AIR FORCE
11.B SMALL BUSINESSTECHNOLOGY TRANSFER (STTR)
PROPOSAL PREPARATION INSTRUCTIONS

The Air Force proposal submission instructions are intended to clarify the DoD instructions as they apply
to AF requirements.

The responsibility for the implementation and management of the Air Force Small Business Technology
Transfer (STTR) Program is with the Air Force Research Lab, Wright-Patterson Air Force Base, Ohio.
The Air Force STTR Program Manager is Mr. Augustine Vu, (800) 222-0336. The Air Force Office of
Scientific Research (AFOSR) is responsible for scientific oversight and program execution of Air Force
STTRs.

Air Force Research Laboratory
AFOSR/PIE

Attn: Raheem Lawal

875 Randolph Street

Suite 325, Room 3112
Arlington, VA 22203-1954

Phone: (703) 696-7313/ (703) 696-9513
Fax: (703) 696-7320
Email: raheem.lawal @af osr.af .mil

For general inquiries or problems with the electronic submission, contact the DoD Help Desk at 1-866-
724-7457 (8:00 am to 5:00 pm ET). For technical questions about the Topics during the pre-solicitation
period (28 July through 28 August 2011), contact the Topic Authors listed for each Topic on the website.
For information on obtaining answers to your technical questions during the formal solicitation period (29
August through 28 September 2011), go to http://www.dodsbir.net/sitis.

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. General information related to the AF Small Business Program can be
found at the AF Small Business website, http://www.airforcesmallbiz.org. The site contains information
related to contracting opportunities within the AF, as well as business information, and upcoming
outreach/conference events. Other informative sites include those for the Small Business Administration
(SBA), www.sba.gov, and the Procurement Technicad 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 Air Force STTR Program is a mission-oriented program that integrates the needs and requirements of
the Air Force through R& D topics that have military and commercial potential.

Phase | period of performanceistypically nine (9) months, not to exceed $100,000.
Phase Il period of performanceistypically two (2) years, not to exceed $750,000.

The solicitation closing dates and times arefirm.
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PHASE | PROPOSAL SUBMISSION

Read the DoD program solicitation at www.dodshir.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 Air Force, the contract period of performance for Phase | shall be nine (9) months, and
the award shall not exceed $100,000. We will accept only one Cost Proposal per Topic Proposal and it
must address the entire nine-month contract period of performance.

The Phase | award winners must accomplish the majority of their primary research during the first six
months of the contract. Each Air Force organization may request Phase Il proposals prior to the
completion of the first six months of the contract based upon an evaluation of the contractor’s technical
progress and review by the Air Force technical point of contact utilizing the criteriain Section 4.3 of the
DoD solicitation. The last three months of the nine-month Phase | contract will provide project continuity
for al Phase || award winners so no modification to the Phase | contract should be necessary.

Limitations on Length of Proposal

The technical proposal must be no more than 20 pages (no type smaller than 10-point on standard 8-1/2"
x 11" paper with one (1) inch margins. The Cost Proposal, 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, and Company Commercialization Report, will not be
considered for review or award.

Phase | Proposal For mat

Proposal Cover Sheets: The first 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 Commerciaization 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).

NOTE: Key Program 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. You must also identify all non-U.S. citizens expected to be involved in
the project as direct employees, subcontractors, or consultants. For these individuals, 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. Y ou may be
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asked to provide additional information during negotiations in order to verify the foreign citizen's
eligibility to participate on a contract issued as a result of this solicitation.

Voluntary Protection Program (VPP): VPP promotes effective worksite-based safety and health. In the
VPP, management, labor, and the Occupational Safety and Health Agency (OSHA) establish cooperative
relationships at workplaces that have implemented a comprehensive safety and health management
system. Approval into the VPP is OSHA's officia 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 a 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.
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.

COMMERCIAL POTENTIAL EVIDENCE

An offeror needs to document their Phase | or |1 proposal's commercial potential as follows: 1) the small
business concern's record of commercializing STTR or other research, particularly as reflected in its
Company Commercialization Report http://www.dodsbir.net/submission; 2) the existence of second
phase funding commitments from private sector or non-STTR funding sources; 3) the existence of third
phase follow-on commitments for the subject of the research and 4) the presence of other indicators of
commercia potential of the idea, including the small business' commercialization strategy.

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 INTHE 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
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4) Deliverables
a Kickoff meeting within 30 days of contract start
b. Progress reports
c. Technica review within 6 months
d. Final report with SF 298

Cost Proposal

Cost proposal information should be provided by completing the on-line Cost Proposal form and
including the Cost Proposal Itemized Listing (a-i) 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-i below) on how funds will be used
if the contract is awarded. The on-line Cost Proposal, and Itemized Cost Proposa Information (a-i) 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 (a-i) information.

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

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

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

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

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

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

g. Subcontracts: Involvement of a research institution is required in the project. Involvement of other

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

NOTE: The Small Business Administration has issued the following guidance: “Agencies participating
in the STTR Program will not issue SBIR contracts to small business firms that include provisions for
subcontracting any portion of that contract award back to the originating agency or any other Federal
Government agency.” See Section 3.5 of the DoD program solicitation for more details.

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

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

i. 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 States/Canada 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 $100,000.

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

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

NOTE: Even if your company has had no previous Phase | or Il awards, you must submit
a Company Commercialization Report. Your proposal will not be penalized in the
evaluation processif your company has never had STTR Phase Is or IIsin the past.

It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, Technical Proposal
with any appendices, Cost Proposal, Cost Proposal Itemized Listing (&i), and the Company
Commerciaization Report -- be submitted electronically through the DoD SBIR Web site at
http://www.dodsbir.net/submission. Each of these documents is to be submitted separately through the
Web site. Your complete proposal must be submitted via the submissions site on or before the 6:00 am
ET, 28 September 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’ sinitial proposal
should contain the offeror’s best terms from a cost or price and technical standpoint. The Government
reserves the right to conduct discussions if the Contracting Officer |ater determines them to be necessary.
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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 October, 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.

AIR FORCE PROPOSAL EVALUATIONS

Evaluation of the primary research effort and the proposal will be based on the scientific review criteria
factors (i.e., technical merit, principal investigator (and team), and commercialization plan). Please note
that where technical evaluations are essentially equal in merit, and as cost and/or price is a substantial
factor, cost to the government will be considered in determining the successful offeror. The Air Force
anticipates that pricing will be based on adequate price competition. The next tie-breaker on essentially
equal proposals will be the inclusion of manufacturing technology considerations.

The Air Force will utilize the Phase | evaluation criteria in Section 4.2 of the DoD solicitation in
descending order of importance with technical merit being most important, followed by the qualifications
of the principal investigator (and team), and followed by Commercialization Plan. The Air Force will use
the Phase Il evaluation criteria in Section 4.3 of the DoD solicitation with technical merit being most
important, followed by the Commercialization Plan, and then qualifications of the principal investigator
(and team).

PROPOSAL/AWARD INQUIRIES

We anticipate having all the proposals evaluated and our Phase | contract decisions within approximately
four months after proposal receipt. All questions concerning the evaluation and selection process should
be directed to the Air Force Office of Scientific Research (AFOSR).

ON-LINE PROPOSAL STATUSAND DEBRIEFINGS

The AF has implemented on-line proposal status updates for small businesses submitting proposals
against AF topics. At the close of the Phase | Solicitation — 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.afsbirsttr.com). The Small Business Area (http://www.af sbirsttr.com/Firm/login.aspx) is
password protected and firms can view their information only.

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

PHASE || PROPOSAL SUBMISSIONS Phase Il isthe demonstration of the technology that was found
feasible in Phase |. Only those Phase | awardees that are invited to submit a Phase Il proposa 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 Area’ at
http://www.afsbirsttr.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 STTR 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 part of the Air Force to solicit a Phase Il
proposal. The Phase | award winners must accomplish the majority of their primary research during the
first six months of the contract. Each Air Force organization may request Phase Il proposals prior to the
completion of the first six months of the contract based upon an evaluation of the contractor’s technical
progress and reviewed by the Air Force technical point of contact utilizing the criteria in Section 4.3 of
the DoD solicitation The awarding Air Force organization will send detailed Phase Il proposa
instructions to the appropriate small businesses. Phase |l efforts are typically two (2) years in duration
and do not exceed $750,000. (NOTE) All Phase |1 awardees must have a Defense Contract Audit Agency
(DCAA) approved accounting system. Get your DCAA accounting system in place prior to the AF
Phase I award time frame. If you do not have a DCAA approved accounting system, thiswill delay
/ prevent Phase Il contract award. If you have questions regarding this matter, please discuss with
your Phasel contracting officer.

All proposals must be submitted electronically at www.dodsbir.net/submission. The complete proposal -
Department of Defense (DoD) Cover Sheet, Itemized Cost Proposal Information, entire Technical Proposal
with appendices, Cost Proposa and the Company Commercialization Report — must be submitted by the date
indicated in the invitation. The technica proposal is limited to 50 pages (unless a different number is
specified in the invitation). The Commercialization Report, any advocacy letters, and the additional 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 Proposa information.) The preferred format for submission of proposds is Portable
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Document Format (.pdf). Graphics must be distinguishable in black and white. Please virus-check your
submissions.

FAST TRACK

Detailed instructions on the Air Force Phase Il program and notification of the opportunity to submit a
FAST TRACK application will be forwarded with all AF Phase | selection E-Mail notifications. The Air
Force encourages businesses to consider a FAST TRACK application when they can attract outside
funding and the technology is mature enough to be ready for application following successful completion
of the Phase 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 |l proposals must be submitted not later than 180 days after the start of the
Phase | contract.
3. TheAir Force does not provide interim funding for Fast Track applications. If selected for a
Phase Il award, we will match only the outside funding for Phase I1.

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

PHASE Il ENHANCEMENT POLICY
The Air Force currently does not participate in the DoD Enhancement Program.

SUBMISSION OF FINAL REPORTS

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

AIR FORCE STTR PROGRAM MANAGEMENT IMPROVEMENTS

The Air Force reserves the right to modify the Phase Il submission requirements. Should the
requirements change, all Phase | awardees that are invited to submit Phase |1 proposals will be notified.
The Air Force aso reserves the right to change any administrative procedures at any time that will
improve management of the Air Force STTR Program.
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AF11-BT02
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AF11-BT04

AF11-BT05
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AF11-BTO7
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AF11-BT14
AF11-BT15
AF11-BT16
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AF11-BT24
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AF11-BT26
AF11-BT27
AF11-BT28
AF11-BT29
AF11-BT30
AF11-BT31

AF11-BT41

Air Force STTR 11.B Topic Index

Electro-optic Material Development

Electrically-Small Superconducting Wide-Bandwidth Receiver

Cognitive Radio Spectrum Management and Waveform Adaptation for Advanced
Wideband Space Communication Systems

3-D nondestructive imaging techniques for mesoscale damage analysis of composite
materials

Printable Integrated Photonic Devices

Sensitivity Analysis Methods for Complex, Multidisciplinary Systems

High efficiency materials & processes for the reduction of CO2 to syngas

Plasma Simulation Code Encompassing Single-Fluid through Two-Fluid Models
Intracellular Detection of Small Moleculesin Live Cells

Innovative Electric Propulsion Technology for Responsive Space

Technologies for Nanoscale Imaging Using Coherent Extreme Ultraviolet and Soft X-
Ray Light

Routing for IP based Satellite Ad-Hoc Networks

Conformal, Light-Weight & Load-Bearing Antennas Based on Conductive Textile
Threads

MIMO Radar Clutter Modeling

End to End Trusted Path for Embedded Devices and Applications

Instrumentation for high-bandwidth optical measurements in harsh reacting flows

Dynamically Evolving Maware Detection in Streams

Tool for Blade Stress Estimation during Multiple Simultaneous Vibratory Mode
Responses

Simulation software for strongly coupled plasma

High efficiency up- and down-converting infrared nanoparticles

Electrode Surface Erosion at High Pressures

Cellular elements for ensemble based programmable matter

Learning from Massive Data Sets Generated by Physics Based Simulations
Metamaterial-based MEM ultra-1ow-loss non-dispersive phased-array antenna
Satellite Drag Physical Model Module for aNear Real Time Operation Test Bed
Assured Information Sharing in Clouds

Electrical Energy Storage System by SMES Method for Ultra-High Power and Energy
Density

Complex field atmospheric sensing suite for deep turbulence research
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Air Force STTR 11.B Topic Descriptions

AF11-BTO1 TITLE: Electro-optic Material Development

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop techniques and processes for scale up and production of high performance electro-optic
(EO) organic material systems with sufficiently large Electro-optical Coefficient (r33>150pm/V).

