to Ground Target Tracking,"
Proceedings of International Conference on Information Fusion, Stockholm, Sweden, 2004.

4. Niu, R., Varshney, P., Alford, M., Bubalo, A., Jones, E., & Scalzo, M., " Curvature Nonlinearity Measure and
Filter Divergence Detector for Nonlinear Tracking Problems” Proceedings 11th International Conference on
Information Fusion, Cologne, Germany, 2008.

5. Scalzo,M., Horvath, G., Jones, E., Bubalo, A., Alford, M., Niu, R., & Varshney, P., "Adaptive Filtering for Single
Target Tracking," Proceedings of SPIE Signal Processing, Sensor Fusion, and Target Recognition XVI111,7336, 13-
15 April 2009, Orlando, Florida, United States.

KEYWORDS: Multiple Target Track (MTT), Nonlinear Filtering, Moving Target Indicator (MTI), Air Moving
Target Indicator (AMTI), Ground Moving Target Indicator (GMTI), Cramer-Rao Bound.

AF112-043 TITLE: High-Speed Data Transmission in Multimode Fiber

TECHNOLOGY AREAS: Information Systems, Sensors
OBJECTIVE: Development of a high-capacity multimode fiber optical transmission technology for avionics.

DESCRIPTION: Multimode fiber exists in many military platforms for broadband onboard communication [1].
Multimode fiber exists in many military platforms for broadband onboard communication [1]. Multimode fiber
(MMF) has much large mode field diameter and numerical aperture. Therefore, MMF can relax alignment tolerance
for high-efficient coupling. It is robust and low-cost. As aresult, MMFs are extensively deployed in both airborne
and naval platforms. In addition, MMFs can potentially provide high-capacity.

However, MMFs do have serious limitations for high-capacity multimode fiber optical transmission, namely, modal
dispersion and mode coupling. Modal dispersion limits the bandwidth-distance product since different mode will
travel at different speeds. Wavelength-division multiplexing (WDM) [2] has been used to extend the capacity of
MMF transmission capacity. This is achieved by transmitting multiple low-data rate bit streams on different
wavelengths. Each wavelength operates within the MMF bandwidth-distance product. The composite data rate is
then increased by the number of wavelengths used. This solution, although technically feasible, leads to high cost.
WDM technology is extensively used in telecommunication and therefore very expensive.

Mode coupling does not affect optical transmission unless one explores the multiple orthogonal modes in MMFs to

independently transmit information through mode-division multiplexing (MDM) [3]. MDM transmitter technology
has been demonstrated qualitatively for example using different angular excitation. But if the theoretical orthogonal
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modes of the ideal fiber couple to each other due to imperfections of the real-world fiber, cross talk among the
modes essentially render MDM impractical.

In recent years, electronic and digital signal processing has been exploited in long-haul fiber optic communication
systems. It is thus desirable to develop low-cost and reliable electronic solution to combat modal dispersion (for
high-speed transmission in legacy MMFs in existing military platforms) and potentially tame mode coupling (to use
low-cost multimode optics for higher-speed transmission in future military platforms). It should be noted that modal
dispersion and mode coupling are very much analogous to multi-path interference in wireless communication and
therefore much of the signal processing technologies developed for wireless communication might be applicable in
MMF transmission. Such technology will have dual-used applications as low-cost MMF transmission technology
can be used for last-mile applications in fiber to the home. Mode fiber (MMF) has much large mode field diameter
and numerical aperture. Therefore, MMF can relax aignment tolerance for high-efficient coupling. It is robust and
low-cost. As aresult, MMFs are extensively deployed in both airborne and naval platforms. In addition, MMFs can
potentially provide high-capacity. This is because MMFs supports multiple orthogonal modes which can
independently transmit information.

However, MMFs do have serious limitations for high-capacity multimode fiber optical transmission, namely, modal
dispersion and mode coupling. Modal dispersion limits the bandwidth-distance product since different mode will
travel at different speeds. Wavelength-division multiplexing (WDM) [2] has been used to extend the capacity of
MMF transmission capacity. This is achieved by transmitting multiple low-data rate bit streams on different
wavelengths. Each wavelength operates within the MMF bandwidth-distance product. The composite data rate is
then increased by the number of wavelengths used. This solution, although technically feasible, leads to high cost.
WDM technology is extensively used in telecommunication and therefore very expensive. Mode coupling does not
affect optical transmission unless one explores the multiple orthogonal modes in MMFs to independently transmit
information through mode-division multiplexing (MDM) [3]. MDM transmitter technology has been demonstrated
qualitatively for example using different angular excitation. But if the theoretical orthogonal of the ideal fiber couple
to each other due to imperfections of the real-world fiber, cross talk among the modes essentially render MDM
impractical. In recent years, electronic and digital signal processing has been exploited in long-haul fiber optic
communication systems. It is thus desirable to develop low-cost and reliable electronic solution to combat modal
dispersion (for high-speed transmission in legacy MMFs in existing military platforms) and potentially tame mode
coupling (to use low-cost multimode optics for higher-speed transmission in future military platforms). It should be
noted that modal dispersion and mode coupling are very much analogous to multi-path interference in wireless
communication and therefore much of the signal processing technologies developed for wireless communication
might be applicable in MMF transmission. Such technology will have dual-used applications as low-cost MMF
transmission technology can be used for last-mile applicationsin fiber to the home.

PHASE I: The proposed alternative solution to WDM should be analyzed and evaluated in detail in simulation. It is
highly desirable to demonstrate a proof of principle prototype with experiment to prove the feasibility of the
proposed methodology and provide a pathway to reach the desired performance goals.

PHASE |I: Demonstration of a prototype MMF fiber-optic link with performance tests to verify the validity of the
Phase | design. Improve the system design based on the test results. The MMF fiber-optic link should be tested with
input signals simulating the avionics environment, and if possible, on amilitary platform.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Improve the system to address packaging, reliability and design for manufacturability. Verify
the performance of the system on several military platforms.

Commercial Application: Establish technical and business alliance with defense contractors and commercial system
vendors to commercialize the technology.

REFERENCES:
1. Figueroa, L.; Hong, C.S.; Huggins, RW.; Miller, G.E.; Popoff, A.A.; Porter, C.R.; Smith, D.K.; Van Deventer,
B.; "Fiber optics for military aircraft flight systems," LCS, |IEEE , vol.2, no.1, pp.52-65, Feb 1991.

2. Mark W. Beranek, “Fiber optic interconnect and optoelectronic packaging challenges for future generation
avionics,” Proc. SPIE 6478, 647809 (2007), DOI:10.1117/12.709761
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3. Schollmann, S.; Chunmin Xia, Rosenkranz, W.; "Experimental investigations of mode group diversity
multiplexing on multimode fibre,” Optical Fiber Communication Conference, 2006 and the 2006 National Fiber
Optic Engineers Conference. OFC 2006 , pp. 3 pp., 5-10 March 2006.

4. Zhao, X.; Choa, F.S.; "Demonstration of 10-Gb/s transmissions over a 1.5-km-long multimode fiber using
equalization techniques," Photonics Technology Letters, IEEE , vol.14, no.8, pp. 1187- 1189, Aug 2002.
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AF112-046 TITLE: Solid-State Accelerometer for Reentry Vehicles

TECHNOLOGY AREAS: Electronics, Space Platforms

OBJECTIVE: Develop technology and prototype for a high-sensitivity, high-accuracy, and rugged, solid-state
accelerometer with high reliability for ballistic reentry vehicles.

DESCRIPTION: The U.S. Air Force is interested in developing high precision, robust, solid state accelerometer
technology that is suitable for use in reentry vehicles. The accelerometer technology should be suitable for use in
navigation and fuze applications. The accelerometer technology must be capable of high precision and accuracy
(goals of 5u-g sensitivity with a scale factor of 5ppm). In addition, the accel erometer technology must be capable of
operating in adverse environmental conditions including vibration (~100g in all 3 axis), temperature (-20°C to
80°C), and radiation (neutron, gamma, and X ray) while maintaining Mean Time Between Failures (MTBF) in
excess of one million hours. The accelerometer technology must be capable of being miniaturized (goal of less than
150cm3) and have limited power consumption (goal of less than 5W) during flight.

PHASE I: Identify and study potential accelerometer technologies to be developed to meet the accuracy and
environmental goals. Evaluate the cost and schedule to develop the candidate technology identified to the desired
performance goals.

PHASE IlI: Develop an initial prototype accelerometer focused on meeting the environmental operating conditions.
Develop a plan for meeting accuracy requirements of 5u-g sensitivity with a scale factor of S5ppm. Identify technical
issues arising from prototype development and develop a forward resolution plan.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Could be used as a replacement in the current strategic system or in a future system requiring
highly accurate terminal guidance.

Commercial Application: Rugged accelerometer technology can be used for crash-and shock-testing of vehicles and
safety devices.

REFERENCES:

1. Chatfield, A. B., "Fundamentals of High Accuracy Inertiadl Navigation, Progress in Astronautics and
Aeronautics,” AIAA, United States of America, 1997.

2. Regan, F.J.," Re-Entry Vehicle Dynamics," AIAA Education Series, AIAA, New Y ork, 1984.

3. “Guidance and Navigation for Entry Vehicles,” NASA SP-8015, Nov 1968.

4. Platus, D. H., “Ballistic Re-Entry Vehicle Flight Dynamics,” Journal of Guidance, Control, and Dynamics, Vol. 5,
pp. 4-16, Jan-Feb 1982.

KEYWORDS: accelerometer, solid state, rugged, reliable, reentry vehicle, inertial navigation, nuclear

AF - 60



AF112-047 TITLE: Automation of Nuclear Arsenal Awareness

TECHNOLOGY AREAS: Information Systems, 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: Design and demonstrate an intelligent decision support system capable of portraying the current
situational awareness.

DESCRIPTION: Many operations centers rely on warfighters to analyze data from a plethora of segregated systems
to determine the current situational assessment of the enterprise. This data runs through stovepiped networks at
various classifications, in unique formats, with no standard way of correlating information. Currently warfighters
use gray matter to correlate the data and develop the current situational awareness. An automated system needs to be
developed that automatically feeds the data from these stovepiped systems through a fusion engine and out to a
display, where the information is portrayed in an actionable format for the user. This fusion engine would need to
process correlated/uncorrelated, streaming and static data on a continuous basis. This would range from
statistical/raw operational data from weapons systems to analyzed data. This must be accomplished in a net-centric
fashion, with the primary user interaction happening within a common/user defined operating picture (C/UDOP).
The fusion engine would need to be able to correlate data from various timestamps to check for inconsistencies or
‘disparities’ within the fused information, before displaying it to the user. Disparities may involve mismatched data,
accidently correlated due to an error connecting systems, or inherent human error from one of the sources. Data
formats will be provided in a Phase |, with actual data samples being provided in a follow-on Phase |1 allowing for
real-world system development. The framework must utilize an extensible plug-in system which will allow future
developers to add capabilities in increments. Technical risk occurs within the fusion engine where devel opers must
bring together non-deterministic data, both validated and unvalidated data, and data with uncertainties in a
probabilistic fashion, capable of replacing human correlation. This problem has not been addressed in an automated
fashion [via software algorithms] and thus has no basis for prior comparison (subjective metrics only).

PHASE |: Determine the data sources pertinent to the mission; Develop preliminary algorithms to ingest and fuse
these data sources; Depict the datain aformat conducive with user decisions (i.e. present options for the user to take
based on current situation).

PHASE I1: Develop and demonstrate the design conceptualized in Phase I. This will include a prototype of the
technology that can be taken by a Systems Program Office (SPO), matured, and transitioned into the operational
environment. The typical technology readiness level (TRL) for transitioning into a program office is at least 6, with
clear progress toward higher levels.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This system can be used to improve situational awareness and command & control within
operations centers across any domain. Itsimplementation will effectively increase productivity for all users.
Commercial Application: Commercial aviation and maritime coordinators would be able to adapt the same
technology to track and control current operators throughout their respective domains.

REFERENCES:
1. http://www.disa.mil/nces/.

2. http://www.defensetechbriefs.com/content/view/1122/15/.

3. Richmond, David “ Space Situational Awareness (SSA) research findings,” 2008 AMOS Conference Proceedings
(Advanced Maui Optical and Optical and Space Surveillance Technologies Conference), pp. 1., 2008.
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Distributed Environments,” 2007 AMOS Conference Proceedings (Advanced Maui Optical and Optical and Space
Surveillance Technologies Conference), 2007.

5. Whelan, David; Galasso, D. Anthony; Smith, Bret; Ryan, Margaret. “A network centric approach to space
situational awareness,” Proceedings of SPIE - The International Society for Optical Engineering, v. 6249, 2006,
Defense Transformation and Network-Centric Systems.
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Health

AF112-049 TITLE: Satellite Conjunction Post Analysis

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: Research and develop new techniques to post-process conjunction results and determine what
conjunction events are most critical to monitor and react against.

DESCRIPTION: When the space fence comes on ling, it is estimated that the catalog will grow to 100,000 objects.
In addition, the new High Accuracy Catalog (HAC) is expected to produce an estimated 400,000 element sets a day.
As these two efforts come on line, the operator will soon be presented with 15,000 conjunctions a week to screen
and monitor. With each conjunction, the operator must determine the likelihood of the conjunction, the associated
risk level, and the appropriate course of action. When determining the likelihood of a conjunction today, the
operator primarily considers two factors--probability of collision and miss distance. Each of these metrics has their
own inherent problems. Miss distance cannot be solely considered since two conjuncting assets may have a miss
distance less than 20km; however, if the covariance matrix for each object is small, then the risk factor of the
conjunction is relatively small. Conversely, the miss distance could aso be large, but if the covariance matrix for
one of the objectsis larger than the miss distance between the two objects then the conjunction still has a relatively
high risk factor. There are similar concerns when considering probability of collision. A low probability of collision
can result from both an unlikely event and a large covariance matrix. Physical object characteristics need to also be
considered. An active asset conjuncting with a large secondary object is much more critical than two rocket bodies
conjuncting and likewise two rocket bodies conjuncting is more important to track than two small <10 cm pieces of
debris. Each of those conjunctions calls for vastly different courses of action. The first conjunction has a direct
impact on the mission and may require the asset to maneuver. The second conjunction is less critical than the first;
however, it is still important to track since it has the potential to create a large amount of new debris that could later
affect the mission. The third conjunction is of very little importance. This is a very involved process for the
operators to conduct against the hundred or so conjunction events currently seen each week. This is a difficult task
for the operators when considering more than 15,000 events a week. Methods need to be developed to determine
which of those conjunctions are most critical and probable. A capability needs to be developed that will filter the
information presented to the operator down from the thousand conjunctions/week to only the conjunctions with high
risk and impact factors. The capability also needs to be very dependable in the sense that the operator needs to be
able to trust that the system is presenting to the operator the most likely and highest risk conjunctions, and not
filtering out any events that will eventually be an issue. Another consideration is how to display the filtered data
effectively to the user.

PHASE |: Research and develop initial prototype to screen and monitor potential conjunctions, along with

guantitative analysis to reinforce validity of the approach chosen. Scalability and compatibility with the ESC JSpOC
Mission System (JMS) infrastructure is highly desirable.
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PHASE II: Phase Il will culminate in a high fidelity prototype demonstration of the system that clearly shows the
utility to Space Situational Awareness (SSA) and Defensive Counterspace missions as supported by conjunction
analysis.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Thistopic is addressing Space Situational Awareness and Defensive Space Control. The initial
target customer for this technology isthe JISpOC Mission System (IMS) Program Office of ESC.

Commercial Application: The associated technologies would be applicable to many NASA missions particularly
those that have to deal with large amounts of debris within their regime.

REFERENCES:
1. ESC JSpOC Mission System (IMS) Strategic Technica Plan (STP).

2. Alfano, S., "Satellite Orbital Conjunction Reports Assessing Threatening Encountersin Space,” 15th AIAA Space
Flight Dynamics Conference, http://www.centerforspace.com/downl oads/files/pubs/A AS-05-124.pdf.

KEYWORDS: Defensive Space Control, Space Situational Awareness, Conjunction analysis, Covariance

AF112-050 TITLE: Catalog Filtering for Conjunction Processing

TECHNOLOGY AREAS: Information Systems, Space Platforms

OBJECTIVE: This effort will look at new ways to filter the objects that need to be compared during conjunction
analysis, aswell as the ability to analyze the cost savings of any given filter.

DESCRIPTION: Once the space fence and the new Joint Space Operations Center (JSpOC) Mission System (IMS)
High Accuracy Catalog (HAC) comes on-line, the number of new element sets or Vector Covariance Matrices
(VCM)'’s published each day will explode from 5,000 to 10,000 up to over 400,000. Breaking this number down,
that means the system will be publishing element sets at the rate of 277 per minute. In the absence of filtering, the
JSpOC would need to perform conjunction analysis for 27 objects against the entire 100,000 objects within the
catalog every minute in order to keep up with the data. On top of that, the addition of new sensors like SST and
SBSS only exacerbate the problem as these sensors are already finding new objects that are not currently within the
catalog. 400,000 element sets being generated daily on a 100,000 object catalog would require 40,000,000,000
object comparisons to be made within a day in order to keep up with the data. Compare this with the 48,000,000+
object comparisons that JSpOC currently conducts every day.

There are many people within the community that do not think it will be possible to keep up with the data in the not-
too-distant future. The JSpOC currently uses a few very simple analysis techniques to reduce the number of objects
that need to be compared using the more complex conjunction analysis techniques. These simple techniques are
referred to as conjunction filtering. Filtering techniques consist of quickly analyzing the orbital elements of two
different objects to identify the possibility of the two objects colliding. These filtering techniques can be very
complex or very simple. To date, the only filtering technique that is used operationally is the simple apogee/perigee
filter. Going forward, the usefulness of this technique will be reduced since the magjority of the catalog growth will
be confined to a single orbital regime.

New innovative filter techniques that are both effective and computationally quick need to be researched. Research
needs to be done to identify more complex orbit phasing filters, which are capable of eliminating comparisons that
need to be made between objects of the same orbital regime. Computational optimization of these techniques also
needs to be considered to ensure these filters can be applied in atimely manner. In the absence of a maneuver, these
types of filters could also be used to assist an operator in anticipating when they should expect to see a given
conjunction again.

The research should aso include aspects looking at the computational complexity of the filter and the anticipated
reduction in the number of conjunction analysis comparisons. Work also needs to be done to quantitatively

AF-63



characterize what conjunctions are missed by each filter, what filters provide overlap, and what filters can be utilized
in combination to provide complete coverage.

PHASE I: Phase | will research techniques to quickly and optimally determine the relative orbital relationships
between two objects. These identified relationships should then be used to authoritatively eliminate or identify the
need to conduct conjunction analysis between the two objects within a given time window. A proof-of-concept
demonstration on alimited scale is highly desirable.

PHASE II: The filter approaches will be developed and implemented within Continuous Anomalous — Orbital
Discriminator (CAOS-D) as pluggable filters. An analyst tool will be created to analyze filter effects on the
Conjunction Analysis (CA) data. Phase |1 will culminate in a high-fidelity demonstration of the system that clearly
shows the utility towards CA and the minimization of CA comparisons.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This topic addresses Space Situational Awareness and Defensive Space Control. The initial
target customer for this technology is the JISpOC Mission System Office of Electronic Systems Command (ESC).
Commercial Application: The associated technologies would be applicable to many NASA missions, particularly
those that have to deal with large amounts of debris within their regime.

REFERENCES:
1. ESC JSpOC Mission System (IMS) Strategic technical Plan (STP).

2. Alfano, S., "Satellite Orbital Conjunction Reports Assessing Threatening Encountersin Space," 15th AIAA Space
Flight Dynamics Conference, http://www.centerforspace.com/downl oads/files/pubs/A AS-05-124.pdf .

KEYWORDS: Defensive Space Control, Space Situational Awareness, Conjunction Analysis, Covariance, Catal og,
Filter

AF112-053 TITLE: Active Network Security Situation Awareness and |mpact Mitigation

TECHNOLOGY AREAS: Information Systems

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

OBJECTIVE: Develop innovative situation awareness for active cyber network security and impact mitigation
techniques of adversarial attack against a cyber network.

DESCRIPTION: The use of military and commercial networks in the United States has been growing explosively.
Because these networks are vulnerable to various types of attacks, there is an urgent need for cyber network
security. “Cyber Security: A Crisis of Prioritization” lists network monitoring and detection as one of the ten top
priorities for both civilian and military cyber security. There are several challenges associated with cyber network
security situation awareness (SA). Firgt, the network data and alerts are often uncertain, ambiguous, and even
incorrect, and they often come from sensors of different modalities. Second, network attack and various
observations of an attack often evolve over time as determined by attack model’s dynamics. Third, given a large
number of dubious network alerts from many intrusion detectors, network SA needs to be conducted in a selective
and active manner to identify the most informative alerts to use so that a potential attack can be detected quickly to
minimize its damage. Finaly, it is important to identify the optimal mitigation strategy so that the impact of an
attack can be minimized.

The existing methodologies for network SA analysis and attack detection are usually based on the conventional
pattern recognition techniques such as neural networks, regression techniques, etc. While useful, these techniques do
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not necessarily have the capability to effectively handle the noisy and temporally evolving data as well as to account
for the important domain-specific prior knowledge. Hence, the existing methods suffer from high false positives,
difficulty in detecting highly complex attacks, and inability to adapt for detecting new types of attacks. Moreover,
the existing methods often perform attack identification in a passive manner by only using the available aerts
instead of actively seeking the most useful alertsto use. Another aspect that is lacking with current methods is their
inability to provide the effective mitigation of a network threat. For current methods, recommendation of mitigation
isusually provided in an ad hoc and heuristic manner, often independent of the SA process.

To overcome these limitations, there is a need for a generdized framework with the aim of handling simultaneously
network security awareness, mitigation, and prediction. Specifically, with respect to the first and second challenges,
the framework proposed here shall provide a coherent and fully unified framework for representation of network
data, their uncertainty and dynamics, and for integration of data from different sources including attack alerts,
human intelligences, subjective knowledge, environmental factors, and contextua knowledge. For the third
challenge, some advances in variation analysis of information theory may be used to selectively identify the most
informative data or aerts to acquire in order to maximally reduce the network SA uncertainty in a timely and
efficient manner. Finaly, for the last challenge, the proposed solution should identify an enabling decision-making
capability from which the resulting mitigation strategies effectively minimize the impact of the perceived network
security threat. The performance of proposed algorithms for cyber network security SA and impact mitigation needs
to be evaluated by simulation and real data.

PHASE I|: Develop and demonstrate the feasibility of a proof-of-concept and associated decision support agorithms
that automatically assess the situation of a large-scale cyber network and mitigate the impact of any cyber attacks.
Characterize performance metrics and utility of the technology proposed herein

PHASE Il Optimize the results and its scenario from Phase | for cyber network security situational awareness and
impact mitigation. Develop a complete prototype system. Evaluate the performance of the prototype by realistic
metrics, real data, and operational constraints.

PHASE 1l DUAL USE COMMERCIALIZATION: Military Application: Framework for network situation
awareness & impact mitigation is critical to cyber network defense for military applications contending with
complex malicious network attack and data theft protection.

Commercial Application: These anticipated technologies directly apply to protecting enterprise networks and
supporting critical national infrastructures; i.e., electric/nuclear plants, financial systems, air traffic control.

REFERENCES:
1. http://lwww.nitrd.gov/pitac/reports/20050301_cybersecurity/cybersecurity.pdf, “Cyber Security: A Crisis of
Prioritization”, Report to the President, Feb 2005, President’ s Information Technology Advisory Committee.

2. Salerno, J. J; Hinman, M.; and Boulware, D., “A situation awareness model applied to multiple domains,” In
Proc. Of the Defense and Security Conference, Orlando, FL, March 2005.

3. Blasch, E. and Plano, S., “DFIG level-5 (user refinement) issues supporting situation awareness reasoning,”
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AF112-054 TITLE: High-Performance, L ow-Profile Antennas Utilizing Advanced Engineered
Materias

TECHNOLOGY AREAS: Materials/Processes, 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 a wideband/multiband, low-profile antenna for wideband (Ku/K/Ka/Q) communications
links on airborne platforms.

DESCRIPTION: The Air Force is interested in the developmental pursuit of a low-profile, wideband/multiband
antenna for high-data-rate data links on the Airborne Warning and Control System (AWACYS), Joint Surveillance
Target Attack Radar System (JSTARS) and other airborne platforms. These links can achieve large data rates (up to
8 Mbps for Advanced Extremely High Frequency (AEHF)) with high directivity apertures. Commercia antennas
capable of providing high gain at Ku and above frequencies are large and protrude into the airstream, significantly
increasing drag. Additionally, they require large cut-outs in the airframe that introduce high installation complexity
and cost.

This topic seeks highly innovative antenna concepts to address this challenge. Advanced materials have properties
that can enable conformal antennas as well as antennas that have greater functionality from a single aperture. For
example, recent maturation of electromagnetically-tailored materials called “metamaterials’ has introduced many
new antenna possibilities. Through engineering of the permittivity and permeability of materials on a meso-scale,
metamaterials have been proposed for miniaturization of footprint and profile, multiband operation, active frequency
control, and increased bandwidth, gain & directivity. Emerging materials are flexible and can conform to the surface
of the airframe. While many antenna advances have been realized individually by utilizing the properties of new
materials, it remains a major technical challenge to combine multiple benefits into one coherent system. Emphasis
will be on the innovative use of emerging material technology to improve performance, lower cost, and minimize
platform footprint.

Additional requirements are as follows. Specific frequencies of interest for DoD platforms include 20.2 to 21.2 GHz
Receive, 29 — 30 GHz Transmit, and 43.5-45.5 GHz for satellite communications. LOS and BLOS applications at
Ku Band are also frequencies of interest. Antenna solutions should minimize protrusion while providing beam
pointing from 20 to 90 degrees in elevation (threshold) with O to 90 degrees in elevation desired (objective).
Coverage in azimuth should be 360 degrees continuous. Beam position updates need to support stable beam pointing
to the satellite throughout aircraft maneuvers. Sidelobe pesks should be IAW ITU-R S.732. Size, weight and power
requirements are expected to vary, dictated by the solution's capabilities--i.e. miniaturization, frequency handling,
datarate, etc. Cost vs. benefit tradeoffs are also factors to consider in this development. The cost of developing and
integrating a wideband, low-profile antenna—instead of purchasing a derivative commercial antenna—should be
justified by the benefits.

PHASE I: Develop low-profile, wideband/multiband antenna design concept. Through numerical simulation and
analysis, perform initial investigation of electrical parameters and limits. Demonstrate the feasibility to meet design
and performance goals, and analyze technical challenges of proposed concept.

PHASE |I: Refine concept from Phase |, optimize for Phase |l requirements. Conduct comprehensive testing and
analysis on hardware demonstrator, with attention to effects of advanced material application on antenna function.
Report and recommendations based on these results. Provide AFRL access to hardware for verification and
validation.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Any military platform that requires low-profile, high-performance antennas, to include
manned and unmanned air, space, sea and land platforms. Addresses ever-increasing senior leader data rate needs.
Commercial Application: Same as miilitary, in order to provide conformal, low-drag, high data rate communications
antennas to commercia aircraft, seacraft and automobile industries.

REFERENCES:
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AF112-055 TITLE: Ensuring Optimal and Secure Routes, Packet Forwarding and Spectrum
Utilization through Synthesis of Tactical Wireless Broadband Systems

TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: Secure reliable route discovery, packet forwarding, spectrum bands and allocate them to
communication links with most important information. Quality-of-service metrics for performance delay, packet
quality and security issues.

DESCRIPTION: To achieve greater interoperability among system controls, data products, and data links on
unmanned systems, including tasking, processing, exploitation and dissemination, a natural next step is to design,
develop and demonstrate enabling technologies for a common secure communications system, integrating a wide
variety of unmanned systems control and sensor product data, such as voice, video and data, onto a common
infrastructure. There are major obstacles to overcome; however, since system controls and data products not only
have drastically different traffic characteristics, but aso extremely diverse quality-of-service (QoS) requirements.
Important measures are the amount of packet delay incurred during transmission, and the fraction of packet loss
caused by buffer overflow. System controls (also known as real-time) traffic is rather sensitive to delay, but can
sustain some packet loss, whereas data product (also known as best-effort) traffic can tolerate some amount of delay,
but is quite vulnerable to packet loss. As such, innovative admission control, routing, scheduling and flow control
are necessary to intelligently manage network resources to evaluate the relevant QoS measures; e.g., delay
performance, packet loss, etc., thus reliably addressing the impact of long-ailed traffic characteristics and interaction
between real-time and best-effort services.

This topic seeks integrated solutions and enabling technologies pertaining to the following research foci: i)
bandwidth fluctuation: on the packet time-scale, the transmission capacity is shared by several traffic streams and
some packet traffics may exhibit long-range dependence and self-similarity over a wide range of time scales.
Minima emphasis is on the issue of how scheduling algorithms may be used to neutralize negative effects from
long-ailed traffic phenomena; thus, the general principle of traffic, system and performance metric time-scales
together that determine the set of candidate traffic models would be desirable; ii) a-priori traffic specification: on the
flow time-scale, robust admission control schemes that would require no a-priori traffic descriptors are needed to
investigate the impact of flow arrivals and departures on QoS; thus shifting the task of traffic characterization from
the user to the network; iii) route discovery and packet forwarding: hostess routing protocols and cognitive
algorithms are needed in order to unselfishly discover and maintain routes between faraway nodes using information
on the energy required and QoS possible; thus allowing them to communicate along multi-hop paths; and iv)
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frequency spectrum alocation and management: the spectrum in which unmanned systems communicate shall
exhibit an agility to hop around in the spectrum to ensure robust and secure communications.

Compressive sampling mechanisms, distributed sensing and fusion, and decentralized consensus optimization for
cooperative cognitive radios (CRs) to overcome high sampling rates for wideband processing, limited power and
computing resources per CR, frequency-selective wireless fading, and interference due to signal |eakage from other
coexisting CRs are of central importance, thus reducing inadvertent interference of the data links.

PHASE |: Develop notional concepts of operations and candidate prototypes using universal and flexible radios.
Only limited demonstrations expected include RF wireless network communications simulations that can talk to
each other using autonomous protocols and frequencies in highly dynamic environments.

PHASE Il: Optimize design and development of the selected prototype. Demonstrate performance robustness in
emulated/experimental air and/or space-borne environments with EMI, line-of-sight, and non-line-of-sight. If
applicable, extend feasibility of the technology for non-RF communications that further utilizes infrared and
ultraviolet free space optical technologies, which are much less susceptible to electromagnetic interference and
frequency deconfliction issues.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Integrate the technologies and solutions with possible encryptions, such as Advanced
Encryption Standard (AES), Federal Information Processing Standard (FIPS), Type 1, etc., for persistent situational
awareness, force application, net-centric and protection in coordination with ESC and its offices with assistance
from DOD prime contractors.

Commercial Application: Resource allocation in integrated-service networks, opportunistic communications, and
high-speed communication systems.
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AF112-056 TITLE: Highly-Reliable, Radiation-Hard Laser Diode Active Materials

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.
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OBJECTIVE: Develop new Il1-V semiconductor active materials for highly-reliable, radiation-hard pump laser
diode designs for high power pumping for advanced space lasercom applications.

DESCRIPTION: Facet reliability of high power laser diodes has continued to improve, so that laser diode reliability
is now limited directly by the active material as opposed to mirror-or process-related failures. Increasing this
reliability is particularly critical for applications, such as for high-power pump laser diodes used in advanced
military space applications, and to operate the pump laser diodes at increased power levels for which reliability may
otherwise suffer. [11-V semiconductor growth techniques have so far been unable to eliminate point defects in
conventional laser diode active materials, such as in lattice-matched and strained quantum well hetero-structures that
may lead to defect growth, and new approaches to forming highly-reliable, radiation-hard laser diode active
materials are sought. In addition, insights into the intrinsic failure mechanisms of existing high power laser diodes
can lead to further improvementsin reliability.

The goal of thistopic isto demonstrate multi-mode pump laser diode chips with novel gain mediain the emission
wavelength of 915 - 980 nm with atypical emitter width of 100um. Device characteristics should include maximum
output powers of over 10W, dope efficiencies of over 0.9 W/A, and power conversion efficiencies of over 60% at
room temperature under CW operation. Expected lifetime of pump lasersis over 20 years at output power of 5W
and heat sink temperature of 50°C with aFIT of less than 500 (60% confidence levels). Pump lasers should be
radiation resistant to over 500 kRad (Si).

PHASE I: Investigate new active material designs addressing intrinsic failure mechanisms due to point defects that
exist directly in the laser diode active materials. Produce prototypes of the new laser diode materials to study point
defects and defect growth during laser diode operation and life-testing.

PHASE I1: Implement the new material into laser diode designs useful for high-power optical pumping with broad-
area, single-stripe laser diodes. Test and evaluate the new materials for applications in pumping with state-of-the-art
facet passivation and coating processes.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The high-power laser diodes are considered as pump lasers of high-power optical transmitters
for high-bandwidth lasercom applications for MILSATCOM.

Commercial Application: The high-power laser diodes enjoy strong commercial markets for solid-state and fiber-
laser pumping used in manufacturing for materials processing. Examples include Y b-doped and Er-doped fibers.
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AF112-057 TITLE: Next-Generation Micro-chip Carrier for Cooling of Satellite Payload Electronics

TECHNOLOGY AREAS: 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: Develop innovative chip carrier cooling solution that efficiently reduces heat flux levels generated by
high-power satellite components to levels manageable by the spacecraft’s thermal control system.

DESCRIPTION: In order to provide the U.S. warfighter with the most capable satellite communications, payload
processing power is expected to grow in density for the foreseeable future, with higher gate counts producing
increased levels of waste heat. The anticipated increase in heat flux generated by next-generation electronics
components is driving the need for greater heat spreading capability in the carriers to which these high-hesat flux
chips are mounted. The goal of this project is to develop an innovative spreader that maximizes the capacity of the
carrier to reduce the heat flux for efficient transport of waste heat to the spacecraft primary thermal management
system. This spreader must maintain a sufficient coefficient of thermal expansion (CTE) match with foreseen high-
heat flux devices that may be mounted to it. The specific objectives are to:

- Spread heat fluxes >300 W/cm”2 (objective) or >100 W/cm”"2 (threshold) at the chip to levels manageable by
primary thermal control system (<10 W/cm™2).

-- Minimize the temperature drop between the chip and primary thermal control system.

-- Survive temperatures from -60 C to 60 C, operate in temperatures from -20 C to 50 C.

-- Require zero input power for operation and control.

-- Have tailorable CTE from 4 - 17 /C (objective) or a CTE that sufficiently matches foreseen high heat flux devices
(~6 - 8 ppm/C).

Current conduction-based heat spreading devices do not provide adequately high conductance in the x, y, and z
directions and an adequate CTE-match to meet the requirements of future electronics components. Therefore, the
proposed carrier should be a two-phase device that allows efficient heat transfer at the evaporator and condenser
surfaces. Two-phase micro-loop heat pipe and heat pipe devices should be considered. The design of the spreader
should be scalable and would idedlly be versatile enough to be applied to a variety of packaging configurations;
however, proposers may select a single relevant packaging style if necessary. Proposed solutions must have high-
reliability and maintenance-free operation for lifetimes exceeding ten years. The device must also 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. Proposers are encouraged to team with system
integrators and payload providers to ensure applicability of their efforts and to provide a clear technology transition
path.

PHASE |: Develop and show the feasibility of concepts or designs for a chip-carrier cooling solution that can reduce
the heat flux generated by future electronics components to levels manageable by the spacecraft’s primary thermal
control system.

PHASE Il: Finalize the detailed design, manufacture prototype hardware and validate the Phase | solutions through
testing.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Virtualy al military satellites could benefit from this research by more efficiently managing
payload waste heat.

Commercial Application: Commercial satellite and avionics industries could benefit from this research, which
allows higher density packaging.
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AF112-058 TITLE: Ultra-High-Efficiency, Multi-Junction Solar Cells for Space 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: Develop and demonstrate radiation-hard space solar cells with Air Mass Zero (AMO) efficiencies
greater than 40%.

DESCRIPTION: Solar cells with higher efficiencies are needed to reduce array mass, stowed volume, and cost for
Air Force space missions. The current state-of-the-art crystalline multijunction solar cells and Inverted Metamorphic
(IMM) solar cells are limited by the increasing material and structure complexity to a maximum conversion
efficiency of approximately 35% AMO. The desired new solar cell would be lightweight, and radiation hardened,
with emphasis on improved performance metrics at the solar array level (>1000 W/Kg) over current state of the art
devices. The goa for the new approach would be >40% efficiency AMO. Technologies involving organic-based
designs are not expected to be feasible.

The overall goa of this solicitation is to develop innovative technology solutions for ultra-high-efficiency solar
cells. In addition to cell performance, AFRL is also interested in realizing a cost-effective design. System level
array and integration issues should be considered in the technology design. The technology should be capable of
supporting a 15-year mission in Geosynchronous Earth Orbit (GEO) or Medium Earth Orbit (MEO) and 5 years in
Low Earth Orbit (LEO) after 5 years of ground storage.

PHASE I: Develop and validate innovative approaches for producing thin, flexible, ultra-high-efficiency space solar
cells.

PHASE I1: Apply the results of Phase | to develop a prototype demonstration of the production process.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: All DOD Spacecraft use multijunction space solar cells for electric power generation. Solar
cells with high efficiency will increase the power producing capability of military spacecraft.

Commercial Application: Commercial communications spacecraft and NASA spacecraft would use this technology.
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AF112-059 TITLE: Active Vibration Control for Enhanced Satellite Communications

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 space-qualifiable, active vibration control system for enhanced Satellite Communications
(SATCOM) optical beam pointing.

DESCRIPTION: As battlefield demands grow for higher satellite communications data rates to support enhanced
warfighter situational awareness, future military satellite programs must increasingly rely on improving the pointing
accuracy of the optical beams used to transfer data between satellites, aerial vehicles and ground components. Due
to the data transmission distances involved, which can reach tens of thousands of kilometers, and the broad range of
vibration sources, including mechanical switches, solar array drives, thrusters and antenna repositioning, minimizing
the vibration at the optical telescope is a critical need for the Air Force. While vibration isolation has traditionally
been accomplished passively, recent advances in space-qualified sensors, actuators, and processors has raised the
possibility of incorporating active vibration control in future SATCOM systems through a combination of hardware,
such as soft mechanical “isolators’, and algorithms, such as Multiple Error Least Mean Squares (LMS) and Clear
Box. The purpose of this topic is to explore innovative vibration control hardware and software algorithms and
implementations leading to improved communication satellite vibration management. The proposed solution must
enable significantly higher data transmission rates, with little or no impact to the overall spacecraft Size, Weight and
Power (SWAP) overhead. The technology should support 10 microradian pointing accuracies and vibration
suppression exceeding 20 dB. The proposed solution must be capable of handling all relevant mass properties
associated with the spacecraft optical pointing and tracking systems while on orbit. In addition, the proposed
solution must be capable of withstanding the full range of launch vibrations, and long term (>15 years) exposure to
the geosynchronous space environment, including operating temperature range -40 deg. C. to +80 deg. C with up to
1Mrad total dose radiation tolerance.

PHASE I: Explore Satellite Communications (SATCOM) architectures to determine attributes of vibration isolation
system. Design vibration isolation system in relevant SATCOM area.

PHASE I1: Apply the results of Phase | to the design, fabrication, experimental validation and optimization of a
prototype vibration management system. Fabricate vibration isolation system and characterize for vibration isolation
over operational range of frequencies.

PHASE I1l DUAL USE COMMERCIALIZATION:

Military Application: Military applications for vibration isolation include space, air and terrestrial systems that
utilize highly directed optical beams.
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Commercial Application: Applications for vibration management include laser communications pointing and
tracking systems, telescope pointing and tracking for celestial observations and camera pointing for photography.
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AF112-060 TITLE: Satellite Optical Communication Crosslinks Adaptive Bandwidth System

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 hardware and/or software algorithms suitable for use in satellite communications adaptive
bandwidth optical communications applications.

DESCRIPTION: On-orbit optical communications is a critical technology that enables high capacity satellite
communications to support anticipated growth in warfighter demands for battlefield communications. The
advantages of optical communications over microwave communications include: reduced physical size, reduced
weight, reduced power, greater bandwidth, greater immunity from interference, and ability to effectively
communicate with a higher number of satellites in any given orbital slot. Optimizing optical satellite-to-satellite
crosslink performance through adaptive bandwidth control is of great interest as on-orbit satellites can periodically
experience beam displacement due to pointing errors from vibration, which can be caused by a variety of sources
such as mechanical switches, solar array drives, thruster firing and antenna repositioning. While the effects of
vibration can be reduced through stabilization and additional transmitted power, these solutions add complexity,
power consumption, size and weight, and waste heat, while reducing overall reliability. The purpose of this topic is
to support research into adaptive bandwidth optical satellite communications crosslink hardware and algorithms to
mitigate the effects of impaired optical crosslink performance. Proposed solution must maintain adequate Quality of
Service (QoS) performance, including Bit Error Rate (BER) below 1 X 10-9 errorg/bit. Proposed hardware solution
must be capable of withstanding long term exposure to the geosynchronous space environment, and operate reliably
between -40 deg. C to +80 deg. C.
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PHASE I: Develop an innovative adaptive bandwidth solution supporting robust optical communications crosslinks
and validate through simulation and modeling where possible.

PHASE I1: Construct hardware and/or software prototype. Characterize for ability to maintain requisite optical link
QoS during the full range of operation beam direction excursions, bandwidth, latency and operating temperature
range.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Military applications include communications satellite programs potentially capable of block
upgrades to optical crosslinks, like Advanced EHF and Wideband Global SATCOM programs.

Commercial Application: Commercia applications include satellites and avionics communications applications in
which optical links are being considered.
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AF112-061 TITLE: Development of Ultracapacitors with High Specific Energy Density

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 ultracapacitor with specific energy density > 30 Wh/kg that can potentially be used as a
standal one power system in a space platform.

DESCRIPTION: The need for efficient energy storage systems in space platforms is paramount as expected lifetime
and power needs continue to increase. Ultracapacitors have several advantages over traditional batteries including,
cycle life in excess of 500,000 and extremely high charge/discharge rates with no degradation to lifetime. However,
ultracapacitors do not have very high specific energy density. Current production ultracapacitors are < 10 Wh/kg. In
order for ultracapacitors to be considered as a standalone energy storage system, the specific energy density needsto
be increased to values comparable with that of NiCd batteries. This proposal seeks innovative materials for use as
electrodes and electrolytes for ultracapacitors that can demonstrate energy density > 30 Wh/kg, while maintaining
the advantageous properties of current ultracapacitors (e.g. cycle life, specific power density). The end goal of this
technology will be as an energy storage system with the capability of supporting a 15-year mission in
Geosynchronous Earth Orbit (GEO) and 5 yearsin Low Earth Orbit (LEO) after 5 years of ground storage.