DESCRIPTION: Recent interest in the development of high performance electro-optic devices that enable critical
military systems has led to a demand for large quantities of high performance electro-optic materials. Traditionally
the most utilized materials have been inorganic crystals such as Lithium Niobate, however the higher performing
organic electro-optic materials would in many cases be the better choice for the device of interest. Organics are not
typically used for device and system development due to their unavailability in sufficient quantity for independent
device and system developers. Organics offer higher electro-optic activity and more flexible fabrication technology,
but lack of availability has severely impeded system development. High performance organic EO materials would
be useful in a variety of devices ranging from passive rf imagers, active rf photonic systems, and very high
bandwidth data communication links. The flexibility of these materials could also provide for conformal rf photonic
devices onto airborne platforms. Besides active EO polymers, compatible associated materials are needed to form
claddings and electro-poled structures. This topic is to solicit developing scale up capability of the electro-optic
polymers and the associated materials to provide a complete system for processing and fabrication of triple stack
waveguide structures with optimally electro-poled coefficient. Demonstration of capability to successfully fabricate
aMach- Zehnder modulator from the material system is necessary.

PHASE |: Demonstrate capability to synthesize the most promising 1 or 2 organic €l ectro-optic material systems for
production scale up. Demonstrate the synthesis techniques compatible with mass production methodologies on at
least one variety. Demonstrate the fabrication of Mach Zehnder modulators with at least one scaled-up material
system.

PHASE Il: Build up and optimize the synthesis of the organic materials. Demonstrate producibility of the material
in mass production, while maintaining cost effectiveness for potential users of the material systems. Deliver at least
20 grams of EO polymers and sufficient associated materials in a complete device-fabrication-ready system for
testing by a government laboratory.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: Phased Array Radar systems, high speed high volume communications, sensors, photonics.
Commercial Application: Broadband communications, high speed interconnects and field sensors.

REFERENCES:
1. Polymers for Second-Order Nonlinear Optics, edited by G. A. Lindsay and K. D. Singer, American Chemical
Society, Washington, DC, 1994.

2. J-W. Kang, T.-D. Kim, J. Luo, M. Haller, and A. K.-Y. Jen, “Very large electro-optic coefficients from in situ
generated side-chain nonlinear optical polymers,” Appl. Phys. Lett., vol. 87, p. 071 109, 2005.

3. N. Peyghambarian, et al, “Hybrid cross-linkable polymer/sol-gel waveguide modulators with 0.65 V half wave
voltage at 1550 nm,” Appl. Phys. Lett. 91, 093505 (2007).

KEYWORDS: Electro-optical polymers, Mach Zehnder Modulators, Cladding Materials

AF11-BT02 TITLE: Electricaly-Small Superconducting Wide-Bandwidth Receiver

TECHNOLOGY AREAS: Electronics
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OBJECTIVE: Develop a wide-bandwidth (DC to 2 GHz) receiver utilizing two-dimensional arrays of high-
transition-temperature (HTS) superconducting quantum interference devices (SQUIDS).

DESCRIPTION: Large bandwidth communication systems are needed for the handling of high data throughput,
while at the same time they should be capable of reducing size, weight and power (SWaP) requirements by
eliminating the need for multiple systems covering different frequency ranges. Sensors built from Superconducting
QUantum Interference Devices (SQUIDs) have unmatched sensitivity, but require operation in a flux-locked-loop
(FLL) to linearize the transfer function to reduce inter-modulation products. FLL operation reduces the bandwidth
significantly to less than 100 MHz.

A technique has been proposed [1] to use an array of SQUIDs with individual areas that correspond to frequencies
of the voltage oscillations from the first few Fourier components of a triangle wave, e.g., the 1st, 3rd and 5th
components. The composite voltage response from the addition of these components in the appropriate ratios results
in a highly linear voltage response of the array. Arrays of this type have been demonstrated with niobium low-
transition-temperature superconducting (LTS) SQUIDS. However, these devices introduce greater weight and
volume due to the need for refrigeration down to liquid helium temperature of about 4 K.

One potential solution is to use high-transition-temperature (HTS) SQUID arrays operating near 77 K to reduce
SWaP requirements. The difficulty is that material non-uniformity creates large variations in SQUID critical
currents and degrades the linearity of the array’s transfer function, resulting in large inter-modulation products.
Recently, it has been shown that variations in HTS SQUID critical currents can be reduced by using SQUIDs
fabricated utilizing Josephson junctions formed via an ion-damage process [2]. These junctions have no interfaces
between different materials, which normally would be a major source of non-uniformity. Furthermore, SQUIDS
fabricated from these junctions can be positioned freely on the substrate to construct 2-dimensional, series-parallel
arrays. Thisisimportant because amplifier gain scales with the series size, while non-uniformity is reduced as more
SQUIDS are added in paralldl.

PHASE I: Determine the optimum SQUID array structure for a linear voltage response, while at the same time
minimize non-uniformity for operation between DC and 2 GHz.

PHASE II:

Task 1. Fabricate prototype SQUID arrays with designs developed in phase I.

Task 2. Characterize devices to determine linearity, bandwidth & gain.

Task 3. Investigate both near-field & far-field magnetic field sensitivity.

Task 4. Test array operation on compact cryocoolers to determine size & weight requirements.

Task 5. Investigate cryogenic integrated circuit packaging for array chips & integrate into communication systems.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Successful Phase 111 applications would result in improved microwave receivers for numerous
air platforms, while reducing on-board weight, volume and power consumption. Such HTS SQUID arrays may lead
to use in space vehicles.

Commercial Application: The most immediate application with a huge potential market would be introduction into
cellular base stations. It also could be adapted for more sensitive and secure communications between commercial
aircraft and ground stations.

REFERENCES:

1. Kornev, V.K.; Soloviev, I.1.; Klenov, N.V.; Mukhanov, O.A.; Applied Superconductivity, |EEE Transactions on,
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AF11-BT03 TITLE: Cognitive Radio Spectrum Management and Waveform Adaptation for
Advanced Wideband Space Communication Systems

TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Advanced game-theoretical frameworks and hybrid approaches for spectrum sensing and
management in wideband space communication systems and hybrid space-terrestrial systems as well as
countermeasures for adaptive RF interference & adversarial jamming.

DESCRIPTION: Space vehicles and air-/space-borne sensors are essential components for improved warfighting
capabilities and enhanced defensive control over complex collaborative missions. Current military satellite
communications infrastructure is multi-tiered to cater for different communication needs, ranging from high-
capacity wideband transmissions, protected systems with anti-jamming features and covertness, to narrowband
systems for small and mobile users. To support growing communication needs on limited satellite bands, advanced
wideband systems will prevail in the future satellite communication infrastructure, and hybrid space and terrestrial
systems will be essential to ensure end-to-end network performance and improve mission-based criteria. In these
networks, the unprecedented complexity and unpredictability of the operating environments, aggravated by the
extremely high stake of network management effectiveness, makes it crucia to develop cognitive radio networking
and management solutions that are context-aware, capable of predicting and tracking the network conditions, and
agile in waveform adaptation to provide countermeasures for persistent and adaptive RF interferences and
adversarial jamming (e.g., broadband noise, multi-tone, repeat-back and frequency followers).

Game-theoretic approaches have resulted in efficient courses of action where competitive decisions are dependent
on others' actions to autonomous command and control in dynamic and complex environments. In this STTR topic
call, advanced game-theoretic frameworks are particularly sought for novel cognitive waveform design and
adaptation techniques that can efficiently utilize the space bandwidth, coherently interface with terrestrial systems,
and effectively counteract persistent and adaptive jammers and interference. For effective gaming, wideband
spectrum sensing and cognition have to be integrated in order to gain awareness of the complex radio propagation
environments, and quickly capture the network dynamics and adversarial activities as well. The adaptive waveform
designs shall be able to perform autonomous frequency band selection exploiting propagation characteristics, rapid
antenna selectivity by means of narrow beamwidth and adaptive nulling, spread spectrum and wideband processing,
and satellite platform autonomy. Distributed implementations are sought for scalable and robust network operations
with radio autonomy. Particular considerations are the waveform adaptation and antenna analysis for UHF (Ultra-
High Frequency), SHF (Super-High Frequency), and Ka-band which are susceptible for adversarial jamming.
Performance attributes include survivability through space segment threats without damage, operating through
threats without interruption.

PHASE I: Identify novel approaches and frameworks for joint waveform adaptation and cognitive spectrum sensing
and management in hierarchical spectrum sharing games with primary users, secondary users, persistent jammers
and asymmetric information structures.

PHASE II: Refine the Phase | results and designs for waveform adaptation and dynamic spectrum sharing games.
Demonstrate a proof of concept on spectrum sharing throughput as well as dynamic behaviors of cognitive radios
and adversarial jamming. Conduct performance assessment on peak vs. average interference power constraints,
active interference and temperature control, and exploitation of primary link performance margins in semi-realistic
environments.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Transition the technology into military satellite communications such as advanced
narrowband systems and wideband gapfiller system in a net-centric environment to provide transformational and
assured communications for force projection.

Commercial Application: Augment the technology into commercial satellite communication systems to meet surge
requirements and provide global coverage tracking and data acquisition services during launch, early orbit and
operationsin low earth orbit and satellite anomalies.

REFERENCES:
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AF11-BT04 TITLE: 3-D nondestructive imaging techniques for mesoscale damage analysis of
composite materials

TECHNOLOGY AREAS: Materia s/Processes, Weapons

OBJECTIVE: Develop techniques for detecting and modeling the evolution of damage in composite materials such
as plastic bonded explosives or concretes using nondestructive means.

DESCRIPTION: In hard target penetration, the onboard energetic material may be subjected to severe
environments of both pressure and shear loading. Damage to this material may result in premature initiation, or
suboptimal performance. This damage may be physically manifested at a scale far smaller than is usually captured
in modern finite element codes. The damage affecting payload sensitivity is believed to occur at and below the
grain scale, where the grain is defined as a single energetic crystal ranging in size from 5 to 400 microns. Crystal
particles in the submicron range also exist but are usually not explicitly modeled at the meso scale. Mesoscale
simulations are frequently regarded as ones where the mesh or material description is resolved down to the level
where individua constituents are treated with separate continuum level material descriptions. For the case of a
traditional energetic material, this implies resolving the description down to this same energetic crystal level or
smaller. The binder and crystal in an energetic material are sometimes of very similar densities, which make
resolving the individual constituents using nondestructive techniques very difficult. A diagnostic technique, which
could capture the evolution of damage as a material sample was deformed, would be an invaluable tool for
validation of simulation techniques. Such damage would need to be incorporated into constitutive models for the
materials.