PHASE I: Develop, evaluate, and validate innovative materials for use in an ultra-high, specific energy density
ultracapacitor.
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PHASE I1: Optimize the materials and processes learned from Phase | to produce a prototype ultracapacitor with
demonstrated specific energy density > 30 Wh/kg while demonstrating high cycle life (>100,000) and high
charge/discharge capabilities.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Spacecraft require energy storage. Ultracapacitors with energy densities of Ni-Cd can be
enabling for long lifetime missions requiring many charge/discharge cycles or high power applications.

Commercial Application; Commercial communications spacecraft and NASA spacecraft would use this technology.

REFERENCES:
1. Burke, A.F., “Prospects for Ultracapacitors in Electric and Hybrid Vehicles’, Proc. Eleventh Annual Battery
Conference on Applications and Advances, 1996, 183-188.

2. Dixon, J., Bosch, S., Castillo, C., and Mura, M., "Ultracapacitors as unique energy storage for a city-car using
five-level converter,” Industrial Electronics, 2009, IECON '09, 35th Annual Conference of | EEE, 3854-3859.

3. Stoller, M.D., Park, S, Zhu, Y., An, J., and Ruoff, R.S., “Graphene-Based Ultracapacitors,” Nano L etters, 2008, 8
(10), 3498-3502.

4. Signorelli, R., Ku, D.C., Kassakian, J.G., Schindall, J.E., "Electrochemical Double-Layer Capacitors Using
Carbon Nanotube Electrode Structures,”" Proceedings of the |EEE, vol.97, no.11, pp.1837-1847, Nov. 2009.

KEYWORDS: ultracapacitors, supercapacitors, specific energy density

AF112-062 TITLE: Analog-to-Digital Converter for High Depth of Nulling SATCOM

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 an analog-to-digital converter suitable for use in space and able to support waveform
processing to neutralize high-power jammers.

DESCRIPTION: As Satellite Communications (SATCOM) jamming technology continues to advance, satellite
payload demodulation processing must provide increased signal resolution during satellite processing to maximize
the jammer depth of nulling. Because the analog-to-digital converter (ADC) plays a pivotal role in maintaining
signal resolution, the Air Force seeks innovative ADC designs that support the depth of nulling required to counter
Radio Frequency (RF) signal jamming. In addition, the ADC fidelity must support RF processing of modulation
modes such as 16-Quadrature Amplitude Modulation (QAM) while minimizing errors and spurious signals. The
ADC must reliably operate over a mission duration that can reach 15 years in an environment that includes
temperature extremes and high radiation exposure associated with geosynchronous space operation. The objective of
this topic is to develop a high depth of nulling, low-power, analog-to-digital converter capable of an effective
resolution bandwidth (ERBW) > 1 GHz (sample rate >2 GSPS) and Effective Number of Bits (ENOB) >16 bits.
This implies a state-of-the-art aperture uncertainty of < 100 fs. Additional goals include linearity (.5 LSB)], gain
flatness <.1 dB [TBR], channel-to-channel isolation >80 dB, operating temperature range —40 to +80 deg C., power
consumption <10W and radiation total dose tolerance > 1 Mrad (Si) across a wide temperature range of -55C to
+125C.

PHASE |: Evauate satellite communication-based applications and design an analog-to-digital converter meeting

design objectives identified above that enable High Depth of Nulling SATCOM. Where possible, validate design
through modeling and simulation.
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PHASE II: Leverage Phase | results to develop a prototype and characterize for all important parameters, test and
validate the characteristics.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: High-data-rate, analog-to-digital converters could find use in high-speed data processing for
communications applications.

Commercial Application: This research also benefits commercial consumer electronics requiring high precision
analog-to-digital converters.

REFERENCES:
1. Walden, Robert, “Anaog-to-Digital Conversion Technology comparison,” IEEE GaAs IC Symposium, Technical
Digest, pp. 217-219.

2. Walden, Rabert, “Analog-to-Digital Survey and Analysis,” |EEE Journal of Selected Areas of Communications,”
17(4):539-550, 1999.

KEYWORDS: analog-to-digital converter, effective number of bhits, sample and hold, conversion rate, flash
converter, resolution

AF112-065 TITLE: GPS Autonomous Micro-Monitor

TECHNOLOGY AREAS: 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: Design/develop an advanced, GPS-based, extremely small, lightweight, low-power, fully autonomous
ionospheric monitor.

DESCRIPTION: Ground-based Global Positioning System (GPS) measurements of ionospheric total electron
content (TEC) and ionospheric scintillation are today the major source of data supporting the specification and
forecasting of ionospheric effects and impacts on DoD radio-based systems, including communication, navigation,
surveillance and geolocation. However, availability of GPS monitors is extremely limited in oceanic regions and in
warfighting theaters. Thus, specification and forecast of potential impacts to DoD radio-based communication,
navigation and surveillance systems may be least available where most needed.

A new generation of advanced GPS-based ionospheric monitorsis required to address this shortfall. These monitors
require innovative design to exploit miniaturized 2-frequency GPS technology, GPS receiver software techniques,
ionospheric measurement algorithms, and robust housing. These GPS-based ionospheric monitors must be
lightweight, low-power, fully autonomous, and able to provide fully processed and highly accurate ionospheric TEC
and scintillation parameters in near-rea-time (at least 5-minute updates) in highly compressed, small data packets
suitable for relay via low-data-rate satellite link. Host platforms would be stationary or low-dynamic, such as:
existing and new oceanic monitoring buoys, remote solar-powered unmanned sites, and disposable monitors
deployed into theater locations. Monitors must have robust capability for autonomous cold (re)-start, and operation
on host platforms lacking any inbound communication or control.

lonospheric products needed include: absolute ionospheric TEC, ionospheric amplitude scintillation index: “$S4”7,
and ionospheric phase scintillation: “sigma-phi”, as well as uncertainty estimates for these products. Monitors will
also need robust capability for autonomous detection, calibration, and, mitigation of error sources for ionospheric
products and capability to track and report system health/status information.

Specific technical chalenges are;
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1. Miniaturization. A key improvement needed is to incorporate the needed functionality in a very low-power, small
footprint, host platform friendly component, since ionospheric measurement applies unique constraints on the
antenna, receiver, and processing.

2. Autonomous operation. A key improvement needed is capability for measurement auto-calibration, and
autonomous assessment of products’ quality and system health.

3. Packaging. A key improvement needed is design of a small yet robust packaging configuration that incorporates
an antenna, possibly tailored specifically for ionospheric measurement, a 2-frequency GPS receiver, and required
processing. Monitors must operate in extremes of temperature, moisture and salt corrosion.

Develop a design, demonstrate required technology, build, and field-validate a new generation of light weight, low
power, autonomous, GPS-based ionospheric monitors.

PHASE |: Design and devel op advanced light-weight, low-power, autonomous, GPS-based ionospheric monitors.

PHASE I1: Develop, build and test autonomous ionospheric monitors. Validate accuracy of reported ionospheric
parameters and robustness of autonomous operation. Deploy monitor(s) to appropriate field location(s) to
demonstrate performance in field conditions.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Space weather monitor retrofits on commercial or Navy ships. Space weather monitors
(disposable) in theaters, or on bouys.

Commercial Application: Ocean buoy monitoring of tropospheric water content. Ocean-based monitors to expand
FAA’sWide Area Augmentation System (WAAS) and other commercial navigation augmentation systems.

REFERENCES:
1. Beach, T., and Kintner, P., "Development and Use of a GPS lonospheric Scintillation Monitor," IEEE
Transactions on Geoscience and Remote Sensing, Vol. 39, No. 5, May 2001.

2. Seo, Jiwon Seo; Walter, Todd; Marks, Edward; Chiou, Tsung-Yu; and Enge, Per, "lonospheric Scintillation
Effects on GPS Receivers during Solar Minimum and Maximum," International Beacon Satellite Symposium 2007,
Boston, MA, 11-15 June 2007.

3. Kintner, Paul M., Jr., Professor, "A Beginner's Guide to Space Weather and GPS,"
http://gps.ece.cornell.edu/SpaceWeatherIntro_ed2 10-31-06_ed.pdf.

4. Wormley, Sam, "GPS FErrors & Edtimating Your Receiver's Accuracy,"  http://edu-
observatory.org/gps/gps_accuracy.html.

5. Anghel, Adela; Astilean, Adina; Letia, Tiberiu; and Komjathy, Attila, "Near Real-Time Monitoring of the
lonosphere Using Dual Frequency GPS Datain a Kalman Filter Approach," 1-4244-2577-8/08/$20.00 ©2008 |EEE,
http://ieeexplore.ieee.org/iel 5/4578604/4588776/04588793.pdf ?arnumber=4588793.

KEYWORDS: GPS, ionosphere, ionospheric monitor, autonomous, micro, disposable, total electron content, TEC,
scintillation, space weather, ionospheric impacts, RF systems

AF112-066 TITLE: Fusion of Space Weather Data with Satellite Telemetry

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: The objective of this effort is to develop agorithms that would correlate space environmental
impacts with telemetry data.

DESCRIPTION: Many satellite anomaly conditions are hard to characterize by examination of only telemetry data.
Anomalous conditions can occur because of internal satellite malfunction or telemetry data can be erroneous due to
environmental conditions. The objective of this topic is to develop an innovative, non-deterministic toolset that
would fuse and correlate telemetry events with space weather and other external context information. This toolset
should leverage existing interface standards (such as XML) to facilitate successful integration with existing
programs. In addition, it should take into account visualization and scalability to provide the operator and decision-
makers with intuitive situational awareness on global effects across satellite constellations. The resulting system
would fuse multiple and disparate sources of data to accurately assess a given abnormality cause and its associated
confidence interval, while continuously providing real-time Blue force status updates. An area of increased recent
emphasis is assisting operators and decision-makers in understanding the time varying situation as unpredicted,
highly improbable (i.e., Black Swan) events unfold and determining the extent of mission impact. These highly
improbable Black Swan events must be able to be discerned from the more probable space weather events. Past
efforts in telemetry monitoring include the application of neural networks to the problem of anomaly detection. Of
interest would be how this data can be fused with space weather data for enhanced anomaly and threat assessment.

PHASE |: Phase | expectations include development and demonstration of an unclassified proof of concept, plus
design for an operational system.

PHASE Il: Expectations include prototype implementation of the Phase | design, including demonstration of
software on realistic data sources and scenarios of contractor's choice with government guidance. Algorithms must
be flexible to be adapted to new data sources without recoding and have the ability for external user configuration.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The technology would be applicable to both the Space and Missile Center Space Superiority
Wing and the Electronic Systems Center JISpOC Mission Systems (JMS) program. Devel opment must be compatible
with the JISpOC Mission System and ready for AFRL validation and verification (V&V).

Commercial Application: Commercial versions of this technology could also be deployed. While there might be
differences between the data sources, outputs of both versions should be compatible and interoperable.

REFERENCES:
1. Taleb, N., "The Black Swan: The Impact of the Highly Improbable," second edition, Random House, 2010.

2. Hanson, M. L., and Gonsalves, P., "Automated Data Fusion and Situation Assessment in Space Systems,” In
Proceedings of the 16th International FLAIRS Conference, St Augustine, FL: AIAA Press, 2003.

KEYWORDS: Satellite anomaly assessment, Space weather data, Data Fusion, Satellite-as-a-Sensor

AF112-067 TITLE: Extended Response Silicon Detectors

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 scientific grade Silicon based arrays that respond to all of the visible and Short Wavelength
Infrared (SWIR) common laser wavel engths.

DESCRIPTION: There is a need for rapid detection of laser energy that might damage sensors in a visible
surveillance or reconnai ssance space-based system. The most likely interrogation lasers are in the visible and SWIR
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bands. Development of a robust detector that responds from 0.3 to 1.55um could simplify laser warning receiver
concepts as well as ambient temperature multispectral surveillance sensors. Silicon-based detectors that respond out
to 1.55 microns have been developed by incorporating other semiconductor materials with silicon material using a
femtosecond-laser to irradiate the silicon. When thisis done in a sulfur hexafluoride ( SF6) atmosphere, the resulting
silicon comprises a high-sulfur-doped, nanostructured surface layer that exhibits room temperature photoconductive
gain and enhanced Infrared (IR) absorption. Other semiconductor materials may improve the SWIR response. In the
visible region, the photoconductive gain rivals that of an avalanche gain. If used in a Time Delay and Integration
(TDI) mode, the readout noise could then be less significant. Before this technology can be considered for a space
application, it needs to be characterized thoroughly. This project would develop a model of the detector material
performance; verify that model so that its performance in alarge array could be predicted; and then build an array
that could be used either in a staring mode or a TDI mode for test. The model would need to address linearity,
frequency response, thermal dissipation, cross talk, uniformity, radiation and laser hardness, spectral sensitivity and
noise sources. The desired array size is 128 square or larger to provide an adequate sample. With silicon detectors,
with the expanded spectral range and photoconductive gain, measurement of the properties would be feasible.

PHASE |: The respondent would create a model of a silicon-based detector that responds from 0.3 to >1.55 micron.

PHASE I1: The respondent shall design and fabricate a prototype silicon array that detects 0.3-1.55 micron radiation.
It is desirable that the contractor mates the detector array to a suitable readout chip, tests the array and documents
the results. The array design should support both staring and TDI modes. The array developed and test results shall
be made available to AFRL for independent testing by AFRL.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Silicon-based detectors that respond from 0.3 to > 1.55 um are needed for detection of lasers
in thisrange for MDA and AF applications, such as universal situational awareness, and surveillance.

Commercial Application: Digital night vision for homeland security/law enforcement, solar cell inspection, plastics
sorting for recycling, noninvasive blood-chemistry monitoring, free-space communication, J band study, etc.

REFERENCES:
1. Crawford, Mark, “Black silicon is ready to revolutionize photo electronics,” 8 December 2008, SPIE Newsroom
DOI:10.1117/2.22008.0002, (http://spie.org/x31676.xml ?Articlel D=x31676).

2. Carey, James E., and Sickler, Jason, “IR Detectors: Black silicon sees further into the IR,” Laser Focus World,
Volume-45, Issue 8, (http://www.optoiq.com/index/photonics-technologies-applications/Ifw-display/Ifw-article-
display/367031/articles/laser-focus-worl d/vol ume-45/issue-8/f eatures/ir-detectors-bl ack-silicon-sees-further-into-
the-ir.html).

KEYWORDS: Silicon, Black silicon, visible detector, SWIR detectors

AF112-069 TITLE: Autonomous On-Board Control of Satellites for Space Superiority

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 nationas, 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 flight software technologies to enable real-time autonomous on-board
constraint and model-based planning of spacecraft activities to enhance satellite responsiveness.

DESCRIPTION: Current satellite operations are labor-intensive and are not equipped to respond to real-time events.

Without embedded flight autonomy, the time to image locations, send the data to the ground, and then to identify
and respond to events can be on the order of days. Surveillance missions are less than effective with increased
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timelines resulting in the inability of warfighters to respond to observations. In support of future Responsive Space
and Space Superiority missions, monitoring and command and control functionality, which traditionally has been
hosted on the ground, needs to be migrated on-board the satellite. Investments have been made in developing
speciaized sensors to detect specific threats. What is needed is a more robust capability to detect opportunistic
events on-board, plan resulting actions and then execute activities. This leads to a requirement for automated
software in several areas, which would include sensor processing and control, on-board planning, task execution and
data fusion. The objective of this topic is to research and develop the capability to perform autonomous planning of
spacecraft activities based on events such as processed imagery, threats, and spacecraft Bus anomalies. Autonomous
Planning is a complex field of Intelligent Systems that requires innovative solutions for all but simple scenarios. The
reason for thisis that most comprehensive solutions to the problem are NP-Compl ete. Event characterization can be
determined from the fusion of on-board processing of sensor data with other information of interest, including
historical information, telemetry readings and environment data. To properly scope this topic the focus is only on
research and development of autonomous planning technologies that can determine courses of action to mitigate
events encountered. Technologies to actually detect events or anomalies are outside the scope of this topic. To
correctly perform this planning function, embedded knowledge of satellite state, environment, 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 research, develop and demonstrate Artificial Intelligence
(A1) Planning technologies to enhance embedded satellite autonomy. Dependent on the proposed effort, the research
and development may be ITAR restricted.

PHASE I: The objective of Phase | is to research and develop a robust and scalable on-board planning system
architecture that would enable real-time response to events as described in the objective. A proof-of-concept
demonstration using a subset of reasoning techniques at alower TRL is highly desirable.

PHASE I1: Build on the architecture developed in Phase | and increase the technology readiness level by
demonstrating the technology in either an Air Force Research Laboratory (AFRL) or Operationaly Responsive
Space (ORS) Goddard Space Flight Center Mission Services Evolution Center (GMSEC) testbed. Use of real data
sources and subsystem models is envisioned.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This topic is addressing Space Superiority and Responsive Space missions. The initial target
customer is Operationally Responsive Space, however the research is applicable to future SMC missions.
Commercial Application: The technologies would be applicable to many NASA missions particularly those that are
in deep space where bandwidth limitations are inhibitors to responsiveness and requiring autonomous operations.

REFERENCES:
1. NASA JPL NMP ST6 Autonomous Sciencecraft Experiment,
http://nmp.jpl.nasa.gov/st6/ TECHNOL OGY /sciencecraft_tech.html.

2. Automation Issues for Satellite Operations,
http://web.mit.edu/aeroastro/www/labs/ASL /satellite_autonomy/satellite_autonomy.html.

KEYWORDS: Responsive Space, Autonomous Sensor Processing, Space Situational Awareness, Satellite
Autonomy

AF112-071 TITLE: Innovative Rapid Response Multi-Mission Space V ehicle Bus Technologies

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.

AF-80



OBJECTIVE: This topic seeks to identify, develop and demonstrate innovative technologies enabling rapid design,
development, assembly, integration, test and operations of small space platforms (busses, components, subsystems,
modeling, simulation, hardware and software). Current capabilities in this topic area are overly complex, non-
standard, use excessive mass and power, are limited in flexibility and application and typically require years to
acquire. This topic seeks novel capabilities to reduce the impediments and increase operational flexibility while
maintaining performance.

DESCRIPTION: The DaD is actively pursuing the capability to assemble and launch a satellite within days, or even
hours, of a battlefield commander's notification for anticipated needs and within several months to no more than a
year for unanticipated needs. This capability is essential to meet operational needs to provide for rapid transition
from development to delivery of new or modified capabilities, fill unanticipated gaps in capabilities, exploit new
technical and operational innovations, and respond to unforeseen or episodic events for a variety of space missions.

It is desired to develop technologies that, while maintaining mission assurance, could cut integration time in half,
decrease satellite costs to under $10M (vice current thresholds of $40-$70M) for a small satellite bus and “out-of-
the-blue” order delivery to under 12 months (average long lead for components is 14 to 20 months) for a small
satellite that has a payload of 150 kg requiring 1200 W (130 W Orbit Average Power), and reduce overall bus mass
from current objectives of 250kg to under 100 kg. Subsystem/component innovation areas of interest are in;
software modeling and development tools to reduce development, test and operation capability; thermal subsystem
components/management providing rapid implementation and adaptive control over a variety of orbits; electrical
power systems, including advanced solar array capability, batteries, power distribution systems to reduce lead time,
mass, and volume while maintaining power delivery capability; advanced structures reducing analysis requirements
and increasing scalability and flexibility; autonomous operations reducing manpower requirements and decreasing
operational complexity; advanced test techniques and capabilities reducing time to operationa capability while
maintaining mission assurance; advanced flight software and algorithms and high speed low power command and
data handling components to meet real-time operations of advanced payloads and sensors; innovative control
systems, including sensors, momentum and torque control devices to provide lower mass, lower power, low jitter,
and high response rates; and advanced propulsion capability for high-velocity changes and rapid control.

The objective space vehicle architecture for these technologies will be inserted into standardized interfaces, modular
hardware and software components, and have configurations compatible with a variety of small launch vehicles (air
and ground launched). The desire for the busis to be flexible and adaptable while maintaining rapid response with
acceptable mission assurance and performance at low total program cost.

Contractors are strongly encouraged to work closely with the Operationally Responsive Space (ORS) Office and its
contractors to ensure technical efforts are consistent with overall responsive satellite development goals. Proposed
concepts should strive for prototypes that can eventually achieve or support rapid response system development and
flexible system integration for the widest range of relevant satellite capabilities.

PHASE I: Identify, model, and demonstrate a proof-of-concept unit for the proposed technology concept which
should lead to a significant reduction in cost, lead time, power, mass, development to operational capability or
increase in flexibility or performance while maintaining mission assurance. Utilize test results to identify key
technical challenges, develop a mitigation strategy, and develop the Phase |1 program plan.

PHASE II: Design, build and test a prototype-level concept that meets the ORS Office's responsive space program
functional and interface requirements.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The proposed effort would develop satellite bus component and process technologies that are
applicable for ORS and other military satellites.

Commercial Application: The developing contractors will also market their products to commercia satellite
vendors, aswell as NASA and other civil space developers, providing rapid low cost access to space.

REFERENCES:
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1. Baghal, Lisa (Student) and Swenson, Eric (Associate Professor) (Air Force Institute of Technology); Finley,
Charles J. (DoD Operationadly Responsive Space Office), "Streamlining System Level Test for Responsive
Spacecraft: Results and Lessons Learned from the ORS Rapid AIT Demonstration,” Responsive Space 8 paper,
AlAA-RS8-2010-2001.

2. Finley, Charles J. (DoD Operationally Responsive Space Office) and Bhopale, Apoorva (Millenium Engineering
and Integration Company), "The 7-Day Solution: How ORS Will Answer The Rapid Cal-up Challenge,"
Responsive Space 7, Paper Number RS7-2009-6003.

3. Fronterhouse, Donald (PnP Innovations) and Martin, Maurice (AFRL/RVSE), "Building SPA PnP Satellites,"
Responsive Space 7, Paper Number RS7-2009-5002.

4. Watson, William A. (Rapid Spacecraft Development OFfice), "Rapid Spacecraft Development: Results and
Lessons Learned," GSFC 2002 | EEE Aerospace Conference, Big Sky, Montana, 2002.

KEYWORDS: Satellite bus, modular satellite, standardized satellite interfaces, spacecraft, satellite, responsive

space, responsive bus, operationally responsive space, ORS, modular open standards approach, MOSA, space
vehicle

AF112-072 TITLE: Programmable Frequency Satellite Transceiver for Small Spacecraft

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: The objective of this research project is to develop a satellite radio transceiver suitable for small
spacecraft for which the operating frequency can be programmed prior to launch or while on-orhit.

DESCRIPTION: For satellite radio transceivers, the frequency allocation and approval process can take over 36
months. This precludes assured knowledge of the frequency prior to procurement and integration of crystal-based
transponders (transceivers). Spectrum management now relies more on off-channel assignments within the Space-
Ground Link System (SGLS) band and is converting satellite services to Unified S-Band. Therefore, satellite
manufacturers can no longer rely on anticipating a frequency assignment to conform to the availability of off-the-
shelf crystals. This poses a significant technical and programmatic risk to the Air Force.

It is desired that users be able to program the transceiver and lock to an assigned frequency within the SGL S band or
the Unified S-Band as late as 30 days prior to launch or even while on-orbit. Thiswill enable the Space and Missiles
Systems Center’'s Space Test Program (STP) and other space programs to continue space vehicle integration and
testing in parallel with the frequency approval process. Once a frequency assignment is complete, the satellite
manufacturer should be able to program the installed transceiver either through a test port on the space vehicle or
through the command path. This level of flexibility constitutes a considerable advantage over the current state-of-
the-art for satellite radio transceivers, and is the primary technical goal of this research effort.

Additionally, this effort is focused on small spacecraft, including pico-satellites (10 kg) and cube-satellites (1 kg). It
is imperative that key performance metrics (the size, weight, power, and cost) be minimized through the
development of innovative designs and packaging, and by leveraging advancements in the state-of-the-art in space
electronic components.

A key technical barrier is that the transceiver must enable compliance with National Telecommunications and

Information Administration (NTIA) standards, and must be compatible with SGLS and military communication
protocols. Secondly, the transceiver design should be space-qualifiable, launch-survivable and operate in alow Earth
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orbit for at least 3 years. Finaly, the proposed solution should be able to replace existing transceivers and
interoperate with existing ground support equipment without imposing additional requirements on the spacecraft.

The Space and Missiles System Center Space Test Program (SMC/STP) plans to identify a minimum of two
spacecraft with different frequency allocations for possible implementation and demonstration.

PHASE I: Contractor shall demonstrate key performance metrics of their proposed design using non-space-qualified
components. Space-traceability should be demonstrated by analysis. Interface compliance should be validated by
analysis.

PHASE Il: During Phase |l, the contractor shall build, test, and qualify a prototype device. The contractor shall
deliver the prototype device for integration, and support a flight experiment (to be identified by SMC/STP) to
evaluate performance of the transceiver.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The programmable transceiver is applicable to future Department of Defense operational
spacecraft and research missions that utilize small spacecraft.

Commercial Application: The programmable transceiver is applicable to future NASA, commercial, and university
spacecraft and research missions that utilize small spacecraft.

REFERENCES:
1. Space Test Program Fact Sheet, accessed November 30, 2010,
http://www kirtland.af .mil/library/factsheets/factsheet_print.asp?fslD=6878& page=1.

2. Corrado, B., Ebel, W., and Jayaram, S., “ Cubesat Software Defined Radio Project,” AIAA-2008-5401, 26th
International Communications Satellite Systems Conference (ICSSC), 2008.

3. Minger, S, Genrich, T., “Programmable Satellite Transceiver for Responsive Space,” |EEE Aerospace
Conference Proceedings, 2008.

4. Harlacher, M., “The Low Power Transceiver (LPT) for Space Applications,” AIAA-2001-4671, AIAA Space
2001 Conference and Exposition.

5. NRL Press Release, “NRL Miniature SGL S Transponder Launched on MIGHTY SAT 11.1,” Oct. 2000,
http://www.nrl.navy.mil/pao/pressRel ease.php?Y =2000& R=54-00r, accessed November 30, 2010.

KEYWORDS: Programmable Transceiver, Satellite Communications, Unified S-Band, Space Test Program,
Responsive Space

AF112-073 TITLE: High-Efficiency Thin Film Solar Cells for 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 nationas, 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: Increased efficiency of thin film solar cells for Air Force space applications.
DESCRIPTION: Presently, CIGS and amorphous silicon (a-Si:H) solar cells are being integrated into lightweight
flexible-thin-film photovoltaic arrays for space applications. However, these technologies are much less efficient

than state-of-the-art multijunction solar cells. Amorphous Silicon and CIGS solar cells have continued to make
steady increases in cell efficiency since the late 1970's, with top Air Mass Zero (AMO) efficiencies approaching
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10% for cells on polymer substrates. Yet, many opportunities for increased efficiency in Amorphous Silicon and
CIGS-based cells remain as demonstrated by NREL's 19% (AM1.5) device. A promising approach under this topic
is the development of multijunction, silicon-based or CIGS-based cells. This advance in the state-of the art
technology will require the investigation of new material compositions and processing conditions. The new
materials must be compatible with deposition processes for fabricating solar cells on flexible polymer substratesin a
roll-to-roll process.

The goal for this effort is to increase the light stabilized efficiency of thin film solar cells to an AMO efficiency of
>15%. The thin film solar cell technology should be capable of operation in a Low Earth Orbit (LEO) for 5 years
and in a Geosynchronous Earth Orbit (GEO) or Medium Earth Orbit (MEO) for 15 years after storage on the ground
for 5 years. AIAA S-111 solar cell standards will be used to evaluate the subject material systems throughout the
course of this SBIR contract. Concentrator or organic photovoltaic systems are not considered to be feasible and will
not be evaluated.

PHASE |: Develop methods for increasing the efficiency of Amorphous Silicon cells or CIGS solar cells.

PHASE II: Finalize development of all deposition processes necessary to demonstrate the viability of the design
developed during Phase | (in a laboratory environment). Demonstrate the feasibility of using the resultant process
for fabrication of a candidate thin film solar cell. Samples cells will be provided to the Air Force Research
Laboratory for evaluation.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The availability of high-efficiency, low-cost, thin film solar cells could be applied to a wide
range of spacecraft, and would reduce life-cycle cost of satellite systems for military application.

Commercial Application: Commercial communications satellites and NASA interplanetary missions could use this
technology.

REFERENCES:

1. Saito, Kimihiko, and Kondo, Michio, “Mechanism of Preferential Orientation in Microcrystalline Silicon Growth
and its Influence on Post-Oxidation Property,” National Institute of Advanced Industrial Science and Technology
Japan, Toyoko Institute of Technology, Presented at the 35th |EEE Photovoltaics Specialists Conference, Honolulu,
Hawaii, 20-25 June 2010.

2. Xu, Xixiang; Su, Tining; Ehlert, Scott; Pietka, Ginger; Beglau, Dave; Zhang, Jinyan; Li, Yang; DeMaggio, Greg;
Worrel, Chris; Loard, Ken; Y ue, Guozhen; Y an, Baojie; Beernick, Kevin; Banerjee, Arindam; Y ang, Jeff; and Guha,
Subhendu, “Large Area Nanocrystaline Silicon Based Multi-Junction Solar Cells with superior Light Soaking
Satiability,” United Solar Ovonic LLC, Presented at the 35th IEEE Photovoltaics Specialists Conference, Honolulu,
Hawaii, 20-25 June 2010.

3. Dahal, Lila; Huang, Zhiquan; Attygale, Dinesh; Sestak, Michelle; Salupo, Carl; and Collins, Robert, “Application
of Real Time Spectroscopic Ellipsometry for Analysis of Roll-to-Roll Fabrication of Si:H Solar Cells on Polymer
Substrate,” Center for Photovoltaics Innovation and Commercialization, The University of Toledo, Presented at the
35th |EEE Photovoltai cs Specialists Conference, Honolulu, Hawaii, 20-25 June 2010.

4. Aksu, Serdar; and Pinarbasi, Mustafa, “Electrodeposition of Cu-In-Ga Films for the preparation of CIGS Solar
Cdlls,” SoloPower Inc., Presented at the 35th IEEE Photovoltaics Speciaists Conference, Honolulu, Hawaii, 20-25
June 2010.

5. Chirila, A.; Guettler, D.; Bloesch, P.; Nishwaki, S.; Seyrling, S.; Buechler, S,; Verma, R.; and Romanyuk, Y .,
Laboratory for Thin Films and Photovoltaics, EMPA, Ueberlandstr, R. Ziltener, D. Bremaud and A. Tiwari
FLISOM Ltd., Presented at the 35th IEEE Photovoltaics Specialists Conference, Honolulu, Hawaii, 20-25 June
2010.

KEYWORDS: Solar Cells, Power Generation, Thin-Film Photovoltaics, Amorphous Silicon, Microcrystalline
Silicon, Multijunction, Copper Indium Gallium DiSelenide (CIGS)
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AF112-074 TITLE: Hybrid Multi-signature Data Fusion for Remote Object |dentification and
Characterization

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 and demonstrate a combined analog and digital system capable of high-speed fusion of
parametric target data from multiple sources for space object identification and characterization.

DESCRIPTION: Near real-time, efficient fusion of target data from different imaging and non-imaging sensors in
multiple spectral domains (coherent and incoherent, visible, midwave infrared (MWIR), long-wave infrared
(LWIR), etc.) to determine various aspects of atarget’s state and featuresis required for enhanced space surveillance
and protection. The incongruous nature of these data streams traditionally have stymied full exploitation of the
information collected by differing sensors. Innovative fusion of heterogeneous data is therefore needed to fully
exploit the complexity of the information contained in the collected data and maximize a global performance, as
opposed to local optimization of each individual sensor. Much of present-day digital domain-based sensor fusion is
focused on the a posteriori merger of overlapping imagery, which varies in form (spectral band, coherence, etc.) for
each image. Such fusion has latency on the order of the frame rate of the sensors employed and largely relies upon a
loosely-coupled set of sensors. On the other hand, a considerable volume of heterogeneous data is received from
sensors observing the target (calorimetric, polarmetric, spectral, Doppler, ranging, and a priori orbital elements),
which provide scalar or vector data at a much greater rate than imaging systems. The information may be fused in
analog domain at near-real-time speeds to build up an overall estimate of the state-of-a-target complementary to that
of the imaging components. Such approaches are commonly used in subpixel imaging and similar methods. A
combined analog and digital fusion may not only be used as inputs to a posteriori image fusion, but also to prioritize
and optimize the various imaging system parameters in much the same fashion as hearing and other senses augments
vision in human beings. Figures of merit in assessing algorithm effectiveness include improvements in identification
and characterization of a space object, enhanced detection probability, and reduced false-alarm rates.

PHASE |: Develop, analyze and down-select an optimal technique capable in multi-signature target characterization
and enabling an integrated hybrid data fusion approach. Demonstrate the feasibility of the down-selected concept in
alaboratory environment.

PHASE I1: Refine the Phase | preliminary design to fabricate, integrate and assemble a prototype system for hybrid
multi-signature target characterization with explicit control of sensor parameters. Measurements should be carried
out to assess system performance such as image resolution, vibration spectrum and range under realistic application
scenarios.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The hybrid processing techniques developed under this effort will have military remote
sensing, active tracking of fast-moving targets including missiles, satellites and cross-communication systems.
Commercial Application: The prototype will reduce the volume of downlink data and on-board processing. Other
non-military applications include medical instruments, industrial processing and product quality control.

REFERENCES:

1. Liggins, M., Hall, D., and Llinas, J,." Handbook of Multi-Sensor Data Fusion," 2nd ed., CRC Press, September
2008.

2.Klein, L., "Sensors and Data Fusion," SPIE Publication, July 2004

KEYWORDS: Global and Space Situation Awareness, Situation Assessment, |nformation Fusion
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AF112-075 TITLE: Concentrator Space Photovoltaic Solar Arrays

TECHNOLOGY AREAS: Space Platforms
OBJECTIVE: Develop innovative concepts for a high-concentration-ratio Space Photovoltaic Array

DESCRIPTION: Presently, concentrating solar arrays have not seen widespread deployment on spacecraft. Thisis
due to the tight pointing accuracy required for concentrating systems, the need to keep the solar cells at reasonable
temperatures under high concentration, solar array structures designed specifically for concentrating solar arrays and
premature failure of alow concentrating design flown on commercial satellites. There has been recent development
of terrestrial concentrator systems, which have demonstrated 44% efficiency at concentration levels of 500 suns with
a solar spectrum of Air Mass 1.5. Both point-focus and line-focus concentrators have been developed for the
terrestrial market. This development has renewed interest in space concentrating solar arrays due to the increase in
efficiency, potential reduction in solar array cost and increased radiation tolerance from both natural and manmade
sources. The high cost of high-efficiency Inverted Metamorphic Multijunction (IMM) or other emerging solar cell
technologies will ultimately have an impact on the affordability of solar array sizes in the 100 kW range. The goal
for this technology development isfor a solar array that is aminimum of 100 kW in power producing capability.

There is aneed for concentrating optics that are capable of a concentration ratio (up to 500x) that would enable 40%
efficiency of the concentrating solar array with a solar spectrum of Air Mass 0. The off-track efficiency loss for the
solar array should not exceed 10% of maximum power output with off-track pointing errors of +/- 2 degrees. The
thermal management system should be capable of maintaining solar cell temperatures at levels that are compatible
with the 40% efficiency target with a solar spectrum of AMO. The target value for specific power rating of the
concentrating solar array is 300 watts per kilogram. Considerations for volumetric specific power (W/m3) in the
stowed position should be included in the proposed design.

The concentrating solar array should be capable of operation in a Low Earth Orbit (LEO) for 5 years and in a
Geosynchronous Earth Orbit (GEO) or Medium Earth Orbit (MEOQ) for 15 years after storage on the ground for 5
years.

PHASE I: Perform preliminary analysis and conduct trade studies to validate concepts for the concentrating solar
array. Acquire test results and related performance information in support payoff estimates.

PHASE I1I: Fabricate and deliver engineering demonstration unit. Show the flexibility of delivering reliable power
with the solar array off-track errors specified. Identify radiation impacts upon components of the concentrating solar

array.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Availability of high-efficiency, low-cost solar concentrating systems could be applied to a
wide range of spacecraft, and would reduce life-cycle cost of satellite systems for military applications.

Commercial Application: Commercia communications satellites and NASA interplanetary missions could use this
technology.

REFERENCES:

1. Newman, Fredrick, Chumney, Daniel, Patel, Pravin, Hoffman, Rick, Tenorio, Carol, Aiken, Dan, Sharps, Paul,
and Clevenger, Brad, Emcore Corporation, "Progress in Adapting Inverted Metamorphic Solar Cell Technology for
Terrestrial Concentrator Applications,” Presented at the 33rd |EEE Photovoltaic Specialists Conference, 11-16 May
2008, San Diego, CA.

2. Jaus, J.,, Nitz, P., Peharz, G., Siefer, G., Schult, T., Walf, O., Passig, M., Gandy, T., Bett, A., Fraunhofer, W., ISE,

"Second Stage Reflective and Refractive Optics for Concentrator Photovoltaics," Presented at the 33rd IEEE
Photovoltaic Specialists Conference, 11-16 May 2008, San Diego, CA.
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3. Allen, Douglas M., W.J. Schaffer Associates, Jones, P. Alan, and Murphy, David M., ACE-Able Engineering Co.
Inc., Piszczor, Michad F., NASA Lewis Research Center, "The SCARLET Light Concentrating Solar Array,"
Presented at the 25th |EEE Photovoltaic Specialists Conference, 13-17 May, 1996, Washington DC.

4. Andreev, V.M., Lantratov, V.M., Larionov, V.R., Rumyantsev, V.D., and Shvartz, M.Z., loffe Physical-Technical
Ingtitute, Russian Academy of Sciences, "Development of PV Receivers for Space Line Focus Concentrator
Modules," Presented at the 25th | EEE Photovoltaic Specialists Conference, 13-17 May, 1996, Washington DC.

5. Vadyev, Sergiy, Vadeyv, Viktor, and Sergee, Vladidav, SVV Technology Innovations, “Concept and Design of
a 'Flat Plate' CPV Module based on Ring-Array Concentrator”, Presented at the 35th. IEEE Phovoltaics Specalists
Conference, 20-25 June 2010, Honolulu Hawaii.

KEYWORDS: Optics, Spacecraft Power System, Concentrating Solar Arrays, Photovoltaics

AF112-076 TITLE: Autonomous Satellite Threat Processing and Response

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 nationas, 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 to enable autonomous information fusion and decision making to
support reduction of timelines for missile warning and response.

DESCRIPTION: Today's Air Force satellites are not equipped to respond to real-time events, whether those are due
to component failure, the environment or man-made. This has the effect of requiring ground operations to identify,
characterize, and mitigate most threats or to accurately characterize evolving threats such as the launch of a missile.
Without embedded flight autonomy and, more specifically, the ability to fuse disparate information sources on-
board, the time to identify and respond to events can be on the order of days. Satellites and/or other entities of
interest are at increased risk because of these long timelines. In addition, some surveillance missions are less than
effective with increased timelines resulting in the inability of warfighters to respond to observations. As an example,
monitoring missions utilizing Infrared (IR) must be able to quickly detect and accurately characterize an event in
order to respond in a timely manner. Missile warning, monitoring, characterization and command and control
functionality, which traditionally has relied heavily on ground operations, needs to be migrated on-board the
satellite. Investments have been made in developing specialized sensors to detect specific threats. What is needed is
a more robust capability to detect and isolate non-deterministic events, characterize these events, plan resulting
actions and then execute activities. Each of these areas in itself is very complex with a wide array of potential
solutions. The focus of this SBIR topic is to research and develop technologies to perform information fusion on
board with the information sources to be considered to include telemetry, sensor data, and environmental conditions.
Event characterization can be determined from the fusion of on-board processing of sensor data with other
information of interest, including historical information stored on-board. This requirement leads to several
challenges. Event characterization is difficult due to the range of threat signatures and backgrounds. False detections
must be minimized and positive characterizations maximized. To correctly perform this function, embedded
knowledge of satellite state, operating constraints and mission objectives must be very accurately maintained. The
results of the information fusion system would be input into a planning or execution system, which are each very
challenging areas by themselves. To properly scope this effort, the focus of this topic is on the information fusion
component. This topic seeks to develop and demonstrate information fusion technologies that could serve as one
component of alarger autonomous flight system.

PHASE I: For selected scenarios, develop on-board software technologies to perform autonomous information

fusion and threat characterization. The research should leverage off of previous research in sensor processing,
autonomous planning and task execution.
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PHASE I1I: Build on the architecture developed in Phase | and incorporate higher fidelity components at all fusion
levels. This phase will target a set of realistic scenarios and operating constraints. Phase Il will culminate in a high-
fidelity prototype demonstration of the system that clearly shows the utility to Space Superiority missions.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This topic is addressing Space Superiority and Surveillance missions. The initia target
customer for thistechnology is the Space and Missile Systems Center (SMC).

Commercial Application: Applicable to many NASA missions, particularly those that are in deep space where
bandwidth limitations are inhibitors to responsivenesse and thus requiring autonomous operations.

REFERENCES:
1. NASA JPL NMP ST6 Autonomous Sciencecraft Experiment,
http://nmp.jpl.nasa.gov/st6/ TECHNOL OGY /sciencecraft_tech.html.

2. Automation Issues for Satellite Operations,
http://web.mit.edu/aeroastro/www/labs/ASL/satellite_autonomy/satellite_autonomy.html.

KEYWORDS: Satellite Autonomy, Automated Missile Warning, Missile Defense, Autonomous Flight Software,
Autonomous Sensor Processing, Automated Threat Warning

AF112-077 TITLE: Advanced Algorithms for Next Generation Wide Field-of-View (WFQOV) EO/IR
Staring Sensor Exploitation

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 advanced agorithms able to provide significant improvements in multiple, closely-spaced
target detection and state vector estimation for wide field of view sensors viewing cluttered scenes.