PHASE |: Design and evaluate appropriate experimental and diagnostic techniques for detecting the evolution of
damage in representative volumes of composite materials. These materials shall include plastic bonded explosives
and/or concrete materials. Potential damage modeling techniques should also be identified.

PHASE II: Develop and implement the designs and techniques from Phase |. Characterize a representative material
over a selected range of conditions. Identify appropriate techniques for incorporating the observed damage into
macro level constitutive models. Design vaidation experiments for these models.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: This technology is applicable to the study of a wide variety of composite materials, energetic
materials, propellants and geologic.

Commercial Application: These techniques are idea for medical imaging including the possibility of imaging
dental appliances in the mouth of a patient & imaging scenarios including the location of inert objects in a patient or
the aid in the placement of medical devices.

REFERENCES:
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AF11-BT05 TITLE: Printable Integrated Photonic Devices

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop proof-of-concept printing technology for the design, modeling and manufacture of
integrated photonic devices at low dimensions.

DESCRIPTION: Printable electronics and photonics are emerging technologies that have attracted a lot of attention
over the last decade. Traditionally, CMOS processes have been used to fabricate electronic and photonic devices;
however, the processes have generally restricted fabrication to small areas. It is highly desirable to have an
affordable process (e.g. printing, nanoimprint lithography, soft lithography etc) that can be used for large area
manufacturing of electronic and photonic components on any substrate, including flexible substrates, thus allowing
for functiona integration of several materials such as organic semiconductors, dielectric and conductive polymers,
electro-optic polymers, carbon nanotubes, nanowires, quantum dots, electro-biological materials, etc which are
inherently flexible and compatible with flexible substrates such as plastic, fabric, and paper, on a single backplane
permitting new functionalities and performance. This permits the production of electronic and photonic devices,
which can be conformable, foldable, stretchable, rollable and deformable, which are capabilities of particular
interest to the Air Force and DoD. Since more than one eectronic and photonic device can be placed on the
backplane to achieve fully functionality, such systems have many potential applications, such as conformal
optoelectronic integrated circuits, flexible displays, lasers, optical waveguides, modulators, photodetectors, flexible
lighting, e-paper, solar cells, RF amplifiers, batteries, sensors, actuators, radio and antenna. These products can be
interactive, energy-efficient and ultra-low cost (throwaway). For printed electronic and photonics to be successful,
new material discoveries, device designg/structures; scaling to below subwavelength and sub 100 nanometer
dimensions; tools for integrated optical, electronic and mechanical quality assurance etc are needed. Especially
desired are efforts toward printable optoelectronic integrated circuit for conformal communication systems,
reconfigurable photonics, and printable Quantum Dot nano laser arrays. Being able to reliably place nanoparticles,
nanotubes, nanoclusters, and quantum dots and structures with advanced printing technology will be one of the
challenges to be demonstrated with in a project.

PHASE |: Develop proof-of-concept printing technology for low dimensional electronic and photonic devices.

Develop consumables (e.g., printing inks), processing technologies (e.g., printing), and tools for automation and
real-time control. Demonstrate production of integrated electronic/photonic components.

AF - 14



PHASE II: Fabricate a specific printed electronic and photonic system prototype and demonstrate its utility and
performance.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Potential Air Force/DoD applications are lasers, modulators, photodetectors, sensors,
photovoltaics for energy-harvesting, antennae and displays for communications.

Commercial Application: These systems, apart from being valuable to the military, can also be of commercial value
to the civilian applications.
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AF11-BT06 TITLE: Sensitivity Analysis Methods for Complex, Multidisciplinary Systems

TECHNOLOGY AREAS: Air Platform, Information Systems

OBJECTIVE: Develop computationa tools to compute response sensitivities of parametric multidisciplinary
systems that exhibit nonlinear, dynamic behavior for use in gradient-based optimization, smart sampling, uncertainty
guantification, and risk analysis.

DESCRIPTION: Much progress has been made in the development of algorithms for the efficient computation of
flows and their nonlinear, dynamic interaction with, for example, structure. Such couplings are complex, difficult to
predict, and representative of other physical interactions that can dramatically constrain system performance.
Recently, attention has been given to aircraft parameterization, e.g., the geometry of the outer mold line and the
interior structure, for the long-term goal of automating aircraft design. However, little attention has been given to
the computation of sensitivities of aircraft (or aircraft component) behavior to these parameters. Thisis abarrier to
early identification of critical physical behaviors greatly constraining or enabling a vehicle concept.

Parametric aircraft descriptions are rich. Numerous parameters are needed to describe the geometry, structure,
kinematic (when shape changing), material, and potentialy thermal character of the aircraft. Design processes
reflecting this richness emphasize gradient-based optimization (or hybrid approaches involving gradient-based
optimization) owing to the large size of the design space. Gradient-based optimization requires sensitivities of
responses and constraints at points in design spaces. Unfortunately, it is not realistic to compute sensitivities with
respect to a large number of parameters, if the cost of these calculations is proportional to the number of design
variables. This would be expected for many typical approaches, including finite-difference, complex step, dual-
number, and analytic differentiation. Other applications of efficient sensitivity analysis include uncertainty
guantification and risk analysis, which are needed to account for various sources of variability and lack of
knowledge.

In recent years, adjoint methods have been investigated as a way to avoid proportional cost growth in sensitivity
analysis [1, 2, 3], and results have been encouraging. Challenges that remain for design of dynamic systems at
levels approaching preliminary are driven by a peculiar feature of the adjoint approach: forward-time computation of
the nonlinear, dynamic response followed by the reverse-time computation of the adjoint variables using an equation
set linearized about the forward-time response. Challenges include: obtaining dynamic sensitivities of autonomous
and non-autonomous equation sets (potentially with diverse time scales); treatment of time-periodic and aperiodic
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behaviors (potentially chaotic to a modest degree); development of a flexible adjoint framework suitable for legacy
and research codes, and robust and efficient memory management techniques [4, 5] for very large problems
involving numerous objectives (or performance measuresin general) and constraints.

This effort will enable rich, parametric, aircraft models to be optimized for the purposes of improved energy
efficiency/performance and ability to more readily consider new aircraft concepts, while also enabling failure modes
to be accounted for at a high-fidelity level.

PHASE |: Demonstrate feasibility of an adjoint-based sensitivity analysis methodology for a representative
nonlinear aeroelastic problem exhibiting flutter (preferably limit-cycle oscillation), assuming parametric variations
in geometry and structure.

PHASE I1: Further develop the methodology demonstrated in Phase | to make it applicable to a generic aircraft
exhibiting a rich parameterization and constrained/enabled by complex aeroelastic, and potentially
aerothermoelastic, interactions. Develop and deliver the requisite algorithmic software tools, documentation of the
methodology, and graphical user interface.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This methodology and accompanying software will enable arapid and efficient physics-based
design and evaluation of new military aircraft concepts, including Next Gen Tac Air and high-speed concepts that
require tight coupling and high fidelity.

Commercial Application: The methodology and software will enable physics-based design of new civil concepts,
such as high-speed civil transport, and enable large improvements in energy efficiency through optimization to
enable fuel impacts and reduced environmental impact.
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AF11-BTO7 TITLE: High efficiency materials & processes for the reduction of CO2 to syngas

TECHNOLOGY AREAS: Air Platform, Material s/Processes

OBJECTIVE: Develop high efficiency (>70%) electrodes for electrochemical conversion of CO2 and water to
syngas for JP-8 production.

DESCRIPTION: The efficient conversion of CO2 into storable liquid fuels would help create a secure and
sustainable source of carbon-neutral transportation fuels. Two approaches to this are to convert CO2 directly to
multi-carbon alcohols [1], or to use CO2 to produce syngas (CO + H2) which can be used to produce fuels by well-
established processes. The materials and processes for the efficient electrochemical production of syngas from CO2
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have not been identified or optimized. Demonstrating a processes for the low overpotential (<1.0V) and high
efficiency (>70% based on measured vs. reversible overpotential free energies) reduction of CO2 to CO with proper
ratio of hydrogen generation (~3 H2 : 1 CO) will offer an aternative pathway to carbon-neutral, high-density
transportation fuels when utilizing CO2 from concentrated CO2 sources such as stationary power sources and
coupled to existing Fischer-Tropsch technologies.

PHASE I: Develop and demonstrate materials, catalysts and processes for electrochemical conversion of CO2 and
water to CO and H2 in ratios appropriate for conversion to JP-8. Demonstrate low efficiencies greater than 60% with
pathways to greater than 70%.

PHASE II: Demonstrate an electrochemical conversion system for conversion of CO2 and water to CO and H2 in
ratios appropriate for conversion to JP-8 with overall efficiencies greater than 70%.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Conversion of high concentration CO2 effluents to liquid fuels via the demonstrated process
coupled to Fischer-Tropsch conversion.

Commercial Application: Carbon neutral liquid transportation fuel (diesel and jet) from stationary power sources.
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AF11-BT08 TITLE: Plasma Simulation Code Encompassing Single-Fluid through Two-Fluid Models

TECHNOLOGY AREAS: Information Systems, Space Platforms, Weapons

OBJECTIVE: This topic seeks to develop robust unified plasma simulation software that encompasses single-fluid
through two-fluid models and that is widely applicable to the large parameter space of Air Force needs in a single
software package.

DESCRIPTION: This topic seeks to develop robust unified plasma simulation software that encompasses single-
fluid through two-fluid models and that is widely applicable to many technologies and devices that span the large
parameter space of Air Force needs in a single software package. Currently, simulation codes for collisional plasmas
are developed using a single model, e.g. resistive magnetohydrodynamics (MHD), and are sometimes applied in
situations beyond the region of validity of the model. Applying other plasma models involves learning a new code
with its own peculiar structure and problem specification requirements. The development of a plasma simulation
code that uses robust numerical algorithmsto solve ideal MHD, resistive MHD, and two-fluid plasma models within
the same code framework would significantly reduce the cost and time required to test and prototype plasma
technologies. In particular, flexible, easy to use, and well-supported plasma fluid modeling software with a variety
of physica models with different physics fidelity is needed to allow non-experts to simulate plasma dynamics in
complex geometries.

Plasma simulation software is required to develop the understanding and predictability of plasma technologies and
devices necessary to make design improvements and innovations. Fluid plasma models are derived by applying
asymptotic approximations to the kinetic model. The approximations simplify the governing model and allow for
more detailed calculations, but the approximations also limit the model’s region of validity. Since most software
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uses only a single plasma model, switching to a different plasma model requires using a completely different code
and modifying the problem specification to fit the new code. The goal of this program isto develop a robust unified
plasma simulation code that models the plasma with a user-selectable model comprising several single-fluid and
two-fluid options. The numerical algorithms should resolve complicated plasma dynamics that include high-speed
flows and sharp gradients influenced of externally applied magnetic and electric fields with realistic boundary
conditions. Diagnostics should guide the user to the appropriate choice of models and help bound the problem. The
software should alow for simulating complex 3D geometries, using body-fitted block-structured and unstructured
meshes. An easy to use interface for specifying simulation geometry, computational grid, and simulation parameters
must be provided. The solution output must be in a form that is easily analyzed and visualized, including synthetic
diagnostics. The software must be verified and validated and include a test and benchmark suite. Further, the
software should be widely available, well documented and supported through user and example manuals and hands-
on training when required.