DESCRIPTION: Enhanced sensors are being developed for Space-Based Infrared System (SBIRS) and other space-
based sensors, for surveillance applications, to provide improvements in early launch detection and global tracking,
with awide range of secondary applicationsin intelligence, surveillance and reconnaissance. These next-generation,
wide-field-of-view (WFQOV)- electro-optic (EO) and infrared (IR) sensors will be composed of focal plane arrays
with increased numbers of detector elements and improved sensitivity, combined to provide full earth hemisphere
staring coverage. There is a need for development of advanced algorithms which can provide real-time exploitation
of this increased data volume using limited processing and bandwidth resources. There is potential for these
algorithms to exploit improvements in resolution and sensitivity to detect and track closely-spaced targets over
longer durations (enabling improved state vector estimation for trgjectory prediction and multi-sensor hand-off), and
to detect and track closely-spaced, low-observables, such as midcourse ballistic and lower atitude maneuvering
targets, that cannot be detected with current WFOV staring sensors. More specifically, arequirement is development
of algorithms to effectively suppress stationary and non-stationary background clutter, including solar scattering by
clouds and aerosols, or from infrared airglow emissions, aurora, glint off sea surfaces and reflectance and emission
from varied natural and man-made terrain features. Another requirement is development of algorithms to effectively
track large humbers of low-observable targets, which may maneuver in close proximity, and which may have
intensities varying by two orders of magnitude or more. This topic solicits development of innovative algorithms
that can be shown to be amenable for implementation in an appropriate combination of satellite- and/or ground-
based enhanced processors, taking into account computation, storage and communication resources.
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PHASE I: Demonstrate feasibility of an innovative, algorithmic approach for providing significant improvementsin
low-observable, multiple, closely-spaced target detection and state vector estimation using WFOV EOQ/IR staring
sensor data. Consider implementation in enhanced processors.

PHASE 11: Develop prototype algorithms. Demonstrate potential ability to meet operational specifications, including
rapid detection requirements and computing limitations. Validate with simulated and real-world data that
demonstrates the potential for the developed algorithms to detect and discriminate closely-spaced objects in a
cluttered background environment and near the Earth limb.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The first use of this technology is envisioned for future enhancements of SBIRS, but could
also be applied in other systems, including STSS operating in the wider-FOV target acquisition mode.

Commercial Application: Concept may be useful for monitoring launches of commercial satellites, monitoring
debrisin lower-earth orbits, or for aircraft and traffic monitoring from higher-altitude aircraft.

REFERENCES:
1. http://www.losangel es.af .mil/library/factsheets/factsheet.asp?id=5514.

2. http://mww.mda.mil/mdalL ink/pdf/stss.pdf.

3. Smith, M., “Military Space Programs:. Issues Concerning DOD’s SBIRS and STSS Programs,” CRS Report for
Congress, Congressional Research Service, The Library of Congress, Order Code RS21148, Updated January 30,
2006.

4. Ewart, R.; Jacquot, J.; and Lew, P., “Space Algorithm Testbeds - Small Business Pipeline for Technology
Innovation,” AIAA Space 2009.

5. Fernandez, M.; Aridgides, A.; and Bray, D., "Detecting and tracking low-observable targets using IR," SPIE
Proceedings. Signal and Data Processing of Small Targets, (O.E. Drummond, Ed.), Vol. 1305, pp. 193-206,
Orlando, 1990.

KEYWORDS: wide field-of-view sensing, next generation sensors, clutter suppression, low observable target
tracking, closely-spaced objects

AF112-078 TITLE: Carbon Nanotube Radiation-Hardened Logic Device

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: Develop and demonstrate a radiation-hardened logic device utilizing carbon nanotube technology.

DESCRIPTION: Digital logic is extensively utilized in communication satellite payloads for a variety of
applications, and the availability of reliable, radiation-hardened logic with significantly higher density would
dramatically reduce parts count, lower size, weight and power consumption, and enhance the overall reliability of
the payload. Evaluation of Carbon Nanotube (CNT)-based logic suggests CNT logic is inherently radiation hard and
can be scaled down to dimensions as small as 0.06 um2. Before nanotube-based logic is viable for insertion into
space, a fabrication process must be developed and proven that is both robust and can leverage CNT feature size
advantages into a much higher density part. Obstacles include achieving a reliable and high-yield production
process, including precision control of cross-wire patterns, spacing and tube growth. The purpose of this topic is to
support the development of a radiation-hardened CNT logic device suitable for insertion into geosynchronous
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satellite applications. Goals include logic density >10M gates per device, radiation tolerance >100krads(Si) total
dose, immunity from Single Event (SEE) radiation effects and operating temperature range from —40 to + 80 deg C.

PHASE I: Survey nanotube-based logic implementations and select promising approach. Design nanotube-based
memory prototype and validate design through modeling and simulation.

PHASE |I: Fabricate nanotube device and characterize for access time, operating voltage, radiation characteristics
and operating temperature range.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Virtualy al military satellite programs could benefit from the availability of high-density,
radiation-hardened logic.

Commercial Application: Commercial nanotube applications include computer memories, MP3 music players, and
cell phones.

REFERENCES:
1.Lin, M., et ., “High-performance carbon nanotube field-effect transistor with tunable polarities,” |IEEE Trans. on
Nanotechnology, vol. 4, pp. 481489, Sep. 2005.

2. Sordan, R., et a., “Exclusive-OR gate with a single carbon nanotube,” Applied Physics Letters, vol. 88, no. 5, p.
053119, 2006.

3. O’ Connor, et a., “CNTFET modeling and reconfigurable logic-circuit design,” |EEE Trans. Circuits and Systems
I, vol. 54, pp. 2365-2379, Nov. 2007.

KEYWORDS: Carbon nanotube, logic, radiation hardened, logic device, ASIC, gate count, microelectronics

AF112-079 TITLE: High-Capacity Satellite Common Data Link

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 an advanced Satellite Communications (SATCOM) Common Data Link (CDL) to
accommodate emerging higher data rates anticipated for next generation AISR platforms.

DESCRIPTION: As the Office of the Secretary of Defense (OSD) mandated a wideband communications standard
for airborne Intelligence, Surveillance and Reconnaissance (ISR) platforms, the CDL facilitates ISR
communications between Unmanned Aeria Vehicles (UAVS) and battlefield theater of operations. As UAV focal
planes become smaller and lighter, and multiple focal planes can be installed on a single UAV to broaden the
effective field of view (FOV), Airborne Intelligence Surveillance and Reconnaissance (AISR) data rates can be
expected to significantly increase. Previous technology demonstration programs have been required to compress
outgoing data to accommodate the existing CDL data rate. This reduces data throughput and increases time of
transfer to the end user. A high bandwidth SATCOM data link which supports beyond-line-of-sight AISR, and
which is capable of supporting both existing in-theater CDL infrastructure and expanding data rates could prove a
cost-effective solution for beyond-line-of-sight AISR, allowing data access to intelligence anaysts located in the
Continential United States (CONUS). The purpose of this topic is to support affordable hardware and software
solutions meeting the demands of a next-generation, high-bandwidth SATCOM CDL link. The fundamental goal of
this endeavor isto develop a high bandwidth CDL that is capable of keeping pace with current focal plane array data
rate outputs, which enables the transfer of raw data at the uncompressed rate to analysis end users. An additional
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requirement is compatibility with existing CDL standards, and the requisite form, fit and function to retrofit into
existing applications.

PHASE |: Research viable large bandwidth CDL implementations that are compatible with existing CDL structures.

PHASE |1: Develop hardware and software prototypes that have been validated through modeling and simulation.
Write final report characterizing results.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Virtualy al military satellite programs could benefit from the availability of high-density,
radiation-hardened logic.

Commercial Application: The commercial avionicsindustry could utilize high capacity CDL to enhance telematics.

REFERENCES:
1. Galindez, Richard, et. a., “A Common Data Lnk (CDL) for Space-Based Communications: Migration of
Airborne Hardware to Space," Small Satellite Conference, Aug. 2005.

2. Davis, Thomas M. and Straight, Capt. Standley D., “Development of Tactical Satellite 3 for Responsive Space
Missions,” Responsive Space Conference, Apr. 2006

KEYWORDS:. Common Data Link, AISR, Unmanned Aerial Vehicle, satellite communications, SATCOM

AF112-081 TITLE: Advanced Adhesives for Space Solar Arrays

TECHNOLOGY AREAS: Space Platforms

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

OBJECTIVE: Development of advanced space solar array adhesives that offer superior mechanical properties,
thermal properties, environmental stability properties and greatly reduced outgassing properties.

DESCRIPTION: Spacecraft solar arrays are frequently the largest source of outgassing contaminates on the
spacecraft. As has happened in the past, solar arrays that operate at higher than expected temperatures can outgas,
with the contaminates degrading the optical properties of instrumentation as well as the solar cells themselves. In
addition, the adhesives used to bond solar cell coverglasses to solar cells are prone to UV darkening, thus must be
protected. Darkening of these materials tends to be in the UV spectral range, thus altering the current balance of
multijunction solar cells. Finally, having adhesives with higher thermal conductivity will allow the solar cells to
operate at lower temperatures and therefore with higher efficiencies.

Advanced adhesives with high thermal conductivity and extremely low outgassing at elevated temperatures are
needed for bonding solar cells to the supporting substrate. The supporting substrate may be either carbon-face, sheet
aluminum honeycomb panels or Novastrat/Kapton flex circuits. Advanced adhesives that will not darken when
exposed to the space environment are also needed for bonding coverglass material to the surface of the cell. The
materials must be appropriate for their intended purpose; thus for bonding cells to panels, the adhesives must have
the requisite combination of thermal expansion and modulus to minimize the strains imparted or transferred to the
solar cells. They must also provide the required dielectric properties, as they are frequently used to encapsulate the
exposed electrical interconnects. For the coverglass adhesive, the material must have the required index of
refraction, combination of thermal expansion coefficient and modulus to minimize strains imparted to the solar cell,
aswell asoptical transparency in the spectral region of interest (300nm to 1700nm).
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The technology should be capable of supporting a 15-year mission in Geosynchronous Earth Orbit (GEO) or
Medium Earth Orbit (MEO) and 5 yearsin Low Earth Orbit (LEO) after 5 years of ground storage. In meeting this
requirement, the technology should be capable of passing the qualification testing outline for solar cell assemblies
and solar panelsin AIAA S111 and AIAA S-112. In addition, the material must pass “ Standard Test Method for
Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment” out
gassing tests (ASTM E-595).

PHASE I: Develop one or more candidate adhesive replacement materials. Subject them to screening testing to
identify candidates with high potential for subsequent devel opment.

PHASE II: Using the lessons learned from fabricating and testing prototypes in Phase I, continue work to optimize
and increase the Transition Readiness Level (TRL). The prototype should be subjected to a complete complement of
pathfinder space environmental testing and characterization tests.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: All DOD Spacecraft use solar arrays for electric power generation. Development of adhesives
with superior properties will reduce optical contamination and improve array operating performance.

Commercial Application; Commercial communications spacecraft and NASA spacecraft would use this technology.

REFERENCES:

1. Zimmermann, C. G.; Pueyo, D.; Semprimoschnig, C.; and Taylor, S., "A New Coverglass Adhesive for Space
Applications - Methodology for Extrapolation of the Degradation Determined in a Simulated Space Environment,"
Proc. 33rd IEEE PV SC Conference, 2008.

2. Borrero del Pino, C.; Fernandez Marin, J.M.; and Kolschmann, M., "Electrical Performance Monitoring in Long
Duration UV Degradation Test for Space Solar Cells,” Proc. 33rd |[EEE PV SC Conference, 2008.

3. Woodman, R. H.; Gonzalez, L.; Belcher, J .B.; Ferreira, C. M. (Infoscitex Corporation, Waltham, MA.); Y uhas,
D.; Click, C.; Haines, D.(Schott North America Inc., Duryea, PA); and Du, J. (University of North Texas, Denton,
TX.), "Phosphate Coverglasses and Hybrid Adhesives — Protective Materials for Short-Wavelength-Cut-On
Photovoltaics," |EEE paper 978-1-4244-2950-9/09.
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AF112-082 TITLE: Ephemeris Update Receiver for Space Vehicle Tracking

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: The objective and goa of this research program is to develop a dua-purpose ephemeris update
receiver for the Air Force Satellite Control Network (AFSCN) to be used by the AFSCN's parabolic antennas in
pseudo-monopul se scanning mode and phased array antennas in an auto tracking dithering mode.

DESCRIPTION: The Air Force Satellite Control Network (AFSCN) has need of developing an advanced Ephemeris
Update Receiver (EUR) that could be used with either a (1) Remote Tracking Station (RTS) Block Change (RBC)
parabolic dish antenna or (2) Geodesic Dome Phased Array Antenna (GDPAA). This dual-purpose EUR would
replace the current state-of-the-art RBC tracking receiver (Maximum Likelihood Estimator), which has many design
and operationa issues. First, the current receiver has had limited success in acquiring and tracking suppressed
carrier waveforms specified in [1] and in determining the signal and noise estimates required for tracking. Second,
the current receiver requires Inter Range Operations Number (IRON) [2] manipulation that includes selection of the
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low-pass filter bandwidths for signal power determination and noise bandwidth selection, plus selection of offset for
noise sampling in a region free of signal power. To date, only 9 of the 1600 IRON configurations the AFSCN
presently supports have been tested on the RBC project, with limited success in selecting the right receiver
parameters for operational support.

This research project seeks innovative approaches to accomplish signal discrimination at low signal to noise ratios
(SNRs) to enable ephemeris update and tracking and result in a dual purpose EUR that overcomes limitations of the
current state-of-the-art as just described.

The key requirement for the EUR is to meet antenna tracking requirements provided in the RBC Requirements
Document [1] for minimum signal levels of -195 dBm at the antenna aperture. For the parabolic dish configuration,
the EUR would operate in an estimated ephemeris (enhanced ephemeris) mode synchronized with the antenna
operating in the scanned mono-pulse mode. For the phased-array configuration, the EUR would work synchronously
with the array in its dithering mode to provide quadrant tracking data (maximum likelihood estimates) to determine
the space vehicle track. This would be the primary tracking mode of the GDPAA, since the GDPAA is not
envisioned to track using a sum-to-difference null tracking technique (this technique requires doubling the beam
forming network).

The key technical barrier to be overcome is improving signal and noise determination. Over 10,000 |IRON
configurations are possible based on the SIS502 RF interface specification to the space vehicles [3]. As a resullt,
several digital signal processing designs have been proposed that provide signal and noise power determination
robustly (no IRON manipulation). These designs have included the quadrature receiver (12 + Q2) and the fast
Fourier transform (FFT), which provide good correlation to theory.

Additional technical parameters for this research effort include carrier tracking performance and signal
discrimination. Good carrier tracking performance has been achieved based on using an FFT for automatic
frequency control, with either a phased-lock loop for coherent tracking of a residual carrier, or a squaring (Costas)
loop for direct carrier binary phase shift keying tracking. Also, excellent signal discrimination has been obtained at
low signal to noise ratios (SNRs) for either a quadrature receiver (12 + Q2) or FFT. If the EUR can provide good
signal discrimination at low SNRs, this would allow for broader beams for tracking with the GDPAA, reducing the
amount of aperture required. For this reason, the EUR could be considered an enabling technology for the GDPAA,
since multiple contact capability will be limited by the amount of aperture allocated for tracking.

PHASE |: Develop innovative conceptual designs for a EUR that will meet the requirements for tracking given in
the RBC Requirements Document. Accomplish modeling and simulation to assess performance, cost, and risk.

PHASE II: Test key software components of the design using software radio techniques. Test against signal range
and waveforms specified in RBC Requirements Document. Integrate the software design into an existing tracking
receiver or develop afunctional prototype. Perform testing and evaluation of the prototype device.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Virtualy all military satellites and navigation data processing subsystems using both phased
array systems and parabolic antennatracking design could benefit from the EUR.

Commercial Application: Virtualy al commercial satellites and navigation data processing subsystems using both
phased array systems and parabolic antenna tracking design could benefit from the EUR.

REFERENCES:
1. “RTS Block Change (RBC) Requirements Document, Revision A,” Space and Missile Systems Center Air Force
Satellite Control Network Directorate, 21 May 2003.

2. (footnote) IRON — Inter Range Operations Number; IRON number determines the ground equipment
configuration based on the capabilities allowed in [3]. To date, the AFSCN supports 1700 IRON configurations for
170+ DOD, NASA and commercial customers. An IRON load configures the ground equipment to support the SV
contact.
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3. “Standardized Interface Specification (SIS) Between the Air Force Satellite Control Network (AFSCN) and the
Spacecraft Users, SIS-000502E, Rev. E”, Honeywell Technology Solutions Inc., (HTSI), January 25, 2005.

4. Cahn, C. and Liemer, D., “Digital Phase Sampling for Microcomputer Implementation of Carrier Acquisition and
Coherent Tracking”, |EEE Transactions on Communications, Vol. 28, No. 8, August 1980.

5. Tomasic, B, Turtle, J,, Liu, S., Schmier, R., Bharj, S., and Oleski, P., “The Geodesic Dome Phase Array Antenna
for Satellite Control and Communication — Subarray Design, Development, and Demonstration,” |EEE International
Symposium on Phased Array Systems and Technology, 2003, pp. 411 — 416, DOI: 10.1109/PAST.2003.1257017.
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AF112-083 TITLE: Electric Field Instrument for Cube- or Nano-sized Satellites

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 cubesat- or nanosat-scale Direct Current (DC) Electrical Field (E-field) instrument for
measuring high precision electric fields at both high and low inclination Low Earth Orbit (LEQO) orbits.

DESCRIPTION: Space weather and other Space Situational Awareness (SSA) missions have become increasingly
dependent on small spacecraft, in particular the cubesat of volume 10x10x10 cm, referred to as 1U, as well as the
nanosat size, which is less precisely defined, but is of the order of a 10-30 kg body. The small size and low mass of
the cubesat and nanosat allow sensors required for SSA to be easily proliferated in multiple orbits and buses. Thisin
itself imposes the requirement for the next-generation sensors to be lightweight, miniaturized and flexible in terms
of bus integration.

Traditionally, scientific measurements of plasma electric fields in the ionosphere-magnetosphere environment have
been accomplished by either measuring the plasma velocity and combining it with the knowledge of the in situ
magnetic field, or by directly measuring potential changes between two booms, directly yielding the electric field in
that direction. The former type of instrument requires a 3-axis stabilized spacecraft and high enough plasma
densities for precise velocity measurements. This second requirement can be difficult to satisfy at higher altitudes
where densities are lower or during solar minimum conditions when the ionosphere is dominated by light ions. The
latter type of instrument works best on a spinning spacecraft and requires 3 sets of double probe booms (for
measuring the 3-D E-field) adding significant mass, weight and complexity to satellite integration. In both cases,
precise knowledge of the spacecraft attitude and in situ magnetic field is required.

This SBIR topic seeks innovative ideas for a new, miniaturized (small size, low weight), low-power E-field
instrument that can fit into a cubesat of size equivalent to a small multiple of 1U cube, or, if necessary, to a nanosat.
The design should be aimed at detecting E-fields with high sensitivity and precision in either a high- or low-
inclination LEO orbit, of aflexible atitude from 350-900 km. Minimum range and resolution requirements are:

-- For ahigh inclination LEO orbit: +1000 mV/m with a sensitivity of 0.5 mVv/m.
-- For alow inclination LEO orbit: +600 mV/m with a sensitivity of 0.3 mV/m.

We will consider designs that require either 3-axis stabilized or spinner satellites, but preference will be given to

innovative designs that offer the most flexibility for integration to various platforms without compromising
sensitivity and precision in measurements. Additionally, we seek designs that use the Plug-and-Play (PnP) interface.
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PHASE |: Demonstrate the feasibility of building an E-field instrument that satisfies the desired requirements on
size, mass, power, precision, and interface.

PHASE I1: Build a prototype E-field instrument complete with processing capability and plug-and-play interface
technology that demonstrates the design.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application; Miniaturized sensors on small satellites are essential for future ionospheric specification and
forecasting required for communication, navigation, radar ranging, and tracking of space objects.

Commercial Application: Space-qualified, low-cost sensors have many applications in advanced scientific and
engineering systems.

REFERENCES:

1. Harvey, P, F. S. Mozer, D. Pankow, J. Wygant, N. C. Maynard, H. Singer, W. Sullivan, P. B. Anderson, R. Pfaff,
T. Aggson, A. Pedersen, C.-G. Félthammar, and P. Tanskannen, "The Electric Field Instrument on the Polar
Satellite," Space Sci. Rev., 71, 583, 1995.

2. Gustafsson, G., R. Bostrém, B. Holback, G. Holmgren, A. Lundgren, K. Stasiewics, L. Ahlén, F. Mozer, D.
Pankow, P. Harvey, P. Berg, R. Ulrich, A. Pedersen, R. Schmidt, A. Butler, A. Fransen, D. Klinge, M. Thomsen, C.-
G. Falthammar, P.-A. Lindgvist, S. Christenson, J. Holtet, B. Lybekk, T. Sten, P. Tanskanen, K. Lappalainen, and J.
Wygant, "The Electric Field and Wave Experiment for the Cluster Mission," Space Science Reviews, 79, 137-156,
1997.

3. Hedlis, R. A.; W. B. Hanson, C. R. Lippincott, D. R. Zuccaro, L. H. Harmon, B. J. Holt, J. E. Doherty, and R. A.
Power, "The lon Drift Meter for Dynamics Explorer-B," Space Science Instrumentation, vol. 5, p. 511-521, Dec
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4. Knudsen, D. J., J. K. Burchill, K. Berg, T. Cameron, G. A. Enno, C. G. Marcellus, E. P. King, |. Wevers, and R.
A. King, "A Low-energy Charged Particle Distribution Imager with a Compact Sensor for Space Applications,”
Rev. Sci. Instrum., 74, 202, 2003.
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AF112-087 TITLE: Radiation-hardened, Non-volatile Memory for Aerospace and Defense
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: Develop and commercialize high-density and inherently radiation-hard memristor-based memory for
aerospace and defense markets.

DESCRIPTION: The lack of low-cost Radiation-Hardened (RH) Non-Volatile Memory (NVM) continues to be a
severely limiting factor in the design of systems for use in space environments. Present solutions rely on inefficient
techniques, such as radiation hardening by design (RHBD), which are implemented either in layout or in the
application architecture and not in the fabrication process. Many of these solutions are based on redundancy and
result in a penalty in performance greater than one-generation of Moore’'s Law. This customization has driven up
costs to the point that RH NVM has completely fallen off the International Technology Roadmap for
Semiconductors (ITRS) and is now 10,000 times more expensive than its commercial counterpart. Moreover, most
aerospace applications preclude the use of moving parts, such as the one in a hard disk. Thus, an ultra-high density
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storage solution is completely lacking. Efforts over the last two decades to develop a practical NVM solution for
space have been unsuccessful. An inherently radiation-hard NVM that can achieve high density is needed.

Recently, the memristor was unveiled as a new type of memory device. Its existence was first postulated by Leon
Chuain 1971. It has the potential to combine the best characteristics of the hard drive, RAM, and flash in terms of
density, access speed and power. The fundamental size of a memristor memory cell is 4 F2, but can be scaled down
to 0.5 F2 if stacked. Thisis not only superior to those of DRAM (6-8 F2), NAND flash (5 F2), and NOR flash (10
F2), it challenges the density of the hard disk, which has a density that depends on the size of the read-write head.
The memristor’s simple 1R architecture greatly lowers the cost of fabrication and allows fast random access without
any moving parts. The switch mechanism typically involves the forming and breaking of a conduction channel,
which consumes much less power than flash memory. To the aerospace electronics field, this also can mean that
memristors may be inherently immune to radiation damage. Indeed, early investigations showed that the TiO2
memristors are very radiation hard. This represents an opportunity for aerospace electronics to leverage a technology
developed for the commercial market and return to the path of Moore' s Law.

Thereisaraceto fill the gap in the commercial market for a unifying memory technology with advantages that span
the hard disk, RAM, and flash memory. Even with the memristor class, multiple technologies are competing to the
commercial market. This includes TiO2, with a mechanism based on the drift of oxygen vacancies (which is a
mobile, n-type defect dopant) and metal-doped chalcogenides or conductive metal oxides (which involves the drift
of high mobility metal atoms such as Li, Ag, or Cu). This call solicits efforts to develop and commerciaize RH
memristor-based NVM to serve the aerospace and defense markets.

PHASE I: Evaluate candidate memristor technologies for radiation hardness. Based on these results and other
available metrics, such as device uniformity, endurance, reliability, commercia viability, and design flexibility;
develop and commercialize the most promising technology.

PHASE II: The selected company will partner with an appropriate foundry to produce working prototypes that are
suitable for space applications. Test and evaluate the prototypes for reliability and radiation hardening.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Currently the highest density RH memory available is 28 Mb and there is a great need for
memory with adensity of ~1 Gb. The memristor could be used as static RAM for military space applications.
Commercial Application: Combining the advantages of the hard disk, RAM, and flash, the memristor is a strong
candidate to pose as a static RAM for both commercia and military space applications.

REFERENCES:
1. Chua, L.O., “Memristor-The missing circuit element,” IEEE Trans. Circuit Theory, 18, 507-19, 1971.

2. Tong, W. M.; Yang, J. J; Kuekes, P.; Stewart, D. R.; Williams, R. S.; Delonno, E.; King, E.; Wiczak, S.; and
Osborn, J. V., “Radiation hardness of TiO2 memristive switches,” |IEEE Trans. Nucl. Sci., 57(3), 1640-43, 2010.

3. Yang, JJ; Miao, F.;, Pickett, M. D.; Ohlberg, D. A. A.; Stewart, D. R.; Lau, C. N.; and Williams, R S., “The
mechanism of electroforming of metal oxide memristive switches,” Nanotechnology, 20(21), 215201, 2009.

4. http://www.unitysemi.conv.

5. Schindler, C.; Weides, M.; Kozicki, M. N.; and Waser, R., “Low current resistive switching in Cu-SiO2 cells,”
Appl. Phys. Lett., 92, 122910-122911, 2008.

KEYWORDS: Memristor, non-volatile memory, radiation hardened electronics, space environment, static memory
drives.

AF112-089 TITLE: Large Deployable Telescope Components
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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 and demonstrate novel components that enable large-depl oyabl e tel escopes.

DESCRIPTION: Increasing the aperture of space telescopes enables gathering of higher-resolution images from
greater distances and at larger wavelengths. Space telescopes historically have fixed cylindrical shapes with a
massive, roughly disk-shaped primary mirror. Under this classic paradigm, launch vehicles impose mass and volume
constraints upon the telescopes. For example, the Falcon 1 launch vehicle (SpaceX, Hawthorne, CA) is limited to
1.4 m diameter payloads. The Minotaur | and Minotaur 1V launch vehicles (Orbital Sciences Corporation, Dulles,
VA) aresimilarly limited at 1.2 m and 2.0 m diameters. To take advantage of these more affordable launch vehicles,
it is desirable to have a deployable telescope.

Deployable telescopes are challenging to implement. They need a variety of opto-mechanical components. Some
technologies needed to implement deployable telescopes include actuators, nanopositioners, support structures,
novel mechanisms and stowage concepts, light weight optics, deployable light baffles, and large athermal structures.

We are interested in new technologies that show significant performance gains over currently available
technologies. Each proposa should clearly show how their technology could help realize a successful deployable
telescope. This can be a novel architecture using existing components or an existing architecture with novel
components. We are interested in deployabl e tel escopes with apertures from 0.7 m to 3.0 m in diameter that stow for
launch into spaces <30% of the final size in at least two dimensions, though scaled systems are acceptable if the
reduced-scale system is shown to be traceable to the larger scale.

PHASE I|: Demonstrate through modeling, simulation, and other means the soundness of the prototype device or
architecture.

PHASE I1: Using the results from Phase |, develop, document, and demonstrate the prototype device or architecture
and how it enables large deployabl e tel escopes.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Military applications for the needed technologies include high resolution imaging from space,
including infrared wavel engths.

Commercial Application: Commercia applications for the needed technologies include astronomical observatories,
cameras, precision structures and metrology systems.

REFERENCES:

1. Lake, Mark S.; Phelps, James E.; Dyer, Jack E.; Caudle, David A.; Tam, Anthony; Escobedo-Torres, Javier; and
Kadl, Eldon P., “Deployable primary mirror for space telescopes.” Proc. SPIE 3785, 14 (1999),
DOI:10.1117/12.367611.

2. Clampin, Mark. "The James Webb Space Telescope," Advancesin Space Research (Elsevier), V. 41, no. 12
(2008): 1983-1991.

3. Gonsalves, Robert A. "Perspectives on Image-Based Wavefront Sensing,” Frontiersin Optics. Optical Society of
America, 2008.

4. Lane, SAA.; Lacy, S.L.; Babuska, V.; Hanes, S.; Schrader, K.; and Fuentes, R., “Active Vibration Control of a
Deployable Space Telescope,” Journal of Spacecraft and Rockets, VVolume 45, Number 3, pp. 568-586.
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AF112-091 TITLE: Advanced Solar Arrays for Small Satellite Applications

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 innovative concepts for a small satellite solar array that will provide increased mission
capability.

DESCRIPTION: Small satellites are playing an increasing role in meeting mission needs. As such, it isimperative to
advance bus technologies to support ever-increasing payload requirements. One key bus technology that requires
such advancement is the solar array. Solar arrays for small satellites have often been adaptations of standard designs
for large satellites. Thisis primarily due to alack of low-risk solar array options that provide optimized performance
for a small satellite. Large, heritage arrays that have been adapted for small satellite applications have poor
packaging efficiency and relatively high mass with a high cost relative to the rest of the spacecraft. Small satellite
missions demand lower cost, mass, and volume that enable increased payload capability when launching on small
launch vehicles and as secondary payloads. Therefore, innovative concepts are sought for small satellite solar arrays
in the range of 60 W to 300 W that exhibit significantly lower mass, volume, and cost over a state-of-practice (SOP)
honeycomb panel solar array. Proposed concepts should support integration of both currently available space-
qualified multijunction solar cells and thin, inverted metamorphic solar cells. Development is sought for the
complete solar array (deployment mechanisms, structure, and solar panels). Concepts will be evaluated based on risk
(simplicity), specific power (W/Kkg), stowed volume efficiency (kW/m”3), and cost. The performance goals for this
effort are 200 W/kg (vs. 50 W/kg SOP), 30 kW/m"3 (vs. 10 kW/m"3 SOP), and $500/W (vs. >$1000/W SOP). The
solar array should be capable of operation in a Low Earth Orbit (LEO) for up to 5 years and in a Geosynchronous
Earth Orbit (GEO) for 15 years after storage on the ground for 5 years.

PHASE |: Perform preliminary analysis and conduct trade studies to validate concepts for the small satellite solar
array. Key aspects must be demonstrated during Phase I, through modeling and prototype fabrication, to warrant
Phase |1 selection. Identify key technical challenges for Phasell.

PHASE I1: Using the lessons learned from fabricating and testing of prototype in Phase |, design and fabricate a
second-generation prototype concept clearly traceable to spacecraft integration.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Technology developed will be applicable to small satellites. Expected benefits include
increased payload mass/volume fraction, lower spacecraft cost and improved small satellite mission capability.
Commercial Application: Commercial small satellites will benefit from this technology in support of more capable
missions that include communication and earth observation.

REFERENCES:

1. Boisvert, J.C., "Development of Advanced Space Solar Cells at Spectrolab," 35th |IEEE Photovoltaics Specialist
Conference, pp. = TBD, Honolulu, Hawaii, 2010.
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2. Cornfeld, A.B., "Development of a Four Sub-cell Inverted Metamorphic Multi-Junction (IMM) Highly Efficient
AMO Solar Cell," 35th IEEE PV SC, pp. = TBD, Honolulu, HI, 2010.
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AF112-092 TITLE: Fusion of Multiple Space Weather Data for Situational Assessment

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: To develop agorithms to fuse multiple space weather data sources to perform higher level situation
assessment and greater Space Situational Awareness (SSA).

DESCRIPTION: A large amount of concern is directed towards the man-made threats to our blue assets. These
include direct ascent attacks, co-orbital attacks, directed energy attacks and Radio Frequency Interference (RFI).
Characterization and assessment for each of these man-made threats is made difficult by the one non-man-made
threat--the space environment. Understanding the space environment, and utilizing that information, is critical as we
proceed towards a higher-fidelity space situational awareness. Understanding and utilizing space weather
information not only gives greater insight into our satellites state of health, but it can aso help with threat
characterization. Was the RFI event an equipment malfunction, intentional jamming or a product of solar RFI?
There are severa current space weather efforts, like Space Environmental Effects Fusion System (SEEFS) and
Communication Navigation Outage Forecasting System (CNOFS), which nowcast and forecast space weathers such
as communication outages, GPS degradations, increased atmospheric drag, solar RFI, etc. Each of these programs
predicts regions of space that will be affected by a given space weather event. None of these efforts are tightly
coupled to the space order of battle, and thusly the space catalog, to predict anomalous behavior of space assets
based on when they will fly through various affected regions. Today thisis largely done after the fact, only after the
effects are experienced and only through manual correlation. As an example, a capability is needed to notify an
operator that GPS 21 is expecting anomalous behavior x due to space weather event y in T-4 hours based on the
space weather forecast of z. The capability should also give the operator data traceability into what space weather
forecast is driving a given predicted effect on a given asset. All of thisinformation should be correlated and fused in
an automated fashion. By fusing this information with other data sources, we can better understand satellite state-of -
health, better characterize threats, mitigate false threat characterization, and nowcast/forecast communication,
navigation and surveillance degradations and outages. The fusion of this data would be invaluable to operations
centers and the warfighter.

PHASE |: Develop proof of concept. Characterize the different satellite anomalous effects that can be seen on a
given satellite based on different space weather phenomenologies. Design an analytic engine that correlates these
phenomenol ogies to satellites based on a satellite's current orbital path. Show the scalability & feasibility of adding
more data sources in the future. Provide initial demo.

PHASE I1: Develop the analytic fusion engine to predict when assets will experience space westher effects based on
the now-casting and forecasting reports of the various space weather products. Develop a pub/sub alerting capability
to automatically notify an operator when an object is predicted to experience a given effect. Develop visualizations
for unified space weather constellation awareness. Deliver space weather fusion service capable of being ingested
into service-oriented architecture. Provide demonstration of research.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This work should integrate various space weather products and JM S compatible web services.
This information would provide a more automated predictive threat characterization and prove very valuable to the
war fighter and operations facilities.
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Commercial Application: These algorithms would also be very valuable to NASA or any private company that
needs to communicate with their satellites or rely on communication with other satellites.

REFERENCES:
1. Carr, Stephen, John Hopkins University, "Terrestrial Weather and Space Weather Fusion as an Operational Tool,"
http://ams.confex.com/ams/84A nnual /techprogram/paper_66802.htm, Symposium on Space Weather, Jan 2004.

2. Hanson, Mark, Charles River Analytics, "Automated Data Fusion and Situation Assessment in Space Systems;,”
https.//www.aaai .org/Papers/FL AIRS/2003/Flairs03-012.pdf, FLAIRS 2003 Conference, FL, 2003.

KEYWORDS: Data Fusion, Space Weather, Space Situational Awareness, Response Options, Decision Aids,
Communications

AF112-093 TITLE: Nanomaterials for Lightweight Spacecraft Power Distribution and Data
Transmission

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 nationas, 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 and develop nanomaterials, to include nanocomposites, for lightweight data and/or power
transmission concepts for replacement of conventional copper-based components in space vehicles.

DESCRIPTION: Operationaly Responsive Space (ORS) Tier-2 mid-term goals (2012-2017 timeframe) include
spacecraft mass <100kg while maintaining the tech development goal of payload-to-bus mass ratio of 3:1. In order
to meet these goals, innovative size and weight reduction must drive many space-based technology developments.
Data and power transmission components are up to 10-20% of the overall spacecraft system weight, and are aviable
target for weight reduction—however, cost and performance continues to be the primary developmental factor. For
example, the push to introduce fiber optics for spacecraft cabling is primarily for increased data rates and EMI
shielding, and does not reduce overall weight. For the large majority of components (<600Mb/s), we must continue
to utilize common copper-based solutions, such as SpaceWire. With four shielded twisted pairs and a density up to
100g/m, bundling of several of these high bandwidth links becomes heavy.

Therefore, this topic seeks to explore innovative, affordable, advanced concepts and technologies that will result in
the development of lightweight data and power transmission. Recent advancements in nanotechnologies have been
investigated to replace traditional conductive transmission lines with novel nanomaterials-based solutions. Two
areas of interest are listed below. Thislist is not exhaustive; any other highly-innovative, nano-based solution is also
encouraged!

» Nanomaterials for lightweight cabling: New advances in engineered nanomaterials offer unprecedented control of
electromagnetic energy that could potentialy replace traditional wiring or shielding. But for this to be practically
utilized, the density and conductivity must be improved/increased from that of current copper-based components.
The solution should be robust enough to withstand the space environment (electron, proton, atomic oxygen, etc.), as
well as the satellite build process. Attention should be given to the connection schemes, i.e., connecting the cabling
to the external (payload) or internal (bus) components.

» Nanomaterials for integrated, multifunctional structures. This entails integration of the power and/or data
transmission components into the spacecraft structure using solutions possibly not suitable as a stand-alone nano-
based cable, as described above. Payoffs include a reduction or elimination of wiring harnesses, connectors, and
electronic enclosures with a corresponding increase in payload-to-bus mass ratio. Additionally, when mated with
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plug-and-play architectures, automated satellite design tools, and an integrated SHM network, these structures also
offer amajor reduction in electronics integration, test schedules and checkout times.

Additional requirements are as follows. Threshold reduction of weight is 50% of conventional construction, with an
objective of 75%. This can involve either the total assembly or the cabling alone—wireless solutions are not to be
considered for this topic. Traditional custom wiring assemblies can take up to eight months to construct, and
customized electrical interfaces create additional development burdens. Therefore, in order to align with ORS
initiatives for reduced integration and test times, the solution should demonstrate some overall benefit along these
lines.

Key technology challenges include interconnectivity and maintaining performance levels compared to current state-
of-the-art, such as bit rates, signal-to-noise ratio, voltage standing wave ratio (VSWR), attenuation and insertion
loss. Other significant challenges include cost-effectiveness as a copper replacement and large-scale fabrication of
these nano-sized materials.

PHASE I: Examine applicable fundamental properties of nanomaterial-based transmission concept, such as
electrical/thermal conductivity, current density, etc. Model and simulate methods/designs for interconnection.
Perform bench-top testing for concept demonstration.

PHASE 1l Refine concepts and designs from Phase |. Conduct comprehensive testing and analysis, with focus on
the transmission performance, interconnectivity, and survivability/reliability in the appropriate operating conditions.
Evaluation and recommendations based on these results. Full-scale prototype will demonstrate manufacturing plan
and validate technology.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Any military development for future ground, air or space systems with stringent weight
requirements, including launch vehicles, small satellites, UAV's, portable communications, etc.

Commercial Application: Any commercial development for electronic-heavy systems with stringent weight
requirements, including jetliners, satellites, small computers, etc.

REFERENCES:
1. Gau, C., Kuo, C., and Ko, H.S,, “Electron Tunneling in Carbon Nanotube Composites,” Nanotechnology, Val. 20,
395705, September 2009. Available: 10.1088/0957-4484/20/39/395705.

2. Fronterhouse, D., Center, K., and Preble, J., “Building SPA PnP Satellites,” RS-2009-5002, 7th Responsive Space
Conference, 27 April 2009.

3. Larson, W., and Wertz, J., "Space Mission Analysis and Design,” 3rd ed., El Segundo, CA: Microcosm Press, pp.
301-352; 395-427, 1999.

4. Barnett, D., and Rawal, S., “Multifunctional Structures Technology Experiment on Deep Space 1 Mission,” |IEEE
AES Systems Magazine, January 1999.

5. Gaojny, F., et a., “Evauation and Identification of Electrical and Thermal Conduction Mechanisms in Carbon
Nanotube/Epoxy Composites,” Polymer, Vol. 47, Issue 6, pp. 2036-2045, March 2006. Available:
doi:10.1016/j.polymer.2006.01.029.

KEYWORDS: Nanomaterials, Nanocomposites, LightweightCabling, LightweightWiring,
Multifunctional Structures, TransmissionLines, PowerDistribution

AF112-094 TITLE: Increased Data Processing Capabilities for Remotely Piloted Aircraft (RPA)

TECHNOLOGY AREAS: Air Platform, Information Systems, 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 next generation of onboard data processing capabilities for RPA systems while meeting size,
weight, and power (SWaP) requirements.

DESCRIPTION: The Air Force is working several upgrades to RPA platforms and sensors that will significantly
challenge on-board processing capabilities. These new sensors will provide data that is severa orders of magnitude
higher in terms of data amounts and rates (10's of Terabytes per sensor per mission). These sensors will function
simultaneously during multi-sensor missions with each providing a high data rate output which greatly challenges
existing processing and communications capacities. The challenges include data and image processing in support of
new high-output sensors, multi-sensor operations, data compression supporting communications, and real-time
interactive exploitation processing. The objective of this topic is to build and demonstrate the next generation of
embedded multi-processing capabilities to support emerging data and multi-processing challenges while meeting
SWaP constraints.

Currently ISR sensors are stove-piped. Each sensor has its own processor and signal processing/aided target
acquisition (ATA) algorithms. Data link bandwidth from RPA to ground stationsis limited. For real time operation,
onboard processing with intelligent combination of preprocessed sensor data is needed to provide the RPA sensor
operator/analyst a cohesive picture of collection operations, target cueing activities, and sensor resource
management. With multiple sensors, onboard processing must move to streamed data processing with simultaneous
registration and compression across all sensor modalities to meet the processing challenges.

Complex sensor and aided target acquisition processing and algorithms drive massive data processing requirements
previously only available in ground based data processing systems. Data link bandwidth (and line of sight)
constraints drive the need for onboard real-time local and distributed sensing algorithms and sensor fusion which
will further drive processing requirements.

This topic seeks to leverage advanced switching protocols such as Infiniband and, PCl Express, or Rapid 10 using
low-latency and processor efficient protocols with advanced low power heterogeneous clusters of CPUs, GPUs,
FPGASs, and other mission specific processors where appropriate (such as the DARPA Hyper-X) to demonstrate
scalable onboard rea-time processing at greater than 10GFLOPs per watt. Current computational density for
onboard processing is less than 0.5 GFLOP per watt. To meet RPA multi-sensor processing reguirements
computational power densities of over 10 GFLOP per watt are needed in small, light-weight packages. A multi-
teraflop processor would need to operate within onboard environmental constraints for over 6 hours continuously
with agoal for total system power of well under 400 watts. Packaging is desired to maintain industry standards such
as those accept and proposed by VITA to alow for a plug-and-play hardware infrastructure. Development based on
COTS components and chipsets shall follow COTS development cycles by planning for technology insertions of
COTS components to stay on the path of rapid advances in performance, power, and capability.

Industry best practice development and programming environments for scientific and signal processing libraries
should be incorporated to minimize mission to mission reprogramming and sensor change out. Software
abstractions and high-level languages are desired to minimize non-recurring software costs as the underlying
platform or sensors change.

PHASE |: Develop & demonstrate proof of concept architectures for onboard processing HW for severe RPA
operating environment to meet real time processing & aided TA requirements. Solutions will meet shortfalls in
existing sensor processing & sensor fusion & demonstrate persistent surveillance agorithms.

PHASE II: Build prototype Small RPA processing systems w/interfaces & surrogate/real sensors to be evaluated &
demonstrated on RPA or munitions application. Include WFOV persistent/synoptic imaging data set & HSI, SAR,
and/or LADAR. Either solely or in partnership, implement, test, & verify. Through ground & flight test show
transition readiness for Phase I11. Integrate, field test, & qualify for usein POR
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PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Innovations developed under this topic will benefit al major DoD RPA conducting airborne
operations with high-output sensors.

Commercial Application: Benefits commercial programs requiring increased processing capabilities with limited
SWaP. Possible uses for this product include: commercial aerospace, automotive, and communications industries.

REFERENCES:
1. “Cluster versus GPU Implementation of an Orthogonal Target Detection Algorithm for Remotely Sensed
Hyperspectral Images’ ; http://www.cluster2010.org/docs/cluster_program 07 _09 2010.pdf

2. Jun Lu, “REMOTE-SENSING IMAGE FUSION BASED ON GPU”,
http://mwww.isprs.org/proceedings/ X XXV 1I/congress/7_pdf/6 WG-VI1-6/32.pdf

3. Roeder, M. “Power Consumption of Desktop and Mobile GPU’sfor IRSTAP Applications’,
www.ll.mit.edu/HPEC/agendas/.../20-Day2-Session3-Roeder-abstract. pdf

4. Hedly, D., et.a; “Overview of DARPA MTO GPU program”, Proc. SPIE, Vol. 6979, 69790V (2008);
doi:10.1117/12.791888, 16 April 2008

5. ARGUS IS, DARPA Website: http://www.darpa.mil/ipto/programs/argus/argus_approach.asp

KEYWORDS: graphics processor unit, persistent surveillance, small unmanned air system, small RPA, avionic,
hyperspectral, SIGINT, image processing, mission planning, sensor fusion, pattern matching, tracking

AF112-095 TITLE: Secure/Covert Short Range Combat Wireless Personal Area Communications

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 a secure battlefield wireless personal network for battlefield airman applications that
minimizes size, power consumption, and detectable electronic signature.

DESCRIPTION: This topic seeks to develop a lower power wireless persona communications link for battlefield
airman applications that provides serial port compatible data rates while emphasizing security and covertness. The
goal is to eliminate the USB/Ethernet/Seria cabling that connects all the gear in a combat controllers field kit. A
new wireless datalink that provides enhanced security and covertness but otherwise is compatible with standard
commercia wired interfacesis desired.

Commercial wireless personal communications such as Bluetooth, Zigbee, WiMax, or WiFi for example are
inexpensive, but are easily detected, jammed, or exploited, making them unsuited for many military operations.
Significant research in secure wireless data links have been conducted by DoD for high bandwidth wireless video,
data, and communications. These modules use encryption devices, spread spectrum waveforms and coding to secure
comms and lower detection. However, these result in large, expensive units and requires high operator interaction to
key them and to provide physical security. The goal of this effort is short range (10 to 100meter) point to point
interconnect of sensors, comms and targeting devices to replace heavy and unreliable cabling. The goal is a USB
port or Ethernet port plug in module the size of a wireless mouse plug-in or memory stick that does not require
physical security or external power to operate and if lost in the field is not able to reconnect.

The Battlefield Air Targeting Man-Aided KNowledge (BATMAN) intersystem communications applies human
effectiveness factors to the Battlefield Airman Operations (BAO) kit system. AFRL has evauated wearable
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computers, wearable displays, mission planning software, and integrated advanced radios systems. It has aso
developed a Web-like special tactics reference guide and UAS checklist for the tactical computer to replace paper
booklets.

BATMAN includes decision-aiding algorithms to help controllers under stress make the right decisions. Given a
target close to friendly forces, the computer tells the controllers the attack is dangerously close and depicts the
relative location of enemy and friendly forces. The tactical air controllers use cursor-on-target interfaces to simplify
direct communications between machines. The interconnection of BATMAN equipment with Machine-to-Machine
(M2M) communication is expected to eliminate errors made by tired controllers under stress. They are also expected
to shorten targeting timeliness between ground controllers and aircrew.

Current approaches rely on USB and Ethernet cabling to direct cable connections for al the BATMAN sensors,
radios, and other apparatus. This requires heavy and time consuming cabling that must be carried in an already
overloaded operations kit.

Research should be focused on novel Personal Area Network operation in novel frequency bands with waveform
modes that minimize risk of detection and/or jamming are critical. Optical methods that are outside current sensor
bands are also of interest but line of sight issues must be addressed without adding size weight or power.

The data-link should support small networks of eight or more nodes at seria link data rates (115 kbs). Physically,
the device should be extremely small such that it can be mounted in a laptop data port with little physical exposure
similar to many wireless mice. The wireless link should provide enhanced security and covertness to minimize
physical detection and electronic signature. The device should be completely plug and play with minimal setup
required on the part of the user with auto-pairing to known remote equipment nodes. A good model for user setup is
Bluetooth, where at worst, pairing is required on the part of the end user.

The approach should replace current hardwire USB and 802.11 approaches while providing high immunity to
detection from over 100 meters away with RF detection sensors. Automatic switching and routing should be
considered for connection to targeting computers, secure radios (PRC117F/G, etc.), laser targeting, and weather
sensors. The long range goal isto support visible display remote operation with MPEG 4 video or equivalent.

Low power consumption, omni-coverage, and auto-connection are key performance parameters.

PHASE I: Develop the architecture for the covert link and show through simulation or other means the critical
operating parameters resulting in a solid plan for developing and demonstrating prototypes under a Phase |1 effort.

PHASE II: Develop and demonstrate several prototype wireless datalinks that can be operated under expected
environmental and operationa conditions. The secure/covert wireless personal area communications system should
be completely plug and play with little requirement on the part of the user beyond minimal identification and
connection choices.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Provide secure and covert wireless personal communications link from individual airman
equipment to covertly connect battlefield airman sensors and systems. Short range UAS/UGV control. Unattended
sensor networks and battlefield/airdrome weather systems.

Commercial Application: This technology will be applicable to first responders location and communications,
unattended westher and security sensors, and industrial facility instrumentation.

REFERENCES:

1. IEEE 802.15.4-2006 |EEE Standard for Information Technology- Telecommunications and Information
Exchange Between Systems- Local and Metropolitan Area Networks- Specific Regquirements Part 15.4: Wireless
Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless Personal Area
Networks (WPANS)

2. http://www.gd-itronix.com/index.cfm?page=Products:M R-1

3. http://www.rfcomm.harris.com/capabilities/tactical -radios-networking/anprc-117f.asp

AF-104



4. https://www.fbo.gov/spg/USAF/AFM C/AFRLWRS/BAA-07-07-HE/listing.html

5. AFSOC BAOKit
http://www.ndiagulfcoast.com/events/archive/34th_Symposium/34 Day1/12 AFSOC%20NDIA%20Brief.pdf

KEYWORDS: Personal Area Network, Low Probability of Detection, Wireless, Secure Communications,

Battlefield Airman, Covert Communications, Battlefield Airman Operations, Wearable Computer, Low Probability
of Adversary Detection

AF112-096 TITLE: Compact Extended SWIR Sensor for Targeting Applications

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 innovative sensor materials to improve short-wave infrared (SWIR) sensors for targeting
applications, and extend their operationa wavelength at near room temperature.

DESCRIPTION: Current sensing systems require multiple sensors for night imaging, designator sensing, and visible
sensing that take up large volumes and consume large amounts of power. The size, weight, and power of these
sensors limit their use in applications such as RPA, Micro Air Vehicles (MAVSs), targeting pods, combat controller
ground targeting systems and airborne laser targeting systems. What is necessary is a sensor that combines the
functions of laser tracking and SWIR imaging with visible response, with the ability to operate without high power
or cryogenic cooling.

SWIR Detector array technologies are sought for the wavelength range over the entire range from 0.4 m and 3 m.
Detector arrays that extend the SWIR sensitivity range are desirable for identifying, tracking, and targeting hostile
forces and communicating covertly. Applications such as Micro air vehicle (MAV) sensors, RPA sensors, laser
target tracking, laser radar, missile tracking, persistent surveillance imaging, satellite imaging, laser imaging,
interceptor and require large format sensors, minimum size and weight.

Current extended wavelength InGaAs suffers from image latency of several frames and extremely large dark current
which diminishes the low-light performance or requires heavy power draw electronic coolers. MCT is expensive and
often nonuniform in its responsivity. New solutions are desired that are improvements over these approaches,
offering room temperature performance similar to traditional low dark current InGaAs. The proposed technologies
must address uniformity, performance and cost as well.

It is highly desirable to have IR detector performance at near ambient operating temperature. To ensure wide
deployment of the sensors, the detectors must be manufacturable at relatively low cost. Current detector material
solutions to extend imaging from the visible into the SWIR 1.6 — 3 m wavelength range are extended wavelength
InGaAs and HgCdTe(MCT). Despite incredible advances, current “room temperature” sensor technologies beyond
1.6 m remain expensive or suffer from lag, noise and band gap material problems.

Development should include the necessary read-out integrated circuit development and should operate uncooled and
have a dark current well below 1.5 nA/cm2 at 280 K. The arrays must be scalable to large area arrays (2048 x 2048
with small pixel pitch or larger) and be butt-able to form super arrays.

The sensor should operate at user defined video (30-60Hz) frame rates and in some applications operate at frame
rates upward of 400Hz. The read out integrated circuit should provide snap shot imaging and electronic gating down
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to less than 100 nanosecond exposure times with user controlled range hold off. For UAS and persistent surveillance
applications, foveated and electronically gimbal ed/zoom read-out-integrated circuit technologies is highly desired.
The sensor package should be compatible with future tiling to larger 4kx4k imagers for persistent surveillance
applications. The frame rates should be at least 30 Hz for large format arrays.

PHASE I: Identify and demonstrate materials suitable for low noise, low lag, high speed, VIS-SWIR detector arrays
that will result in significant improvementsin performance, uniformity, and cost reduction.

PHASE II: Using the resulting materials and/or designs from Phase I, implement, test and verify these changes in
prototype fashion to demonstrate the feasibility and efficacy of the material. Fabricate alarge pixel count focal plane
array (at least 1K by 1K) and integrate into a compact format camera with 60Hz video rate output interface
electronics deliverable to government for further testing.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Transition into current AF UAS, targeting, PGM and persistent surveillance applications.
Commercial Application: Possible uses for these products include medical imaging, surveillance, astronomy,
mapping, weather monitoring and earth resource monitoring.

REFERENCES:
1. M. D’'Hondt, I. Moerman, and P. Demester, Electronics Letters, vol. 34. pp. 910-2 (1998).

2. K. Linga, G. Olsen, V. Ban, A. Joshi, W. Kosonocky, Journal of Lightwave Technology, vol 10, pp. 1050-5
(1992).

3. M. Ettenberg, M. Lange, M. Cohen, G. Olsen, IEEE Lasers and Electro-Optics Society Annual Meeting, 1998,
Vol. 2, pp. 71-2 (1998).

4. Onat, B., Huang, W., Masaun, N., Lange, M., Ettenberg, M. , and Dries, C. “Ultra Low Dark Current InGaAs
Technology for Focal Plane Arrays for Low-Light Level Visible-Shortwave Infrared Imaging,” Infrared Technology
and Applications XXXIII, edited by Bjarn F. Andresen, Gabor F. Fulop, Paul R. Norton, Proc. of SPIE Vol. 6542,
65420L, (2007).

5. Raven, WASP, Puma Overview, AeroEnvironment website: http://www.avinc.com/uas/

KEYWORDS: InGaAs, SWIR, Imaging, UAV Sensors, RPA, MAV, PGM, Laser Imaging, Ground Targeting, Day-
Night Sensor

AF112-097 TITLE: Laser Designator Beam Line Stabilization

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 an integrated system for providing automatic low power, light weight, and small gimbal line-
of-sight alignment and stabilization of laser designator beam line sensors.

DESCRIPTION: The Air Force has interest in target tracking and laser pointing over a wide field-of-view at long
ranges from small unmanned air vehicles/systems (UAS/UAV). High resolution, detection and tracking are
problematic for small platforms because current mechanical solutions are too heavy and require excessive power to
accommodate platform dynamics. For small UAS's, platform dynamics and aerodynamic disturbances that are
orders of magnitude higher than large platforms. Laser systems including illuminators, rangefinders and target
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pointers/designators require precise laser and sensor(s) line of sight alignment and stabilization for use on airborne
platforms. Because small UAV and micro-air vehicle (MAV) platforms are inherently less stable than larger
platforms, implementing IR designator systems in these platforms is particularly challenging. The goal of this effort
isto look at novel small precision pointing and tracking concepts for 4 inch to 10 inch diameter gimbals on small
air/ground launched UAS's with payload and gimbal mass of 4 pounds or less. Even smaller gimbals or beam
pointing systems are desired in the future as the gimbal payloads are also miniaturized. Ideally, high precision laser
pointing systems have multiple gimbal sets (i.e., two outer coarse gimbals attenuating most of the platform and
aerodynamic loads and the two inner most, flexure suspended gimbals providing fine stabilization). The inertial
measurement unit (IMU), IR and visible imaging sensors, and a designating/ranging laser might be located on the
inner most inertialy stabilized gimbal. A traditiona system of this type would be prohibitively expensive, complex,
and heavy for many small platforms.

For small UAS applications, complex vehicle motion due to small mass and wind effects result in large roll and
pitch motion excursion that significantly affect laser systems to a higher degree than passive sensors. Novel methods
of instrumenting the gimbal or using sensor data are needed for servo control to remove the engine vibration,
platform aero-buffeting and flight stability jitter. Stabilizing the line-of-sight to a target or relative to afeature in the
field-of-view is of primary interest. Holding less than a 25-microradian laser spot center pointing accuracy for
beams of 300 microradians or less over severa minutes is the goal for target marking, illumination, and optical
communications. A 360 degree azimuth continuous coverage is needed with elevation angles from +40 degrees to -
220 degrees minimum (Looking straight up into the vehicle for protecting the optics is a desirable feature).
Retraction is also desired to minimize drag and environmental |oad on the gimbal optics. Slew rates of greater than
200 degrees per second are needed with novel servo stabilization to reflect small UAV dynamics near the ground
(10 meters to 500 meters) in gusting conditions. Environmental considerations should include operation in desert
conditions as well as cold weather conditions (125° F to -40° F ambient) which may affect platform dynamics. In
particular, heat management is a key problem with current small gimbal systems. Novel techniques to minimize in-
gimbal thermal load and increase heat extraction are a key to success for this topic.

PHASE 1: Develop concepts for gimbal-free or very small gimbal systems with, precision stabilization of
designation and tracking systems. Perform simulations to predict the resulting operations. Perform mission analysis
to assess operational suitability.

PHASE II: Develop a prototype in hardware and software that will demonstrate the feasibility of the system
recommended in Phase |. Develop a prototype optical and electronic system form factored for laboratory and
possible flight demonstration on Air Force or other flight test platforms or contractor support aircraft platforms.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Transition the stabilization system to UAV designator and target tracking system into
programs of military interest including RPAs and micro UAVSs.

Commercial Application: The use of lasers alignment systems have been used in many ways such as in the
construction of pipelines, nuclear particle accelerators, and many assembly jobs where precise positioning is
mandatory.

REFERENCES:
1. Bachman, C.G. Laser Radar Systems and Techniques, Chapters 5 and 6. Dedham, MA: Artech House, Inc., 1979.

2. Charschan, S.S., Editor. Lasersin Industry, Chapter 7, New Y ork: Van Nostrand Reinhold Co., 1972.

3. Frame, W.W. "Electronic Boresight Stahilization in Military Laser Systems,”" Lasers and Applications, 87, March
1984.

4. Hinman, W., and W. Cannizzo. "Military Ground-based Laser Designators," Lasers and Applications, 59,
September 1983.

5. Harrison, P.W. "Alignment Techniques,” Optical Transducers and Techniques
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KEYWORDS: target tracking, laser designator, IR Search and Track, automatic alignment, biomimetic vision, laser
guided weapons, UAV, RPA

AF112-098 TITLE: Smart Bomb Rack(s) for 5th generation Fighter Aircraft

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: Bomb Rack that can accommodate variable pitch angles to compensate for aircraft higher speed
regime of weapon rel ease systems.

DESCRIPTION: The next generation of Air Force fighters has the ability to carry and g ect stores and/or weapons at
and above supersonic as well as subsonic speeds. Current suspension and rel ease equipment (S& RE) or bomb racks
like the BRU-46 and BRU-47 have mechanical pitch settings that must be set on the ground prior to the mission.
The settings are usually preset to a forward biased or slight nose-down pitch because that seems to be the best
compromise setting for most bomb ejection scenarios. The gjection forceis set by the use of a pyro-technique device
or by a pressure vessel that is filled to a preset value. The preset pitch and force settings seem to perform well for
fighter and bombers that gject stores and bombs under subsonic release conditions with weapon weights that range
predominantly from 250 to 2000 Ibs. However, since next generation fighters have a wide dynamic performance
launch envelope or the ability to release stores under supersonic Mach numbers, the fixed or pre-programmed
settings are no longer very efficient and/or practical which can limit the aircraft’ s tactical operating envelope. There
is an anticipated requirement for the ability to monitor and/or sense aircraft dynamic performance and environmental
conditions in order to adaptively adjust the S& RE pitch and force settings for maximum safety and optimal
performance. The performance requirement will be to develop algorithms suite using state-of-the art software that
includes The Model Driven Architecture (MDA) and/or Unified Modeling Language (UML) that will allow S& RE
to dynamically and adaptively adjust to external environmental conditions. The intended requirement is to optimize
aircraft weapon delivery performance and safety by selecting, as a minimum, the optimal S& RE pitch setting and
gjection force setting, based on current store properties, aircraft Mach number, attitude, maneuvering range, and
environmental conditions. Due to increased computing power to handle lethality, terminal guidance accuracy, and
all-weather sensor operation, it is anticipated that future trends will require smaller stores and/or bombs for
increased sortie load-outs and minimal collateral damage. This innovative technology should significantly improve
carriage and release performance for stores that weigh less than 250 Ibs. The offeror shall consider store and/or
weapon weights that vary from 10 Ibs to 2000 Ibs with store dimensions that ranging from 4” to 18" in diameter.

PHASE I: The Phase | effort will develop an innovative algorithm suite that will prescribe the optimum pitch and
force settings based on rea time environmental conditions. The Unified Modeling Language (UML) and/or The
Model Driven Architecture (MDA) software technology would be preferred. A fina report describing Phase |
algorithm design concept along with selected software architecture should include a Phase Il proposed
demonstration plan which shall be submitted at the conclusion of this effort.

PHASE II: The leading algorithm design concept developed under the Phase | effort shall be modeled and
simulated, prototyped and demonstrated under laboratory conditions. A final report documenting the system
performance evaluation and demonstration and/or tests results shall be submitted at the conclusion of the effort.
Suggestions for a proposed Phase 111 follow-on effort shall be included in the final report.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Follow-on activities are expected to be aggressively pursued by the offeror, namely in seeking
opportunities to integrate the hardware, software, and algorithms into military aerospace S& RE.

Commercial Application: Commercia benefits include industrial/commercial systems that can make use of real time
environmental data for adaptive control.
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AF112-099 TITLE: Boosted Penetrator Technology

TECHNOLOGY AREAS: Electronics, Weapons

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

OBJECTIVE: Conceptualize, design, develop, and test boosted penetrator technology for compact, internally carried
weapons.

DESCRIPTION: Potential adversaries are building high value facilities deeper into the ground and/or constructing
them of new generation concretes thereby making them more difficult to defeat with legacy penetrating weapons.
One way to counteract this difficulty may be to boost a penetrating warhead's impact velocity by means of a tandem-
mounted rocket motor. Unfortunately, the placement of the rocket motor at the end of the warhead may preclude the
use of a conventional venting plate. Conventional venting plates or systems are traditionally placed at the rear of a
warhead. If the warhead is subjected to an unexpectedly high temperature environment, the venting system is
designed to relieve pressure caused by the rising external temperature or the build-up of internal gasses coming off
the warhead's explosive fill. A properly functioning venting system alows the explosive fill to consume itself,
perhaps deflagrate, without going high order and thereby causing catastrophic damage to its surroundings.

The conventional placement of a venting plate at the rear of an ordnance package may not be advisable on an
envisioned boosted penetrator. The vented hot gasses could adversely impact the rocket's case, igniter assembly, or
exhaust nozzle. If either a steel or a composite rocket motor case is breached, the encased propellant might be
ignited with severe consequences.

Therefore, it is in the interest of insensitive munition (IM) enhancement to design, develop, and test a distributed
venting system for possible employment on future boosted penetrating weapons. This distributed venting system
must be able to ensure the warhead's explosive fill will not go high order in the event of an unintended heating
environment. Also, its venting characteristics must not unduly damage an attached tandem rocket motor and
certainly not cause a breaching in either a steel or a composite case. The venting system must be able to be activated
either by an unintended severe temperature rise or by the internally generated gases coming off the warhead's
explosive fill due to insult of the explosive by some other means such as a bullet or fragment strike. In all such cases
the distributed venting system must prevent high order detonation.

PHASE I: Phase | activities will center around the conceptual design of a distributed venting system for a generic
2000-1b class boosted penetrating weapon whose dimensions are compatible with internal carriage on an F-35
fighter. The rocket motor will be presumed to be tandem mounted aft of the warhead. This design will be dependent
on the adaptation of appropriate computational predictive tools. One such tool is a computational model that can
reasonably predict the distributed venting system’s performance in the event of unintended explosive fill
overheating. It is envisioned that this model can be applied to severa potential designs or concepts to aid in
selecting an optimum approach for a particular warhead/rocket design. All necessary assumptions and
approximations that go into the predictive tool will be fully discussed. The results of this predictive tool will be
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combined with existing computer-aided design software to provide a basic, generic design of a 2000lb-class rocket
boosted penetrator that includes a distributed venting system. Recommendations for the future development of
improved modeling techniques will be encouraged.

PHASE I1: Phase Il activities will center around further development of the distributed venting system described in
previous sections. Computational predictive tools used under Phase | will be refined to support these activities. This
development should include some proof-of-concept testing.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: A Phase Il application would be the incorporation of a distributed venting system as part of
an integrated boosted penetrator test specimen used by the Air Force for risk reduction.

Commercial Application: A distributed venting system may have commercia applicability in the design and
construction of safer boilers. Applications to oil and natural gas drilling are also possible where efficient venting of
high pressure gases can prevent catastrophic explosions.

REFERENCES:
1. Madsen, T.; DeFisher, S; Baker, E. L.; Suarez, D; Al-Shehab, N.; "Explosive Venting Tehnology for Cook-Off
Response Mitigation" AD Number: ADA52359, 2010

2. Johnson, Joni; Kim Steve; Nolder, Matt; "Improved Insensitive Munitions Performance of an HE Rocket
Warhead" AD Number: ADA394601, 2001

3. Woodall, Raobert; Garcia, Felipe, Irizarry, Gilberto; "Line Charge Insensitive Munition Warhead" ADD19573,
1999

4. Graham, Kenneth; "Extremely Insensitive Detonating Substance Tests" ADA529578, 1992
5. Chizallet, Maurice; "Reduction of Hazard Zones by Uncoupling Between Munitions® ADA519534, 1992

KEYWORDS: Insensitive Munitions, Rocket Warhead, cook-off initiation, explosive venting, insensitive
detonation, pyrotechnic seperation, distributed explosive venting

AF112-100 TITLE: Integrated Fast Light Micro-Inertial Sensors for GPS Denied Navigation

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: To demonstrate technology leading to an integrated optics based, optically anomalous dispersion
enhanced laser gyro/accelerometers with 1000X improvement over current technology.

DESCRIPTION: The Air Force is developing advanced technologies leading to small compact weapon systems,
which need micro-inertial measurement systems far beyond current state of the art.

These applications range from Unmanned Air Systems (UAS), precision guided weapons, compact high
performance missile and air launched interceptors and advanced laser beam pointing/steering systems. A pervasive
need is for robust small footprint inertial sensors that have robust environmental characteristics and extreme
sensitivity. Continued navigation, sensor direction, and operation in a jammed environment, terrain masking
scenarios, or other severe environments are a persistent needs.

AF-110



Recent developments have shown gyros, and rate sensors and other instruments based on optically pumped rubidium
and cesium using single frequency semiconductor lasers precisely tuned to the atomic resonance transition. These
experiments using “cold atom” optics have shown great potential but have a long path to small system insertion.
Recent experiments with “Fast Light” have shown promising results to provide nearer term insertion with small
footprint and an order of magnitude accuracy improvement.

Rubidium and cesium devices have shown promise for compact microsystem applications but are a long way from
transition into practical, ruggedized 3-axis flight and ground system applications. Basic research experiments as
derivatives of chip scale atomic clocks have shown that hybrid integrated optical-fast light devices could potentially
have large expensive laser ring gyro performance in sizes as small as 1 cubic centimeter.

Ring laser structures with anomalous dispersion (i.e., a fast-light medium) are examples of approaches in scientific
literature to realize a rotation sensor with a sensitivity enhanced by a factor as high as 10E5 for experimentally
accessible parameters. It may also be possible to use this approach to realize an accelerometer, with a similar
enhancement in sensitivity. Given that a conventional optical accelerometer can achieve a sengitivity of less than 1
micro-G/root-Hz, it should thus be possible to reach sensitivity as high as 10 pico-g/ root-Hz. Furthermore, since the
enhancement is non-linear, the device can have a very high dynamic range, and should also be able to sense
accelerations much larger than 100g.

Recent breakthroughs in single frequency semiconductor laser diodes and bidirectional amplifiers have enabled a
conceptual integration into a single laser driven multi-axis inertial sensors with sense nodes on sub-centimeter cubed
scale. These lasers are marginally available today users report long delivery times, low reliability, and frequent
failure to meet published specifications.

Miniaturized, frequency-agile, robust laser systems that can operate autonomously while locked to atomic transitions
with prescribed offsets up to 10 GHz are also needed and domestic suppliers must be developed to ensure stable
sources of supply of these precision lasers.

The SBIR topic solicits novel concepts and technologies in design, development, and demonstration of components,
subsystems, and systems for an integrated “fast light” optical device 3 axis transducers for rotational and linear
inertial sensing (Inertial Measurement Units), replacement of digital compasses, and target weapon fuzing.

The sensing system should be able to withstand missile and tactical fighter aircraft temperature, acceleration, and
vibration environments and not be sensitive to Electro-Magnetic Interference. The long term research goals are:

* Navigation-grade performance: BD (Baseline Drift):10-5 degree/hr, ARW (Random Walk): 10-6 degree/sqgrt(hr)

* Linear Acceleration Sensing- Performance goals include; Bias stability less than 0.01micro-g, Scale factor less
than 0.001 PPM, absolute accel eration measurement, and Noise floor less than 1x10-9 g/sgrt(hz).

* IMU Sensor Package Size Weight and Power Goals. less than 27 cm3 (3x3x3cm); less than 25 g; less than 10
Watts goal.

* Size God: Full IMU (3 Gyros and 3 Accelerometers and IMU sensor Processing & Data Interfaces) less than 50
Cubic inches (with objective = 34 Cubic Inches)

* Position Accuracy Goal: less than 0.03 m (3D 1-Sigma) in 100 seconds of inertia only flight (Assume GPS based
initial alignment).

» Multi-axis rotation and linear sensing modes within single sensor head
« Long term endurance for orbital environments

* High G sensitivity over 100's of G’ s accel eration/de-accel eration, 2 kHz vibration and high shock.
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PHASE I Investigate  enhanced  laser  accelerometers and  gyros  sensing  approaches
(experiments/analysis/modeling). Identify risk mitigation for el ectro-optic components and integration for multi-axis
sensors. Address improvements to the critical single frequency laser stability, performance, and power.

PHASE I1I: Demonstrate proof of concept prototypes and demonstrate functionality in laboratory inertial test
environments. Address engineering scale-up of proposed technology address technological hurdles. Address
applicability to weapon system and aircraft/spacecraft environments (vacuum, cryogenic operation, and long term
radiation exposure).

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Transition demonstrations envisioned for military aircraft: UAV, weapons, other navigation
requirements in severe environments, other applicationsin interior robotics, and training.

Commercial Application: This technology applicable to commercial aviation, emergency response in urban canyon,
tunnel, and mine operations, mining and tunneling operations, commercia space, and maritime operations.

REFERENCES:
1. “Superluminal ring laser for hypersensitive sensing,” H.N. Yum, M. Salit, J. Yablon, K. Salit, Y. Wang, and M.S.
Shahriar, Optics Express, Vol. 18, Issue 17, pp. 17658-17665 (2010).

2. “Demonstration of displacement—measurement—sensitivity proportional to inverse group index of intra-cavity
medium in a ring resonator,” G.S. Pati, M. Salit, K. Salit, and M.S. Shahriar, Optics Communications, 281 (19),
p.4931-4935, (2008).

3. “Ultrahigh enhancement in absolute and relative rotation sensing using fast and slow light", M.S. Shahriar, G.S.
Pati, R. Tripathi, V. Gopal, M. Messall and K. Sdlit, Physical Review A 75 (5): Art. No. 053807 MAY 2007.

4. “Coupled resonator gyroscopes. what works and what does not,” M. Terrel, M. Digonnet, and S. Fan, Proc. SPIE,
Vol. 7612, 76120B (2010);

5. Achtenhagen, M., Amarasinghe, N.V., and Evans, G.A.: ‘High-power distributed Bragg reflector lasers operating
at 1065 nnv', Electron. Lett., 2007, 43, (14), pp. 757-759.

KEYWORDS: inertial navigation, attitude, MEMS, fast-light enhanced laser gyro, integrated optics, grating
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AF112-101 TITLE: Wide Field of View Multi Waveband Closed L oop Guidance

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 a wide field of view seeker for guidance, navigation and control of advanced autonomy-
capable airframes.

DESCRIPTION: Current and future military operations in urban terrain and the desire for minimum collateral
damage effects require improved levels of situational awareness, responsiveness and weapon precision. Small agile
munitions and ISR platforms require precision guidance capability to maneuver in obstruction-rich and highly
cluttered urban terrain for surveillance and engagement of fixed and mobile targets. A seeker will enhance the
probability of correctly identifying and tracking targets and discriminating from background and non-targets. In
addition, the small weapons provide a chalenging trade space for the size, weight, and power (SWaP) of each
weapon subsystem. Solutions, including the seeker, the avionics processor, power and navigation system, should
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target the smallest SWaP possible. Sufficiently small SWaP concepts would be applicable to micro-air vehicles. One
way to minimize SWAP is to eliminate mechanical gimbals in favor of wide-field-of-view (WFOV) sensors. This
approach alows for the large field of regard enjoyed by gimbaled seekers while offering improved situational
awareness by staring into a larger FOV. WFQOV sensors have also been shown to provide a means of ego-motion
estimation important for stability control, navigation, and guidance. This topic solicits proposals for the development
and demonstration of WFOV seekers including sensors and image processing algorithms that will extract maximum
useful information from the WFQOV, multicolor sensor, in order to provide low SWaP high performance seeker
systems, for WFOV closed loop guidance.

Prospective areas of research include sensors and image processing such as innovative adaptive FOV (eg.,
optical/electronic zoom with variable acuity array) focal planes such as Variable Acuity Super-pixel Imagers (VASI)
capable of resolving target features for target 1D, innovative WFOV RF apertures, image processing of WFOV
sensor data including target ID, state estimation of targets, and nontraditional seeker functions such as navigation
aiding with active and/or passive WFOV multi-discriminants. Nature-inspired sensors are of interest. Awareness of
the system implications (Avionics processing: including navigation solutions for global reference/airframe
stabilization, and interaction with the control system) will help insure viable seeker concepts.

PHASE I: Identify innovative technologies for development and testing of low SWAP, WFOV multispectral seekers
that will lead to meeting the described goals. Develop a conceptual design and analyze the performance and
limitations of the technologies.

PHASE I1: Build the design developed in phase 1, and evaluate performance to demonstrate capability of design to
address mission requirements. This capability can be shown through hardware-in-the-loop testing or digital system
level simulations using test results from experimental design characterization.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Small weapon/aircraft systems capable of autonomous or man-aided combat and ISR
missions.

Commercial Application: Surveillance activities in law enforcement, search and rescue, border control, homeland
security. Machine vision for manufacturing, robotics, or vehicle situational awareness/safety systems.

REFERENCES:
1. R. I. Emmert and R. D. Ehrich, "Strapdown Seeker Guidance for Air-to-surface Tactical Weapons," AFATL-TR-
78-60, 1978

2. Vladimir |. Ovod, Christopher R. Baxter, and Mark A. Massie, "FPGA-Based Processor for High Frame-Rate
Target Detection on Cluttered Backgrounds Using LVASI Sensors,” in SPIE: Infrared Technology and Applications
XXXII, vol. 6206, 2006

3. Robert L. Murrer Jr., Rhoe A. Thompson, and Charles F Coker, "Recent Technology Developments for the
Kinetic Kill Vehicle Hardware-In-The-Loop Simulator (KHILS)," AD#: ADA355943, 1998.

4. W. E. Green, P.Y. Oh, G. Barrows, "Flying insect inspired vision for autonomous aerial robot maneuvers in near-
earth environments," 2004 | EEE International Conference on Robotics and Automation, 2004.

5. Jean-Christophe Zufferey, Bio-Inspired Flying Robots: Experimental synthesis of autonomous indoor flyers,
EPFL Press, 2008.

6. Dario Floreano, Jean-Christophe Zufferey, Mandyam V. Srinivasan, Charlie Ellington (eds.), Flying Insects and
Rabotics, Springer, 2009.

KEYWORDS: autonomous guidance, strapdown seeker, Multi-spectral, Guidance, Navigation, Control, Wide Field
of View,
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AF112-102 TITLE: Advanced Solid Rocket Motor Technology for Tactical Missiles

TECHNOLOGY AREAS: Electronics, Weapons

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

OBJECTIVE: Develop advanced energy management and highly loaded grain solid rocket motor technologies for
future air supremacy missiles.

DESCRIPTION: The US Air Force requires increased capabilities for next-generation, air-launched, tactical
missiles to maintain air supremacy. This capability will help ensure total control of the airspace, allowing friendly
air assets to operate freely without fear of attack, from either airborne or ground-launched threats. For the purposes
of this topic the tactical missile may have a weight between 100 to 800 Ibs, have a length between 6 to 14 feet and
have anominal diameter of 5 to 10 inches. Current inventory missilesin this class include the AIM-120 AMRAAM,
AIM-9 Sidewinder and AGM-88 HARM. An overarching desire is to increase the number of missiles carried on a
single sortie and increase the effectiveness of each missile. System level goals are to improve missile range and
terminal maneuverability. A flow down of missile system level requirements drives the need for solid rocket motors
(SRM) with increased volumetric energy capability. Areas of interest for achieving this capability include, but are
not limited to, improved propellant formulations, grain configurations and packaging volume techniques (e.g.
reducing inert weight/volume and replacing with energetic material). A first order metric of performance for a SRM
is specific impulse (thrust/mass-flow rate of propellant). Specific impulse levels for a typical SRM with reduced-
smoke, propellants range from 240 to 250 Ib-s/lbm. Specific impulse levels for a typical SRM with smokey
propellants range from 250 to 265 Ibs-/Ibm. A goal for this effort would be to achieve performance levels equal or
better than smokey propellants in a reduced smoke formulation. In addition to increasing the overall energy capacity
of the missile SRM, it is also important to optimize the release of that energy over the entire flight trajectory.
Managing the energy release allows tailoring of the range, time-to-target and maneuvering capability of the missile.
Areas of interest for achieving this capability include, but are not limited to, improved grain configurations, burn
rate control methods, multiple-pulse techniques and variable nozzle throat techniques (discrete and/or continuously
variable). No matter what energy management technology is developed an important goal is to have minimal impact
on the overall SRM mass-fraction (Propellant weight/SRM total weight).

PHASE I: Identify and define the candidate approach for developing advanced energy management and/or highly
loaded grain technologies. Demonstrate proof of principal through analysis, numerical simulation, and/or laboratory
test. Establish performance goals and develop key technical milestones for Phase I1.

PHASE II: Develop, characterize and demonstrate the technology through a combination of detailed analysis,
simulation and laboratory tests. Depending on the specific technology pursued appropriate testing could include
initial safety/hazard tests, material characterization tests, subscale motor tests, and full-scale heavyweight motor
tests. Expected deliverable isafinal report.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Air-to-air and air-to-ground tactical missiles. Ground-to-air intercept missiles.
Commercial Application: Small, suborbital rocket and sounding rocket activities.

REFERENCES:
1. Zarlingo, F., Fuller, S, Tactical Development in IHPRPT- A DoD Perspective, AIAA Meeting Paper, A9637353,
AIAA Paper 96-3282, 1996

2. Alain Davenas, Development of Modern Solid Propellants, Journal of Propulsion and Power, Vol.19, No.6,
November-December 2003, pg. 1108-1128

3. Gordon E. Jensen and David W. Netzer, Tactical Missile Propulsion, Progress in Astronautics and Aeronautics
Series, V-170, Published by AIAA, 1996, ISBN-10: 1-56347-118-3
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4. George P. Sutton and Oscar Biblarz, Rocket Propulsion Elements, 8th Ed., John Wiley & Sons, Inc., Hoboken,
New Jersey, 2010, ISBN 978-0-470-08024-5.

5. U.S. Air Force Factsheets: AIM-120 AMRAAM; AIM-9 Sidewinder; AGM-88 HARM.
http://www.af.mil/information/factsheets/index.asp

KEYWORDS: solid propellants, energetic materials, specific impulse, pulse motors, insensitive munitions, tactical
missile

AF112-106 TITLE: Multi-functional self-healing composites

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 fabrication and manufacturing techniques of multi-functional, carbon nanotube (CNT) based
composites that are capable of self-healing.

DESCRIPTION: Carbon nanotubes (CNTSs) are essentially elongated sheets of graphite that are arranged in one or
more cylindrical layers [1]. They are recognized as unique materials because of their combination of superior
mechanical, thermal, electrical, and optical properties. Due to this exceptional combination, they are attracting much
attention in many areas, including aerospace applications. Current work is being done to incorporate or replace other
materials with CNTs. If these new materials are successfully integrated in aerospace structures, they can
theoretically provide a system with a multi-functionality that can be exploited to enhance areas of concern such as
strength with weight reduction. Successful integration will address and resolve factors such as interfacial bonding
and CNT alignment. In addition to enhancing the properties, extending the life and reliability of aerospace materials
are imperative to both safety and cost reduction. A significant amount of effort goes into maintenance and repair,
which can be reduced if a structure has the capability of repairing itself. During impact, both visible and non-visible
damage occurs. While visible cracks are of less concern, it is the micro-cracks that are harder to detect and repair;
thereby posing a greater risk [2]. The incorporation of self-healing materials into the composite system that are
released as needed, and without manual intervention [3], to ‘heal’ the cracks as they form, can help reduce
maintenance cost, increase the life span of a system, as well as reduced the potential of catastrophic failure. The
intent of this SBIR topic is to explore methods of fabrication and manufacturing composite materias that
incorporate both CNTs and self-healing materials into a system to produce a lighter, more thermally and electrically
conductive composite that can support or replace current materials used in aerospace structures. This project should
specifically address micro cracking of the wing skin due to inevitable impacts and in-service fatigue [4-5], and
should take into consideration the application environments. The material must be capable of restoring its
mechanical properties to near pre-impact conditions. All issues such as alignment, agglomeration, and homogenous
mixing of both the CNTs and self-healing materials into the matrix as well as interfacia interactions must be
addressed.

PHASE |: Develop and implement efficient techniques to fabricate multi-functional materials that are CNT based,
self-healing, and that maintain or exceed current aerospace materials. Preliminary evaluation of the mechanical,
thermal, and electrical properties aswell as a sample must be provided.

PHASE I1: Optimize fabrication methods that were developed in Phase | and demonstrate ability to scale-up process
as needed. Produce a prototype airframe that can survive typical payload and environmental conditions. Evaluate the
life-cycle cost to produce the composite materials.

PHASE I1l DUAL USE COMMERCIALIZATION:
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Military Application: Materials that are lighter, stronger, and more self-sustainable can help reduce the maintenance
and repair needed, while also increasing the safety and life span in military air vehicles.

Commercial Application: These composite materials could also be incorporated into commercial aerospace,
automotive, and marine applications.

REFERENCES:
1. Xie, X.-L., Mai, Y.-W., Zhou, X.-P. Dispersion and alignment of carbon nanotubes in polymer matrix: A review.
Materials Science and Engineering R 2005; 49: 89-112.

2. Blaiszik, B.J., Sottos, N.R., White, S.R. Nanocapsules for self-healing materials. Composites Science and
Technology 2008; 68: 978-986.

3. Rule, J.D., Sottos, N.R., White, S.R. Effect of microcapsule size on the performance of self-healing polymers.
Polymer 2007; 48: 3520-3529

4. Bristow, JW., Irving, P.E. Safety factorsin civil aircraft design requirements. Engineering Failure Analysis 2007;
14: 459-470.

5. Soutis, C. Fibre reinforced composites in aircraft construction. Progress in Aerospace Sciences 2005; 41: 143-
151.

KEYWORDS: Carbon nanotubes, multi-functional, self-healing, composites, micro-cracks, self-sustainable, wing
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AF112-108 TITLE: Structural Reactive Composites

TECHNOLOGY AREAS: Materia s/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: Develop reactive composite case technologies for high-strength, enhanced-blast, low-collateral-
damage warheads.

DESCRIPTION: The Air Force desires a low collatera damage munition with increased blast effectiveness and
reduced fragment footprint for military operations in urban terrain (MOUT), close control strike (CCS) missions,
and/or chem-bio target defeat. These munitions might be used in open air, or in confined spaces, or both. In this
conceptual warhead, the steel warhead case is replaced with a reactive material case capable of penetrating soft
structures. These cases are not required to match the density of steel. There are no firm strength requirements;
investigators may use the strength and toughness of aluminum aloys (=200 MPa and ~30 MPa-m**1/2,
respectively) as goals, or propose and justify alternate figures of merit and standards. The reactive case might be
either a single component, single material, monoalithic structure or a multi-layered, multi-component, multi-material
structure. These ordnance should exhibit significant increases in energy release (i.e., blast effects) versus a steel case
baseline. This energy release may be immediate (i.e., detonation or fast deflagration) or delayed (i.e., post-
detonation energy release or afterburn behavior similar to thermobaric formulations and inorganic reactive materials
[References 1-3]).