PHASE I: Identify robust numerical algorithms appropriate for time-dependent plasma simulations using single-
fluid and two-fluid models on a common computational grid capable of 3D complex geometries. Develop a unified
software framework that incorporates these algorithms and develop implementation plan for software development.

PHASE 1I: Develop a prototype 3D unified plasma simulation code with an interface that allows simple problem
specification and input, which includes simulation geometry, computational grid, and simulation parameters.
Configure the software generated output that can be immediately compared to experimental measurements. Develop
software documentation to include user and example manuals and an developer’'s manual. Design a hands-on
training workshop.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This tool will advance the state-of-the-art in high-energy density physics applications that
generate high power, high energy directed energy sources. Advanced plasma propulsion schemes will also benefit
from thistool.

Commercial Application: Thistool will advance our understanding and exploitation of advanced plasma processing
for manufacturing technology and environmental remediation, via plasma chemistry. Manufacturing using EM
fields, such as metal forming, will use such atool.
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AF11-BT09 TITLE: Intracellular Detection of Small Moleculesin Live Cells

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical, Sensors

OBJECTIVE: For the defense of toxic chemical and biological agents, the objective is to develop a broad-based
biosensor, with “off” to “on” functionality that will allow for sensing of potential hazards.
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DESCRIPTION: Many sensors exist for detecting chemical and biological agents in non-biological environments.
However, low levels of acute or chronic exposure in humans often goes undetected until the outward appearance of
illness. Therefore, risk reduction and treatment can often only be undertaken long after contact with such agents.
Biomolecular switches are a versatile mechanism for detecting targets in biological samples, including rea-time
detection in complex environments. Biological switching involves conformational changes that lead to a detectible
signall. This signal can be electrochemical, optical, or biochemical2. Prior work has shown that biomolecular
switches can be adapted for multiple stimuli, including cations, sugars, metals, drugs, and small molecules3-6.
Currently, there are no sensors designed for monitoring exposure to biological or chemical warfare agents for either
acute or chronic conditionsin living systems. Accordingly, and in order to continue to protect the safety and health
of our armed military personnel, the intent is to develop nanoparticle-based sensors that can be deployed in
biological environments for the real-time detection of agents of interest7. These sensors should have a quantitative
capability and broad applicability to detect changes caused by known and unknown threats8. This will require the
development of sensor systems that can enter living cells and complex environments and remain in an “off” state
until exposure to atarget leads to adirect or indirect signal transduction event. Ideally, this sensor should be easy to
implant and non-toxic so as to be administered even under appropriate suspicion. Importantly, this will allow the
sensor to be of value in both acute and chronic settings.

PHASE I: Develop a candidate nanoparticle sensor with the ahility to specifically bind small molecules and induce
a detectable signal upon exposure to a chemical or biological agent. Furthermore, demonstrate in human cell culture
models that such a nanoparticle can detect such indicator molecules in a quantitative fashion in response to external
stimuli.

PHASE I1: Utilize the designed nanoparticle to detect stimuli in complex environments such as salivaor blood or in
apoint-of-care assay format. In addition, demonstrate detection at biologically relevant concentrations of stimuli.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: In order to continue to protect the safety and health of our armed military personnel, the intent
is to develop nanoparticle-based sensors that can be deployed in biological environments for the real-time detection
of agents of interest.

Commercial Application; Successful commercia development of such a nanoparticle sensor would progress beyond
successful completion of Phaselll.
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AF11-BT10 TITLE: Innovative Electric Propulsion Technology for Responsive Space

TECHNOLOGY AREAS: Space Platforms

OBJECTIVE: Develop new electric propulsion concepts with highly flexible operating envelope of thrust and
specific impulse for both rapid maneuvering of large space assets and highly efficient orbit and station-keeping.

DESCRIPTION: The ability to rapidly perform space maneuvers, between various orbital inclinations, or between
geostationary and low earth orbits (LEO), is a very desirable capability. Chemical propulsion is typicaly used to
provide the high thrust capability for such maneuvers, but with the penalty of large propellant mass, and becomes
prohibitive for repeated high-thrust maneuvers. Electric propulsion concepts are capable of reducing the system’'s
wet mass (thruster and propellant) by achieving much higher specific impulse (Isp) but usually at the expense of
thrust or efficiency. For example, ion thrusters and Hall thrusters can have high Isp (2000 - 5000 sec), but the low
plasma density greatly limits the thrust level. For higher thrust concepts, such as an arc-jet, the Isp is of the same
order (x2) as chemical propulsion concepts but the efficiency is low and the thruster is poorly adapted to high-
I sp/low-thrust maneuvers such as orbit and station-keeping. Dual-mode concepts, combining a chemical thruster and
an electric propulsion thruster, are of high interest, but are difficult to achieve with a low mass constraint. What is
desired is a compact, low-mass, high efficiency propulsion system with a potentially continuously variable thrust-1sp
combination at constant electrical power. The desired operational characteristics are: an efficiency of 50% or above,
thrust levels similar to chemical propulsion in the extreme low-I1sp range (3N or above at 25 kW), and an upper Isp
limit in excess of 3000 sec in the low-thrust regime. The proposed concept will be evaluated on its reasonable
potential to approach or exceed these performance figures. The expected power constraint may range from 20 to 200
kW. The efficient production of a high density plasma (> 1016 cm3) being a key difficulty for a high-thrust regime,
innovative concepts that focus on revolutionary approaches to this aspect of the problem are of special interest.

PHASE I: Provide engineering analyses or small-scale experimental demonstration of the potential of the proposed
device or the validity of the proposed approach; identify key requirements for validating the technology, potential
problems and propose approach for Phase I demonstration; identify dual-use and commercialization potential.

PHASE II: Demonstrate the technology with small-scale experiments, or experiments aimed at verifying key
aspects of the concept for overall validation; provide detailed plan for scaling-up and additional testing; develop and
implement commercialization plan.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: The technology leads to significant mass savings in spacecraft design, extended operating
lifetimes, and effective designs of orbital transfer vehicles (OTV) for servicing military spacecrafts or for space
debris removal.

Commercial Application: The technology can also lead to revolutionary capabilities for commercial and civilian
space applications. OTV's with this propulsion system would provide insurance against misplaced satellites with
non-functional propulsion systems.

REFERENCES:
1. Frisbee R. H., J. Prop. & Power, val. 19 (6), 1129 (2003).

2. Brown, D. L., Bedal, B E,, Haas, J. M., “Air Force Research Laboratory High Power Electric Propulsion
Technology Development,” IEEEAC Paper #1549, Presented at the IEEE Aerospace Conference, Big Sky, MT,
March 3-7, 2009.

3. Frishee, R. H., “Evaluation of High-Power Solar Electric Propulsion Using Advanced lon, Hall, MPD, and PIT

Thrusters for Lunar and Mars Cargo Missions,” AIAA-2006-4465, 42nd AIAA Joint Propulsion Conference,
Sacramento, CA, 9-12 July, 2006.
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4. Zakirov, V., Sweseting, M., Lawrence, T., Sellers, J., “Nitrous Oxide As A Rocket Propellant, ” Acta Astronautica,
Vol. 48, No. 5-12, pp. 353-362, 2001.

KEYWORDS: electric propulsion, plasma accelerator, MHD, MPD, multi-mode

AF11-BT11 TITLE: Technologies for Nanoscale Imaging Using Coherent Extreme Ultraviolet and
Soft X-Ray Light

TECHNOLOGY AREAS: Sensors

OBJECTIVE: To explore next-generation nanoscale dynamic imaging microscope technologies employing
Coherent Diffractive Imaging combined with a tabletop-scale coherent EUV/ soft x-ray sources.

DESCRIPTION: Intense femtosecond laser pulses propagating through gases can generate, through a process
known as high harmonic generation, coherent extreme ultraviolet and x-ray radiation. Recent advances in phase
matching of the generating pulse with a desired high harmonic wavelength have demonstrated useful outputs up to 1
kev x-rays, with 10 kev or more possible. Recent work has also demonstrated that Coherent Diffractive Imaging [1]
can be used in conjunction with ultrafast, tabletop-scale short-wavelength light sources based on high harmonic
generation to achieve record (~ 20 nm) resolution for full-field optical imaging[2,3]. Further advances to sub-10-nm
resolution, as well as the possibility for three-dimensional imaging [4], make this a promising technique. This topic
seeks to advance this technology to develop an optimized, compact, stand-alone, coherent diffractive imaging
microscope for applications in: 1) nanotechnology (mask inspection and nanostructure imaging for next generation
electronics and data storage devices) in both transmission and reflection-mode; 2) bio-imaging of whole cellsin 3D
without sectioning and staining, but with the inherent elemental contrast of x-rays; 3) Understanding the function of
interfaces relevant to catalysis and energy. Further advances depend primarily on improving the capabilities of the
high harmonic illumination source[5]. In particular, optimized high harmonic sources are needed with well-
controlled and adjustable bandwidth for 3D image extraction, and for the generation of fully spatially coherent, low
scatter, beams at photon energy 40-500 eV for nano-imaging, and in the water window (270-570 eV) for bio-
imaging and interface studies.

PHASE |: Phase | will develop an engineering design for an imaging instrument that will have maximum flexibility
of operation from 40-570eV. Theimaging system will need adjustability in wavelength and in power. Feasibility of
aworking imaging system will be demonstrated.

PHASE II: Phase Il will produce a working prototype capable of imaging a wide range of samples. A high speed
data processor will need to be designed for fast retrieval of 3D images.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The full instrument will be important for the military for imaging of nano-scale objects arising
from nano-tech weapons, bio-agents, and battlefield medicine.

Commercial Application: In the commercial sector, new nano-imaging modalities will be enabled, for
understanding and inspection, for example for medical, micro-systems, and non destructive evaluation.

REFERENCES:
1. Miao et al., Nature 400, 242 (1999).

2. Sandberg et al., "Tabletop Soft X-Ray Fourier Transform Holography with 50 nm Resolution,” Optics Letters
Optics Letters 34, 1618 (2009)

3. Seaberg et al., "Sub-30nm Spatial Resolution Imaging Using a Tabletop 13nm High Harmonic Source," CLEO
2011 Technical Digest, Paper CTuH3 (2011).

4. Raines et al., "Three-dimensional structure determination from a single view," Nature 463, 214 (2010).
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5. Popmintchev et al., "The Attosecond Nonlinear Optics of Bright Coherent X-Ray Generation", Nature Photonics
4, 822 (2010).

KEYWORDS: Extreme ultraviolet imaging, x-ray imaging, high harmonic generation, nano-tech imaging

AF11-BT12 TITLE: Routing for |P based Satellite Ad-Hoc Networks

TECHNOLOGY AREAS: Information Systems, Space Platforms

OBJECTIVE: Demonstrate novel IP routing protocols onboard over satellites that would link user preferences and
network conditions and improve end-to-end network performance, including heterogeneity of satellite nodes,
interferences of satellite links, etc.

DESCRIPTION: The defense satellite communication system (DSCS) is a satellite system designed to provide
high-volume and secure communication infrastructure for supporting real-time military voice and data
communication. A number of satellite communication system, including the DSCS 1l satellite constellation, have
been deployed and successfully supporting military communication over the past decades. However, those systems
cannot meet the modern military mission critical operation, which requires the high bandwidth for alarge number of
war-fighting users [1, 2]. One example of this was demonstrated in Afghanistan, where the DoD had to lease
transponders on commercial satellites to extend communication reach and increase bandwidth for end-users in war-
fight [3]. To address this issue, the DoD had an initiative to migrate the existing satellite-based circuit-switched
communication systems to the packet switched system using Internet protocols. As shown in [4], the current
MILSTAR |l satellite communication system takes two minutes to transmit a24 MB 8''x10"" image; while the next
generation |P based satellite communication will be able to do that in less than one second. Cisco Systems Inc. and
Intelsat General Corp. demonstrated the viability of conducting military communication via an Internet router in
space [5].

In an IP-based satellite communication network, the satellite can be considered as nodes on a network or arouter in
3-D space and a number of satellites can be formed an ad-hoc network in 3-D space. When designing routing
protocols in such IP based satellite ad-hoc networks, there is a need to consider the following challenges due to the
unique characteristics of satellite communication links, heterogeneous satellite nodes and end-users. First, satellite
links have higher bit error rates than terrestrial links forming the Internet and round-trip time is from severa
hundred milliseconds to half-second. Hence, these will have significant impact on the performance of user datagram
protocol and transmission control protocol over satellite, aong with QoS requirements, including connection
establishment delay, connection establishment failure probability, throughput, and transmit delay. Second, satellite
nodes are heterogeneous and are in time-varying 3-D space. Satellite nodes can be located at low and medium-earth
orbits. Those nodes have different up/down link bandwidth and computing resources. Because those nodes are not
geostationary, the slant range varies, inter-satellite links are dynamic, and communication of one link may interfere
with other links. Third, end-users of satellite communication systems, including remote-piloted aircraft and ground-
based vehicles, are heterogeneous. Lastly, for mission critical operations, the satellite networks often have tight real-
time requirements, e.g., end-to-end delay, bandwidth, etc.

To address those challenges, this STTR topic calls for novel theoretical constructs and effective designs of advanced
IP routing onboard over satellite that will link user preferences and network conditions, including timeliness,
availabhility, throughput, and heterogeneity of satellite nodes. To efficiently improve the usage of network resource
and reduce end-to-end latency, the cross-layer design and multiple path/QoS routing mechanisms shall be devel oped
to allow users to bargain and meet end-user QoS requirements given network conditions. In particular, the satellite
ad-hoc network can be considered as a mesh network in a time-variant 3-D space, which consists of heterogeneous
access satellite node, core satellite node, and client with satellite antenna. While this topic encourages novel
solutions, the examples of state-of-the-art algorithms such as across-layer design [6] and multi-path QoS routing [7]
in mesh network and ad-hoc networks can aso be found in recent scientific publications.

PHASE |: Develop IP-based satellite ad-hoc network architectures together with QoS for transmission control
protocol (TCP) over satellite on connection establishment delay, connection establishment failure probability,
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throughput, transmit delay, residual error ratio, protection, priority and resilience. Demonstrate the feasibility
through proof-of-concept

PHASE II: Refine the candidate solutions selected from Phase | results. Investigate options, e.g., maximum
throughput vs. window size for various round-trip delays to improve performance of TCP over satellite. Assess
computational requirements and communication overheads associated with centralized and decentralized
implementation schemes for cross-layer algorithms and TCP over satellite. Document TCP research issues related to
satellites.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Extend the architectures and/or technology components into real-time dynamic net-centric
operations with security measures, e.g., IPSec to communicate at tactical edges where there exist users and
warfighters with different priorities and credentials.

Commercial Application: Transition the architectures and/or technology components into commercial systems.
Anticipated benefits may include significant improvement of end-to-end performance of links with errors and
enhancement of TCP over satellite channels.

REFERENCES:
1. The Army’ s Bandwidth Bottleneck, www.cbo.gov.

2. Win-T, http://lwww.defenseindustrydaily.com/119M-to-General-Dynamics-for-Armys-WIN-T-Satel lite-
Terminals-05482/.

3. John Keller, “Optical Links are Key to Next-Generation Military Communication Satellite”, Military and
Aerospace Electronics, April 2004.

4. Kendra L. B. Cook, “Current Wideband MILLSATCOM Infrastructure and the Future of Bandwidth
Availability,” IEEE A& E Systems Magazine, December 2010.

5. Improving Communications Effectiveness and Reducing Costs with Internet Routing in Space: A DoD Joint
Technology Capabilities Demonstration, http://www.cisco.com/web/strategy/docs/gov/c11-644555 wp.pdf

6. Yuefeng Huang, Xinyu Yang, Shuseng Yang, Wei Yu, and Xinwen Fu, “A Cross Layer Approach Handling Link
Asymmetry for Wireless Mesh Access Networks,” accepted to appear in IEEE Transactions on Vehicular
Technology (TVT), 2011.

7. Wenjing Y ang, Xinyu Y ang, Guozheng Liu, and Wei Y u, “Protocol based on Greedy Forwarding in MANETS",
in Proceedings of |EEE International Conference on Wireless Communications, Networking and Information
Security (WCNIS), May 2010.

KEYWORDS: |P-based satellite ad-hoc network, |P routing onboard over satellite, end-to-end latency, cross-layer
design, transmission control protocol over satellite, high bit error rate, large delays, high asymmetry

AF11-BT13 TITLE: Conformal, Light-Weight & L oad-Bearing Antennas Based on Conductive
Textile Threads

TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVE: To develop conformal, light-weight and load-bearing antennas based on conductive textile threads
that can endow small unmanned agerial vehicles (UAV'’s) with operational capability down to the UHF band.

DESCRIPTION: Communication missions of small UAV's in low-altitude operation are severely limited for the

signals from HAM radio, satellite radio, cellular phones or television due to the large size of antennas required. An
approach to accommaodate required “low frequency” antennas for small UAV's has been to utilize the entire volume
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of the structures which are often constructed of reinforced polymer composites. Recent advances in materials and
electronics as well as new design philosophies demonstrated that conductive, flexible and high strength textile
threads can be employed and weaved within the UAV structure to lower the antenna's operationa frequency.
Similar textile thread-based antennas can also be employed for conformal on-surface installations on a variety of
platforms. These can result in scalable and removable antennas that can be attached to existing vehicles without
adversely impacting their mission performance.

PHASE |: Examine the performance of conductive textile threads to realize planar and non-planar antennas with
comparable performance to traditional metallic antennas. Examine new design concepts and demonstrate their
capability to lower the operational frequency by exploiting 3D structure of small UAV'’s.

PHASE 1I: Based on the design concepts proven under Phase |, develop laboratory prototypes for testing and
evaluation of conformal, light-weight and load-bearing antennas for small UAV's based on conductive textile
threads. Evaluate performance of these prototypes under mechanical stress conditions and introduce remedies to
avoid detuning and undesirable frequency variations.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Conformal, light-weight and |oad-bearing antennas based on conductive textile threads will
find significant usage in communication/navigation/surveillance systems for flight in controlled airspace.
Commercial Application: Conformal and flexible antennas can be used in various commercia products including
cell phones, RFIDs, body-worn antennas and even medical applications for improved imaging and patient
monitoring.

REFERENCES:
1. 1.D. Roscaand S. V. Hoa, “Highly Conductive Multiwall Carbon Nanotube and Epoxy Composites Produced by
Three-Roll Milling,” Carbon, Vol. 47, pp. 1958-1968, 2009.

2. C. Hertleer, H. Rogier, L. Vallozzi, F. Declercg, “A Textile Antenna Based on High-Performance Fabrics,” The
Second European Conference on Antennas and Propagation EUCAP2007, pp.1-5, Nov. 2007.

3. Y. Bayram et.a., “E-textile Conductors and Polymer Composites for Load Bearing Antennas’, IEEE Trans.
Antennas and Propagation, Vol. 58, No. 8 pp. 2732-2736, Aug. 2010.

KEYWORDS: Conformal load-bearing antenna structures, multifunctional structures, structural excitation, micro-
UAV

AF11-BT14 TITLE: MIMO Radar Clutter Modeling

TECHNOLOGY AREAS: Sensors
OBJECTIVE: Develop physics-based MIMO radar clutter modeling and simulation capability.

DESCRIPTION: Fundamental to the performance evaluation of putative optima and adaptive MIMO radar signal
processing algorithms is a characterization of clutter in terms of its statistical and spectra properties. Radar clutter is
the resultant of many scattering mechanisms and certainly MIMO radar clutter is no exception. Therefore this effort
is geared towards the development of a physics based modeling and simulation capability for MIMO radar clutter
viewed from co-located (single platform), distributed (multiple platforms such as swarms of UAVSs), and hybrid
configurations. Important issuesin this context include the following items:

1. Employ physics (Maxwell's equations) to analyze the scattering mechanisms pertaining to MIMO radar clutter,
while including the impact of multipath (produced, for example, by topographic undulations, ground vegetation and
boulders or outcroppings, scattering by other members of a swarm of UAV's, and urban complexities), and radar
waveform effects (including various selected modulation schemes, chirps of various kinds, and Doppler shifts from
moving targets and sources), and then develop analytical models for clutter scenarios encountered in MIMO radar.
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The analytical models must account for the statistical and spectral properties of clutter in these scenarios in terms of
fundamental s pertaining to electromagnetic and geometric factors inherent to the scattering surfaces.

2. Develop computer simulation schemes for generating MIMO radar clutter scenarios using the physics based
models from (1). One key requirement of the models and their realization in computer simulation schemes is
independent control of the first order probability density function (PDF) and the correlation properties. Another
requirement of the computer simulation scheme is accurate (eliminating diffraction from artifactual edges) and
'‘water tight" CAD file representation of targets, topography, and buildings or other urban details. It is also
imperative that the computer simulation scheme be provably accurate and rapid. The need for rapidity trandates into
ensuring that the code scales slowly with problem size.

3. Account for statistical and spectral properties of simulated and measured MIMO radar clutter data using the
physics based models

4. In light of the statistical aspects of the physics it is necessary that performance validation of the smulation
schemes using statistical and spectral analysistoolsis pursued.

PHASE I: Develop physics-based models for MIMO radar clutter observed from co-located, distributed, and hybrid
MIMO sensing assets. The models need to address the 4 items discussed in the " Description™ above.

PHASE II: This phase will be devoted to an extensive and exhaustive development and validation of the simulation
schemes from Phase |. Phase |l will include relevant code and a final report, which provides comprehensive
documentation of the techniques devel oped in the effort.

PHASE Il DUAL USE COMMERCIALIZATION:
Military Application: More effective target indentification within urban canyons and complex topography.
Commercial Application: Law enforcement and RFID within cluttered environments.

REFERENCES:

1. “Signaling strategies for the hybrid MIMO phased array radar”, D. Fuhrmann, J. Browning, and M. Rangaswamy,
IEEE Journa of Selected Topics in Signal Processing special issue on MIMO Radar, Vol. 4#1, February 2010 pp.
66-78.

2. “Radar reflectivity of land and sea’, M. Long, ARTECH House 2001.

3. “Clutter covariance matrices for GMTI MIMO radar”, J. Kantor and D. Bliss, Proceedings of the 44th Asilomar
conference on Signals, Systems, and Computers, Pacific Grove, CA, November 2010.

4. “MIMO Radar waveform constraints for GMTI", K. Forsythe and D. Bliss, IEEE Journal of Selected topics in
signal processing VVol. 4#1, February 2010, pp. 21-32.