This effort may include development of: (a) reactive materials and non-ideal explosives; (b) novel initiation
techniques; (c) novel diagnostics and analysis tools for characterizing the chemistry, physics, and lethal effects of
these multiphase explosive systems; (d) modeling of shock-driven reactions, dispersion of fuel-rich materials, and
post-dispersion burning in atmospheric oxygen; and/or (€) low-strain-rate and high-strain-rate modeling and
validation of composite materials and structures.
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Although not limited to these areas, RW isinterested in the following research areas:

(a) high-lethality, limited-range damage mechanisms (e.g., enhanced blast, multiphase blast effects, micro-
fragments, reactive fragments with limited range of effects);

(b) structural response of cellular metals [Reference 4] and composite materials;

(¢) bio-inspired composites [References 5];

(d) generation of chemical species in the explosive reaction products to enhance chemical and biological agent
neutralization; and

(e) Particle Image Velocimetry (PIV) or other diagnostics for characterizing particle dispersion and post-dispersion
reactions, and novel, fast, in-situ spectroscopic interrogation methods for quantitative and qualitative determination
of intermediate chemical species created during detonation and/or shock events.

PHASE I: The contractor will develop the technology through modeling, analysis, and “breadboard” devel opment.
Small-scale testing to show proof-of-concept is highly desirable. Merit and feasibility must be clearly demonstrated
during this phase.

PHASE Il: Develop, demonstrate, and validate the component technology in a prototype based on the modeling,
concept development, and success criteria developed in Phase |. Déeliverables are a prototype demonstration,
experimental data, amodel baselined with experimental data, and substantiating analyses.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Ordnance suitable for military operations in urban terrain (MOUT) and other low collateral
damage scenarios.

Commercial Application: Homeland Security operations and law enforcement operations requiring low collateral
damage.

REFERENCES:
1. Various authors, “Multifunctional Energetic Materials,” Materials Research Society Symposium Proceedings,
Volume 896, 2006.

2. William Wilson, L.V. Benningfield, and Kibong Kim, “Enhanced Blast Effects of Reactive Structural Materials
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Condensed Matter, June 28-July 3, 2009, abstract #CK C.10.

3. Fan Zhang and William H. Wilson, “The Effect of Charge Reactive Metal Cases on Air Blast,” Shock
Compression of Condensed Matter 2009: Proceedings of the American Physical Society Topica Group on Shock
Compression of Condensed Matter, AIP Conf. Proc., 1195:149-152 (2009); DOI: 10.1063/1.3295089.

4. M. Vesenjak, L. Krstulovic-Opara, Z. Ren, A. Ochsner, and Z. Domazet, “Experimental Study of Open-Cell
Cdlular Structures with Elastic Filler Materia,” Experimental Mechanics, 49:501-509 (2009); DOI:
10.1007/s11340-008-9183-8.

5. E. Munch, M. E. Launey, D. H. Alsem, E. Saiz, A. P. Tomsia, R. and O. Ritchie, "Tough, Bio-Inspired Hybrid
Materials," Science, 322:1516-1520 (2008); DOI: 10.1126/science.1164865.

KEYWORDS: collateral damage, warhead, energetic materials, reactive materials, structural energetics, composites,
enhanced blast, multiphase blast

AF112-109 TITLE: Attitude Control Enhancement Using Wing Load Sensing

TECHNOLOGY AREAS: Air Platform
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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 feedback control architectures for flying sensor platforms that take advantage of load sensing
to enhance robustness and disturbance rejection.

DESCRIPTION: As with man-made flying systems, natural systems, e.g., birds, bats, and insects, use rate feedback
to stabilize flight and damp out extraneous motion; however, natural systems achieve a level of agility, robustness
and stability that exceeds that achievable with conventional rate stabilization designs. This is even more impressive
given the latency associated with the optical feedback mechanisms in these systems. An important difference
between the man-made systems and natural systems is the load sensing structures throughout the body that allow the
animals to feel the inertial and aerodynamic forces on the wings and other control structures that influence the
motion of the body. Preliminary simulation results have shown that marked improvement can be obtained in terms
of aerodynamic disturbance rejection, robustness to control uncertainty, and damage tolerance if the errors in the
forces influencing the body can be fed back directly into the attitude control system [1]. Other benefits of the
additional sensory information include reduction or elimination of dependence on detailed control system
characterization and the ability to provide compensation for rate feedback latency using estimated angular
acceleration estimates. Man-made air vehicles with strap down sensors or stringent pointing stability requirements,
can greatly benefit from increased disturbance rejection. In addition, load sensing techniques can be expected to
improve the ability to fly robustly with power supply uncertainty, variable weather conditions, control surface
damage, and through regimes of unpredictable aerodynamics.

Innovative techniques are being sought for enhanced control of air vehicles using load sensing to allow highly
responsive, reflexive control reaction to disturbances and errors relative to the desired body state. Techniques that
simplify control design by reducing dependence on gain scheduling and eliminate dependence on detailed
characterization of aerodynamic forces are desired. Solutions that provide substantial performance improvement
without requiring integration of complex or expensive sensor systems are being sought, e.g., sensing the net roll
torque on the body by sensing forces at the root of the wings might prove simpler than detailed characterization of
the distributed load over the wings. Approaches with a direct path to implementation and demonstration on small
flying sensor platforms are desired.

PHASE I: Investigate attitude control using differential load or acceleration sensors. Demonstrate design benefits
and tradeoffs using closed-loop simulation and experimentation. Design a prototype device for concept
demonstration and design an experimental process for flight test validation.

PHASE II: Implement, integrate and demonstrate the software and hardware solution(s) developed in Phase I.
Demonstrate solution capabilities and limitations using 6DOF simulation and prototype flight test demonstration.
Document the design concept and prototype experimental results. Design and document a final concept based on
lessons learned during the Phase I activity.

PHASE |1l DUAL USE COMMERCIALIZATION: Military Application: Aeria surveillance systems with strap-
down sensors are limited by platform motion. Improved flight control and sensing in complex urban and turbulent
environments.

Commercial Application: The requested technology will provide higher quality video in turbulent environments
from aeria platforms for border security, emergency management, and general situational awareness.

REFERENCES:

1. R. A. Thompson, J. H. Evers, K. C. Stewart, “Attitude Control Augmentation Using Wing Load Sensing — A
Biologically Motivated Strategy,” AIAA Atmospheric Flight Mechanics Conference, Toronto, Ontario, Aug. 2-5,
2010. AIAA-2010-7936

2. A. M. Hydlop and J. S. Humbert, “Autonomous Navigation in 3-D Urban Environments Using Wide-Field
Integration of Optic Flow,” AIAA Journal of Guidance, Control, and Dynamics, Vol. 33, No. 1, pp.147-159.
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3. R. Zbikowski, "Sensor-rich feedback control: a new paradigm for flight control inspired by insect agility,”
Instrumentation & Measurement Magazine, |EEE, vol.7, no.3, pp. 19- 26, Sept. 2004
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AF112-110 TITLE: Portable Laser Removal Tool

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 a portable laser-assisted tool for the removal of aircraft outer mold line (OML) materials.

DESCRIPTION: Maintainability continues to be a top priority for program offices and combat commands in order
to increase aircraft availability and reduce nonmission capable status. The repair of OML materias, which include
coatings, gap fillers, adhesives, etc., account for the majority of the maintenance hours experienced by the Air Force.
The primary reasons for coating removal and replacement is flight-induced damage or facilitate other maintenance.

Technicians currently use manual and mechanical methods (hand scrapers and sanding processes) that are difficult
to perform and labor intensive; work-related injuries from the repetitive action with hand tools are common. Other
methods can include solvents to accelerate the removal process. These solvents are not environmentally friendly and
can potentially damage the aircraft. This capability will drastically reduce the overall repair time and increase
aircraft availability.

The system must demonstrate the capability to remove selectively all OML materials without damage to underlying
surfaces in a field-level environment. Additionally, the tool must be able to taper coatings to proper thickness to
reduce the amount of time required currently to manually sand taper into repair materials. The technology must be
portable, supportable, and deployable to support deployment operations at various locations globally.

PHASE |: Identify portable laser technology capable of strip rate of less than 1 hour per square foot from start of
setup to fina removal. Demonstrate a small area (12 by 12 inches) repair with selective removal capability and
tapering without damage to underlying substrate.

PHASE I1I: Develop capability to track contoured surfaces. Add programmable features such as defect size and
defective material stack-up. Demonstrate a portable and deployable system capable of operation without
supervision.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Applicable to depot maintenance.
Commercial Application: Commercial airliners.

REFERENCES:
1. “Guide to Cleaner Technologies. Organic Coating Removal,” United States Environmental Protection Agency,
Document EPA/625/R-93/015, Retrieved from website: http://www.p2pays.org/ref/02/01048.pdf

2. J. Thomas, "Laser Coating Removal: The Modern Alternative to Sandpaper,” Conference on Lasers and Electro-
Optics/Quantum Electronics and Laser Science Conference and Photonic Applications Systems Technologies,
Optical Society of America, Paper PThD2, 2007, Retrieved from website:
http://www.opticsinfobase.org/abstract.cfm?URI=PhAST-2007-PThD2

KEYWORDS: coating removal, laser-assisted tool, OML, outer mold line (OML), taper capability
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AF112-111 TITLE: High-Temperature Ceramic Field Repair

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 a method of repairing high-temperature ceramic materials for operational field application.

DESCRIPTION: There isagrowing focus on ceramic materials being used for high-temperature structures and other
applications. A method is needed to support these ceramic structures in an operational environment. Current support
strategy requires parts to be removed and replaced or removed and repaired off-aircraft, affecting aircraft system
availability. The ability to make on-aircraft ceramic repairs could improve aircraft availability. Current repair
methods for ceramic materials include high-temperature and high-pressure cures not suitable for on-aircraft
application. This influences supportability of ceramic structures/parts and ultimately affects program costs of
replacing ceramic parts.

To meet operational needs, a new ceramic repair material should be suitable for application in a typical maintenance
environment, e.g., flight line or aircraft hangar. The repair must return the part/component to a condition that allows
it to meet structural strength requirements. In addition, the repair process shall be relatively easy to perform, not
requiring engineering support, and be accomplished in aminimal amount of time, lessening aircraft downtime.

PHASE I: Identify and design a repair material/technique to mend ceramic structures in a laboratory environment,
keeping in mind the end use of field installation capability. Demonstrate feasibility of repair/design concept and
methodology to perform repair.

PHASE Il: Using results from Phase |—(1) Fabricate and demonstrate a repair material for of ceramic parts within
given guidelines for processes and strength requirements; (2) fully define repair process concept and application
requirements and any unique support equipment or tools; (3) deliver a ceramic repair kit for Air Force evaluation.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Ceramic repairs will be used to support an advanced high-temperature aircraft edge.
Commercial Application: An increase in ceramic materials and structures are being used on commercial aircraft
engines and turbine generators along with other applications requiring high service temperature components.

REFERENCES:
1. Tatsuki Hoji, "Advanced Processing and Manufacturing Technologies for Structural and Multifunctional
Materials," Ceramic Engineering and Science Proceedings, 28 (7), 2008.

2. Unknown, March 1999, “A Process for Making Ceramic Parts,” AlliedSignal, Inc., Retrieved from website
http://statusreports.atp.nist.gov/reports/91-01-0187PDF.pdf

KEYWORDS: aircraft maintainability, ceramic repair capability, operational field repairs

AF112-112 TITLE: Increased Infrared (IR) Sensor Angle of Regard for Conformal/Special
Operations Force

TECHNOLOGY AREAS: Sensors
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OBJECTIVE: Research and develop an optical sensor transparency that will provide anti-reflection properties and
improve target resolution for Air Force IR sensors.

DESCRIPTION: Modeling and other data indicates that anti-reflection angle of regard can be increased for IR
sensor transparencies. This would be useful for high-speed airborne platforms as well as low flying aircraft at lower
speeds, enabling greater visibility under single pass conditions. The objective would be to provide robust protection
against the environment while providing significantly improved IR transmission to at least 85 percent at angles of 60
degrees and beyond. Currently, serious loss of transmission occurs at 45 degrees and beyond. It is anticipated that
target resolution could be improved considerably while simplifying faceted sensor design to more nearly conformal
configurations. Improvement is needed for robust use in environmentally demanding settings as well as for
improved and unimproved runways. Emphasis should be on a novel approach that can be easily scaled to usable
sizes.

PHASE |: Develop and characterize novel anti-reflection method on laboratory-size samples with objectives of 70
percent transmission at an angle of regard of 60 degrees and minimal damage in a simulated rain environment.

PHASE |1: Develop and characterize selected Phase | method on 8-inch planar and 4-inch hemispherical surfaces
with objectives of 85 percent transmission at an angle of regard of 60 degrees and minimal damage in simulated
blowing sand environment.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Faceted and conformal IR transparencies for aircraft platforms and missile domes.
Commercial Application: In-process inspection of processing for highly corrosive materials.

REFERENCES:

1. Douglas S. Hobbs and Bruce D. MacL eod, “Design, Fabrication, and Measured Performance of Anti-Reflecting
Surface Textures in Infrared Transmitting Materials,” Proceedings of SPIE, Windows and Dome Technologies and
Materials X, March 2005.

2. Michagl Wilson and Phillip Coulter, “Diffractively Structured GaAs EOIR Windows,” MilSys Technologies,
LLC, Proceedings of SPIE, Windows and Dome Technologies and Materials I X, March 2005.

KEYWORDS: angle of regard, anti-reflection, infrared (IR) sensor, IR sensor transparency

AF112-113 TITLE: Measurement of Hole Depth During Automated Drilling

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a method for measuring the depth of holes drilled through stacks of material with minimal
impact to the drilling process to replace manual grip measurements.

DESCRIPTION: Variahility in the manufacturing process of aircraft skins and understructure components results in
dlight uncertainty in the thickness of material stacks. This uncertainty requires each hole across the outer surface of
an aircraft to be accurately measured so that fasteners may be sized appropriately to reduce waste, excess waste, and
ensure a tight fit. The current measurement process is manua and labor intensive. Mechanics use hand-operated
thickness gauges, or grip gauges, to take measurements of holes individually. The measurements are stored
electronically and used in selecting appropriate grip lengths for fasteners during kitting.

The goal of this program is to eliminate the use of hand-operated gauges and manual labor for acquiring grip length
measurements. Significant time savings can be realized by automating the measurement process. Ideally, the
automated process would be integrated into the computer numeric controlled (CNC) machines that drill each of the
holes and would occur in parallel with the drilling operation, thereby eliminating manual grip measurement and
adding no additional time to the manufacturing process. If an alternate solution is pursued, it should still be able to
decrease significantly the time required to take these measurements over the current manual process. Additionally,
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the system shall electronically record each grip measurement and associate the measurement with its respective hole
identifier. For acquired grip measurements to be useable, the accuracy must be equal to or greater than +/- 0.007
inch. The system must be able to perform measurements on aerospace metal and composite materials, particularly
those in use for production of the Joint Strike Fighter. If modifications are required to any production equipment, it
must be proved that the modifications produce no degradation of part quality. Assuming a successful demonstration,
the system may be integrated into production.

Phase | should result in a prototype system demonstrating the ability to autonomously measure holes in a bench top
environment, and that it saves time over the current process. Tests for accuracy and consistency should be
performed. A preliminary cost estimate along with manufacturing/transition planning should be performed. Details
of aplan to integrate the system into the assembly line should be provided.

Phase 11 should conclude in a successful demonstration of the prototype system in a production- representative
environment, utilizing a wide variety of specimens of varying thicknesses, hole diameters, and material stackups.
Accuracy and consistency data should be further refined to ensure that it meets or exceeds the current manual
method, and quantification of timesavings over the current method should be performed as well. A detailed cost
analysis as well as manufacturing/transition planning should be performed.

PHASE I: Identify a means by which grip measurements may be acquired by nonmanual methods. Perform accuracy
and consistency testing. Develop a plan for the integration of the system into manufacturing and demonstrate its
compatibility with existing CNC machines and other equipment.

PHASE I1I: Successfully develop and demonstrate a prototype system in a mock production environment for
thorough testing and analysis across a variety of hole diameters, hole thicknesses, and material stackup
combinations. Provide a means by which accuracy/consistency can be confirmed. Detailed cost, transition, and
manufacturing planning should be performed.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Manufacturing and depot operations of all aircraft, especialy fifth-generation fighter aircraft
with asignificant digital thread will benefit.

Commercial Application: Applications are to the commercia aircraft industry (particularly new wide-body aircraft
using materia stackups) and potentially the automotive industry.

REFERENCES:

1. Hi-Shear Corporation, "Installation Tooling: Grip Gauge Slide," http://www.hi-
shear.com/tool §/Grip%20Gauge?20Slide.pdf, undated.

2. "Getting Robots to Multi-Task," Aerospace Engineering, p. 19, March 2007.

3. Supplemental Information for SBIR 11.2 Topic AF112-113 (uploaded in SITIS 5/24/11).

KEYWORDS: automated grip measurement, CNC, CNC hole depth, computer numeric control (CNC), material
stack thickness, measurement while drilling

AF112-114 TITLE: Intelligent Wear Monitoring of Cutting Tools

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop an approach to monitor machining parameters and examine individual cutting tool
performance for an optimized process to remove tools from production on condition vs. tool life estimates.

DESCRIPTION: Many aerospace production machining processes, including milling and drilling, develop tool life

estimates through extensive testing. To increase one's confidence in a tool life prediction, the exercise used to
generate the data must simulate as close as possible the exact process used in production. Significant resources,
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including labor, machine time, and material costs, are needed to accurately document tool life estimates. Once the
cutter life is established for a given process, variation in cutter materials, geometry, coolant/lubricant application, as
well as changesin part composition and/or part geometry can skew the predicted cutter life estimates. While thereis
no standard definition of tool life, it can be documented as number of cycles, linear inches of material cut, time spent
in cut, volume of material removed, flank wear measurement, etc. Once in production, variables associated with the
material removal process such as tool setup, part rigidity, and programming tend to reduce the accuracy of
predicting when a cutting tool has reached its end. In any material removal process, as the cutter wears, there exists
many related outputs, including decreased accuracy of the finished part, increased machine power required,
increased cutting forces, increased cutting temperatures, chip formation change, and tool flank wear, al of which
progress toward the end of tool life. How these variables affect the geometry and finish of the machined surface is
not completely understood. The ability to remove the cutter from service while still producing acceptable parts and
in a state that allows for reconditioning is the common goal of the end user. We seek innovative development of
concepts that uses data generated and monitored in real time to decide accurately when it is time to replace a given
cutting tool based on that individual tool’ s current performance while cutting typical aircraft materials.

A successful offeror will demonstrate an understanding of the types of machining equipment, cutting tools, and
machining operations performed on the weapon system assembly lines.

During Phase |, define a method to relate machine part quality with a measurable output capable of being tracked on
existing production machine equipment. Perform modeling and simulation as required. Explain a concept that
would successfully allow a tool life monitoring system to be integrated into a computer numeric controlled (CNC)
machine cell for use in a production environment. Perform a preliminary cost estimate and manufacturing/transition
plans.

The output of Phase Il should be the successful demonstration of a prototype system in a production representative
environment, along with test data correlating cutting tool performance to machining quality. Demonstrate robustness
of the system by testing it under varied machine parameters and conditions for sufficient lengths of time. Perform
detailed cost estimates and manufacturing/transition plans.

PHASE |: Define methods of relating machine part quality with a measurable output(s) that can be monitored or
tracked on existing machine equipment to initiate tool changes. Define a concept using this method allowing a
system to be integrated into a CNC machine cell for use in a production environment.

PHASE |I: Based on Phase | analysis, design and develop prototype systems that should be fabricated,
demonstrated, and tested in a production-representative environment. Perform testing under various conditions to
prove model accuracy and robustness of the system. Provide detailed cost estimates and manufacturing/transition
plans.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Multiple applications include any manufacture of any components machined to high tolerances
for air/sealland/space applications.

Commercial Application: The commercial machining industry will significantly benefit, including commercial
aircraft and automotive.

REFERENCES:
1. International Journal of Automation and Control, 2(1), 2008, pp. 99-112.

2. International Journal of Mechatronics and Manufacturing Systems, 2(5/6), 2009, pp. 620-637.
3. Machinery’ s Handbook, 28th Ed., February 2008.

4. S. Kapakjian and S.R. Schmidt, “Manufacturing Engineering and Technology,” 2000, Prentice Hall, Upper
Saddle River, NJ.

5. S. Kalpakjian and S.R. Schmidt, “Manufacturing Processes for Engineering Materias,” 2002, Prentice Hall,
Upper Saddle River, NJ.
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KEYWORDS: chip formation, CNC, CNC machine power consumption, computer numeric control (CNC), cutting
tool life, cutting tool wear, effects of tool wear, flank wear, machine tool heat, machine tool life expectancy,
machine tool thrust, mill tool wear

AF112-115 TITLE: Automate/Mechanize Current Manual Fuel Sealant Application M ethodology

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop methods to apply exact amounts of highly viscous sealants over pre-installed fasteners in
fuel tanks using an automated direct dispensing application tool to reduce time/improve quality.

DESCRIPTION: The current method of sealant application in a fuel tank is time consuming and applicator
dependent, resulting in unwanted variation in quality. The sealant is applied to avoid leakage of the fastener in the
substrate. The sealant applicator apparatus comprises a pair of sealant and pre-assembled cup attachments movable
to required angles into sealant applying relation with the fasteners. Each sealant applicator has an end shaped to
confirm to a portion of the outer surface of the fastener. The applicators are readily removable to facilitate
maintenance and replacement. This manua application of fuel seals is still highly labor dependent and time
consuming. The dispense operation is currently carried out by an operator using a simple tool. The amount of sealant
dispensed is completely operator dependent. The volume will vary on every hole and with each operator performing
the application.

PHASE I: Identify and define a viable approach for applying fuel tank sealants that will meet quality criteria
relating to thickness, porosity, and application time.

PHASE II: Develop, demonstrate, and validate a prototype tooling methodology based on the Phase | approach.
Design the prototype system in a mock production environment for thorough testing and analysis. Also, the
application of sealant needs to meet the quality requirements/specification. Complete Phase Il with a detailed
transition-to-production plan.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Scale up the Phase Il technology for production robustness, maintenance, and expansion into
all applicable areas of the assembly line.

Commercial Application: Commercial arcraft also utilize integral fuel tanks that require numerous sealant
applications.

REFERENCES:
1. “PRC and Pro-Seal Aerospace Sealants Glossary,” PRC Aerospace Sealants, February 1999.

2. “Adhesive and Sealant Dispensing Concepts and Approaches,” Technical Paper #TP99PUB180, Society of
Manufacturing Engineers, January 1999.

3. AMS 3277, Sealing Compound, Polythioether Rubber Fast Curing for Integral Fuel Tanks and General Purpose,
Intermittent Use to 360 °F (182 °C).

4. AMS 3281, Sealing Compound, Polysulfide (T) Synthetic Rubber for Integral Fuel Tank and Fuel Cell Cavities
Low Density for Intermittent Use to 360 °F (182 °C).

KEYWORDS: faying surface, manufacturing, porosity, sealant, viscous

AF112-116 TITLE: Composite Aluminum Aircraft Matting for High-Temperature Applications
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TECHNOLOGY AREAS: Materials/Processes
OBJECTIVE: Develop and manufacture a prototype aircraft landing mat for high-temperature applications.

DESCRIPTION: Aluminum aloy 6061 is currently used for aircraft mat applications. Aircraft landing mats for
high-temperature environments will be exposed to sustained temperatures of 450 °F and transient temperatures of
1700 °F. These two high-temperature environment performance conditions require aluminum aloys to have the
following properties:

1. High-temperature tensile strength of 40 ksi at > 450 °F. The 40 ksi is estimated based on performance of current
6061 mats, which are exposed at much lower temperatures.

2. Elastic modulus values are 20 to 30 percent higher than 6061 at 450 °F. Higher modulus will reduce plastic
deformation of mats from repeated takeoff and landing operations.

3. Transient exposures to 1700 °F [a temperature higher than the melting point of aluminum (Al)] by nearly 500 °F)
requires that the new mat alloy have thermal conductivity that is about two times that of 6061. Such thermal
conductivity values will remove heat quickly from the surface, thereby helping maintain its strength properties.

Current commercial aloys can have higher strength values than 6061 at room temperature; but at 450 °F, all of them
have comparable strength values. This suggests that strengthening methods currently used for Al aloys are not
stable at 450 °F. Furthermore, no improvement in modulus and thermal conductivity is known for high-strength Al
alloys. Compositing Al and its alloysis one possibility to deliver the required mat properties.

During the program, testing will be required to characterize mechanical properties (yield stress, ultimate strength,
and Young’s modulus) and thermal properties (coefficient of thermal expansion, specific heat capacity, and thermal
conductivity/resistivity) at temperatures of 450 °F to 1700 °F.

In Phase Il, further develop the material by addressing issues related to manufacturing extruded aircraft matting
product. Demonstrate that the material can be extruded into panels similar in size and dimension to the current Air
Force standard (AM-2 matting) and that the material can be joined to 6061 Al aloy by arc welding, stir welding, or
other processes. Provide approximately 250 sq ft of matting to the Air Force Research Laboratory (AFRL) for
testing under smulated aircraft trafficking and for testing under the Navy's jet engine simulator (1700 °F at Mach 1
velocity).

PHASE 1: Develop a composite aluminum material for aircraft matting exposed to high temperatures and
characterize its mechanica and thermal properties at temperatures of 450 °F to 1700 °F. Define likely
processing/manufacturing parameters. Perform preliminary cost analysis and transition planning.

PHASE II: Further develop the material by addressing issues related to manufacturing. Demonstrate that the
material can be extruded into panels similar in size and dimension to the current Air Force standard (AM-2 matting)
and that the materia can be joined to 6061 aluminum alloy by arc welding, stir welding, or other processes. Provide
approximately 250 sq ft of matting to AFRL for testing.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The material will be used for parking ramps and expeditionary landing pads for vertical
takeoff and landing aircraft. Also applicable to aircraft structures.

Commercial Application: Industrial processes where a lightweight, high-strength material is required for high-
temperature environments (aircraft, matting, bridges, and architectural construction).

REFERENCES:
1. M.J. Couper, JW. Luster, and M. Thumann, “Development of Elevated Temperature Powder Metallurgy
Aluminum Alloys,” Powder Metallurgy International, 23 (1), January 1991, pp. 7-8, 10-15.

2. Young-Won Kim, “Advanced Aluminum Alloys for High Temperature Structural Applications,” Industrial
Heating, 55 (5), May 1988, pp. 31, 33-3.

KEYWORDS: aircraft matting, aluminum composite, high temperature
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AF112-118 TITLE: Automation of Material Placement for Aircraft Radomes

TECHNOLOGY AREAS: Materials/Processes

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

OBJECTIVE: Develop and demonstrate automated methods for placing material on aircraft radome surfaces.

DESCRIPTION: Aircraft radomes are complex composite structures that contain both geometric and multi-material
challenges. Today's aircraft radomes are comprised of multiple stacks of material, including quartz cynate ester
fabrics, honeycomb cores, adhesives, and foam cores. The geometry challenges of pointed tips and stream-wise
chines introduce production issues for radome fabrication. An automated process that can handle placement of the
fabric material over the multiple materials present in the radome stack up as well as the geometric complexities of
modern aircraft radomes is desired. The process must address the placement of cynate ester quartz fabric material on
complex tool surfaces and over both solid and core (honeycomb and foam) substrates. The end result will be an
automated assisted work cell capable of producing aircraft radomes with reduced labor hours, flow times, and
defects. The technology must be environmentally friendly and lend itself to application at the prime contractor and
major composite part supplier facilities.

PHASE |: Develop automated work cell concepts. Demonstrate the ability of automated equipment to place material
over radome-representative geometries and substrates. Down select to the preferred automated cell concept.

PHASE I|I: Fabricate and test the full-scale radome automation work cell. Fabricate multiple full-scale radomes to
validate the repeatability of the automated process. Perform testing of the radome produced using automation to
verify that it meets the performance targets. Prepare a cost-benefit analysis comparing the manual and automated
processes.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Deploy the automated radome fabrication process. Successful completion will lead to reduced
recurring and rework (cost) along with span time (schedule) during radome fabrication.

Commercial Application: The technology will be applicable to existing and future aircraft platforms that utilize
modern radomes/radars, including military and commercial platforms.

REFERENCES:
1. Accudyne Systems, Inc. (2010), Home page, Retrieved from website: http://www.accudyne.com/

2. JPS Composite Materials (undated), Home page, Retrieved from website: http://jpsglass.com/aerospace.html

KEYWORDS: automation, composites, radomes

AF112-119 TITLE: Key Characteristics Metrology Solution

TECHNOLOGY AREAS: Air Platform, Material s/Processes

OBJECTIVE: Reduce process time for measuring approximately 200 features on the center fuselage of an advanced
fighter aircraft.

AF - 126



DESCRIPTION: The Air Force is seeking to encourage a reduction in cycle time during the production of an
advanced fighter aircraft. Geometric dimensioning and tolerancing (GD& T) requirements include definition of outer
mold line (OML), assembly key characteristics (KC), and interchangeable and replaceable (1/R) panel hole patterns.
Current methods for measuring the center fuselage include the use of laser trackers. This process is time consuming
and requires numerous set-ups due to laser line of sight. This effort seeks a solution that can measure surfaces and
points against a CATIA model to accuracies of +/-0.002 inch. The proposed solution should address integration with
current production tooling and processes. The data will be used to perform virtual mates for major structural
components. A single technology does not need to address all measurement features; however, all of the
technologies must provide real-time feedback and integrate with data systems for statistical process control analysis.

PHASE |: Review the assembly line and associated areas for GD&T data collection. Design a system(s) that
measures al key features, then process the various data. System designs should include hardware, software, and
external interface components; identify assembly tooling mods and high-risk technology.

PHASE I1: Construct critical components of the system or systems designed in Phase | for validation of system
performance. Demonstration should include a representative environment and set-up of the final product. Develop
production system or systems designs and implementation plans.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: Scale up the technologies and design and
incorporate production robustness features, including handling, maintenance, and calibration, into all applicable
areas of the assembly line.

Commercial Application: Commercial vehicles require advanced metrology solutions to verify product build
quality; would reduce nonvalue added work (i.e., part inspection) and reduce cost and cycle time of aerospace
products.

REFERENCES:
1. Eric Barnes, “In process Metrology for Assembly - Summary,” Northrop Grumman Corp.

2. Todd Szallay, “In Process Metrology (IPM) for Assembly - Background & Rationale,” Northrop Grumman
Aerospace Systems.

3. Robert A.J. Matthews, “The Science of Murphy's Law,” Scientific American, pp. 88-91, April 1997.

KEYWORDS: assembly key characteristics (KC), camera, GD& T, Geometric Dimensioning and Tolerancing
(GD&T), KC, laser, metrology, OML, outer mold line (OML), tolerance

AF112-120 TITLE: Automated Liguid Shim Application

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a method for applying exact controlled amounts of highly viscous Liquid Shim material
within established Production process specifications for aircraft structure through an automated direct
mixing/dispensing application tool.

DESCRIPTION: For advanced DaD aircraft, liquid shimis applied in exact amounts along aircraft structural flanges
in order to form a continuous support/seal between panels and structure that ensures proper fit. Currently, liquid
shim is applied using pneumatic Semco guns which are loaded with cartridges of premixed Hysol EA 9377. Once
mixed, these materials have a short application window before they become unusable. The aircraft is masked, and
then the liquid shim is applied. After application of the liquid shim, the panels are placed on the structure and
excessive “squeeze out” is removed post-cure. The process is labor intensive and prone to quality control issues that
may hinder full-rate production.

The Air Force is seeking a solution that utilizes electronic control systems and sensors to monitor the various
material/process parameters and delivers a precise amount (up to ~160 0z) of mixed base and catalyst at an optimum
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rate to specified areas in exact, but variable, amounts required by a production specification. The goa of the
program is to utilize the existing liquid shim material, Hysol EA 9377, as it is too costly to qualify a new material.
The material may require degassing prior to mixing and the material properties should be maintained after mixing.
The unit should ensure there are no voids in the flow of the liquid shim and indicate when a material is not able to
meet a flow capacity for required specifications. The unit should have the capability to variably dispense the proper
amount of shim across the structure to ensure a steady bead and eliminate excess shim “ squeeze out”. Therefore, the
unit should have the capability to adjust the dispensing amount while moving along the flange of the aircraft. The
unit should also be completely controlled so there is no need for masking of the aircraft structure and be capable of
mixing the two materials to dispense the liquid shim just prior to application. In a production environment, the unit
should consist of aflexible design that can be implemented with either a robotic or ergonomic assistance device.

PHASE I: Identify and define a viable approach for on demand mixing/dispensing of liquid shim that can meet
quality criteriarelating to thickness, porosity, and application time.

PHASE 1I: Develop, demonstrate, and validate a prototype dispensing system and process based on Phase |
approach. Design the prototype system to be used in a production environment for thorough testing and analysis.
Completion of Phase Il will include a transition to production plan that details the integration of the technology into
the production process.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Automated application of liquid shim is necessary for the production and maintenance of
military aircraft.

Commercial Application: Commercia aircraft aso utilize liquid shim processes to remove gaps between structural
components. This technology allows for application of large amounts of material in atime sensitive process.

REFERENCES:
1. (Deleted 6/9/11.)

2. (Deleted 6/9/11.)

3. Hysol EA 9377; http://www.henkel na.com/cps/rde/xchg/SID-0A C83309-331E6592/henkel _us/hs.xdl/full-
product-list-7932.htm?

countryCode=us& BU=industrial & parentredDotUI D=productfinder& redDotUI D=0000000I SO

KEYWORDS: dispense on demand, liquid shim, manufacturing, mixing, viscous

AF112-121 TITLE: Advanced Power Skiver Tool

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: Provide a highly accurate and repeatable-powered, gap-filler skiving tool, capable of
skiving/trimming gap fill materials from flush to variable positive heights as prescribed by operator.

DESCRIPTION: Military and Defense Contractors desire the manufacturing capability to better control the process
of skiving various gap fill materials. Current processes generally incorporate the use of hand held razor blades or
labor intensive hand sanding to bring gap fill materials flush to surrounding mold line surfaces. Studies of just one
fuselage component have shown an increase of 15% in span time due to rework from low/high skiving. Mirrored
effects of the study have been seen in other aircraft components. These additiona manufacturing steps drive
increased cycletime, and costs.

AF-128



An opportunity exists for manufacturing process tools capable of achieving first time gap filler skive height
requirements that meet quality goals. The process tool of interest requires the development of a pneumatic powered
adjustable height skiver that is capable of cutting various gap fill materials commonly used on Low Observable
platforms within both easily accessible and confined spaces where complex / compound curvature is incorporated
within aheight of 0.020" to flush.

PHASE I: Establish tool requirements and concepts of operation. Create initial prototype skiver and perform
validations.

PHASE Il: Refine prototype tool based on lessons learned in Phase |I. Validate fina form configuration in a
production representative environment. Demonstrate suitability to production operations and develop a transition-to-
production plan.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Scale up Phase |1 technology for all applications and materials. Design production robustness
features for handling and maintaining the equipment.

Commercial Application: Both commercial and military platforms would benefit equally from development of the
proposed tool.

REFERENCES:
References for this particular technology are limited due to the highly specialized nature of gap filler
trimming/skiving. Referencesthat are close in nature are as follows:

1. "IBEX Pneumatic Meat Trimmer," 2006, Retrieved from website:
http://www.ibexind.net/ind/products/pneumati c-meat-trimmers--detail §/

2. Wayne Daggett, "AirMax Mach 3 Pneumatic Trimmer," 2010, Retrieved from website:
http://www.bettcher.com/airmax-mach3-pneumatic-trimmer

KEYWORDS: dimensional control, gap fill, power skiver, trimming

AF112-122 TITLE: Noncontact, Hand-Held Hole-to-Edge Distance M easurement T ool

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop atool and process for the automatic measuring of hole-to-edge distance for aircraft quality
inspection.

DESCRIPTION: Hole location relative to the edge of the part is a critical aspect of ensuring aircraft structural
integrity. Placing a hole too close to the edge will result in a tear-out condition and major structura failure. Future
aircraft are continuing to reduce part flanges and tighten edge distance tolerances to save weight for increased
performance. The current methods and tools for measuring this feature are mechanical, time consuming, and labor
intensive. Current noncontact technology (cameras, lasers, etc.) offer the ability to identify and measure features
accurately. The tool features should include the ability to recognize hole size and reference the engineering edge
distance requirement for that particular hole size, then measure the center of the hole to the edge of part distance,
and then store/report/inform the operator of the result in real time. Innovation is required to overcome the compact
size (hand-held); various stand-off distances (contact to 4 inches), off-axis angles (from normal to 70 °), lighting
conditions; and data storage/downl oad/formatting of data.

PHASE |: Demonstrate hardware and software algorithms capable of measuring various edge distances in a range of
conditions. Develop concepts for a compact prototype and perform a cost analysis.
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PHASE II: Construct a hand-held prototype system (hardware and analysis software) and validate in a production
representative environment. Design features so the system can pass various rdiability testing (dropping,
environmental, etc.). Develop commercialization plan and market analysis.

PHASE 1Il DUAL USE COMMERCIALIZATION: Military Application: Follow-on activities include specific
application integration and creation of any customer-unique requirements, training, and operation documentation.
Commercial Application; Commercial aircraft require engineered edge-distances for each hole drilled; this system
has applications in both manufacturing and maintenance.

REFERENCES:
Example specification only
1. "Hi-Lok® Fastening System (HL)," undated, Retrieved from website: http://www.hi-shear.com/fastener_hl.htm

2. "Rivet Edge Distance," undated, Retrieved from website:
http://mww.mechani csupport.com/Rivet_Edge Distance.html

KEYWORDS: distance measurement, edge distance, hole-to-edge distance, noncontact inspection

AF112-124 TITLE: Heat Transfer Switching Devices

TECHNOLOGY AREAS: Materia s/Processes

OBJECTIVE: The objective of this SBIR is to develop materials and methods for heat transfer switching (aka heat
switch) to provide temperature control of DoD systems for improved thermal management.

DESCRIPTION: Many Air Force systems require temperature regulation within an allowable range. Spacecraft
components must be protected from exposure to the extreme temperatures in space. Also, the ability to modulate
heat transfer provides the core needed for reconfigurable thermal control systems, which will reduce design cycles
from years to months or days. For aircraft, therma control for on-station extremes is a concern, especialy
speciaized electronics with narrow operating temperature requirements. Heat transfer switching devices currently
employed utilize paraffin wax with a fixed melting point to induce mechanical motion which presses surfaces into
contact to increase heat conduction. Many waxes with different melting temperatures are available, but once
selected, cannot be changed for the life of the mission. This does not alow reconfiguration as mission profiles
change and evolve.

Engineered materials such as MEMS, microparticle or nanoparticle composites, bimetallic cantilevers at the micro-
scale, etc. have been reported as possible heat transfer switching devices. Utilizing engineered materials for heat
switches offers the capability to reconfigure the switching temperature, duty cycle and other parameters to enhance
the thermal management properties. It is aso possible they could be actively controlled (electrical, magnetic,
pneumatic, etc.) to provide dynamic temperature response. Ideally, a thermal switch approach will also be modular
so that the same unit could potentially work for many applications (i.e. a thermal toolbox). There are a number of
configurations and modes of operation that can be used to achieve thermal switching, but in general, they will attach
between components at interfaces. The interfaces could be between component and platform structure or between
platform structure and radiator, for example.

Therefore, the Air Force seeks development of athermal switching device capable of providing an on/off heat flow
switching ratio at a threshold value (minimum) of 10 and objective value (desired) of 100. The operational
temperature is between -60 C and +100 C, though usability outside this range is of potential interest as well. The
threshold heat flux requirement is 10 W/cm2 and the objective is up to 100 W/cm2. In addition, the heat transfer
switch should operate in both micro-g and high-g environments. Also, emphasis is placed on high reliability, low
power switching (if active), and light weight. Proposals should have a reasonable expectation of leading to a
working device that can be included in prototype thermal management systems by the end of aPhase Il SBIR.
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PHASE I: Identify severa possible engineered materials and/or concepts for heat transfer switch designs. Perform
preliminary experiments to prove feasibility of controlling the heat flow. Perform sufficient hardware development
and testing to assess feasibility to meet system requirements.

PHASE II: Develop heat transfer switch design. Optimize design to achieve system requirements. Incorporate
materials developed in Phase | into a functional prototype heat switch. Test the thermal switching capability, ability
to reconfigure for different heat fluxes and temperature requirements, and ability to meet requirements. Provide two
working prototypes for evaluation by AFRL.

PHASE I1l: DUAL USE COMMERCIALIZATION:

Military Application: Many military space systems need reconfigurable thermal control to avoid cold temperatures
to critical subsystems during periods of inactivity to avoid problems with reenergizing the system.

Commercial Application: Structures such as buildings experience thermal fluctuations due to periods of day and
night. A heat switch would bypass insulation when advantageous and reduce dependence on HVAC systems.

REFERENCES:
1. M. Beadley, S. Firebaugh, R. Edwards, A. Keeney, R. Osiander, "MEMS Thermal Switch for Spacecraft Thermal
Control", Proc. SPIE Vol 5344, 98 (2004).

2. K. Lankford, "Heat Switches' in Spacecraft Thermal Control Handbook Volume I: Fundamental Technologies,
2nd Ed, editor David G. Gilmore, The Aerospace Press, El Segundo, CA, 2002.

3. Andrew Williams, and Scott Palo, “Issues and Implications of the Thermal Control System on Responsive Space
Missions.” Proceedings from the 20th Annual AIAA/USU Conference on Small Satellites, Logan, UT, August 2006.

4. Jeong , Nakayama, Joo, "Development of a Thermal Switch for the Heat Regulation Based on the Liquid Column
Control", Proceedings 2008 Second International Conference on Integration and Commercialization of Micro and
Nanosystems, Clear Water Bay, Kowloon, Hong Kong, 2008.

5. Slater, Van Gerwen, Masure,Preudhomme, Baert, "Thermomechanical characteristics of a thermal switch”,
Sensors and Actuators A 53, 423-427(1996).

KEYWORDS: heat switch, thermal toolkit, heat flux, thermal conductivity, temperature control, engineered
materials, MEMS, therma management.

AF112-125 TITLE: High-Temperature Structural Material Process for Oxidation

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a surface treatment process for improving the oxidation and mechanical behavior of high-
temperature aerospace structural alloys.