KEYWORDS: MIMO Radar, Clutter Modeling, Physics Based Models, Statistical Properties, Spectrum Properties,
Geometry, Waveform

AF11-BT15 TITLE: End to End Trusted Path for Embedded Devices and Applications

TECHNOLOGY AREAS: Information Systems, Electronics

OBJECTIVE: Provide monitoring and control of remote devices that operate in autonomous domains while
assuring integrity of end-to-end control functions using untrusted COTS operating systems and software.

DESCRIPTION: The deployment, monitoring, and control of remote devices and applications operating in
autonomous administrative domains enable a variety of new network-centric missions both in the defense and
civilian domains. These applications range from control of remote vehicles and sensors to domestic healthcare and
industrial process control. Large-scale deployment of embedded devices and applications requires that commercially
available platforms (e.g., operating systems, network software) be used and that their operation be enabled in
autonomous administrative domains; i.e., embedded devices and applications may operate in a physicaly remote
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domain outside the full control of the client who executes a particular mission or application. For instance, a remote
sensing device may be launched by a different party than the one who controls the mission and establishes the
perimeter and time of operation and fidelity of sensor readings. Y et the party that launches the sensing device may
have access to the devices' software and could inadvertently or deliberately misconfigure or initialize it in an
insecure state. Furthermore, the use of commercially available platforms allows exploitation of operating system
and application flaws by a knowledgeable entity. Thus it becomes necessary to ensure that end-to-end control of
remote embedded devices and applications despite the use of commercially available platforms and operation across
different administrative domains. This makes the notion of end-to-end trusted path a necessary feature for embedded
devices and applications.  Traditional notions of end-to-end trusted path have relied on establishing
cryptographically secure channels between trustworthy operating systems, applications, and service providers[1, 2].
While use of such channels is adequate in many applications, it is insufficient whenever commercially available
platforms are used and the remote control mission or application spans multiple administrative domains. New
capabilities are needed to ensure the integrity of sensitive application-code execution on both local and remote
platforms[3], to provide remote attestation of code execution across different administrative domains, and to ensure
the resiliency of the end-to-end infrastructure that establishes and maintains the trusted path. New capabilities are
also necessary to detect misconfigured local client machines and remote embedded devices and applications before
trusted path use. It also becomes necessary to detect and remove malware-contaminated client and remote-server
software, and enable isolation of both trusted-path ends from contaminated platform code and improper management
by remote administrators.

PHASE I: Perform research necessary to design, develop and demonstrate a methodology for the establishment of
end-to-end trusted path for embedded devices and applications execution on COTS platforms operating in
autonomous administrative domains based on a network-centric computing model.

PHASE Il: Develop and demonstrate a prototype implementing Phase | methodology and demonstrate prototype
baseline capability using commercially available platforms and devices. Identify appropriate performance metrics
(e.g., confidentiality, integrity of end-to-end trusted path in the presence of known malware and defined insider
attacks) for prototype evaluation. Detail the plan for the Phase I11 effort.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This research is highly practical for Intelligence Communities, Communications, and
Homeland Security.

Commercial Application: This research will be useful for industrial process control, remote patient monitoring in
domestic healthcare, and mobile socia services.

REFERENCES:
1. P. Gilbert, L. P. Cox, J. Jung, and D. Wetherall. “Toward trustworthy mobile sensing,” in Proceedings of the
Eleventh Workshop on Mohile Computing Systems & Applications, 2010.

2. P. England, B. Lampson, J. Manferdelli, M. Peinado, and B. Willman. “A trusted open platform,” in IEEE
Compurter, 36(7):55-62, July 2003.

3. Jonathan M. McCune, Ning Qu, Yanlin Li, Anupam Datta, Virgil D. Gligor, and Adrian Perrig. “TrustVisor:
Efficient TCB Reduction and Attestation,” in Proceedings of the 31 IEEE Security and Privacy Symposium,
Berkeley, CA, May 2010.

KEYWORDS: end-to-end trusted path, remote embedded applications, commercial platforms, network-centric
computing

AF11-BT16 TITLE: Instrumentation for high-bandwidth optical measurements in harsh reacting flows

TECHNOLOGY AREAS: Air Platform, Electronics

AF - 26



OBJECTIVE: Enable significant improvements in the spatia and tempora resolution of critical phenomena in
flowfields relevant to AF air-breathing combustion systems via development of innovative high-bandwidth planar or
volumetric imaging and quantitative measurements.

DESCRIPTION: The development of air-breathing engines requires the utilization of advanced diagnostic methods
capable of providing nonintrusive dynamic measurements in harsh, often high-temperature environments. These
measurements can help engineers and engine designers investigate a variety of challenging problems, including
flame-holding and flame-spreading in scramjet engines and augmenters, combustor ignition and relight, and jet-
noise. To adequately understand these phenomena, engineers will increasingly rely upon advanced, nonintrusive,
optical instrumentation capable of operating at high bandwidths and spatial resolution. Desired measurements
include but are not limited to parameters such as combustion intermediate species, gas static temperature, gas
velocity and turbulence quantities at rates in excess of 50 kHz and resolved spatial scales less than a centimeter; with
preference resolved spatial order in the millimeter scales in flowfields appropriate for the engineering development
of propulsion subsystems. Such flowfields may approximate those encountered in gas-turbines, augmenters, pulse
detonation engines, and scramjets, as well as other portions of an air-breathing flowpath. This announcement is
broad in that a broad spectrum of methods may adequately address this topic, provided the proposed solution has the
potential to radically improve data rates and resolution beyond the current state of the art.

PHASE I: Develop concepts for measurements systems of one or more flowfield quantities of relevance to AF
related air-breathing engines. Complete proof-of-concept measurements in a laboratory-scale flowfield (reacting or
nonreacting, depending on the application). Demonstrate data acquisition ratesin excess of 50 kHz.

PHASE I1: Implement the full diagnostic system in an appropriate challenging flowfield. Demonstrate data rates
greater than 50 kHz, spatial resolution of scales less than one centimeter, with preference spatial resolution order in
the millimeter scales and suitable planar or volumetric scales to adequately resolve the macroscale behavior of the
demonstration flowfield.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Success will yield diagnostic systems that can be used for a variety of propulsion applications
as noted above.

Commercial Application: Such instrumentation can also be applied, potentially, to commercial engines (e.g.,
aircraft or stationary, power-generation gas turbines) or high-speed flowfields.

REFERENCES:

1. Hileman, JI., Thurow, B.S., Caraballo, E.J. and Samimy, M., “Large-Scale Structure Evolution and Sound
Emission in High-Speed Jets: Real-Time Visualization with Simultaneous Acoustic Measurements,” J. Fluid
Mechanics, Vol. 544, pp. 277-307 (2005).

2. Stéhr, M., Boxx, I., Carter, C., and Meier, W., “Dynamics of lean blowout of a swirl-stabilized flame in a gas
turbine model combustor.” Proceedings of the Combustion Institute 33, 2953 (2011).

3. Jiang, N., Patton, R.A., Lempert, W.R., and Sutton, J.A., “Development of high-repetition rate CH PLIF imaging
in turbulent nonpremixed flames,” Proceedings of the Combustion Ingtitute, Vol. 31, pp. 767-774 (2011).

KEYWORDS: propulsion measurements, high-speed instrumentation, optical diagnhostics, kHz imaging

This topic has been removed from the solicitation.

AF11-BT20 TITLE: Volume Charge Distribution Measurement in Thin Dielectrics
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TECHNOLOGY AREAS: Electronics, Space Platforms

OBJECTIVE: Develop a Pulsed Electro-Acoustic or aternative technique to give volume charge distribution and
electric fields within realistic spacecraft dielectric insulators at space-like radiation energies.

DESCRIPTION: Pulsed Electro-Acoustic (PEA) techniques were developed to determine the internal charge
distribution of high voltage power cable insulators after manufacturing. [1] By determining the volume charge
distribution, the internal electric fields in a dielectric can be determined, allowing for better understanding of
conditions leading to current leakage and dielectric breakdown. In the context of spacecraft charging and material
selection, understanding of internal electric fields is essential to understanding the conditions capable of causing
breakdown in a complex radiation environment. Multiple spacecraft have suffered anomalies or been disabled due to
presumed dielectric discharge [e.g. 2]. The effects of dielectric discharge and prolonged electrostatic fields can
change material properties over time. Understanding the interna charge distribution and charge carrier mobility in
dielectrics can lead to material selection less sensitive to dielectric discharge and improved spacecraft materials. The
current PEA methods lack the resolution required to determine the charge distribution in thin spacecraft dielectrics
and at the relatively low incident energy of typical space plasma.

PHASE I: Determine requirements for and design a vacuum-capable device with resolution to determine charge
distributions in typical spacecraft materials at typical on-orbit radiation energies at a range of temperatures typical to
orbit. Evaluate existing technology to identify components capable of providing the necessary resolution with
modification.

PHASE I1: Construct a product capable of determining charge distributionsin typical spacecraft materials at typical
on-orbit radiation energies and perform tests on several common materials to provide a baseline of capabilities.
Perform analysis of what is required to improve resolution and implement improvements if possible.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Provide material testing to determine spacecraft materials for use in hazardous environments,
leading to longer spacecraft life and improved survivability and reliability during substorms and other space
radiation hazards.

Commercial Application: Generate improved data on dielectric charge distributions to improve material selection
for spacecraft, thin electrical insulators on high voltage cables, and capacitors. Other uses may become apparent
after continued use.

REFERENCES:
1. Maeno, T. et a. “Measurement of Spatial Charge Distribution in Thick Dielectrics Using the Pulsed
Electroacoustic Method.” |EEE Transactions on Electrical Insulation, Vol. 23, No. 3, June 1998, p. 433-439.

2. Kawakita, S. et al. “Investigation of an Operational Anomaly of the ADEOS-1I Satellite.” Presented at the 9th
Spacecraft Charging Technology Conference, Tsukuba, Ibaraki, Japan, 4-8 April 2005.

KEYWORDS: Thin Di€electrics, Pulsed-Electro-Acoustic, dielectric insulators

AF11-BT21 TITLE: Dynamically Evolving Malware Detection in Streams

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: The United States Air Force is looking for technological innovations based on machine learning
techniques for Dynamically Evolving Malware Detection in Data and Network Streams.

DESCRIPTION:  Polymorphic malware poses increasing challenges to effective signature-based antivirus
protection; antivirus defenses have managed to stay ahead in the virus-antivirus co-evolution race only because
antivirus signature updates are specific and targeted, whereas most polymorphic malware variation is random and
undirected. More powerful malware mutation strategies that use automated machine learning to adapt to signature
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updates in the wild are being examined [1]. By tailoring their mutations to specific signature updates, such malware
can reliably survive signature updates without re-propagating, posing potentially serious threats to existing network
infrastructures. The relentless appearance of novel malicious and non-malicious executables can be conceptualized
as a data stream in which each data point is an executable. New kinds of attacks and mutations constitute concept
drift in such a stream. Current machine learning-based classification approaches that are being examined to detect
concept drift in data streams (e.g., [2]) show promise for detecting evolutionary malware. One open challenge in
fully adapting these to malware detection is the difficulty of reliably and efficiently extracting useful features from
binary executables, which tends to be substantially more difficult than the feature-extraction problem for purely
textual streams[3]. A second challenge is concept evolution—the continuous appearance of novel classes (e.g., new
types of maware) in the stream [4]. Machine learning approaches that assume a fixed number of classes are
therefore impractical for malware detection. In order to detect new maware as well as reactive and adaptive
malware, dynamic mechanisms for novel class detection based on sophisticated machine learning algorithms are
needed. Such mechanisms should account for both concept drift and concept evolution to reliably detect new and
old malware variants in infinite-length binary data streams. Furthermore, practical detection mechanisms should be
time-constrained so that prompt action can be taken.

PHASE |: Conduct a preliminary investigation of machine |earning-based malware detection with novel classesin a
controlled environment, as well as novel class detection in an unconstrained textual environment (e.g., web blog
content).

PHASE I1: Develop a proof-of-concept demonstration of the technology in areal-world environment, with rea -time
applications.

PHASE |1l DUAL USE COMMERCIALIZATION

Military Application: Tools developed from this research will be used for active defensive operations, such as
robust malware detection and quick analysis of web content for malicious intent.

Commercial Application: Results of the research will be useful in commercial intrusion/malware detection systems
and stream (e.g., text and binary) classification systems.

REFERENCES
1. Kevin W. Hamlen, Vishwath Mohan, Mohammad M. Masud, Latifur Khan, Bhavani M. Thuraisingham.
Exploiting an antivirus interface. Computer Standards & Interfaces 31(6):1182-1189 (2009).

2. Haixun Wang, Wei Fan, Philip S. Yu, Jawel Han. Mining concept-drifting data streams using ensemble
classifiers. In Proc. 9th ACM International Conference on Knowledge Discovery and Data Mining (KDD), 226-235
(2003).

3. M. M. Masud, L. Khan, B. Thuraisingham. A scalable multi-level feature extraction technique to detect malicious
executables. Information Systems Frontiers 10(1):33-45 (2008).

4. E. J Spinosa, A. C. P. L. F. de Carvaho, J. Gama. Cluster-based novel concept detection in data streams applied
to intrusion detection in computer networks. In Proc. 23rd Annual ACM Symposium on Applied Computing
(SAC), 976-980 (2008).
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AF11-BT22 TITLE: Tool for Blade Stress Estimation during Multiple Simultaneous Vibratory Mode
Responses

TECHNOLOGY AREAS: Air Platform, Space Platforms

OBJECTIVE: Develop acomputational toolkit to estimate the stresses in rotating blades and other structures due to
multiple structural vibratory modes.
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DESCRIPTION: Turbine engine stress estimation is necessary during engine stress survey testing. Newer modern
turbine engines with integrally bladed rotors (IBR) tend to have a higher number of blade vibratory modes excited
by unsteady flows associated with 1GVs, stators, distortion, etc. This results many times in multiple structural
vibratory blade modes being excited simultaneously, therefore, making it difficult to estimate actual blade maximum
stress using existing methods that model only single vibratory modes. A need exists for a method to extract
component critical stress limits for complex multi-mode stress states from simple modal limits provided by the
manufacturer. In addition, a method is needed that would identify critical stresses from a combination of relatively
benign individual modal peaks to guide test program planning and life estimation programs.

PHASE I: The theory will be developed to determine the stresses in a structure while multiple vibratory modes are
excited. In addition, the architecture for a program to determine the maximum stresses and present results to the
user will also be developed.

PHASE 1I: A software package will be developed utilizing the theory developed in Phase | to estimate blade
stresses under all of the possible mode combinations. The software shall automatically search for & determine those
combinations that produce the greatest stresses & present them in an actionable manner. In particular, the location
& stress amplitude of the maximum stress for a variety of blade geometries & modal combinations shall be
presented.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This code will be used extensively in the analysis of turbine engine blade stresses for both
ground test programs and in support of flight testing and operations.

Commercial Application: The software could be used to estimate stresses in other rotating systems such as
industrial steam and wind turbines, fans, and other components.

REFERENCES:
1. Stange, W. A., “Advanced Techniques for Measurement of Strain And Temperature in a Turbine Engine,” AIAA-
1983-1296, SAE, and ASME, Joint Propulsion Conference, 19th, Seattle, WA, June 27-29, 1983.

2. Beachkofski, Brian K., “Probabalistic Modal Anaysis for Turbine Engine Blades* AIAA-2001-
1318,AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference and Exhibit, 42nd,
Seattle, WA, Apr. 16-19, 2001.

3. Grant, K., lvey, P., “The Experimental Validation of Tip-Timing Techniques for Condition Monitoring of HCF in
Gas Turbine Aero-Engines,” AIAA-2002-4305, 38th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and
Exhibit, Indianapolis, Indiana, July 7-10, 2002.

4. Sensmeier, M. D., Nichol, K. L., “Optimum Placement Of Sensors For Vibration Measurements On Turbine
Engine Blades,” AIAA-1998-1849, AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials
Conference and Exhibit, 39th, and AIAA/ASME/AHS Adaptive Structures Forum, Long Beach, CA, Apr. 20-23,
1998.
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AF11-BT23 TITLE: Simulation software for strongly coupled plasma

TECHNOLOGY AREAS: Information Systems, Material s/Processes

OBJECTIVE: Develop algorithms and tools to advance the state-of-the-art in the simulation of plasma in the
strongly coupled limit, where the energy associated with the long range coulomb fields is larger than the thermal
energy associated with the particles.

DESCRIPTION: Strongly coupled plasmas occur in a wide range of physical situations from ultra-cold neutral
plasmas and tenuous ionosphere plasmas[1] through explosive gases associated with conventional munitions to the
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extreme conditions associated with high-energy ultrafast laser interactions with matter, even touching on warm
dense matter physicg[3]. Since the flow of energy in these situations is both critical to the functioning of Air Force
technology, and central to our fundamental understanding of plasma physics, it is important to have theory and
related software to understand and predict plasma behavior in the strongly coupled regime. Non-equilibrium
plasmas are playing an important role in a variety of Air Force high technology products, either by virtue of
providing the background operating environment (for space-based assets), the means by which electrical energy is
converted into high power eectromagnetic signals (directed energy sources), novel plasma chemistry (in micro-
plasma devices), or fundamental limits for certain classes of quantum information systems (trapped ion and cold
atom systems). The creation and evolution these non-equilibrium plasmas and the management of energy flow in
these potentially high energy density situations is important to the further research and development of awide range
of Air Force technology. Currently, methods based on particle-in-cell (PIC) tools and single-fluid (MHD) models
are the workhorse enabling computational technology to design and evaluate the intersections between plasma
scenarios and Air Force needs.

While the PIC and MHD software packages have reached a relatively high state of development, with robust
numerical agorithms, scalable parallel implementations, and high-fidelity physical accuracy, these codes generaly
simulate so-called "classical" plasmas [2] where the kinetic energy of the charged particle population greatly
exceeds the potential energy associated with Coulomb self-fields. Note that this is in contrast to other uses of the
term "classical" in the context of quantum mechanical processes in plasmas. When the Coulomb field energy
becomes large, however, traditional methods of plasma physics often fail, as the inter-particle dynamics and multi-
particle correlations become important. The physics associated with this devel opment often require fine resolution of
the spatial dynamics that involves length scales significantly shorter than the screening Debye length associated with
classical plasmas. These small spatial scales naturally introduces novel time scales and equilibration processes that
are important to understand and simulate. This involves coupling multiple physical phenomena for retaining the
long-range forces common in plasmas with the short-range inter-particle forces more commonly associated with
molecular dynamics. Finally, athough this lies outside the scope of the current topic, this is clearly important
physics toward the eventual inclusion of quantum processesin plasma physics.

PHASE |I: Based on novel concepts beyond the current state-of-the-art, develop a plan to build and validate a
strongly coupled plasma simulation model. Plan should address modeling, development of algorithms,
implementation of computer code and, given the wide range of plasma parameters exhibiting

strongly coupled phenomena, first tests of results for one physical system.

PHASE I1: Develop algorithms for a strongly coupled plasma simulation tool and implement in prototype computer
code appropriate for, at least, two-dimensional physical scenarios. Again, given the wide rate of potential physical
arenas, apply code to simulate two specific systems, and test simulation results against observed data from the
literature.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Use the tool to characterize the impact of strongly coupled plasma in high-power
electromagnetic fields for counter-directed energy, explosive blast situations, and space-weather effects on
electronics.

Commercial Application: The tool will also have broad application to novel chemistry based on micro-plasma
technology for novel environmental remediation, and for quantum information systems based on trapped ions for
secure business transactions.

REFERENCES:
1. S.L. Rolston, "Ultracold Neutral Plasmas* Physics, 1, 2 (2008).

2. S. Ichimaru, "Strongly coupled plasmas: high-density classical plasmas and degenerate electron liquids." Reviews
of Modern Physics, 54, 1018 (1982).

3. D.V. Rose «t. d., "Particle-in-Cell and hypernetted chain models of two-component, two-temperature coupled
classical plasmas." Phys. Plasmas, 16, 102105 (2009).
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AF11-BT24 TITLE: High efficiency up- and down-converting infrared nanoparticles

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: The synthesis and characterization of non-toxic, environmentaly stable and optically efficient
nanoparticles that absorb and emit in the infrared and lack any visible light emissions.

DESCRIPTION: Thereisan Air Force need to develop optical materials that operate in the infrared spectrum. The
ideal material would be an environmentally stable, non-toxic and optically efficient nanoparticle that absorbs
infrared light and either upconverts or downconverts the energy to a different infrared wavelength. Emissions from
the nanoparticles should be detectable using commercial infrared imaging devices, such as night vision goggles,
short wave infrared (SWIR) cameras or forward looking infrared (FLIR) cameras. It is anticipated that these
nanoparticles will be used outside, thereby requiring any absorption and emission wavelengths be outside any
atmospheric absorbance bands. Additionally, this material should not have any emissions in the 400-700nm
wavelengths, be synthesized economically and practically on large scales, do not photobleach, and can either
fluoresce or phosphoresce.

PHASE I: Gram quantities of monodisperse nanoparticles with Stoke shifts of at least 100nm that are optically
active in the infrared will be synthesized and characterized using traditional laboratory equipment as well as infrared
imaging devices. Materials will be excited with 830nm or 1064nm light sources and either up- or down-convert in
the infrared.

PHASE Il: Research of new infrared nanoparticles would continue, though with an emphasis on production
scalability, emission strength, and environmental stability. Additionally, the effects of the materials on the
environment and animal toxicology will be examined. As an optimum formulation is identified, a > 500g sample
will berequired as afina deliverable.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: Military applications include tagging and tracking of assets, identifying friend or foe, and for
use in identifying disturbed soil in perimeter security.

Commercial Application: Commercia applications include fluorescence optical imaging for biomedical
applications.

REFERENCES:
1. Journal of Applied Physics, 2010, 107, 054901

2. Nano Letters, 2008, 8 (11), 3834
3. BIOMATERIALS 31 (12): 3287-3295 APR 2010

KEYWORDS: Nanoparticle, fluoresce, phosphoresce, infrared, Stokes, upconversion, downconversion, nanocrystal

AF11-BT25 TITLE: Electrode Surface Erosion at High Pressures

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a computational model to predict the flow field in the attachment region of an electric arc
and the associated material removal.

DESCRIPTION: Data and the ability to predict surface heating and material removal of electrodes at moderate to
high pressures (10-300 atm) with a moving arc is needed. The complexity of the process of electrode erosion,

AF-32



involving extreme temperatures (~14,000 K), a complex charge concentration zone, a material/gas interface, and the
creation of a liquid pool at the arc foot, combined with the difficulty in obtaining validation data due to the
brightness, temperatures, and voltages involved has limited the capability to model electrode material removal.
Current models can predict material removal rates within about an order of magnitude but there are many factors
that are poorly understood such that many different parameter settings can generate the same results. The flow field
in the region of the arc attachment region; the constriction and attachment of the arc; the magnetic field produced by
the arc; the effect on the arc of externally applied magnetic fields; the melting and vaporization of the electrode
surface; removal of material due to surface shear, chemical processes, magnetic forces, and material vaporization;
and the flow of current once within the electrode surface al must be understood and relevant models included in the
computational model.