DESCRIPTION: Tremendous interest exists in the development of oxidation-resistant structural materials for high-
temperature applications (as both thermal protective systems and hot structures). Recent advances in thermodynamic
and computational modeling have provided potential new alloys for consideration in highly oxidizing environments
and provided insights into the processing of currently available aloys. This project will optimize the use of surface
treatments on aerospace alloys (that may include titanium, molybdenum, and nickel alloys) to improve oxidation
resistance and mechanical properties at elevated temperatures. Specifically, the treatments include processing steps
to impart mechanical stresses and/or microstructural modifications to the surface and subsurface regions (not
development and/or application of additional coatings). The project will model and optimize the application of
processing steps with oxidation and mechanical testing at elevated temperatures for proposed aloy systems.
Modeling work on the mechanisms of oxidation will be used to optimize further potential new alloys using advanced
computational tools coupled with experimentation. Characterization of microstructure features will be used to
validate experimental results with mechanistic models.
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PHASE I: In Phase |, researchers will evaluate different surface treatment procedures for improving the oxidation
behavior of the proposed aloys. In addition, the phase will propose mechanistic models for oxidation behavior and
the impact of the proposed surface processes.

PHASE I1: In Phase |1, researchers will select, develop, and optimize the surface treatment procedures for increasing
the oxidation resistance of the selected alloys. Researchers will also develop and verify the mechanistic models for
the process, including validation, using high-temperature experimentation and characterization.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This effort is directly applicable to high-temperature applications, including engine
components, thermal protective systems, and other structures exposed to high-oxidation environments.

Commercial Application: This effort is directly applicable to hot engine and structure components, including
nozzles, used in current commercial aircraft.

REFERENCES:
1. Yang, et d, “Effects of Ti, Zr, and Hf, on the Phase Stahility of Moss+Mo03Si+Mo5SiB2 Alloys at 1600 deg. C,”
ActaMat, 58, pp. 541-548, 2010.

2. Yang, et a, “Formation, Stability and Crystal Structure of the Sigma Phase in Mo-Re-Si Alloys,” Acta Mat,
published, 2010.

3. Tiley, et a, “Novel Automatic Electrochemical-Mechanical Polishing (ECMP) of Metals for Scanning Electron
Microscopy,” Micron, 41, pp. 615-621, 2010.

4. G. Lutjering, and J.C. Williams, Titanium, Springer - Verlag, 2007.

KEYWORDS: hot structures, oxidation, structural alloys, surface treatment

AF112-126 TITLE: High-Temperature Microsample Testing System

TECHNOLOGY AREAS: Materia s/Processes

OBJECTIVE: Develop atesting system capable of measuring the mechanical properties of structural materials using
small-sample uniaxial testing at temperatures up to 1100 °C.

DESCRIPTION: AFRL is interested in instrumentation that enables the quantitative measurement of uniaxial
mechanical properties of small mechanical test samples at very high temperatures for use in current and future
materials development programs. Over the past decade, there have been significant advancements in the ability to
measure the mechanical properties of small volumes of material using uniaxial mechanical tests [1,2]. However,
these experiments have been limited to measurements at temperatures below 600 °C, based on the capabilities of
commercially available micro- and nano-mechanical testing devices.

The proposed SBIR topic shall develop a high-temperature microsample testing system that is capable of achieving
sample temperatures up to 1100 °C. Here, small volumes are defined as test samples that have gage cross-sections
with dimensions approximately 5 to 100 micrometers. The test system shall accommodate microsamples that are
integrally fabricated and attached to a bulk substrate [1] and, preferably, can also test freestanding structures that
require placement into the device using micromanipulators. The system shall be capable of either compression or
tension testing and, preferably, both modes should be accessible. The system shall be capable of controlling the
atmospheric environment around the microsample test volume in order to minimize or effectively eliminate
oxidation of the microsamples during testing for materials of interest such as nickel superaloys, titanium aloys, and
refractory metal aloys. The system shall be capable of performing uniaxia testing under quasi-static load or
displacement control, and the system should allow for users to construct custom test protocols. The system shall be
capable of testing multiple microsamples within a single experimental session and shall provide mechanism(s) to
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minimize sample misalignment. The system shall be able to apply and sense loads up to 5 N with precision better
than 0.001 mN, measure displacements over a range of 0.5 mm with a displacement resolution better than 5 nm, and
control and measure sample temperature to within +/- 5 °C. The ability to visualize the sample during deformation is
preferred, although this capability does not have to be built into the testing device; for example, the device could be
configured to be placed within an optical or scanning electron microscope, which could be used to readily image the
deformed microsample during testing.

PHASE I: Clearly define the system concept for the high-temperature microsample testing system, which includes a
detailed description of system capabilities, addressing both known and anticipated issues with system development
and the technical approach to mitigate said issues, and estimates system cost.

PHASE |1: Build a prototype using the design developed from Phase |. Demonstrate system performance through
guasi-static mechanical testing over a range of temperatures from 500 to 1100 °C of a representative high-
temperature structural aloy.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The system has the potential for use at DoD Laboratories, which rely on mechanical property
characterization to optimize and assess materials processes and performance.

Commercial Application: The system has potential use at original equipment manufacturers and industrial materials
supply base, which rely on mechanical property characterization to fabricate, develop, and utilize materials.

REFERENCES:
1. D.S. Gianola and C. Eberl, “Micro- and Nano-Scale Tensile Testing of Materials,” JOM, Vol. 61, pp. 24-35,
20009.

2. M.D. Uchic and D.M. Dimiduk, “A Methodology to Investigate Size Sale Effects in Crystalline Plasticity Using
Uniaxial Compression Testing,” Materials Science and Engineering A, Vol 400-401, pp. 268-278, 2005.

KEYWORDS: Keywords: high-temperature, microsample, microsample testing, microtesting, uniaxial

AF112-127 TITLE: Novel Electrochemical Couplesfor High Energy and Power Density

TECHNOLOGY AREAS: Ground/SeaVehicles

OBJECTIVE: Development of novel electrochemistries that promise practical energy densities and are
approximately comparable to current lithium-ion (Li-ion) batteries to replace liquid hydrocarbon (LHC) fuels.

DESCRIPTION: In some small vehicular applications, batteries, primarily Li-ion batteries, can marginally replace
LHC fuels. However, some weight and volume sensitive applications such as unmanned air vehicles (UAV) and
armored vehicles still require LHC fuels because of the high energy density inherent in the internal combustion
process (ca. 2700 Wh/L or 3700 Wh/kg). It is unlikely that Li-ion technologies will ever reach the energy densities
required in these applications due to the fact that only one electron is transferred per reaction. Y et there are other
electrochemical couples that might reach this level if they are developed sufficiently, allowing them to possibly
replace LHC fuels as a power source. The ultimate goal of the United States Air Force (USAF) is to provide 24/7
autonomous operation of electrically powered small and micro UAVs in the field when coupled with energy
harvesting methods with an intermediate goal of multi-day-to-indefinite service.

To support the stated goal, a higher priority has been placed on secondary batteries over primary batteries to enable
their use with energy harvesting. However, a primary battery with greatly enhanced energy density is acceptable
provided suitable multi-day mission times can be attained. Also, primary batteries with the ability to be recycled or
refurbished in the field are of a higher priority than a primary battery that must be discarded or transported after use.
The USAF seeks projects that can produce and demonstrate secondary batteries with at least one-third of the energy
density of gasoline or primary batteries with at least two-thirds of the energy density of gasoline as employed in an
internal combustion engine.

AF-133



Power density is also a critical requirement for a battery system, asit is meaningless to have a high energy density if
it can generate little power. While exceptionally high discharge rate capability would be desirable, the current state
of the art is sufficient for most applications. We require any successful electrochemical system to have a
demonstrable power density at least one-third of the present state of the art for Li-ion batteries (ca. 250 W/kg). Shelf
life is of considerable importance, especialy for primary battery systems, since there could be a long time between
manufacture and use. A successful primary battery system will demonstrably retain at least 95 percent of its original
charge after one year of storage. For secondary batteries, cycle life is of more importance than shelf life. Successful
secondary battery systems should demonstrate at least 75 percent of the original energy density after 50 cycles.
Finally, safety is also of paramount importance when dealing with such high energy densities. In many applications,
one might anticipate batteries being damaged. Successful battery systems should not employ highly toxic or
flammable materials that can present a hazard if battery integrity is compromised. Any systems required for thermal
control or battery monitoring/control or reagent flow/control/containment should be included in determinations of
system energy and power density.

PHASE I: Device modeling and design along with half-cell testing to provide proof of concept to justify further
development. A button cell or similar device isaplus, but not required.

PHASE I1: A minimum of abutton cell or similar device along with performance datais required. Scale up to larger
demonstration batteries capable of test operation in a UAV such as the RQ-11 Raven is much preferred.

PHASE |1l DUAL USE COMMERCIALIZATION: Military Application: Small- to micro-autonomous UAV
systems, portable power systems, armored vehicles.
Commercial Application: Automotive and/or public transit systems.

REFERENCES:
1. AeroVironment, Inc., Retrieved from website: http://avinc.com/uas/small_uas/raven

2. DARPA Vulture Program, Retrieved from website: www.darpa.mil/tto/programs/vulture

3.Y.Li, H. Zhan, S. Liu, K. Huang, and Y. Zhao, J. Power Sources, Vol. 195, p. 2945, 2010.

4. S. Licht, H. Wu, X. Yu, and Y. Wang, Chem. Commun., p. 3257, 2008.

5. D. Linden and T.B. Reddy, eds., Handbook of Batteries, 3rd Edition, McGraw-Hill, New Y ork, 2002.

KEYWORDS: autonomous power, batteries, electrochemical storage, high energy density, high power density,
liquid hydrocarbon (LHC) fuel replacement, lithium-ion (Li-ion) batteries, unmanned air vehicles (UAV)

AF112-130 TITLE: Statistical Methods for Quantifying the Accuracy and Capability of
Nondestructive Sensing M ethods for Damage Characterization

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop augmented statistical processes and metrics to characterize the determination of location and
dimensions of damage in aircraft structures with sufficient fidelity to usein risk calculations.

DESCRIPTION: The reliability and capability of detecting damage in aircraft structures can be determined through
rigorous probability of detection studies; the Air Force guidance for completing such studies is given in MIL-
HDBK-1823A. However, this guidance applies only to the detection of damage. To achieve the objectives of
condition-based maintenance plus prognosis (CBM+), the detection of damage is not sufficient. To redize the
potential of CBM+, the location and size of damage at any length scale, e.g., either a crack or a microstructural
perturbation, needs to be determined with statistical metrics to feed prognostic reasoners and risk assessments.

AF-134



Current damage characterization that occurs in the field and depot environments is commonly performed via an
estimate obtained from the data provided by the damage sensor and occasionally from images generated from the
data. However, none of these efforts addresses the determination and evaluation of statistical metrics to provide
meaningful, quantitative assessment of the uncertainty and confidence of the damage characterization process. These
statistical metrics are the objective of this topic. This topic does not address the improvement of damage
characterization methods.

This topic seeks to develop methods for evaluating the reliability and validating the capability to characterize
damage in aircraft structures, regardless of their composition. Current efforts in the Nondestructive Evaluation
Branch in the Air Force Research Laboratory have initiated work in this area (as indicated in the references), and it
is anticipated that these efforts be considered in the development of the approach. The use of models and model-
assisted to model-based approaches is anticipated to be integrated into this development, and the approach could
generate a metric of accuracy and/or other statistical metrics. In addition, it is anticipated that this approach will
address the stochastic nature of variability and the geometric complexity typically found in aircraft structures and
will not address simplified scenarios such as those based on plates, cylinders, or other canonical geometric
configurations.

PHASE |: Develop and demonstrate the feasibility of an approach to characterize statistically with appropriate
metrics the reliability and capability to provide damage characterization assessments by nondestructive sensing
methods.

PHASE II: Develop the output of the feasibility product from Phase | to include further additional confounding
factors and to demonstrate the statistical characterization method on a generic but representative structural aircraft
component of significant complexity.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Statistical reliability assessment of nondestructive damage characterization capabilities should
have extensive military applications, including aerospace, nuclear, and ground structures.

Commercial Application: Commercia initiatives aiming to use current conditions to make maintenance scheduling
decisions will need these tools to assess the performance of the nondestructive damage characterization process.

REFERENCES:

1. J.C. Aldrin, E.A. Medina, E.A. Lindgren, C.F. Buynak, G. Steffes, and M. Derriso, “Model-Assisted Probabilistic
Reliability Assessment for Structural Health Monitoring Systems,” Review of Progressin QNDE, Val. 29, AlIP, pp.
1965-1972, 2010.

2. J.S. Knopp, J.C. Aldrin, H.A. Sabbagh, and K.V. Jata, “Estimation Theory Metrics in Electromagnetic NDE,”
Electromagnetic Nondestructive Evaluation (XI11), Y.K. Shin, H.B. Leg, and S.J. Song, Eds., Vol. 32, pp. 321-328,
2009, ISBN: 9781607500230.

3. A. Dogand, and P. Xiang, “Estimating Statistical Properties of Eddy-Current Signals From Steam Generator
Tubes,” |EEE Trans Signal Processing, 53(8), pp. 3342-3348, 2005.

4. J.C. Aldrin, J.S. Knopp, and M.P. Blodgett, “Model-Based Image Processing in Eddy Current Nondestructive
Evaluation,” Electromagnetic Nondestructive Evaluation (XI1I), J. Knopp, M. Blodgett, B. Wincheski, and N.
Bowler, Eds., Vol. 33, pp. 254-261, 2010, ISBN: 1607505533.

KEYWORDS: damage characterization, NDE, nondestructive evaluation (DNE), nondestructive sensing statistics,
validation

AF112-132 TITLE: Integrated or Fused Multi-spectral Sensor Technologies for Missile Warning
Sensors (MWS), Hostile Fire Indication (HFI), and Laser Warning (LW)

TECHNOLOGY AREAS: Sensors, Electronics
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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: To identify and develop novel integrated or fused combinations of sensor technologies using
complementary spectrathat are synthesized to provide a high-reliability, low-cost, single sensor package.

DESCRIPTION: Current MWS, HFI, and LW are based on Infrared (IR) sensor technologies that have inherent
limitations particularly as it relates to HFI. The proliferation of standalone or independent systems is impractical
from a platform integration standpoint. Future sensor capabilities are required to accurately detect, identify, and
track missile launches, gunfire engagements, and laser weapon attacks against aircraft operating at low altitudes.
The need exists for integrated, synthesized sensor technologies that complement or replace current technologies to
detect and characterize Threat engagements. Beyond the high-reliability, light-weight, and low-cost, characteristics
being sought in this announcement, the minimum required mission capability being sought is missile/track, weapons
caliber and direction of fire, and laser type (range finder or designator) when originating from a single discrete
event. Improved program cost control and fielded sustainability is sought through the integration of commercially
available components and sub-components to the maximum event possible and practical. Integrated subsystem
architectures and designs should incorporate industry standard interfaces that link the sensor components to larger
assemblies for use in multiple survivability product sets from multiple suppliers.

While basic technical achievement isthe initial objective, the improved sensor components should be incrementally
developed to eventually meet the implementation requirements of various sizes and types of aircraft and other
platforms from the smallest UAV to the largest transports. Other related characteristics include: - Determination of
hostile intent: i.e., is protected platform the target of the Threat engagement? - Large field of regard

- Extended range of detection

- Extremely low False Alarm Rate (FAR)

- High resolution imaging with compression for low/no loss data transmittal and storage

- Capahility to "learn" from past false dlarmsis also desirable

- Size, Weight, and Power (SWaP) equivalent to or less than current individual sensor packages

- Modular, open interface

While legacy sensor systems are passive detectors, consideration will be given to low signature, active sensor
technologies where they have the potential to provide a significant tactical advantage to include pro-active detection
and geo-location data regarding Threat electro-optical systems. In addition to the above characteristics, investigate
the enhanced use of sensor techniques to identify specific missile characteristics that could be used in Threat
identification.

PHASE I: Consider alternative technology approaches to MWS, HFI, and LW to identify Threat engagements that
can be synthesized into a single sensor module.

PHASE I1: Develop aworking prototype module that will undergo testing with each category of Threat engagement.
Develop aworking prototype module that will undergo testing with each category of Threat engagement. Articulate
a clear pathway forward to productization to include package design concepts that meet tactical and environmental
considerations.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Production devel opment program for a sensor system to enhance or replace legacy MWS, HFI,
or LW systems to be integrated with IR Countermeasure (IRCM) systems.

Commercial Application: Production development program for a sensor system to enhance or replace legacy MWS,
HFI, or LW systems to be integrated with IR Countermeasure (IRCM) systems.

REFERENCES:

1. Montgomery et all, "Performance of SIMAC agorithm suite for tactical missile warning", Proceedings Vol. 7298,
Infrared Technology and Applications XXXV, SPIE Defense, Security and Sensing Conference 20009.
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2. Montgomery et al, "Empirical modeling and results of NIR clutter for tactical missile warning”, Proceedings Vol.
7300, Infrared Imaging Systems: Design, Analysis, Modeling, and Testing XX, SPIE Defense, Security and Sensing
Conference 2009.

3. Sanderson et all, "Clutter and signatures from near infrared testbed sensor”, Proceedings Vol. 6941 Infrared
Imaging Systems. Design, Analysis, Modeling, and Testing X1X, SPIE Defense, Security and Sensing Conference
2008

KEYWORDS: Sensor, Hostile Fire, Missile Warning, Laser Warning, Infra-red Countermeasures, IRCM

AF112-134 TITLE: Tracking Algorithms for Multi-Static Passive Radar Systems

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics

OBJECTIVE: ldentify and define innovative techniques and algorithms for multi-static passive radar systems to
generate tracks of detected aircraft and to fuse tracks from multiple receivers.

DESCRIPTION: Multi-static passive radar systems use non-cooperative emitters as illumination sources along with
passive receiver sites to detect and track aircraft. These systems may have multiple channelized receivers tuned to
different radio frequency emissions at multiple receiver sites. A few of these receivers will cover overlapping
geographic areas, others not.

These systems, because they emit no signals, are totally passive and aircraft cannot detect that they are being
tracked. A modeling/simulation capability is being created in order to develop an electronic attack capability against
these passive radar systems. However, current passive radar models lack the ability to generate aircraft tracks and to
fuse tracks from multiple receivers and sites to generate a complete air picture.

The USAF requires innovative techniques and algorithms to generate tracks for aircraft detected from a single
passive receiver. Research is also needed to develop novel agorithms that will fuse the data from each receiver to
form a single integrated track file. This fusion should address combining multiple tracks from a single receiver site
aswell as across multiple sites.

The Phase | effortswill include:

1. Identification of current passive coherent location radars and passive covert radars. This should include, as much
as possible, the system name, system manufacturer, country of origin, operating methods, receiver types, antenna
types, signal processing capabilities, frequency ranges, and tracking algorithm method.

2. ldentification of methods that may be used to generate atrack for detected aircraft from a single passive receiver.
3. ldentification of methods that may be used to fuse the tracking data into a single integrated track picture from
multiple receivers.

4. An assessment of the Electronic Combat (EC) Benchmark Tool. The EC Benchmark Tool will be made available
to the vendor. The assessment should include an understanding of how the program functions in the multi-static
radar mode and what variables are available to generate tracks. The analysis should also detail, as a minimum, other
variables that are needed to generate tracks that are not being calculated in the EC Benchmark Tool software
program.

5. An approach for enhancing the EC Benchmark Tool to use a library of fusion-tracking techniques for passive
radar systems.

PHASE I: The end product for Phase | should be a final report documenting the investigation and detailing the

approach for implementing a select number of fused tracking algorithms into the EC Benchmark Tool software
program and required modifications to EC Benchmark Tool.
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PHASE II: The end products for Phase Il should include: (1) a final report detailing the description of the fused
tracking algorithms, and how they function; (2) an assessment of the accuracy of the algorithms; and (3) the
enhanced EC Benchmark Tool software code with fused tracking algorithms.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The product of this program could form the core of remote, unmanned sensing stations to
monitor the desert southwest border of the United States or used in bi-static or multi-static radar systems.
Commercial Application: The product of this program could be used to monitor airspace or harbors in any given
region of the world without needing dedicated radio frequency allocations.

REFERENCES:

1. Tharmarasa, R., McDonald, M., Kirubargjan, T., Passive Tracking with Sensors of Opportunity using Passive
Coherent Location, Signal and Data Processing of Small Targets 2008. Edited by Drummond, Oliver E. Proceedings
of the SPIE, Volume 6969, pp. 69691F-69691F-12 (2008).

2. Slezdk, L., Kvasnicka, M., Pelant, M., Vavra, J.,, PISek, R., Passive Coherent Location System Simulation and
Evaluation, Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics
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AF112-135 TITLE: Readout Integrated Circuit (ROIC) Architecture Development for Remotely
Piloted Aircraft (RPA) Imaging 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: Design, develop, and demonstrate innovative readout integrated circuit (ROIC) structures supporting
new airborne sensor requirements.

DESCRIPTION: At the heart of virtually every airborne infrared (IR), multi-spectral (MSI) and hyperspectral (HSI)
system, there is a sensor (the focal plane array) that detects and converts the incoming radiation into an electrical
signal in order to form an image. This focal plane array (FPA) is comprised of two components; the detector array
and the ROIC. The detector array is the optically-sensing part of the sensor and can be made from a wide variety of
materials that are sensitive in the wavelength band of interest. The ROIC is the signal processing component and is
generaly fabricated on a silicon substrate using volume production integrated circuit processes. Once each
component is fabricated and functionality is verified, they are mated physicaly and electricaly through a
hybridization process to form an FPA. Overal ROIC performance has a significant impact on the ultimate
performance of the FPA and associated sensor system.

The Air Force Airborne Collection Exploitation System — Hyperspectral (ACES HY)) program is producing imaging
spectrometers for military aircraft RPA. The sensor in this spectrometer utilizes a single substrate-removed HgCdTe
FPA design operating in the 0.4-2.5 pm region that is inherently co-registered, alleviating the need to align multiple
FPAs to rigid tolerances. There are several drawbacks with the ROIC used in this system and it has been shown to
introduce artifacts in the data (including electronic crosstalk) and it does not have sufficient bandwidth to
characterize small, energetic, fast-moving objects. A new ROIC architecture, mated to a detector array within the
band of interest and with suitable speed of response needs to be developed. This effort will establish a ROIC concept
capable of performing conventional staring imaging at video frame rates, while simultaneously being able to detect
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and capture the temporal profile of isolated (one to a small number of pixels on the array) energetic transients with
one or more kHz bandwidth and up to a one second duration. In addition to the greatly increased frame rate, desired
features include specialized functionality that will allow for windowing/binning, zoom, autonomous signal
processing, programmable frame time, programmable conversion gain, and analog to digital conversion per pixel.
In particular, the per-pixel selection of conversion gains adds tremendous flexibility in dealing with the wavelength-
dependent scene irradiance. Similarly, on-chip A/D conversion greatly improves the noise performance of the array.

The current FPA that is employed in the ACES HY system is a 256x256 format with a 40 um unit cell pitch. It is
critical that the overall size of the array developed in this program be maintained in order allow for direct
replacement of FPAs in the spectrometer. Higher resolution formats are of interest (for example 512x512 with a 20
pum pitch) and on-chip binning could be used to maintain the current 256 spectral channels to ensure backwards
compatibility. These new ROICs would greatly enhance the capability of current airborne imaging spectrometers
adding increased flexibility for operation across a variety of illumination conditions.

PHASE I: Conduct study of ROIC designs to determine applicability for the ACES HY spectrometer and sensing of
high speed, energetic targets for persistent surveillance applications. Using this information, develop appropriate
ROIC unit cells and ROIC architectures for use in Phase Il devel opment.

PHASE II: Using the design developed in Phase | (with optimization), fabricate and demonstrate a moderate-scale
ROIC supporting ACES HY and high speed sensing requirements. This ROIC will then be hybridized to a detector
array to form a focal plane array. Optionally, this FPA can be delivered to AFRL for independent verification of
performance.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Optimized FPASs that operate at high frame rates with low crosstalk have wide applications in
anumber of surveillance applications and could lead to significant improvements in force protection.

Commercial Application: A variety of commercial applications are possible for FPAs with the ability to sense high
speed, energetic events. Included are applicationsin homeland security and law enforcement.

REFERENCES:

1. Chen, L. et ., "Overview of Advances in High-Performance ROIC Designs for use With IRFPAS' Proc. SPIE,
Vol. 4028, 124 (2000)

2. Richards, A.A. et d., "Passive Thermal Imaging Of Bullets In Flight" Proc. SPIE, Vol. 5405, 258 (2004)
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AF112-136 TITLE: Cryocooler for New Focal Plane Arrays

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Design and build alow cost and efficient cryogenic cooling system for the next generation of airborne
low temperature imaging sensors requiring cooling in the 25-30 Kelvin (K) range.

DESCRIPTION: Air and space gimbaled Infrared (IR), multi-spectral (MSl) and hyperspectral (HSI) sensor systems
require cryogenic cooling to operate. Current cryogenic systems are inefficient, costly, subject to vibrations, are
typically the high-maintenance portion of a sensor system, and take up a considerable amount of size, weight and
power (SWaP) onboard air and space platforms. The next generation of high output larger format focal plane IR,
MSI, HSI sensors require parallel development of cryocooler technology.

Current cryocooler technology used by the Department of Defense generally falls into one of two categories. The
first category, space cryocoolers, includes multiple candidate technologies capable of reaching an objective ~30K
temperature and below, but these systems typically cost >$1M because of the low build quantities and the extreme
demands of the environment. The second category, airborne tactical cryocoolers, are “affordable”’ at a typical cost
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between $5,000 and $20,000, but they are generally designed for an operating temperature range high (>65K) for the
objective mission. This topic seeks a military-grade cryocooler capable of reaching temperatures traditionally
reserved for the space cryocoolers, but at arecurring price more typical of the tactical cryocooler marketplace.

The objective cryocooler system must be compatible with the airborne environment and adequately cool a silicon
based large format focal plane array. The preliminary refrigeration requirement for the cryocooler is <200 mw
capacity at 30K and ~4-5 W capacity at ~70K. SWAP isamajor consideration. As an example the L3 Model B5000
now being used to cool a Longwave Spectrometer dewar with focal plane array operation at 45K is a balanced dual
configuration, low audible noise cryocooler with a compressor 8.225inch x 3.281linch, cold finger 2.18inch x
3.6inch, weight < 10lbs, vibration < 0.75lbs, and input power < 160watts. The objective of this effort is to mature
these guidelines into a set of technical requirements sufficient to fully inform the procurement of a compliant
airborne cryocooler system supporting the next generation of focal plane arrays. The proposer is strongly
encouraged to establish these requirements in consultation with a provider of relevant focal plane technology.

PHASE I: Establish requirements for the objective 30K airborne cryocooler by performing a trade study comparing
different cryocooler technologies, develop a ranking system in consultation with the USAF Program Manager, and
provide arecommendation for the cryocooler system to be fabricated in Phase I1.

PHASE |I: Design, build and demonstrate a low cost and efficient cryogenic cooling system in the 25-30 K range
for asilicon-based, large format focal plane long wave IR sensor.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Potential airborne applications will be in a wide variety of airborne surveillance and
reconnai ssance sensors.

Commercial Application: Potential commercia applications include sensors used in infrared (IR) astronomical
sensors, IR hyperspectral sensors, and IR vision systems.

REFERENCES:
1. Robert C. Hon and Carl S. Kirkconnell, “Raytheon Dual-use Long Life Cyrocooler Development,” Proceedings
of SPIE, Vol. 6542, 65422H-1, 2007, Infrared Technology and Applications XXXIII.

2. Dongyu Liu, et a, “Performance of the SITP 35K Two-Stage Stirling Cryocooler,” Proceedings of SPIE, Val.
7660, 76602P-1, 2010, Infrared Technology and Applications XXX V1.

3. W. J. Gully, et d, “Performance Investigations of a 4K to 10K Long-Life Mechanical Cryocooler,” Advancesin
Cryogenic Engineering Transactions of the Cryogenic Engineering Conference, American Institute of Physics
Conference Proceedings, nu. 710, pt. 2, pp. 1779-1784, 2004.
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AF112-137 TITLE: High Range Resolution (HRR)-Surrogate SAR Target Identification

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: Design and develop an end-to-end automated, quality checked process for creating high range
resolution (HRR) profiles from synthetic aperture radar (SAR) data.

DESCRIPTION: Radar-based, automated target cueing and recognition (ATC/R) techniques for moving ground
target combat identification (CID) generaly require representative ground target radar data that is used for training
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and testing the ATC/R agorithms. Some representative moving target data is available via stored databases. If not,
then the data can be gathered via pre-planned data collections or other opportune flight test activities. However,
these moving target data collections are expensive from both a sensor platform and target range standpoint. A
significant amount of synthetic aperture radar (SAR) data is already saved and available. This SAR data could be
used as a data source for training a moving target ATC/R algorithm while saving the limited amount of real,
measured moving target high range resolution (HRR) data for testing. A software method has been developed to
extract HRR profiles from SAR data, and has proven useful to create surrogate HRR profiles to train ATC/R
algorithms while retaining the limited real, or measured, HRR profiles to test the ATC/R algorithms. This method is
labor intensive and does not always produce a surrogate HRR profile that is representative of the actual measured
moving ground target HRR profile. New or improved techniques to capture small target components (e.g. tank
barrel), remove clutter, account for multi-bounce, and create target masks are needed. Additionaly, quality
assurance checks throughout the process must be added to ensure the surrogate HRR data is statistically the same or
similar to real measured HRR data from the actual ground target. Phase | includes the design of an improved and
automated, end-to-end process with quality assurance checks that would provide a new capability to create surrogate
HRR profiles from SAR data saving time and money for ongoing CID technology programs. Required deliverables
include the surrogate HRR data, characterization results and the new or improved software design.

PHASE I: Determine discrepancies between surrogate and real HRR profiles preventing better matches between the
two. Determine root causes of errors. Develop new or improved mathematical methods correcting these errors to
include automated quality assurance checks. SAR and real HRR data will be provided by the government sponsor.

PHASE I1: Implement the new design or improvements to the original method. Characterize the data from Phase | to
show method improvements. Conduct tests and analyses to show ATC/R improvements and to prove automation
and quality assurance checks work. Required deliverables include test results, surrogate HRR data, and final report.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This new or improved method is directly applicable to ongoing CID programs supporting
military aircraft and al other weapons platforms requiring a moving target ATC/R capability.

Commercial Application: This new or improved method could be used for creating a family of tools for medical
imaging differentiation applications or signature surrogate derivation, transformation, and validation.

REFERENCES:
1. R. C. DiPietro, R. P. Perry, and R. L. Fante, “ SAR imaging and detection of moving targets," in SPIE proceedings
on Algorithms for Synthetic Aperture Radar Imagery V, vol. 3370, (Orlando, FL), pp. 73-84, April 1998.

2. Richard Mitchell, Mika North, "Radar Exploitation for Long-Term Tracking (REAL) Technical Report”, AFRL-
RY-WP-TR-2009-1231, ADB352645, 23 Feb 2005-1 Aug 2009.

KEYWORDS: sensors, automated target recognition, high range resolution, synthetic aperture radar, combat
identification, ATR, HRR, SAR, CID

AF112-139 TITLE: Multi-Sensor Data Fusion Frameworks for L ayered Sensing

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Develop a framework to integrate data from various air and ground sensor systems employed in an
urban environment to collect data on moving/stationary vehicles and dismounts.

DESCRIPTION: The layered sensing vision, as defined in the AFRL Sensor’s directorate Layered Sensing White
paper dated 6 May 2008, is to provide military and homeland security decision makers at al levels with timely,
actionable, trusted, and relevant information necessary for situational awareness to ensure their decisions achieve the
desired military/humanitarian effects. Layered sensing is characterized by the appropriate sensor or combination of
sensorg/platforms, infrastructure, and exploitation capabilities to generate situational awareness and directly support
delivery of tailored effects.
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A key enabler of this vision is the ability to dynamically gather and fuse relevant data from various
sensorg/platforms into a coherent information set that can contribute critical knowledge to the decision process and
produce actionable intelligence. However, several factors complicate the design of an overall processing framework
or architecture. The collected data may not be accurately registered in time and space, it may arrive out of sequence,
and sensor types may span across the continuum of the phenomological spectrum (Radar, Infra-red/Electro-Optic
sensors, Hyperspectral sensors, etc.). Multiple Orient-Observe-Decide-Act (OODA) loops may exist across the
Layered Sensing Enterprise and be engaged in different missions of differing priorities and time constraints. These
activities may employ a large range of information sources from organic sensors (small unmanned aircraft, tower-
mounted radar, building-mounted cameras, unattended ground sensors, etc.) active in smaller tactical battles and
range in size up to larger standoff assets that may sense over alarge area. Tasking for the numerous sensory assets
must be coordinated to support automatic cross-cueing so that the right information is collected at the right time and
place. In this context, centralized control may not feasible, and decentralized or distributed methods that can scale
up to the combinatorics associated with the large-scale resource all ocation problem are of particular interest. Further,
limitations in communication bandwidth and human analyst processing requires efficient design strategies which are
mindful of these constraints. There are many aspects to the overall processing framework and the goal of this work
is to advance concepts which can overcome these technical challenges while serving as expandable templates for
further work.

Initialy, the effort will focus on a representative military surveillance or reconnaissance targeting mission, the
required sensory assets used to conduct the mission, methods of collection, operational characteristics of the sensors,
and associated exploitation processes.

PHASE I: Research and develop Layered Sensing processing framework concepts which advance the capability to
combine information, glean meaning from the collected data, re-task sensors in a timely manner, and produce
actionable intelligence. Propose a proof-of-concept demonstration on a challenging problem.

PHASE I1: Continue to improve fidelity by incorporating more realistic sensor and environmental models. Develop
and demonstrate algorithmic methods to validate the models and propose a method of transition to operational
community.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: These techniques could be used to support military applications where reconnaissance,
surveillance and tracking are necessary; overseas peacekeeping, border patrol, and counter-insurgency operations.
Commercial Application: These techniques could be used to support civilian security operations such as industrial
facility control and monitoring.

REFERENCES:

1. Kent, B., et al, LAYERED SENSING: Its Definition, Attributes, and Guiding Principles for AFRL Strategic
Technology Development, Air Force Research Laboratory, 1 May, 2008.
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Norwood,MA, 1992.
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AF112-140 TITLE: Insect Vision for Sense and Avoid Applications

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop insect vision based sensor with the capability to allow Remotely Piloted Aircraft (RPA) to
sense the presence of aircraft, report their location and identify those on a collision course.
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DESCRIPTION: Mid-air collisions pose a significant threat for RPA. Autonomous reaction depends on a capable
vision system allowing fast reaction to prevent collisions. For RPA, awide field of view (FOV +/-110 deg AZ, +/-30
deg EL), < 50 W power consumption, collision threat declaration range > 2.5 nautical miles, and < 3 false
alarms/hour is required for necessary situational awareness to fly in the National Air Space (NAS). Contemporary
optical systems use cameras to capture video image sequences and then analyze the sequence of video frames to
characterize objects and extract motion from the image. Video frame rates, inter-frame gaps, data transfer latency,
conversion times, and computation times decrease the response time and put large computational burdens on major
hardware resources. Insects accomplish similar tasks with apparent ease at speed orders of magnitude faster yet they
lack a central processing architecture. Insect vision systems found in nature have unique capabilities adapted to
detect motion with subpixel resolution and without numerical computation. The insect approach may provide a
distinct advantage for sense and avoid applications over camera based systems, allowing real-time report generation
of other aircraft locations and collision threats [Azimuth (AZ), Elevation (EL), and range if possible] at low contrast
ratios (<5%), power consumption (< 50 W), operational at low contrast ratios (<5%), weight (< 5 Ibs), collision
threat declaration range (> 2.5 nautical miles), and < 3 false alarms/hour]. Biological processing suggests smaller,
efficient vision systems to accomplish sense and avoid tasks. Sensitivity profiles for each detector can be exploited
to extract subpixel resolution in real-time. The goal is a paradigm shift away from video analysis to responsive
survival systems employing simpler, biological information processing principles with higher processing speeds.
The new paradigm must demonstrate performance improvement over camera-based systems. System processing
should be compatible with infrared as well as visible spectrum sensing.

PHASE I: Define and specify architectural and algorithm design for a prototype sensor system with FOV (+/- 110
deg AZ, +/- 30 deg EL), power consumption < 50 W, operational at contrast ratios <5%, weight < 5 |bs, collision
threat declaration range > 2.5 nautical miles, and < 3 false alarms/hour.

PHASE I1: Design and fabricate a prototype sensor with parameters satisfying requirements stated in the Phase |
description and generate outputs compatible with required interfaces of existing Air Force Research Laboratory's
collision avoidance algorithms. Capable of demonstrating performance through ground and flight demonstrations.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The number of hours RPA are used by the military is growing exponentially. A sense and
avoid capability isrequired of RPA operating in the National Air Space and to improve overall safety of flight.
Commercial Application: The number of hours remotely piloted aircraft are used by commercial industry is growing
rapidly. A sense and avoid capability isrequired of all commercial RPA operating in the National Air Space.

REFERENCES:
1. Bucklew JA and Saleh BEA, “Theorem for high-resolution high-contrast image synthesis,” J Opt Soc Am A2,
1233-36, 1985.

2. Snyder AW, Bossomaier TRJ, Hughes A, “ Optical image quality and the cone mosaic,” Science 231, 499-501,
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3. Holloway P, Hebard A, Tanner D, Davidson M, Shenderova O, McGuire G, “The fly’s eye imaging system to
improve the visual capabilities of “smart” weapons’, Techalert Newsl etter:
http://apps.rgp.ufl.edu/otl/viewTechlnfo.cfm?case=11197, 05.02.2007.
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AF112-141 TITLE: Optimization Algorithm to Enhance Antenna Array Beamforming for Radar and
Early Warning (EW) Application

TECHNOLOGY AREAS: Information Systems, 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 an optimization algorithm to augment antenna array beamforming for radar system and
electronic warfare application.

DESCRIPTION: Advanced radar technology has provided improved capabilities as well as the implementation of
sophisticated digital beamforming antenna array. As the technology evolves in beamforming antenna array panel to
reduce power, weight, size, and optimally cost for next generation of radar systems. The need of controlling this
complex multiple inputs and multiple output channels (multiple user objectives) in ‘near’ real-time application
becomes a challenged task. Optimization algorithm has benefited from recent advances in computing power, high-
speed data processing, and antenna array development in advanced radar technology. In order to capitalize the recent
advanced hardware development, such as antenna array panel development and beamforming technique, a real-time
control mechanism to process, execute, and generate diverse radio frequency (RF) signal waveforms and antenna
patterns is of great interest to reap the system’s optimal efficiency. This research effort will focus on efficient
method and accurate control of RF spectrum of multiple antennas sub-arrays. The primary focus is to develop a
“performance algorithm’ approach under the design optimization within the input parameter constraints. Notionally,
one must consider the input-output relationship which could be nonlinear and multi-dimensiona with weighting
function. The algorithm shall derive an optimal control function (time, frequency, and space) to augment the digital
beamforming in antenna array panel development. For example, stochastic algorithm may offer an innovative
computational method beyond the typical conventional approach in the development of RF waveforms in radar and
electronic attack applications. However, this method may offer a good solution but would also attain multiple local
maximum and minimum solutions. The focus of this research is to derive a hybrid optimization performance
function, a composite solution of algorithm(s) and optimization method(s) that address nonlinear programming
‘global optimization’ problems. Optimally, this research effort will augment radar system capability and advance
electronic warfare technology, with the potential for scalable panel arrays, conformal radar systems, and space-based
radar applications.

PHASE I: Conduct proof of concept and develop an optimum performance function coupled with controlling design
parameters (scalable inputs variables) within the specified constraints while attaining an optimal solution for antenna
array scaling and beam shape forming

PHASE II: Implement and demonstrate the developed optimization algorithm model in a control environment to
generating antenna beam shape from a sub-array panel, and capable of executing multiple antenna beam shapes with
the “desired” power level concurrently.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The developed Optimization algorithm can be integrated in a hardware-in-the-loop radar
tracking model to obtain a set of optimum solution and improve Radar capability and EW performance.

Commercial Application: Optimization algorithm would be applicable for commercial aviation to attain resource
optimization and improve radar system performance concurrently.

REFERENCES:
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Optimization," 23rd |EEE International Conference on Distributed Computing Systems, p. 174, 2003
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4. Wing, O. F. and Ardan, T., “A Stochastic Multi-Objective Algorithm for Design of High performance
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5. Rao J. R. and Papalambros P. Y ., “A Non-linear Programming Continuation Strategy for One Parameter Design
Optimization Problems”, Proceedings of ASME Design Automation Conference, Sept. 1989
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AF112-142 TITLE: Hardware Based Broadband Ultra High-speed Digital Signal Processor

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 a broadband ultra high-speed signal processor for real time digital signal streams
representing broadband RF spectrum captures at greater than 10 GSPS for countermeasure application.

DESCRIPTION: Emerging broadband radio frequency/intermediate frequency (RF/IF) signal capture, recording and
analysis systems have the capability to create, in digital form, very large segments of the RF spectrum (bandwidths
up to 4 GHz or more) and in some cases record these signals for up to 60 minutes. The digitized information
contains all of the RF emissionsin the band including all of the modulation and signal information. This information
can provide immediate identification of signal of potential interest in electronic warfare and radar system
applications. However, post processing these huge data is time consuming and cost prohibits. The focus of this
research is to develop a system that can perform real time digital signal analysis on digitized data streams with data
rates greater than 10 Giga Samples/second. The goal is for the system to be able to, in real time, identify al signals
within the data stream and be able to accurately time-tag signals of interest for immediate action or post analysis.
Recent advances in high speed digital signal processing hardware, including powerful Field Programmable Gate
Arrays (FPGAS) with parallel processing capabilities may now make it possible to process time-domain digital
signal streams 100X faster than what was possible just a few years ago. An Ultra high-speed digita signal
processing system with this capability will improve countermeasure effectiveness, including electronic warfare
(EW), signal intelligence (SIGINT), and electromagnetic interference (ELINT) application. Current software based
system do not have the required speed nor the processing capability. The developed ultra high-speed system must be
ruggedized, small size, and low power consumption.

PHASE |: Determine the feasibility and develop a conceptua design of an ultra broadband hardware based high-
speed digital signal processing system.

PHASE II: Design and fabricate a prototype hardware for proof of concept testing in a laboratory environment.
Conduct preliminary testing demonstrating the system’s capabilities and performance.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Integrate the hardware prototype into an EW, SIGINT or ELINT system to demonstrate the
ultra high-speed digital signal processing capability.

Commercial Application: The system’s capability to monitor and analyze RF spectrum in real time, including the
ability to identify RF emitters for wireless, EMI regulatory compliance and homeland defense applications.

REFERENCES:
1. “Digital Signal Processing — Up to Microwave Frequency,” Asbeck P., Galton I., Wang K. C., Jensen J., Oki A.
K., Chang T.M., IEEE Trans on Microwave Theory and Technique, Vol. 50, NO 3, March 2002

2. “Analog-to-Digital Converter Survey and Analysis,” Walden, R. H. IEEE Journal on Selected Areasin
Communication, Vol. 17, NO 4, April 1999
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KEYWORDS: digital signal processor, ultra high-speed, countermeasure, electronic warfare, radar, radio frequency,
RF Spectrum, signal analysis

AF112-143 TITLE: Multi-Use Laser Sensors for Remotely Piloted Aircraft (RPA)

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: Research and develop new laser sensor technologies to meet sensing requirements and size, weight,
and power (SWaP) constraints for remotely piloted aircraft (RPA) and AF Combat Controller targeting.

DESCRIPTION: The Air Force currently operates a wide range of unmanned aeria vehicles (UAV) and miniature
loitering Precision Guided Munitions (PGM) that could benefit from onboard multi-use laser sensors. These sensors
could potentially provide guidance systems and target designation as well as detection, tracking, rangefinding and
proximity detection. Because of the variety of applications and platforms, a multi-function, scalable and/or modular
sensor is highly desirable. Current laser designator and rangefinder technologies are till too large and expensive to
meet the requirements for practical use on small RPA and handheld targeting platforms. Moreover, operational
applications are limited by optical and thermal efficiencies, the lack of multiple operation modes (low and high
pulse rate) and the need for athermal performance without complicated cooling.

This solicitation seeks the development and demonstration of innovative multi-use eyesafe laser sensors which can
aid navigation and also be used in targeting. These innovations should enable orders of magnitude reduction in costs,
while improving optical and thermal efficiencies, and achieving significant reductionsin SwWaP.

Proposed technology developments should include compact and inexpensive approaches to increasing optical
pumping efficiency, and improving overall thermal efficiency. Low timing jitter (with a goal of 2 ns) and pulse
widths of 7 to 10 ns are desired. For miniature UAVs, a system weight of under 0.25 Ibs and size under 1.5x1.5x3”
for small system applications are key objectives. These small systems require functiona ranges in excess of 500m,
and the recurring cost goal for the short range low powered laser modules is $500 per unit for “disposable”
applications. For larger RPAS, functional ranges up 10km are needed, and larger SWaP payloads could be traded for
increased capability. Since future applications should be compatible with NATO coding schemes for target marking,
responders are highly encouraged to partner with those experienced with laser designator and rangefinder system
reguirements.

Operating speeds range from 20 kts to 250kts which impact sensor scan rates, pulse repetition frequency, power and
beam quality. The sensors should have the capability to perform multiple tasks such as obstacle and target detection
simultaneously by rapidly changing modes. The sensors should have the ability to see through obscurants such as
smoke and fog at reduced ranges. To prevent detection by hostile forces, the sensors should operate at frequencies
which are not detectable by the night vision sensors and the waveforms should be eyesafe.

The unstable flight characteristics of the Small RPA environment due to turbulence and dynamics have to be
considered in the concept solution. Laser sensor systems for these applications need to consider transmitter, receiver,
optics, beam steering and stabilization, spot size, power storage, signal processing and downlink of the laser data.
Real time interface to the autopilot, guidance controller, or remote operator should also be addressed. Output data
should include range to target, size of target, discrimination and spot tracking.

PHASE I: Develop proof of concepts and design approaches that meet the described performance and functionality

for lightweight ground targeting and small RPA applications. The approach should also address future cost scaling
with moderate volume production in the form-factor required for deployed systems.
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PHASE Il: Build a breadboard system and perform laboratory testing and demonstration. Demonstrate advanced
operating modes for future semi-active guidance approaches and data transfer.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Possible uses for these products include laser designators, rangefinders, machining, free-space
communications and proximity fuze sensors.

Commercial Application: Products include laser machining, free-space communications, laser radar (LADAR) and
light radar (LIDAR), and rangefinders.

REFERENCES:
1. Bigger Payload, Longer Endurance” Boeing Scan Eagle/Integrator Article, July 2009,
http://www.boei ng.com/news/fronti ers/archive/2009/july/jul 09fronti ers.pdf

2. “Tube-launched UAVs could bein air in 2010, M. Hoffman,
http://ww.airforcetimes.com/news/2009/08/airforce_tube UAV_083009w/

3. “Conceptsfor Today Visions for Tomorrow”, Lt. Gen Wooley,
http://www.ndiagulfcoast.com/events/archive/31st symposium/day1/Wooley.pdf

4. PUMA, Bryan Freeman, 2009 NDIA Guns and Missile Symposium,
http://www.dtic.mil/ndia/2009gunmissile/ 7937freeman. pdf

5. * Advanced Ceramics Research Coyote”, Directory of U.S. Military Rockets and Missiles, Appendix 4:
Undesignated Vehicles, http://www.desi gnation-systems.net/dusrm/app4/coyote.html

KEYWORDS: target detection, target tracking, laser illuminator, laser designator, laser altimeter, laser rangefinder,
optical proximity sensor, collision avoidance, small RPA, PGM, micro air vehicle (MAV)

AF112-144 TITLE: Advanced Radar Concepts For Small (Tier I/11) RPAs

TECHNOLOGY AREAS: Air Platform, Sensors

OBJECTIVE: Research and develop advanced multi-mode radar(s) technology for use on small (Group I/I1)
remotely piloted aircraft (RPA).

DESCRIPTION: Ground Surveillance Radar (GSR) is a fundamental and proven component of DoD’s Battlefield
Awareness. Advanced radar systems on large RPAs and strike aircraft are capable of multiple modes. These modes
include high range resolution (HRR), multi-band, and multi-channel designs, which may maintain coherence for
extended periods, maximize target signal return, and minimize scene clutter effects at operationally relevant
altitudes. Synthetic Aperture Radar (SAR) and Ground Moving Target Indicators (GMTI) are products derived from
the same GSR system; however, most U.S. systems have been designed to focus on the SAR aspect vice the GMTI.
The ability to identify and track vehicles and dismounts has become a key focus, and DoD is initiating new ground
surveillance radar programs with a focus on the GMTI aspect, in particular Dismount Detection Radars (DDR) for
DoD RPAs. DoD is making major advances to add Dismount Detection capabilities at better than one-foot
resolutions using multiple receive channels. However, many of the new GMTI features and capabilities are focused
on larger DoD GSR systems.

Small (< 10 Ib) radars exist for RPAS, but nearly al are limited to SAR processing vice GMTI. Adding dismount
detection and tracking capabilities as part of a GMTI mode presents some very interesting challenges for small
RPAs. Incorporating these same GMTI/DDR capabilities into small RPAs will improve the tactical commander’'s
Battlefield Awareness and is the focus of this SBIR topic.
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Innovative approaches are needed to bridge the gap between advanced weapon system radars, and small Size Weight
& Power (SWaP) radar systems that can operate on Group I/I1 RPAs. There are several advantages to pursuing small
SWaP radars capabilities for enhanced small RPA capabilities. These include but are not limited to 1) dismount
detection and tracking; 2) assisted target recognition of vehicles and objects; 3) detection through foliage; 4)
building digital terrain models; 5) small object and wire detect; and 6) tracking through “move-stop-move’. The
goals of this SBIR topic are to identify potential small SWaP radar concepts; develop new radar or radar modalities
beyond the existing sub-ten pound class of SAR/IGMTI systems; and demonstrate new, innovative exploitation
capabilities using one of AFRL’s small RPAs.

PHASE |: Evaluate advanced multi-mode radar concepts for Group 1/I1 RPAs. Select candidate technologies that
take advantage of state of the art radar signal processing and exploitation algorithms.

PHASE II: Develop, integrate, and test hardware and software that leads to significant improvement in small SWaP
radar capabilities. Support AFRL in the radar integration and flight testing of the system with AFRL’s small RPA.
Development will utilize open standards to integrate radar data into an exploitation architecture for down chain
processing.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Application of GSR capabilities, with a focus on DDR, to small RPAs. Technology will apply
to Small RPAs currently in the DoD inventory.

Commercial Application: Small Multi-Mode GSR systems have application in the airborne monitoring activities in
the Police and Security sector.

REFERENCES:
1. Rihaczek, August W., personal communication indicating the possibility of signature deconstruction, 1980.

2. Woodward, P. M., Probability and Information Theory, with Applications to Radar, Artech House, 1980, pp 21.
3. Richards, Mark A., Fundamentals of Radar Signal Processing, McGraw-Hill, 2005, pp 258.

4. Rihaczek, August W., and Hershkowitz, Steven J., Radar Resolution and Complex-Image Analysis, Artech
House, 1996, pp 83.

KEYWORDS: SAR, GMTI, HRR, FAT, radar, exploitation, ground motion target indicator, feature aided tracking,
synthetic aperture radar

AF112-145 TITLE: High Resolution Wide Band Direct Conversion Receiver

TECHNOLOGY AREAS: Sensors, Electronics

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

OBJECTIVE: Develop and demonstrate a prototype very high resolution (up to 16 bits) wide bandwidth (up to 1
GHz) direct conversion receiver capable of continuous operation in a dense signal environment.

DESCRIPTION: The Air Force reguirement for rapidly identifying, receiving, and analyzing signals of interest
across a very wide frequency range necessitates the development of advanced methodologies and capabilities
consistent with successful high speed operation in dense signal environments across a wide frequency range.

The rapid reception and analysis of individual signals that exist in a dense signal environment across a wide
frequency band has proven difficult in the past due to interference of adjacent signals that may be widely separated
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in power level. Conventional receiver approaches have typically relied on narrowband implementations to scan the
subject frequency range and then to isolate individual signals from adjacent interference sources. Large differences
in signal power levels have required wide dynamic range performance to detect low power signalsin the presence of
strong interference. The scanning receiver architecture has inherent temporal characteristics that degrade the
probability of intercept for non-static signa types. The application of very wide band Digital Signal Processing
techniques has been shown to provide great flexibility in separating signals out of a dense environment, and in
applying modifications and upgrades as new approaches are identified. There are severa aspects to this problem,
including the sample rate and resolution of the signal digitizer, the signal processing algorithms to be applied to
isolate the signals of interest, and the storage of large volumes of data generated by the high speed digitizer(s).

The intent of this research is to investigate and identify system architectures and algorithms consistent with real-
world implementations utilizing state-of-the-art technology to provide high speed, highly selective, wide dynamic
range receiving capabilities in a dense signal environment with a population of signals throughout the dynamic
range. Due to the larger bandwidth and frequency agility of many of the current signal types when using complex
waveforms, special consideration needs to be given to real-time implementation and wide bandwidth capabilities.
Suitable architectures shall be analyzed since these are important tools in the implementation solutions. The results
of these investigations will include suitable algorithms required for an assessment of the performance against a
conventional receiver methodology. Hardware requirements to implement these algorithms will be identified.

PHASE I: Investigate architectura methodologies and processing algorithms to determine the feasibility of
producing a high resolution (up to 16 bits) wide bandwidth (up to 1 GHz) direct conversion receiver capable of
continuous operation in adense signal environment.

PHASE II: Develop and demonstrate a prototype High Resolution Wide Band Direct Conversion Receiver capable
of producing very high resolution (up to 16 hits) wide instantaneous bandwidth (up to 1 GHz) to be used in
providing continuous direct down conversion of complex signals for capture/demodulation/analysis purposes in a
dense signal environment.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Integrate the prototype unit to demonstrate its capability to provide continuous direct down
conversion of complex signals for capture/demodulation/analysis purposes in adense signal environment.
Commercial Application: This research will ultimately find utilization within the general communications segment.
It will be suitable for direct sampling and conversion applications adjacent to receiving apertures.

REFERENCES:
1. Digital Techniques for Wideband Receivers, 2nd Edition, J. Tsui, SciTech Publishing, 2004

2. UAV LPI Receiver Concepts, R. Normoyle and R Sims, DRS Signal Solutions, Low Praobability of Intercept,
ELINT/SIGNINT Conference, 17-19 November 2009.

KEYWORDS: Very Wide Bandwidth, Direct Conversion

AF112-146 TITLE: UltraaWideband Radio Frequency (RF) Vector Signal Generator for Early
Warning (EW) Applications

TECHNOLOGY AREAS: Sensors, Electronics

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

OBJECTIVE: Develop an Ultra-Wideband Vector Signal Generator to convert captured and digitally stored,
modified or created high-speed digital signal streams greater than 10 GSPS into complex wideband RF signals
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DESCRIPTION: Current high-speed RF signal capture and analysis systems have the ability to record, in digital
form, limited segments of the RF spectrum for only several minutes. Modern and emerging RF systems have
increasingly large signal bandwidths and use complex waveforms, which must be able to be recreated for anaysis,
testing, and other applications. High-speed digital signal processing and signal creation system are emerging that can
create precise digital representations of very complex broadband waveforms, with the capability to store and
recreate in digital form ultra wideband modulated RF waveforms of any duration. To alow this emerging capability
to be used to recreate the signals at RF, a Vector Signal Generator is needed to convert the high-speed digital data
streams (greater than 10 Giga Samples/Second) into a high quality modulated RF signal with low spurious sidel obes
and noise output. A system with this capability will have a wide range of applications in electronic warfare and
radar systems, including countermeasure development and vulnerability assessment. The focus of this research is to
develop a RF Vector Signal Generator that can (a) Reproduce signals with a RF instantaneous bandwidth greater
than 3 GHz; (b) RF center frequency up to 20 GHz, with a goal of 26 GHz; (c) Capable of accepting either digital
1&Q (Complex Signal representation of a Polar form where I/Q Data is the Cartesian (X,Y) coordinated system) or
sampled real RF input data; (d) Can accept digital data with a resolution of 8 bits, with 16 bit as the goal; (€) Data
sample rate at least 10 Giga samples/second; and (f) An analog | & Q input capability. The developed ultra
wideband RF Vector Signal Generator must be ruggedized, small size, and low power consumption.

PHASE I: Determine the feasibility of a conceptual design for an ultra-wideband RF Vector Signal Generator with
the desired characteristics.

PHASE IlI: Develop detailed design and fabricate a prototype for proof of concept testing in a laboratory
environment. Conduct preliminary testing demonstrating the system'’s capabilities and performance.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Integrate the prototype unit to demonstrate its capability to record and playback with high
fidelity live broadband signals, and emulate known waveforms for usein atest and evaluation environment.
Commercial Application: The capability to recreate complex broadband signal in a “real-world” environment to
assess wireless communication devices development and for design validation and testing.

REFERENCES:
1. Schreurs, D., Romero, JA., Martinez San Roman, J., Homayouni, M., Avalio, G.; Nauwelaers, B., “Inexpensive
Solution to Double RF Bandwidth of Vector Signal Generator,” ARFTG Microwave Measurement Symposium,
Dec. 2008 72nd

2. lbrahim, 1., Heuermann, H., “Novel theory and architecture of a vector signal generator implemented with two
PLLs,” European Conference on Wireless Technology, Oct. 2008

KEYWORDS: Vector Signal Generator, Ultra Wideband, Electronic Warfare, Radio Frequency, RF Signal,
Complex | & Q, Broadband Waveform, Modulator

AF112-147 TITLE: 3L (Lightweight, Low-Cost, Low-light) Focal Plane for Persistent Surveillance

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 a Visible-Near Infrared-Short Wave Infrared (VNIR-SWIR) 16 Megapixel Mosaic Imaging
System for night passive persistent surveillance.
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DESCRIPTION: Use of cooled thermal imagers for wide-area nighttime passive persistent surveillance results in a
prohibitive cost for the sensor, outweighing the small remotely-piloted aircraft’s cost. VNIR-SWIR detectors could
provide a lower cost option in urban areas with residual man-made illumination or in rural areas with some moon
illumination. Past solid-state low-light focal plane array (FPA) efforts have developed charge coupled device
(CCD)/complementary metal-oxide semiconductor (CMOS) hybrids, low-light CMOS and electron-multiplied
CCDs as well as short-wave infrared in small formats but cost and chip yield issues prevent scaling to extremely
large formats. Wide area coverage would be possible with a system comprised of a number of cameras, with each
camera comprised of a sparse array of lower format (one to few megapixel) sensor chips on a common substrate
with sufficient space between each chip to alow for interconnecting signal and power leads. Such a sparse array has
been referred to as a Composite Focal Plane Array (CFPA). A contiguous mosaic covering an area of persistence on
the ground is assured using a system of multiple cameras each with a different offset pattern of the CFPA and
overlap between adjacent CPFASs in the multiple cameras.

Innovative technology is needed to build a non-thermal mosaic imaging system with day/night capability. At a
minimum, the system requires spectral response from 0.55 - 1.0 microns with 0.55 — 1.7 microns as an objective.
The system must have sufficient signal-to-noise ratio, dynamic range, high uniformity, low blooming and low
residual image defects to allow detection, tracking and resolving of targets in urban and rural areas and provide
overwatch imagery to dispersed ground parties. The system must provide these capabilities from full sunlight down
to moonlit (1/4 moon), clear night sky (threshold), clear starlight (objective) illumination. The final system must
comprise at least 16 megapixels (threshold) using multiple cameras and provide at least a 10 hertz frame rate (i.e.
imaging at 160 megapixels/second). The ground sample distance (GSD) shall be sufficient to track humans in urban
environments from 10,000 ft altitude above ground level and 60 degree (threshold) 45 degree (objective) depression
angle. Detector pitch and fill factor trades shall be accomplished to balance charge well capacity, dynamic range,
focal plane availability, and size of the optics. CFPA assemblies shall have sufficient overlap to alow image
gtitching and target tracking in a downstream processor (such processors and associated algorithms shall not be
developed under this program however). The resulting data rate shall consider the use of fiber-optic vs copper
transmission off of a gimbal to the downstream processor. Array flatness shall allow sufficient depth of field for the
imaging tasks described above with optics no slower than f/1.4.

PHASE |: Phase | will develop candidate architectures for a complete camera and lens including the CFPA, read-
out, signal conditioning and image pre-processing (i.e. NUC and dead pixels). Motion smear at the image corners
during long integration times and proper shuttering will be considered. Key aspects of this phase include preliminary
design of a widefield of view optica system suitable for low-light imaging over militarily useful
temperature/altitude ranges, designing a layout of the sparse array that maximizes contiguous ground coverage and
investigating techniques to maintain flatness of the CFPA assembly to allow for adequate depth of field. Size,
weight and power (SWAP) of the full system comprising the several cameras, lenses and associated electronics shall
be estimated.

PHASE I1: A single prototype camera and lens using an approach determined by the Phase | effort shall be designed,
fabricated, tested and delivered. A full system comprising several cameras each with a different offset CFPA is not
required. An analysis of productability and affordability shall also be included. The Phase Il prototype will be robust
enough to undergo laboratory and limited environmental testing with the goal of producing a full ruggedized system
with complete and contiguous coverage under a future effort. SWAP of the full system shall be demonstrated via
analysis.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Lightweight focal plane single array or composite array assemblies would support camera
systems with persistent surveillance capability.

Commercial Application: Such cameras would have dual-use applications in law enforcement and home land
security.

REFERENCES:

1. “CCD/CMOS Hybrid FPA for Low Light Level Imaging”, Liu e a, downloaded from
www.fairchildimaging.com on 26 July 2010.
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2. Autonomous Real-Time Ground Ubiquitous Surveillance — Imaging System (ARGUS-IS), Leininger et a,
Proceedings of the SPIE Vol 6981, (2008)

KEYWORDS: imaging systems, low-light imaging, focal plane arrays

AF112-149 TITLE: Integrated Optica Thresholder Function for Use in Optical Analog to Digital
Converters (OADCs)

TECHNOLOGY AREAS: Sensors, Electronics

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

OBJECTIVE: Develop an innovative optical thresholder design that can be integrated into a Photonic Integrated
Circuit (PIC) structure enabling Optical Analog to Digital Converters (OADCSs).

DESCRIPTION: Because of the ahility to effectively move large amounts of digital information on fiber optic
networks there is a push to digitize information that would normally be transported in its native analog form. Once
an analog signa is converted into a digital form it can be transported to multiple destinations and retransmitted
without any degradation in the analog signal characteristics. Once the analog signal is captured into the digital
domain its analog properties of dynamic range, frequency response, noise figure, etc. are no longer impacted. At this
point digital networks based on commercial protocols can be used to transport this digitized analog information to
various sensor processing systems.

The ability to digitize a number of analog signals is currently limited by the performance of the current electrical
ADC components. Also, if many of the analog signals are being transported in an optical form an Optical Analog to
Digital Converter (OADC) design has the potential to operate at significantly higher sampling rates than Electrical
Analog to Digital Converter (EADC) designs due to the ability to perform the conversion in the optical domain.

A critical function needed to perform Optical Analog to Digital Converter (OADC) is an optical thresholder. An
optical thresholder would provide a binary output as the result of comparing an optical input against a threshold
level. In order for this function to fit into an OADC design it is desired to have the following features:

1. All optical — no conversion to electrical within the thresholder function

2. Integrated — monolithic design using Photonic Integrated Circuit (PIC) technology (SION, InP, Silica, SOI, etc.)

3. 10uW resolution — 10uW increments will enable 60 dB of dynamic range from 0 to 10mW input power

4. 10GHz — ahility to sample threshold output at 10GHz rate

5. 0/1 output — either optical or electrical

Additional considerations are size (die ared), thermal (atherma approach is preferred), electrical power, and
scalability to higher sample rates and number of bits.

PHASE I: Develop a integrated optical thresholder concept and demonstrate via modeling and simulation. Prove
baseline features and physical implementation concept

PHASE I1: Develop, build, test, and demonstrate a prototype optical thresholder concept as integrated into a scaled
down Optical Analog to Digital Converter (OADC) based on features and additional considerations listed. Test and
validate.

PHASE 11l DUAL USE COMMERCIALIZATION:

Military Application: Military radar, surveillance, electronic-warfare and communication receivers require efficient
ADCsto enable digital signal processing that improves system multi-functionality and performance.
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Commercial Application: Commercia high-speed instrumentation, including test and measurement equipment, as
well as wideband communications, sensors and imaging benefit from improved analog to digital conversion
techniques.

REFERENCES:
1. Fields, Richard A., “Optical Devices Employing an Optical Thresholder,” US Patent No: 6,529,674.

2. Fields, Richard A., “Optical Devices Employing an Optical Thresholder,” US Patent No: 6,327,399.

3. Kravtsov, K, Prucnal, P.R. and Bubnov, M.M., “Simple nonlinear interferometer-based all-optical thresholder and
its applications for optical CDMA,” 2007 OSA, Val. 15, No 20, October 2007.

4. Wang, X., Hamanaka, T., Wada, N., Kitayama, K., “Dispersion-flattened-fiber based optical thresholder for
multiple-access-interference suppression in OCDMW system,” 2005 OSA, Val. 13, No. 14, July 2005.

5. Zheng, Z., Weiner, A.M., “Novel optical thresholder based on second harmonic generation inlong periodically
poled lithium niobate for ultrashort pulse optical OCDMA,” 2000 OFC, Voal. 3, Pages 317-319, March 2000.

KEYWORDS: Avionics, Analog to Digita Converter (ADC) Fiber Optics; Optoelectronic Packaging; Optical
Threshold

AF112-150 TITLE: 20 Gigahertz (GHz) Radiation Hardened Solid State Power Amplifier (SSPA) for
Satellite Communications (SATCOM) Downlinks

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: Development of a new generation of ultra-linear K-band high-performance power amplifiers to
address future military satcom high data rate requirements.

DESCRIPTION: A new generation of high power amplifiers (HPAS) is required to support high data rate battlefield
communications at K-band. Future Military Satellite Communications Systems have the potential of achieving
much-needed higher signal capacities by employing complex modulation schemes in channels that are closely
spaced in frequency. Current state-of-art HPAs in the K-band show relatively low power (< 2 watts total) and/or
power-added efficiency (PAE). In addition, nonlinearities in 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. This SBIR effort will focus on
innovative approaches towards realizing ultra-linear 20 GHz HPAs with minimized adjacent channel interference.
The proposed approaches should address both the selected high-performance power transistor process and the
innovative ultra-linear HPA, towards demonstrating K-band HPAs with breakthrough linear-power performance.
The HPA should address the following challenging performance goals. Linearity should support an adjacent channel
power ratio better than -40 dBc for typical quadrature phase shift key modulation (and 64 quadrature amplitude
modul ation) when operating with output power greater than 1 watt and PAE greater than 35%. The 20.2— 21.2 GHz
performance should be accompanied by radio frequency (RF) output greater than 2 watts with an RF input of 100
milliwatts, spurious harmonics less than -80 dbc, voltage standing wave ratios of 1.5:1 (input), 2.0:1 (output), and
reliability that supports a 15-year mean mission duration. The selected power transistor and power amplifier
approaches should further support space application and a total dose radiation tolerance greater than 1 Million
Radiation Absorbed Dose (Mrad) (Si).
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PHASE |: The Phase | effort should address concept design and circuit simulations for the innovative, ultra-linear
K-band high power amplifier. The designs should be based on a suitable, high-performance power transistor
processes.

PHASE II: The Phase Il effort should include the fabrication and assembly of the ultra-linear K-band power
amplifiers that were designed in Phase |. Characterization of the developed high power amplifiers’ linearity, output
power, gain and efficiency (under typical signal and environmental conditions) should also be addressed in Phase |1.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The amplifier is proposed for terminals to support the high data rates of the future
transformational satellites.

Commercial Application: Technologies and methodologies under this effort will directly benefit commercia
communication networks in nearby frequency bands.

REFERENCES:

1. K. Takagi, Y. Kashiwabara, K. Masuda, K. Matsushita, H. Sakurai, K. Onodera, H. Kawasaki, Y. Takada, K.
Tsuda, “Ku-band AIGaN/GaN HEMT with over 30W,” 2007 IEEE European Microwave Integrated Circuits
Conference, pp. 169- 172, October 2007.

2. S. C. Cripps, Advanced Techniques in RF Power Amplifier Design, Artech House, 2002.

KEYWORDS: Solid State Power Amplifier, super high frequency (SHF), satellite communications, downlink,
Power Added Efficiency

AF112-151 TITLE: Trusted Integrated Circuit Procurement for Space Assets

TECHNOLOGY AREAS: Sensors, Electronics, Space Platforms

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

OBJECTIVE: Develop innovative methodologies to verify military space microelectronics are protected from
unauthorized tampering.

DESCRIPTION: As military satellite systems grow in complexity, with a wider variety of microcircuits embedded
in payloads, and as the fabrication of satellite microelectronics is increasingly outsourced to foreign semiconductor
foundries, the risk of sabotage from counterfeiting, embedded hardware/firmware Trojans, trapdoors, reliability
impairment, and/or circuit editing is becoming of increasing concern to the Air Force [1]. The risk of tampering has
been exacerbated in the last few decades by the rise in the global demand for microelectronics, which has led to the
migration of semiconductor manufacturing to off-shore foundries in emerging economies such as the Asian and
Pacific regions, complicating trusted integrated circuits procurement policy [2]. The purpose of this topic is to
support the development of hardware, software or design and/or fabrication examination and/or monitoring
processes as they relate to ensuring that microelectronics used in military systems, in general, and military satellite
systems, in particular, are not compromised by unauthorized integrated circuit modification.

The focus of this topic is on malicious hardware/firmware prevention, detection and response for commercial off-
the-shelf (COTYS) parts, as well as parts manufactured or programmed in a trusted foundry or environment [2]. There
are several factors to consider in the formulation of a solution to this problem [3]: (1) Existing hardware can be
maliciously altered to degrade its performance in an operational environment or to reduce its lifetime causing system
failures; (2) Additional circuitry can be added for malicious purposes and disguised to look like legitimate
functionality; (3) Malicious hardware can be both internally triggered (e.g., programmed to trigger on rare and/or
specific system state events) or externaly triggered by the adversary; (4) Insider threat and the use of untrusted
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software tools are a concern even when integrated circuits are manufactured/field-programmable gate arrays (FPGA)
programmed in a “trusted” environment; (5) In many cases, “gold standards’ for integrated circuits do not exist or
are not readily available, particularly for COTS parts; (6) Destructive statistical sampling-based techniques are not
always practical from a cost and/or schedule perspective. As a result, these tradeoffs and limitations should be
addressed in the proposed solution.

This topic seeks innovative solutions to the above problems that can include, but are not limited to, developing
countermeasures to malicious hardware alteration and tampering, hardware Trojan triggering mechanism disruption,
behavior-based hardware/firmware monitoring and response techniques, and covert tagging techniques.

PHASE |: (1) Research microelectronic device protection solutions, provide an analysis of aternatives, and select
the most promising approach for implementation in Phase Il; (2) Where appropriate, validate a limited prototype
through modeling and simulation.

PHASE II: Based on the results in Phase I, design and implement a fully functioning prototype solution; (2)
Demonstrate the effectiveness of the device or circuit anti-tamper, protection, or verification solution using a
compromised microelectronics device and/or maliciously altered wafer fabrication process; (3) Develop a final
report that describes the attack vectors mitigated by the solution.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Military space programs, such as theEHF program, Wideband Global SATCOM will benefit
from this research. Other applications include anti-tamper sensors and military communication systems.

Commercial Application: Commercial applications including financial systems, satellite communication systems,
such as DirecTV, and supervisory control and data acquisition (SCADA) systems will benefit from this research.

REFERENCES:
1. Sally Adee, “ The Hunt for the Kill Switch”, IEEE Spectrum, May 2008.

2. Sydney Pope, "Trusted Integrated Circuit Strategy," |EEE Trans. Components and Packaging Technologies, Val.
31, No. 1, 2008.

3. Markus Kuhn, “Trojan Hardware — some sdtrategies and defenses” University of Cambridge,
http://www.cl.cam.ac.uk/~mgk25/dagstuhl 08-hwtrojan. pdf

KEYWORDS: supply chain risk management, malicious hardware, hardware Trojans, firmware Trojans, FPGA
viruses, microelectronics, sabotage, trapdoor, product assurance, counterfeiting, reliability impairment, anti-
tampering

AF112-152 TITLE: Navigation Warfare (NAVWAR) compatible Global Positioning System (GPS)
receiver for resource limited applications

TECHNOLOGY AREAS: Air Platform, Sensors, Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationas, 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 demonstrate a small, NAVWAR compatible Global Positioning System (GPS) receiver
for resource limited applications.

DESCRIPTION: It is clear that mission performance on resource limited applications such as disadvantaged user

and Unmanned Aeria Vehicles (UAVS) is greatly enhanced by the use of the Global Positioning System (GPS) for
position, navigation and time (PNT). Navigation Warfare (NAVWAR) seeks to enhance military effectiveness
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through improving the robustness of DoD GPS receivers against interference signals while denying enemy use of
GPS through blue force electronic attack (BFEA). Current military GPS receivers are large, heavy, consume
excessive battery power, have cumbersome menu structures and are costly compared to commercial receivers. As a
result, many military applications utilize commercial GPS receivers that are not compatible with emerging
NAVWAR strategies and may limit NAVWAR effectiveness. Eventual modernized Military code (M-code) receiver
designs will greatly enhance US and its allies’ ability to wage NAVWAR. However, if current trends continue, M-
code receivers may also fall short of desired Size, Weight and Power-Cost (SWaP-C) goals for resource limited
applications. This may result in the continued use of commercial receivers that are not NAVWAR compatible. This
topic seeks to design a small SWAP-C NAVWAR compatible GPS receiver that incorporates protection technology
against BFEA and enemy jamming as well as providing situational awareness of the radio frequency (RF)
environment. The SWAP-C goals for this effort include; less than 3/4 size of current military handheld units, less
than 8 ounces with batteries, battery life of up to an objective of 120hrs per the MGUE Capabilities Development
Document (CDD) and cost of less than $500 per unit in large quantities. These estimates include a robust antenna
design required to provide anti-jam protection. The use of Course/Acquisition ( C/A) code as the primary means of
providing GPS PNT may be acceptable to meet SWAP-C goals however designs must provide PNT robustness
against jamming and be compatible with NAVWAR BFEA strategies. This effort requires the identification SWaP-
C drivers for current military GPS receivers, a review of current Modernized GPS User Equipment (MGUE) and
Common GPS Module (CGM) requirements, an understanding of the latest threats to GPS and an evaluation of
emerging NAVWAR strategies in order to develop small SWaP-C GPS receiver and protection designs. The effort
will ultimately design and demonstrate a small SWaP-C NAVWAR compatible GPS receiver with protection
technology applicable to resource limited applications specifically, disadvantaged user and UAVs. For this effort,
NAVWAR compatibility is defined as addressing the following: the GPS receiver must be able to provide accurate
navigation using GPS in the presence of BFEA signals that deny the use of GPS C/A code and other GNSS signals
potentially utilized by enemy forces. To further clarify, the NAVWAR compatible GPS receiver design must
minimize the use of C/A code or protect the C/A code signal from electronic attack. Situational awareness of the RF
environment is defined as providing the GPS user with information on the presence of interference signals including
enemy jamming and BFEA aswell asindicating the effect on current GPS performance.

PHASE I: Review current MGUE/CGM requirements and NAVWAR strategies. |dentify SWaP-C requirements and
develop prelim design for NAVWAR compatible GPS receiver for resource limited applications.

PHASE II: Finalize design of NAVWAR compatible GPS receiver. Build prototype components of the receiver to
demonstrate feasibility of the design. Demonstrate prototype in laboratory and field test trials. Prepare final report.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Build NAVWAR compatible GPS receiver based on Phase |1 prototype. Use of state of the art
technologies that shrink SWaP-C may help control cost of future receivers operating in NAVWAR environments.
Commercial Application: Technology developed will help to expand current commercia application of Global
Positioning System technology for the Air Force.

REFERENCES:
1. GPS Global Support Center website, US Army, https://gps.army.mil/gps/index.cfm

2. About.com website, http://usmilitary.about.com/od/militaryshoppingsurplus/tp/gps.htm
3. GPSWorld, "Warfighter: PPSvs SPS', John Kelly, Jan 2006

KEYWORDS: NAVWAR, SWaP-C, GPS Receiver, MGUE, CGM, Electronic Warfare

AF112-153 TITLE: Position Navigation and Time (PNT) Autonomous Negotiator Applying
Cognitive Interference Analysis (PANACIA)

TECHNOLOGY AREAS: Information Systems, Sensors

AF - 156



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 research asset that can perform autonomous analysis on Positioning, Navigation, and
Timing (PNT) systems to analyze thousands of interference types and their effects on PNT Systems/networks.

DESCRIPTION: An ongoing challenge for the DoD and commercial PNT users in genera is the inability to fully
comprehend the impacts of interference sources (intentional or unintentional) on their PNT equipment. Today, we
have historically attacked this problem from a reactive posture, in the future, we need to address this from a
predictive perspective based upon quantitative and qualitative analysis. Past research has focused exclusively upon a
specific waveform against a specific global positioning system (GPS) receiver — with no comprehensive database
being developed, cataloged and referenced because of its cost prohibitive nature and excessive time required for
completing such a feat. An autonomous analysis asset is required to quickly, accurately, and comprehensively
perform detailed analysis and arrive at beneficial effectiveness-based data that can be utilized across the PNT
community.

The primary purpose of this SBIR is to create such an asset and algorithms to parametrically perform autonomous
hardware-in-the-loop (HITL) analysis for both DoD and commercial PNT systems. The outputs will be
automatically analyzed and quantitative and qualitative database generated. The system will also be devel oped with
the flexibility and responsiveness to provide timely and accurate analysis as the global navigation satellite system
(GNSS) architecture matures and new interference types that are conceptuaized. The ability to create the test
scenarios, perform the analysis autonomously, simplify post test research while developing a comprehensive effects-
based database is the result of this SBIR.

The integrated test asset developed with this SBIR will be the first of its kind and enable the simplification of the
complex PNT system compliance and interference analysis that the DoD and commercial markets desires. The
simplification and autonomy of PNT analysis achieved under this effort will not sacrifice performance metrics such
as accuracy, validity, and usability of the overall database. The resulting individual cost savings will vary depending
on the number of PNT systems tested, interference types anayzed, and findings resulting from the analysis.
However, the overall cost savings will be significant for DoD and the commercial sector by being able to reduce the
operationa risk of the PNT system in a challenged environment since the counter capabilities will already be
resident in the user equipment.

PHASE |: Design the HITL test asset, algorithms for parametric setup and autonomous analysis across numerous
interference types and PNT systems. This will demo a clear path to development of an advanced test asset,
algorithms to create the needed compliance, integration and interference types/interfaces.

PHASE II: In Phase Il a complete PANACIA system will be developed and demonstrated with the existing GNSS
architecture and current jammer/interference systems. The database built will reflect both current commercial PNT
receivers (compliance testing and unclassified data) and DoD receivers (compliance testing and classified data)
against the latest known threat systems and projected technologies.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This system will establish the DoD standard for assessing military systems and the seventeen
critical commercia architectures identified by DHS as vulnerable to PNT information disruption or loss.
Commercial Application: This system will also establish the standardized compliance testing metric for commercial
systems that support US critical national infrastructure will fill the void that exists today.

REFERENCES:
1. Vulnerability Assessment of the Transportation Infrastructure Relying on the Global Positioning System. (29
August 2001)

2. BIENNIAL REPORT TO CONGRESS ON THE GLOBAL POSITIONING SYSTEM 1998.
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KEYWORDS: Navigation Warfare, PNT, automated analysis, cognitive interference, compliance testing

AF112-155 TITLE: Anti-jam (AJ) GPS Technology Development for Precise Global Positioning
System (GPS) Positioning Applications

TECHNOLOGY AREAS: Information Systems, 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/Demonstrate algorithms/technology that address challenges associated with the use of AJ
techniques such as Space Time Adaptive Processing (STAP) in precise GPS positioning (<30cm) applications

DESCRIPTION: The use of anti-jam (AJ) techniques, such as Space Time Adaptive Processing (STAP), that protect
traditional GPS receivers, produce pseudo-range biases that affect the overall position, velocity and time (PVT)
accuracy of precise positioning Global Positioning System (GPS) receivers. Studies have shown promising
techniques to reduce, or possibly eliminate, these pseudo-range/carrier phase biases. This topic will seek to further
understand the degraded accuracy issues associated with the use of anti-jam GPS techniques such as STAP. The
effort is targeted for precise positioning GPS receivers that use Carrier Phase Differential (CPD) and Real Time
Kinematic (RTK) techniques. Algorithms and techniques will be developed and integrated into prototype hardware.
Hardware in the loop simulations and field trials will be used to demonstrate algorithm performance of the prototype
hardware. The overall goal of the effort is to demonstrate precise positioning accuracy (less than 30cm from truth)
using the prototype hardware in an interference environment. An additional goal of this effort isto demonstrate high
timing precision using GPS tracking in an interference environment. Results from this effort will show the effects of
jamming/interference on precise positioning for protected and unprotected systems.

PHASE |: Produce simulation illustrating degradation in PVT due to STAP and other AJ GPS antenna solutions.
Develop technique to minimize error for precise GPS applications (<30cm). Design prototype to demonstrate
precise GPS position/time in greater than 80dB interference to GPS signal ratio environment.

PHASE I1: Build prototype hardware system designed in Phase |. Demonstrate prototype in laboratory and field test
trials. Demonstrations should show precise positioning (<30cm) and time in the presence of wideband (>20MHZz)
and narrow band interference. Design more robust precise positioning GPS receiver system from prototype lessons
learned.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Military GPS requiring high accuracy in jamming such as Joint Precision Approach Landing
System and Automated Aerial Refueling. Technology also enables new sensor capabilities to operate in jamming.
Commercial Application: Technology provides high accuracy GPS to be implemented where the potential for
interference exists. Surveying, aircraft landing, and high accuracy timing receivers are potential applications.

REFERENCES:
1. O’brien, Andrew J. and Gupta, Inder J., The Ohio State University, “Mitigation of Adaptive Antenna-Induced
Biasesin GNSS Receivers’, ION National Technical Meeting (NTM) 2008.

2. O'brien, Andrew J. and Gupta, Inder J.,, The Ohio State University, “Optimum Adaptive Filtering for GNSS
Antenna Arrays’, ION Global Navigation Satellite Systems (GNSS) Conference 2008.

3. Church, Christopher M. and Gupta, Inder J., The Ohio State University, “Calibration of GNSS Adaptive
Antennas’, ION Global Navigation Satellite Systems (GNSS) Conference 2009.
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KEYWORDS: Assured GPS integrity, Precise GPS Positioning, Anti-jam GPS antennas, Space Time Adaptive
Processing (STAP)

AF112-156 TITLE: Multifunction X-band Phased Array Antennafor Air/Space Surveillance and
Space Operations

TECHNOLOGY AREAS: Air Platform, Sensors, Electronics, Space Platforms

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

OBJECTIVE: Develop/Demonstrate a multifunction, multi-beam X-band subarray simultaneously supporting
communications for satellite operations and radar for air/space surveillance.

DESCRIPTION: Currently DoD requirements for X-band satellite communications operations (SATOPS) and X-
band radar for space situational awareness (SSA) are met using separate ground sites each with different antennas.
To reduce the cost and complexity of dual installations it would be highly desirable to develop an X-band antenna
capable of supporting both communications for tracking, telemetry, and commanding (TT&C) of multiple space
vehicles as well as radar for surveillance of air/space objects. Multiple beam phased arrays exist; however, a
multiple beam phased array capable of simultaneous X-band communication and X-band radar operations does not
exist. Building a phased array that supports both communications and radar presents many new challenges, the most
important is the isolation between simultaneous transmit and receive signals. Specifically, high power transmit
signals (comm and radar) couple into receive channels (comm and radar) and may saturate the front-end LNAs and
also produce unwanted interference. Achieving over a 100 dB of isolation between transmit and receive channelsis
extremely difficult and will require creative solutions. Thus, this topic will require innovative R&D to explore the
technical feasibility of combining both communications and radar in the same phased array.

This topic supports both DoD X-band communication and radar systems by the development of a single multi-
function Electronically Scanned Array (ESA). It is envisioned that the basic building block of such an ESA could be
a multilayer tile subarray which can operate with either two X-band communication beams or one communication
beam and one X-band radar beam [1,2,3].

The design of the subarray is an important first step. Innovative approaches are encouraged; each should include but
are not limited to addressing the following topics: the different X-band frequencies for communications and radar,
the isolation needed between transmitted and received signals for simultaneous full-duplex communication and radar
operation, thermal management, and the size, weight and power (SWAP). Follow-on fabrication and testing of the
subarray would validate the readiness to develop a multiple subarray ESA.

PHASE I: Investigate possible X-band ESA concepts and architectures that can achieve simultaneous multiple-beam
communication and radar operations. The design of a multi-layer tile subarray with 2 X 2 elements can be
considered as a viable option.

PHASE Il Perform detail numerical simulation and refine the design trade-offs in terms of communication and
radar operation and performance, as well as fabrication, reliability, and cost. Fabricate a2 X 2 element subarray and
test in afar-field range.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The subarray would be the basic building block of an ESA antennafor the air and space traffic
control, homeland defense, cruise missile defense for both military and commercial users.

Commercial Application: The Civilian application would include satellite communication and surveillance for air
traffic control.
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REFERENCES:
1. R.L. Haupt, “Antenna Arrays: A Computational Approach,” John Wiley & Sons, 2010.

2. R.J. Mailloux, “Phased Array Antenna Handbook, “ Artech House Inc., Boston 1994
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AF112-157 TITLE: Synthetic Aperture Radar (SAR) Aided Navigation

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: Research and development of a navigation system where measurements derived from synthetic
aperture radar (SAR) data are used to aid an integrated GPS/INS navigator.

DESCRIPTION: Future sensing systems are being designed to work in an integrated fashion. One key challenge in
developing these disparate sensing concepts is the assurance of a robust common coordinate frame among the
sensing platforms. This common coordinate frame is necessary for the fusion of data from the disparate platforms.
Currently, integrated global positioning system/ inertial navigation system (GPS/INS) navigation systems provide
this common coordinate frame; however, GPS susceptible to jamming. One approach to overcome this challenge is
to perform research on the integration of measurements derived from a synthetic aperture radar (SAR) sensor with a
GPS/INS system. An optimal approach to tightly integrate these derived SAR measurements with GPS and INS is
desired. Specifically the research needed includes derivation of both position update from SAR images as well as
velocity updates which may be able to be obtained from the processing of SAR data.

In performing this research, of interest is not only the accuracy of the measurements derived from SAR, but methods
to determine measurement integrity. Given the measurements derived from SAR are dependent on the environment,
the SAR data is collected from (i.e. measurements derived from SAR data collected over water may be of limited
value as compared to SAR data collected over land) a framework to quantify the system performance based on the
environment sensed by the SAR sensor is also of interest.

PHASE |: Consider alternative approaches for the extraction of information from SAR data including motion
estimates from focusing information as well as SAR image feature matching. Desigh and develop an approach to
optimally integrate these measurementsin atightly coupled GPS/INS navigation system.

PHASE |I: Development and build of a proof of concept device where measurements from SAR data are extracted
and combined with a tightly couple GPS/INS navigation system. Characterize the performance of the system with
full GPS and degraded GPS (< 4 satellites).

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application:Production development program for a system which processes and extracts measurement from
a SAR system and integrates them with GPS and INS measurements.

Commercial Application: Customers performing Layered Sensing tasks have a strong need for this to ensure a
robust relative navigation solution.

REFERENCES:
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1. Bevington, J. E, C. A. Marttila, “Precision Aided Inertial Navigation Using SAR and Digital Map Data,” Position
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AF112-158 TITLE: High Spatial Resolution Hyperspectral Sensor

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: Design and build a hyperspectral sensor that maintains high spatial resolution information.

DESCRIPTION: Current hyperspectral sensor systems sacrifice spatial resolution for area coverage based on the
premise that target detection and material identification can be accomplished on small, possibly sub-pixel targets,
solely on the spectral content in the imagery. However, these sensor systems are not utilized for target identification
with shape-based algorithms or human-in-the-loop exploitation due to the limited spatial content. Further, there have
been a number of applications where smaller, pure pixels can benefit target detection, identification and tracking.
The challenge of this effort is to design and build a long wave infrared (LWIR) hyperspectral sensor system that is
capable of placing enough pixels on target for shape-based target identification, while maintaining the ability to
detect and identify the target material based on its spectral signature. The candidate technology transition platformis
a mid-altitude reconnaissance aircraft, flying at 15,000 ft. (possibly up to 45° off-nadir). The sensor should be able
to maintain 0.3m (threshold) ground resolution distance (GRD) in both nadir and oblique flight geometries with a
target GRD of 0.15m (objective). The minimum nadir ground area of coverage for the specified flight geometries
should be at least 40m x 40m (threshold) with adesired nadir coverage of 80m x 80m (objective).

For sufficient spectral processing and nighttime imaging capability, the LWIR hyperspectral imaging (HSI) sensor
should cover 8-11 micrometers (threshold) with a desired spectral coverage of 7.5-12.5 micrometers (objective). The
spectral resolution of the sensor should be 50 nanometers (threshold) with a target spectral resolution of 25
nanometers (objective). The system shall minimize smile and keystone distortions to less than 0.1 pixels in both
dimensions. In order to adequately utilize the spectral content of the imagery, the noise equivalent spectral radiance
(NESR) of the system shall be less than or equal to 1 W/sr cm2 m and the system shall capture the entire image cube
in less than 0.3 seconds (threshold) with a target image acquisition time of 0.1 seconds (objective). Because the
sensor system will most likely be utilized in dynamic environments, it will most likely be queued to the target
location. Balancing both spatial and spectral fidelity by reducing aiasing and distortion in both dimensions will be
the aspect of the sensor design that carries the most risk.

To adequately integrate this system onto an airborne platform carrying other sensor payloads, minimal size, weight
and power should be in the forefront of the system design. Designs should promote possible integration into a
smalled, manned aircraft (threshold) and ideally, into a Tier 1| unmanned aeria vehicle (UAV) (objective).

While software for sensor operability will be an integral part of the system, the solution to this solicitation shall be a

hardware deliverable. Thisis not atarget identification or target detection agorithm effort. Software only solutions
will not be considered.
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PHASE |: Start with analysis of aternatives for achieving listed requirements, including trades in Modulation
transfer function (MTF), spectral ranges, bandwidths & addressing HSI inter-band registration, spatial/spectral
aberrations & aliasing. A preliminary design for the system will also be devel oped.

PHASE II: The Phase Il of this effort will begin with the refinement of the preliminary design(s) developed under
the Phase | effort. The goal of the Phase |1 effort will be to produce a working prototype instrument that addresses
the solicitation requirements with the appropriate analysis of alternatives referenced during the Phase .

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Further refinement for miniaturization, ruggedization for flight testing on chosen aircraft. The
technology will also be applicable to other reconnaissance platforms, as well as extending the CONOPs.

Commercial Application: Commercial applications of this technology include law enforcement, border patrol and
search and rescue.

REFERENCES:

1. Eismann, M. T., Stocker, A. D., and Nasrabadi, N. M., “Automated hyperspectral cueing for civilian search and
rescue,” Proceedings of the IEEE, vol. 97, pp. 1031-1055, June 2009.

2. Hackwsll, J. A., Warren, D. W., Bongiovi, R. P., Hansdl, S. J.,, Hayhurst, T. L., Mabry, D. J,, Sivjee, M. G., and
Skinner, J. W., “LWIR/MWIR imaging hyperspectral sensor for airborne and ground-based remote sensing,”
Proceedings of the SPIE, vol. 2819, August 1996.

3. Lucey, P. G., Williams, T., and Winter, M., “Recent results from AHI, an LWIR hyperspectral imager,”
Proceedings of the SPIE, vol. 5159, pp. 361-369, 2003.

4. http://www.airpower.maxwell.af . mil/airchronicles/cc/uav.html
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AF112-159 TITLE: Static Systematical Assessment for Dynamic Reputation M anagement
Initialization

TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: Develop a tractable off-line methodology for calculating the initial trustworthiness of nodes within a
wireless sensor network.

DESCRIPTION: Distributed sensing systems, especially wireless sensor networks (WSN), are highly vulnerable to
compromise due to the adversary’s access to the device, constrained computing resources, and limited mission
availability. While anti-tamper mechanisms can be deployed on each device, this may become cost prohibitive. This
istrue for large-scale ubiquitous sensor networks where the physical security requirements for each node exceed the
utility that an individual node provides to the system. An aternative and potentially more efficient approach is to
deploy a reputation management service over the entire WSN. A reputation management service provides the
capacity for each node to track which peers are cooperative and non-cooperative by evaluating the outcome of
historical interactions (i.e., sensor reports, packet forwarding, topology dissemination, etc.). Such a service permits
nodes to develop relationships between cooperative peers while learning to avoid non-cooperative and potentially
malicious peers. The adaptive response at the node level permits the system to recover from degradation. There is
considerable research in the field of reputation management systems such as[1],[2],[3],[4] with the emphasis mainly
on the measurement and propagation of peer-level reputation. Since reputation is based on historical interactions, a
reputation service is initialy useless when there are little or no available histories on neighboring nodes. During a
“warm-up” period a node does not have enough information to reach valid conclusions about a neighborhood's
expected behavior and may avoid truly cooperative nodes or naively interact with malicious nodes. Most reputation
management services assign a homogeneous initial value to all system components (such assuming al peers start
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with good or bad reputation). Thisis problematic, since agiven initidization strategy 1) is not guaranteed to provide
a starting condition that a WSN can initialy perform its mission and 2) may severely deviate from the actual
conditions and therefore require an excessive warm-up period. An improvement to the initialization strategy should
minimize the warm-up period of the reputation system. Specifically, theinitiaization strategy should provide avalid
initial condition that is more sensitive to the invariant contextual parameters of a WSN node (such as position
within topology, role in WSN application, software architecture, radio, exposure level, threat model, deployed
protections, etc.).

This effort will address the initialization problem for dynamic reputation management services deployed on
distributed systems such as wireless sensor networks by developing an automated evaluation technique that can
estimate the initial reputation of nodes within a system. Since reputation is based on learned interaction histories,
other assessment techniques must be explored to evaluate each component on its inherent trustworthiness or risk
with respect to the system. One such example would be the trustworthiness metric proposed in [5]; however, other
techniques that exploit available information from the sensing architecture are highly encouraged.

The evaluation technique should take into consideration the intrinsic security properties of a given system
component and the external dependencies it shares with other nodes within the system. Additionally, the results of
the evaluation technique should have composability, akin to overlapping subproblems, such that higher echelon
system constructs can be evaluated as a function of the evaluations for each of its components. For example, a
wireless sensor network cluster is comprised of several sensor motes. Composability would alow the initial
reputation of the cluster to be related to the initial reputation of each mote within the cluster. This would allow the
assessment of hierarchical systems complex distributed systems including, but not limited to wireless sensor
networks.

PHASE I: 1) Develop atractable way to evaluate the initial reputation of nodes within aWSN or similar distributed
system; 2) Explore the transitivity of a node's evaluation and its effect on other node evaluations; 3) Demonstrate
the proof of feasibility by showing warm-up period is minimized using evaluation technique for distributed systems
while under attack and normal conditions.

PHASE I1: 1) Extend the evaluation method to incorporate evaluations of related nodes within a WSN or equivalent
system; 2) Extend the methodology such that it can combine subcomponent assessments to generate composite,
higher-level system component assessments; and 3) Develop a demonstrable prototype that can be incorporated into
an existing or experimental reputation management service within arealistic distributed system application, such as
a people tracking using awireless sensor network.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This technique will minimize the warm-up period for reputation services over WSN systems,
which reduces the period of time that the system is vulnerable to mischief. In addition, this evaluation technique can
used to assess the impact of design, deployment strategy, or environmental changes on initia reputation for WSN or
similar distributed systems.

Commercial Application: Ubiquitous computing is an emerging area of commercial potential that operates within
similar scale and exposure risk as military sensing systems. Therefore, this capability can be applied to large-scale
networked devices for ubiquitous computing applications that use reputation services to identify and isolate
misbehaving nodes. By seeding the initial reputation for all nodes within the system in regard to things such as
deployment, environment, and design properties, the warm-up time can be reduced. Likewise, the effects of design,
deployment, and environmental changes can be explored as a maximizing search optimization over the evaluation
technique.

REFERENCES:
1. W. Zang, SK. Das, and Y. Liu, “A Trust Based Framework for Secure Data Aggregation in Wireless Sensor
Networks,” in IEEE SECON, 2006, pp. 60-69.

2. |. Ray and S. Chakraborty, “A Vector Model of Trust for Developing Trustworthy Systems,” in European
Symposium on Research in Computer Security, 2004, pp. 260-275.

AF - 163



3. Denko M. K. et al. "A Trust Management Scheme for Enhancing Security in Pervasive Wireless Networks,"
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4. P. Michiadi and R. Molva, "CORE: A Collaborative Reputation mechanism to Enforce Node Cooperation,” Proc.
6th IFIP CMS Conf, pp. 102-121, 2002.

5. John Erickson, "Trust metrics,” in International Symposium on Collaborative Technologies and Systems, 2009,
pp.93-97.
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AF112-160 TITLE: Holographic Optical Elements for Coherent and Spectral Laser Beam Combining

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Identify, develop, and demonstrate innovative optical components for coherent and spectral laser
beam combining in multichannel mid-wavelength infrared (3-8 micron) laser systems.

DESCRIPTION: Laser systems are widely used for remote sensing, laser detection and ranging, free space optical
communication, micromachining, medical surgery, chemical spectroscopy, infrared countermeasures. Many rugged
sensors systems requiring high quality photon radiation for mobile platforms are currently based on solid state and
fiber lasers, and ideally these systems would be based on integrated semiconductor lasers solutions. A number of
applications require increased power of laser sources. The approach enabling power increase beyond limits of single
aperture sources is beam combining. There are two types of laser beam combining. The first one is a spectral beam
combining where the use of spectral dispersive elements or spectral filters allows spatial and angular combining of
several sources with different wavelengths. The second one is a coherent beam combining where different laser
sources are phase locked in such manner that they provide constructive interference at semitransparent optical
components (beam splitters-combiners). Those optical components are mainly based on different types of diffractive
gratings which are produced by surface profiling of by volume hologram recording. The highest spectral density in
combined beams was demonstrated with the use of volume Bragg gratings which demonstrate high spectral
selectivity, high tolerance to laser radiation and high robustness. However, these volume Bragg gratings were
recorded in a silica glass which is spectrally limited to visible and near-infrared bands no grester than about 2
micron optical wavelength. There were some successful attempts to fabricate holographic optical elements in
Gallium Arsenide and Zink Selenide materials that are transparent in Mid-Wavelength Infrared (MWIR) region of 3-
8 micron optical wavelength.

There is a strong demand for laser sources operating in MWIR because of eye safety, transparency window in
atmosphere, a number of important chemical components having absorption bands in this region, and also it is the
region of thermal radiation. However, most of available diffractive optical elements are fabricated from silica or
silicate compounds which are not transparent in MWIR region. Thus, hew materials, which enable fabrication of
diffractive optical elements for spectral and coherent beam combining in MWIR, need to be developed.
Alternatively, these new optical materials can be used for recording advanced holographic optical elements for laser
modes tuning and laser beam control.

There are several known technologies to produce surface profiles, eg. surface etching or epitaxial growth.
Alternatively, the spatial modulation of refractive index can be produced by direct laser writing, photo-thermo-
induced or optical filed-induced structura transformations. There are several chalcogenide glass forming systems
which are transparent in MWIR, e.g. tellurides, selenides, germanates, antimonides etc. However, there are no
commercialy available materials and technologies enabling fabrication of diffractive optica elements with high
spectral selectivity in MWIR. Thus, there is a need to establish a technology of fabrication of diffractive optical
elements which enabl e efficient spectral and coherent combining of MWIR laser beams.
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PHASE I: Determine and demonstrate materials and fabrication techniques for manufacturing diffractive optical
elements applicable for spectral and coherent combining of laser beams in MWIR (3-8 micron). Provide samples of
diffractive optical elementsto the Air Force for testing and evaluation.

PHASE Il Using results from Phase I, fabricate and validate prototypes of diffractive optical elements for efficient
splitting and combining of laser beams in MWIR (3-8 micron). Provide practical implementation of coherent and
spectral laser beam combining of up to 10 channels and predict what would be the practical limit. Identify other
limitations of developed materials and fabrication techniques.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Multichannel single aperture laser systems for remote sensing, target detection, free space
optical communication, infrared countermeasures, chemicals detection.

Commercial Application: Micromachining, chemical anaysis, optical memory, laser modes tuning, laser
applications with reduced heat affected zone for medical surgery,

REFERENCES:
1. K. Hirao. T. Mitsuyu, J. Si, J. Qiu, Active Glass for Photonic Devices: Photoinduced Structures and Their
Application, ISBN 3540410651, Springer, 2001.

2. M.S. Shahriar, J. Riccobono, M. Kleinschmit, J.T. Shen, “Coherent and incoherent beam combination using thick
hologram substrates’, Optics Communications 220 (2003) 75-83.

3. O. Andrusyak, V. Smirnov, G. Venus, V. Rotar, L. Glebov, “Spectral Combining and Coherent Coupling of
Lasersby Volume Bragg Gratings’, |EEE J. of Selected Topics in Quantum Electronics, 15 (2009) 344-353.

4. S.G. Krivoshlykov, “Holography offers cost-effective process for fabricating semiconductor optical components”,
MRS Bulletin, 33 (2008) 496-497.

KEYWORDS: mid-wavelength infrared, laser, Bragg grating, chalcogenide glass, beam combining, holographic
optical elements

AF112-163 TITLE: Layered Target Reacquisition and Prosecution from Wide Area Motion |magery
(WAMI) Cues

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Handoff of target tracks & labels from WAMI to sensors on weapon & small unmanned aircraft
systems (SUAS) platforms to integrate close-in sensing layer with persistent surveillance to perform continuous
tracking of civilian vehicles and/or dismounts.

DESCRIPTION: The technical community has made significant progress in developing wide area motion imagery
sensors and preliminary tools for exploitation, including ground object tracking. This capability allows observation
over large areas and extended periods of time, but provides (a) only limited phenomenology and (b) only
observation of objects. This effort addresses both of these shortcomings by integrating cues (tracks, locations, labels
and other parameters) from WAMI with lower, closer systems such as munitions and small unmanned systems. Both
provide additional phenomenology (resolution, mode, geometry) to improve target labeling, and munitions
reacquisition supports target engagement. Challenges include location estimation and projection for moving targets,
object feature and label association across platforms, viewpoints, and modes; and resource management to support
these functions.

State of the art moving target tracking for civilian vehicles and dismounts provides very short term tracks and breaks
track easily based on poor geolocation, limited motion or obscuration. WAMI sensing supports only limited feature
aiding for kinematic trackers to mitigate these challenges. Sensors with additional spatial/spectral/temporal
resolution (such as those potentialy deployed on SUAS or munitions) observe only a limited area but high quality

AF - 165



association has been observed (though not demonstrated across conditions). Parametric understanding of association
quality and its dependence on geolocation accuracy do not currently exist and would be valuable contributions of
this effort.

This parametric understanding also serves as the model support for resource management that would determine
platform route for the munition or SUAS, sensor and mode utilization, and information combination. Current state of
the art has only very limited model support for resource management.

PHASE |: Develop initial cueing agorithm approaches for moving targetsin WAMI data and perform system trades
to identify critical operating condition variability and its impact on target handoff from WAMI sensing to the lower
tier. Develop initiadl WAMI to close-in cue association approaches for moving targets.

PHASE II: Implement tracking, association, resource management and handoff agorithms from the Phase |
approaches and parametric models developed. Validate anticipated performance through parametric
experimentation.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Persistent target tracking and engagement in challenging scenarios
Commercial Application; Border surveillance

REFERENCES:

1. M. Bryant, P. Johnson, B.M. Kent, M. Nowak, S. Rogers, "Layered sensing: its definition, attributes, and guiding
principles for AFRL strategic technology development,” white paper version 6.0, May 2008.
http://www.wpafb.af.mil/shared/media/document/A FD-080820-005. pdf

2. Z. Wang, E. P. Blasch, K. Pham, and G. Chen, “A GMTI Method via Comparing Two Consecutive Phase
Difference Maps of the Same Target Area for Small UAVs,” |EEE National Aerospace & Electronics Conference
(NAECON), Proceedings of the IEEE 2010 NAECON, Issue July 2010, 14-16 July 2010.

3. Video Sample Set #2, https:.//www.sdms.afrl.af.mil/index.php?collection=video sample set 2

4. Greene 2007, https.//www.sdms.afrl.af.mil/index.php?collection=greene07

5. Cosmo Castellano and Bruce Preiss, “Layered Sensing Operations Center: Urban Tracking Results’, 78th Military
Operations Research Society (MORS) Symposium, Quantico, VA, 21-24 Jun 2010.

6. Frequently Asked Questions from TPOC (posted in SITIS 5/24/11).

KEYWORDS: tracking, wide area motion imagery, registration, munition, SUAS

AF112-165 TITLE: Conformal Packaging and Installation Techniques for In Situ Sensors In Extreme
Environments

TECHNOLOGY AREAS: Air Platform, Material s/Processes

OBJECTIVE: Develop a packaging methodology and associated installation techniques for encapsulating and
mounting passive sensors at service temperatures ranging from -60°C to +300°C and +600°C.

DESCRIPTION: This topic seeks novel concepts for packaging and installing conformal sensors for in situ
measurement of structural health monitoring data in extreme environments at temperatures ranging from -60°C up to
+600°C and accelerations levels up to 56600g. The packaging should be easily installed with no permanent changes
to the engine component or surface upon which it is installed. The packaged sensor must be sufficiently small and
conformal to avoid disrupting aerodynamic flows.
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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, transmission parts) where
a conformal 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. For example,
strain and shear are sensed with this technique. However, wired sensors are generally limited to temperate
environments and stationary structures. New types of miniaturized wireless sensors are being developed to address
these deficiencies but conformal, high-temperature packaging and instalation methods are not yet available to
support these emerging sensors. As the sensor technology evolves to meet the requirements of the environment, new
packaging materials and in situ installation methods are needed to facilitate the application of these new sensing
capabilitiesin harsh environments.

PHASE |: Determine technical feasibility and identify viable approaches for packaging conformal, high temperature
sensorsin harsh environments. Feasibility must be addressed for operating temperature, high acceleration levels, low
mass, aerodynamics, ease of installation, and variable sensor size.

PHASE I1: Fabricate and demonstrate the operation of a number of packages and install them conformally on a high
speed, high-temperature aerospace component. The operating environment includes temperatures up to +600°C and
acceleration forces up to 56600g.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Conformal high-temperature packages are being devel oped for use in aerospace applicationsin
all military platforms.

Commercial Application: This device technology could be used in awide variety of industria testing and structural
health monitoring applications.

REFERENCES:

1. Wireless Strain Sensing Networks; SW. Arms, C.P. Townsend, JH. Galbreath, A.T. Newhard 2nd European
Workshop on Structural Health Monitoring, Munich, Germany, 7-9 July 2004 MicroStrain, Inc., 310 Hurricane
Lane, Unit 4, Williston, VT 05495 www.microstrain.com

2. An Experimental and Theoretical Characterization of a Broadband Arbitrarily Polarized Rectenna Array; J. A.
Hagerty, Z. Popovic; Department of Electrical and Computer Engineering, University of Colorado Bolder, CO;
IEEE, MTT-S Digest 2001 pp 1855-1858.

3. The RF-Powered Surface Wave Sensor Oscillator—A Successful Alternative to Passive
Wireless Sensing; Ivan D. Avramov; ieee transactions on ultrasonics, ferroelectrics, and frequency control, vol. 51,
no. 9, September 2004 pg 1148.

4. Wireless Telemetry for Gas-Turbine Applications; Russell G. DeAnna; U.S. Army Research Laboratory, Glenn
Research Center, Cleveland, Ohio; NASA/TM—2000-209815 March 2000
ARL-MR-474.

5. A. Behbahani and K. Semega, Sensing Challenges for Controls and PHM in the Hostile Operating Conditions of
Modern Turbine Engine (Postprint), July 2008, 14 pages.

KEYWORDS: strain sensor, wireless sensor, passive sensor, conformal sensor

AF112-166 TITLE: Advanced Measurement Technology for Improved Turbine Machinery
Component Devel opment

TECHNOLOGY AREAS: Air Platform, Ground/Sea V ehicles

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
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foreign nationas, 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 apply high-accuracy sensor and algorithm technology to ground based production
balancing and diagnostics for awide variety of turbo-machinery applications.

DESCRIPTION: Mass balancing of turbine machinery is a critical capability that compensates for variability of
manufacturing processes and material systems. It also compensates for material systems that have less than ideal
characteristics or unique characteristics. Mass balancing is critical for components and fixtures that operate at high
speeds, require long bearing life, and must have freedom from vibration induced effects including failure. Current
techniques employed in the turbine manufacturing (factory) environment use specialized equipment and tooling that
provides capability that is unavailable in the field due to reasons of difficulty to employ or required performance.
These techniques are often based on an iterative process that results in a high expenditure of labor to meet
specifications, yet could result in less accuracy and repeatability (low process/tolerance ratio) than desired. They are
also based on sensors, actuators and fixtures which provide limited accuracy (amplitude, phase angle) when
measuring small imbalance and vibration. Development of highly accurate new sensors and algorithms are required
to improve the current state of the art employed in component production and devel opment applications. The sensors
will be considered for employment in existing machinery and tooling applications to significantly enhance the
quality of the data (provide high confidence and repeatability) in balancing rotor systems. A highly accurate
measurement system will make a significant contribution toward eliminating rework, test anomalies, field problems
and reducing overall cost. Current research in sensor and actuator technology for active vibration control (including
balancing) has resulted in sensors and actuators that are more compact, higher performing, and versatile over the last
decades. Piezo-ceramic and silicon nanotechnology devices are becoming mature for high performance
measurement and active control applications. Self-powered sensors are now a possibility in many difficult to
instrument applications. The combination of improved sensing devices and active control techniques offer
significantly capability enhancements compared to the state of the art vibration reduction and balance techniques
used in the production (factory) environment. In the Phase | effort the proposed technology must demonstrate the
ability to achieve balance within (0.1" ounce-inches) for 95 percent of the time without iterations. A high confidence
level of the procedure is the ultimate goal .

Phase |: Demonstrate the feasibility of a high accuracy and high confidence sensor system for turbine balance
applications that can be used in both a production environment as well asin adepot or laboratory environment based
on the regquirements set forth in the description.

Phase I1: Fully develop and refine the Phase | concept into a prototype system consisting of sensor hardware and
measurement electronics for the proposed turbine balancing system. Demonstrate the system capability by
conducting tests on a relevant engine compressor or turbine rig and compare results with state-of-the-art balancing
methods. Provide a concept of operations for both production application and field use with a list of required
utilities’equipment for operation. It is desired that the prototype be delivered to the AF for further testing and
validation on turbine engine rigs and rotating components.

PHASE Il DUAL USE COMMERCIALIZATION: Military Application: Legacy and advanced engine component
technology, rotor system, compressor, and turbine are target military applications.

Commercial Application: The technology developed is applicable to commercial rotating machinery balancing and
vibration applications including, tooling, electric motors, and gas turbines.

REFERENCES:
1. Fulmek, Paul, Wandling Florian, Zdiarsky Wolfgang, and Brasseur, Georg, “Capacitive Sensors for Relative
Angle Measurement,” |EEE Transactions of Instrumentation and Measurement, VVol. 51, No. 6, December 6, 2002.

2. Pesatori, A., Norgia M., and Svelto, C., “Optical Sensor for Online Turbine edge Measurement,” Measurement
and Science Technology, Vol. 20, No. 10, 4 September 2009.

3. Heidari, Mohammad, A., “Engine Rotor Baancing with Non-Deterministic Methods,” 49th AIAA/ASME
Structural Dynamics and Materials Conference, 7-10 April 2008, Schaumburg, IL. AIAA Paper 2008-1720
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AF112-167 TITLE: Spatialy and Temporally Resolved Imaging of Dense Sprays

TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: To design and demonstrate advanced measurement techniques for imaging optically dense sprays
with high spatial and temporal resolution.

DESCRIPTION: The development of modern propulsion systems depends on computational fluid dynamics (CFD)
simulations. However, spray dynamics represent a weak link in CFD models, especialy the dynamics of the so-
called primary breakup processes near the injector: the breakup of the liquid jet into primary droplets. The efficient
and stable combustion of fuel strongly depends on this breakup and the subsequent atomization process. Though
various approaches have been devised to model these processes, the experimental data available to validate these
models remain sparse. There is a critical need for new spray measurement techniques, not only to provide
experimental datato validate existing models, but also to resolve spray dynamics and inspire new models.

The fundamental challenge in understanding such dynamics is that the sprays, being optically thick, scatter probing
photons multiple times, and each scattering event redirects the photons randomly. Consequently, the structural
information of the target spray is lost in the image generated. Because of such strong multiple-scattering, dense
sprays preclude the use of various established laser diagnostics, including Fraunhofer diffraction, Doppler
anemometry, and the combined use of laser-induced fluorescence (LIF) and Mie scattering. Hence, innovative
techniques are to be developed to resolve the structure of dense sprays. The proposed technique should overcome
the limitations of established techniques to resolve the three dimensional (3D) structure of practical sprays with
adequate temporal resolution. The proposed technique should also enable measurements with sufficient signal-to-
noise ratio so that it can be applied on practical sprays under realistic conditions. Furthermore, it would be
advantageous if the proposed technique only involves portable equipment so that it can be packaged for
transportation to in-situ field applications.

In order to successfully perform the work described in this topic area, offerors may request to utilize unique
facilitieslequipment 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 facilitiesequipment include the Combustion and Laser Diagnostics Research
Complex (CLDRC) and certain amplified ultrafast laser systems therein.

PHASE I: Design imaging diagnostics for dense sprays, and conduct proof-of-concept computations/experiments to
demonstrate the spatial resolution, temporal resolution, and signal level of the proposed technique.

PHASE Il: Further develop the proposed technique for optimal performance. Obtain diagnostic measurements in
dense sprays under both laboratory conditions and realistic operating conditions characteristic of dense sprays in
combustors and/or augmentors. It is desired that the prototype system be delivered to the government for further
evaluation and testing.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Build and deliver a functional imaging system to use with optically dense sprays in real
combustor and augmentor development programs.

Commercial Application: Successful development of this technology will pay off in designing next-generation
injectors for commercia aviation engines, power generation, transport vehicles, and prognostics/health management.

REFERENCES:
1. Kohse-Hoeinghaus, K. and Jeffries, J.B., Applied Combustion Diagnostics, Taylor & Francis, New Y ork, 2002.

2. M. A. Linne, M. Paciaroni, E. Berrocal, and D. Sedarsky, "Ballistic imaging of liquid breakup processes in dense
sprays," Proceedings of the Combustion Ingtitute, 32, 2147-2161 (2009).
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3. Ca, W., Powell, C.F., Yue, Y., Narayanan, S., Wang, J., Tate, M.W., Renzi, M.J.,, Ercan, A., Fontes, E., and
Gruner, S.M., “Quantitative Analysis of Highly Transient Fuel Sprays by Timeresolved X-Radiography,” Applied
Physics Letters, 83, 1671-1673 (2003).
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AF112-168 TITLE: Revolutionary Technologies for the Reduction of Aircraft Jet Noise

TECHNOLOGY AREAS: Air Platform

OBJECTIVE: Develop and evaluate revolutionary integrated technologies for 10 dB reduction of jet noise from gas
turbine engines.

DESCRIPTION: The noise from current commercial and military aircraft continues to be an environmental concern.
Noise from aircraft continues to grow as the need for engines with higher thrust and lower fuel consumption drives
turbine engine technology development. High noise levels from aircraft impact residential communities around
commercia airports and military bases. Aircraft noise also has a more acute effect on airport ground crews, and
military aircraft carrier launch/recovery crews.

Noise regulations proposed by the International Civil Aviation Organization over the last two decades have
continued to require source reduction of the alowable noise from aircraft. Also proposed are solutions for
community noise such as land-use planning and management, and operational restrictions. These solutions applied
over the long term, without source reductions, will be very costly to federa, state, and local governments. While the
latter may mitigate community noise issues, only source reductions will reduce noise to commercial and military
flight line and military aircraft carrier launch and recovery crews.

Research is ongoing in the area of jet noise reduction. Various treatments to the nozzle of the aircraft such as
chevrons, blowing and suction, or plasma actuators which can produce 3 to 5 dB reductions to the jet noise. Chevron
technologies are relatively mature and could be retrofit to existing engines relatively easily. Other technologies
under development may require significant bleed air or power from the propulsion system to function. These bleeds
are a debit to the performance of the propulsion system. For the next generation of commercial, fighter, transport or
bomber aircraft systems, significant reductions to jet noise will only be realized by an integrated airframe and
propulsion system approach.

Desired is a revolutionary smart noise reduction technology or suite of technologies that reduce jet noise from
aircraft by up to 10 dB as compared to untreated jets at the same condition. Smart technologies take advantage of
key physical properties to alow for passive control of suppression without significant use of external power or
bleeds. An example would be, but is not limited to, the shape memory effect in certain alloys. Smart technologies
should also be developed with advanced propulsion system concepts and cycles in mind. Exploration of the trade
space between noise reduction, thrust, and fuel consumption isakey. An evaluation of the trade space between noise
suppression and performance of candidate noise suppression technology to maximize the payoff of propulsion
system noise suppression technologies is essential to the further development of smart noise suppression
technologies.

The new smart technology should be demonstrated to a Technology Readiness Level (TRL) of 4 in an appropriate
environment at the end of the Phase 1l program. Close collaboration with an original equipment manufacturer
(OEM) of aircraft or gas turbine enginesis highly recommended to aid transition of technology concepts.

PHASE |: Demonstrate the feasibility of revolutionary smart noise suppression concepts to a TRL of 3. Perform

analysis to determine the potentia benefit and impact of the concept on the engine cycle, thrust, and fuel
consumption.
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PHASE |I: Demonstrate 10 dB reduction of jet noise to a TRL of 4. Demonstrate noise reduction on a prototype
model in an appropriate environment. Assess noise reduction, engine cycle and aircraft performance. Provide trade
study of the noise suppression potential of smart technologies and integrated system performance.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Noise suppression technologies for future fighter, tanker, transport, and bombers with
significant noise reduction and minimal impact on aircraft performance.

Commercial Application: Demonstrated revolutionary integrated technology concept will allow for significant
reductions in commercial jet noise sources.

REFERENCES:
1. Kearney-Fischer, M., Kim, J.,, H., and Samimy, M., 2009, “Noise Control of a High Reynolds Number Mach 0.9
Heated Jet Using Plasma Actuators,” AIAA 2009-3188.

2. Schlinker, R., Simonich, J., Shannon, D., Reba, R., Colonius, T., Gudmundsson, K., and Ladeinde, L., 2009,
“Supersonic Jet Noise from Round and Chevron Nozzles: Experimental Studies,” AIAA 2009-3257.
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AF112-169 TITLE: Thermoacoustic Instabilities in High-Pressure Combustors for Aerospace Fuels
and Emerging Alternatives

TECHNOLOGY AREAS: Air Platform, Electronics

OBJECTIVE: Develop and apply state-of-the-art high-bandwidth noninvasive technology for measurements of key
performance parametersin alternative fuel-based high-pressure combustors.

DESCRIPTION: In chemically reacting flows, the instability modes that affect the performance of combustors
evolve both spatialy and temporally. The presence of heat release due to chemical reactions complicates the
spatiotemporally evolving Kelvin-Helmholtz instabilities generally associated with jet flows or mixing layers. The
instabilities associated with the combustion and flow processes in turn significantly affect the combustor
performance. Thermoacoustic instabilities are prevalent in many practical combustion systems. They occur due to
the in-phase relationship of the acoustic pressure and unsteady heat release and can lead to catastrophic combustor
damage. Since the heat-release rates of various alternative fuels differ, they will exhibit various modes and degrees
of thermoacoustic instabilities. A noninvasive measurement technology capable of measuring key performance
parameters at multiple spatial points with a data rate of 10 kHz or greater is required to address the instability issues
related to high-pressure combustors for various alternative fuels. The performance parameters of interest are
temperature, major species concentrations such as H20, CO, or CO2, and minor species concentrations such as OH
or CH.

Current state-of-the-art invasive technology is limited to providing pressure and temperature data at the surface of
the combustor, and noninvasive technology is limited either to spatially averaged chemiluminescence imaging or
concentration measurements for one species, generally at rates lower than 10 kHz. These measurements are
insufficient to provide in-situ 2D and 3D quantitative data regarding temperature and/or the local heat release at
higher data rates. Devising control strategies for thermoacoustic instabilities associated with alternative fuel-based
high-pressure combustion requires real-time measurement of temperature and heat-release rates in two- or three-
dimensional configurations. These data acquisition capabilities must be complemented by essential software tools
for identifying the instability modes, their interactions, their impact on combustor performance, and their influence
on real-time control strategies.

Understanding the causes of combustion instabilities requires information on local flame-front phenomena, global
heat release, and acoustic feedback at frequencies greater than 10 kHz. There is a short- and long-term need,
therefore, to develop practical experimental tools that will enable researchers and engine manufacturers to capture
local variations of temperature and species concentrations as a function of time to track the mechanisms that lead to
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and help sustain combustion instabilities. Furthermore, interpretation of measured signals acquired using existing
continuous wave, nanosecond, and picosecond laser-based technologies requires detailed understanding of the
effects of molecular collisions, which generally depend on local temperatures and species concentrations. There is
no unique way of modeling the effects of collisions, which generally requires an empirical approach, and the
interpretation of collisional dynamics differs among research groups. An ideal noninvasive measurement technique
in practica combustors is expected to be independent of the local effects of molecular collisions. Even though
collision-free measurement is desired, it is not essentia for addressing the instability issues related to alternative
fuel-based high-pressure combustors.

In order to successfully perform the work described in this topic area, offerors may request to utilize unique
facilitieslequipment 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 includes the Combustion and Laser Diagnostics Research
Complex (CLDRC) and certain amplified ultrafast laser systems therein.

PHASE |: Perform research to demonstrate the feasibility of the measurement approach in laboratory turbulent
flames for various hydrocarbon fuels.

PHASE II: Fully develop and fabricate a measurement system capable of tracking combustion instabilities in
alternative-fueled high-pressure combustors. Demonstrate the capabilitiesin amodel high-pressure combustor.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Measurement technologies demonstrated herein can be used in development and procurement
programs for the collection of high-quality data for validation of design, performance, and robustness. It is desired
that the prototype system be delivered to the government for further evaluation and testing at an AFRL facility.
Commercial Application: A high-bandwidth measurement system will have a broad range of applications, making
this technology applicable to turbine combustors, turbine test facilities, and biological imaging, for example.
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AF112-170 TITLE: Extended Endurance System Integration in an Air-launched Expendable Small
Remotely Piloted Aircraft (RPA)

TECHNOLOGY AREAS: Air Platform, Material s/Processes

OBJECTIVE: Develop and demonstrate an integrated Group 1 air-launched RPA platform weighing <10 |b capable
of operation on an air-breathing electric power system for extended endurance applications (>2+ hours).

DESCRIPTION: As the Air Force lead command for small RPA, the Air Force Specia Operations Command
(AFSOC) intends the air-launched RPA to extend range of onboard sensors, see below the weather, track multiple
targets, increase target acquisition accuracy and provide direct support to ground teams. Today, state of the art
technology for Group 1 (<20 Ib), provides approximately 30 minutes endurance with conventional batteries.
However, to make air-launched expendable RPAs viable for multiple mission scenarios, technology must be
developed to allow for a mission endurance of a minimum of 4 hours. Complicating this challenge is requirement to
integrate a power solution that does not produce or utilize potential explosive or environmental hazards while
system is onboard aircraft or in storage.

Typical employment of an air-launched RPA would include launching the aircraft via a common launch tube in
support of a surface team. The common launch tube is 6- to 8-inch diameter, where the RPA is stowed initialy for
an extended time (up to 6 months) with no initial air flow. Therefore, shelf life of any fueling solution is a
consideration of the integrated RPA. It is the intention that Group 1 RPA shall perform its mission functions under
low acoustic and therma detection, minimal hazard waste and fumes, requires low user maintenance, in
environments that contain dust and sand, at least 90 percent humidity, one inch per hour of precipitation, wind
speeds <30 knots, temperature ranging from -20 <sup>o</sup>F to 131 <sup>o</sup>F. Proper consideration must
be made in the design of the platform for proper ventilation and/or air filtration for the air breathing electric power
system. Since the air-launched RPA utilizes a fuel source, the transportation, storage, and handling requirements
must be consistent with existing logistics (e.g., battery, hazmat, etc). This effort will focus on the system integration
effects of incorporating a air breathing electric power system on an air-launched RPA. The system integration
should require the platform to be designed/modified around the power system. This effort shall focus on RPA
platform requirements such as system integration and design for maximum efficiency, tube launch capability
(internal pressure, minimum air flow, internal heat dissipation, handling opening shock (G-loads), safety of fuel
during storage/compressed tube launch, remote start/standby of power system components prior to/during
employment, effects of pressure drop from compressed tube launch on power system, ease of use (accessibility to
fuel cartridge), etc. Given the 2-hour threshold/4-hour objective flight time, it is assumed the power system will
provide >200 W/kg average, with >300 W/kg during 10 percent of mission to meet peak power demands. The
overall power system energy density would be ~400 W-hr/kg to meet the 2-hour mission endurance (800 W-hr/kg
for the 4-hour objective). An appropriate fueling solution shall be proposed in Phase | with sufficient energy density
to achieve design metrics and a thorough study shall be performed on safety, storability/transportability while
integrated into the RPA platform. The safety/storability of the fueling solution shall be demonstrated in Phase Il
under simulated operational conditions.

PHASE |: Design air-launched RPA and define performance parameters/interface constraints based upon integration
of air-breathing electric power system. Key tech challenges/performance limitations shall be outlined. Plan shall
outline how tech challenges can be overcome/requirements met to achieve 4hr flight.

PHASE II: The offeror shall demonstrate air-launched RPA (<10 Ib) based upon Phase | design (tube launch, flight
in min 30kt wind, 1+lb payload). Fuel safety/storability shall be demonstrated under simulated flight conditions.
RPA shall demonstrate flight ops on conventional battery with onboard fuel and simulated power system
weight/volume. Demonstrate integration path of power system viafollow-on.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Follow-on efforts are expected to be aggressively pursued by offeror, seeking opportunities to
integrate power system into RPA platforms. Application includes ISR, target tracking and acquisition.

Commercial Application: Commercial applications include long endurance tube-launched RPA for border patrol and
emergency responders.
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AF112-175 TITLE: Smart, High-Temperature Pressure Sensor

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: Develop a smart pressure sensor capable of measuring combustor as well as exhaust pressures
inside/outside a turbine engine.

DESCRIPTION: There is a growing demand for high-temperature (HT) pressure sensors (PSs) for use in extreme
temperature environments such as aircraft gas turbine combustion control. These demands contribute to the long-
term development of an intelligent engine by providing information on engine conditions even in HT, harsh
environments. Realization of a future intelligent engine depends on the development of both hardware and software
including electronics and sensors to make smart components. Recently, many efforts have been focused on the
design of arobust piezoresistive sensor for 