PHASE I: Develop the theory needed to model the relevant processes & identify existing computational tools that
can be utilized asis or in amodified form in development of the final computational tool. Develop the architecture
for the computation tool & a design for the test apparatus to be used to gather data needed to develop & tune the
model.

PHASE Il: Develop the computational model. Construct experimental apparatus and perform tests and analysis
needed to determine properties, understand relevant processes, and develop databases for use by the computational
tool. Tune computational model and validate using experimental data.

PHASE 11l DUAL USE COMMERCIALIZATION:

Military Application: Computational tool has military usesin the design of electrodes for arc heaters and rail guns.
Commercial Application: Computational tool could be used to aid in the design of large transformers and other
electrical equipment.

REFERENCES:
1. Felderman, E. J. and MacDermott, W. N. “Near-Electrode Model for 100-Standard Atmosphere Arc Discharges,”
Journal of Propulsion and Power, 1996 0748-4658, VVol.12, NO.6, pp.1084-1092.

2. Sheeley, Joseph, “Parametric Studies with an Arc Electrode Mass Loss Model,” AIAA-2010-4658, 10th
AIAA/ASME Joint Thermophysics and Heat Transfer Conference, Chicago, Illinois, June 28 - July 1, 2010.

3. Nakagawa, Yokio and Y oshioka, Yoshio, “Theoretical Calculation of the Process of Contact Arc Erosion Using
One-Dimensional Contact Model,” IEEE Transactions on Components, Hybrids, and Manufacturing Technology
(IEEEI), CHMT-1, NN. 1, March, 1978, pp. 99-102.

4. Lehr, Frederick Mark, “Electrode Erosion from High Current, High Energy Moving Arcs,” Master’'s Thesis,
Electrical Engineering Department, Lubbock, TX: Texas Tech University, 1988.
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AF11-BT26 TITLE: Celular elements for ensemble based programmabl e matter

TECHNOLOGY AREAS: Materia s/Processes, Sensors

OBJECTIVE: Design, development, and fabrication of functional units that can serve as the “cellular” elementsin
an ensembl e based mesoscopic interpretation towards an eventual programmable matter.

DESCRIPTION: Computer science has provided a strong theoretical foundation for the concept of programmable
ensemble based matter: a form of matter created from massive numbers (>10"9) of nearly homogeneous units where
the individual units are small enough that the ensemble functionally appears to be a uniform material. Each
individual unit is required to take on those properties necessary for it to operate within the ensemble including:

1. A physical structure under 0.1 cubic millimeter with no dimension greater than 700 micrometers
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2. The ability to collect/scavenge energy from external sources (chemical, physical, or electromagnetic), store the
energy as needed for the operations of the individual unit, and distribute energy to nearby units.

3. The ability to selectively modify the chemical, physical, electrical, or magnetic properties of the structures surface
to enable selective adhesion, separation, and/or actuation relative to similar structures.

4. The ability to download, store, and execute a program sequence.

5. The ahility to communicate with nearby units at the level required for a group of units to operate collectively
towards achieving goals such as forming shapes, controlling lattice structure and spacing, and achieving collective
motion.

6. The ability to specialize based on physical, chemical, or electrical modification.

Of interest for this particular topic, are nano- or micro- processes for fabricating units that provide the functionality
detailed in the six items above. It is aso desired that the process can be scaled down over time to achieve units at a
size as small as 0.001cubic millimeters with no dimension greater than 150 micrometers. It is essential that these
processes provide a low cost approach for the fabrication of billions of units. Approaches based on either batch
fabrication, novel nanofabrication (such as nanomembranes or nano-imprint) or bottom up assembly are both
acceptable provided they can achieve extremely low cost and high volume fabrication.

It is currently believed that the final complex cellular unit will require a hybrid approach with one or more of the six
items above provided by differing fabrication processes. These separately fabricated functional elements would then
need to be assembled to form the complex cellular unit.

PHASE |I: Detail an effective system architecture that embodies critical functions (i.e., power, signal, heat,
mechanism, etc) & define a credible process for achieving the fabrication of the cellular units. Take convincing steps
towards the experimental demo of the associated fab processes of the unit at the desired scale using the proposed
approach.

PHASE II: Fabricate and demonstrate prototypes of cellular units at the size detailed in item (1) above, and
demonstrate the ability to form scalable ensembles of these units.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: This work will create an innovative dynamic form of matter with application in software-
defined reconfigurable antennas and sensors, 3D-displays, and surveillance and reconnai ssance systems.

Commercial Application: Applications of programmable based matter will include a new type of displaying media,
communication and visualization systems, medicine, biology, a software-defined 3D-modeling.

REFERENCES:
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KEYWORDS: ensemble based programmable matter, intelligent matter, reconfigurable sensors, cellular elements,
nanofabrication, micro/nano assembly of complex systems , self-assembly, nanomembranes, flexible electronics,
reconfigurable

AF11-BT27 TITLE: Learning from Massive Data Sets Generated by Physics Based Simulations

TECHNOLOGY AREAS: Air Platform, Information Systems

OBJECTIVE: To develop and evaluate novel methods for understanding and visualizing information obtained from
(ultra) massive data sets generated through physics based simulation.

DESCRIPTION: Large-scde simulations are carried out routinely in modern computational physics. Such
simulations produce enormous data sets. There is a need for developing and exploring new, more efficient methods
for extracting coherent and usable information along with measures of the uncertainty associated with the
information derived using only the given data. As an example, vortex detection [1] is an important aspect of data
mining obtained with steady-state computational fluid dynamics simulations on curvilinear grids. A systematic
theory for an ab initio data-driven organization of information and representation of data complexity is needed.

The effort should focus on novel approaches for developing a systematic theory for exploiting the relevant physical
principles [2] in the simulation of physical phenomena. The approach should lend itself to a variety of secondary
transformations for visualization [3]. Technologies may include, but are not limited to, information fusion, cognitive
architectures, robust statistical learning, search and optimization, automated reasoning, and possibly new
applications of mathematics [4]. Emphasis should be placed on identifying broadly applicable principles, supporting
theoretical constructs, practical methods, and algorithmic realizations and measures of effectiveness.

PHASE I: Perform research to develop a set of new technologies as described above and define or identify a
representative data set to be used in demonstrating the effectiveness of the resulting technologies.

PHASE Il: Extend the Phase | knowledge products to develop a prototype comprehensive framework applicable to
massive amounts of data obtained from physics based simulations.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: Developing new techniques for computer simulations including feature analysis in multi-
physics simulations. Technology developed also applicable to threat identification hidden in massive datasets.
Commercial Application: This technology could be adapted to efficient analysis of gene expression and other high-
throughput molecular data. Analysis of massive, high dimensional data from the life sciences would benefit.

REFERENCES:
1. Martin Roth, "Automatic Extraction of Vortex Core Lines and Other Line Type Features for Scientific
Visualization", doctoral thesis, Swiss Federal Institute of Technology, Dept. Computer Science, Zurich, 2000

2. Thompson, D.S., Nair, J.S,, Venkata, S.S.D., Machirgju, RK., Jang, M. and Craciun, "Physics-Based Feature
Mining for Large Data Exploration," Computing in Science and Engineering, Val. 4, Issue 4, July 2002, pp. 22-30

3. Pogt, F.H., Vralijk, B., Hauser, H., Laramee, R.S. and Doleisch, H., "The State of the Art in Flow Visualization:
Feature Extraction and Tracking," Computer Graphics Forum, Vol. 22, No. 4, 2004, pp. 1-17.

4. Tomaso Poggio, Tomaso, Smale, S., "The Mathematics of Learning: Dealing with data," Notices of the AMS, vol.
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AF11-BT28 TITLE: Metamateria -based MEM ultra-low-loss non-dispersive phased-array antenna

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop and demonstrate approaches for realizing metamaterial-based micro-electromechanical
(MEM) ultra-low-loss non-dispersive phased-array antennas for multifunction radar and communication systems in
unmanned and micro air vehicles.

DESCRIPTION: Phased-array multi-function radar and communication systems are ideal for unmanned and micro
air vehicles that possess challenging requirements for size, weight, power consumption and cost. Whether aradar or
communication system can meet such challenging requirements is critically dependent on the design of not only the
antenna, but also key components such as phase shifters and transmit/receive electronics that are required to drive
individual antenna elements. For example, recent advances in the integration of slow-wave structures with MEM
switches have resulted [1], [2] in low-loss broadband-matched phase shifters, which will allow them to be integrated
with the antenna [3] and driven by a few transmit/receive electronic modules, thereby reducing the size, weight,
power and cost of the system. In addition, by taking advantage of combining the different dispersion characteristics
of metamaterials and natural materials, non-dispersive phase shifters with a constant phase across a wide range of
frequencies can be designed [4], which will greatly simplify the operation of frequency-agile and broadband-
modulated multifunction radar and communication systems. To demonstrate the potential of the above-mentioned
improvement in phased-array antennas, this project is divided into distinct phases as described in the following.

Both Phase | and Phase Il should be conducted with a focus on not only performance improvement, but also
robustness, reliability, manufacturability, yield, qualification and technology transition for deployment in unmanned
and micro air vehicles. Costs of a transition/qualification effort should be estimated as part of the Phase Il work
package, and a potential transition strategy should be discussed in basic detail during Phase | and in finer detail
during Phase I1.

PHASE I: Phase | should focus on the design and evaluation of a metamaterial-based MEM Ka-band phase-shifter
unit cell. The unit cell should be capable of uniform performance between 24.5 and 27 GHz with a phase shift of
45+/-5 degree, an insertion loss <1 dB, areturn loss >20 dB, a switching speed < 5 us, and a power consumption <
10 uw.

PHASE II: The first half of Phase Il should focus on the design, fabrication and demonstration of 4-bit Ka-band
phase shifters with uniform performance between 24.5 and 27 GHz, a phase resolution of 22.5 deg from 0 deg to
337.5 deg, a phase ripple of less than +/-5 deg, an insertion loss < 2 dB, areturn loss >20 dB, a switching speed < 5
us, and a power consumption <10 uW. The size of the phase shifter should be smaller than 5 mm x 5 mm x1 mm.

PHASE Il DUAL USE COMMERCIALIZATION:

Military Application: The array should be applicable to all military radar and communication systems for which
size, weight, power and cost are critical. With low RF loss and DC power, it can be readily stacked to form a two-
dimensional array with only air cooling.

Commercial Application: The ultra-low-loss non-dispersive phased-array antenna should be equally applicable to
commercial communications, such as satellite communications and wireless communications with multiple-input-
multiple-output (MIMO) antennas.

REFERENCES:
1. B. Lakshminarayanan, and T. M. Weller, “Design and modeling of a 4-bit slow-wave MEMS phase shifter,”
|EEE Trans. Microwave Theory Techniques, vol. 54, pp. 120-127, Jan. 2006.

2. C. Palego, Z. Peng, J. C. M. Hwang, D. Scarbrough, D. I. Forehand, and C. L. Goldsmith, “Compact Ka-band
phase shifters using MEMSS capacitive switches,” in Proc. European Microwave Conf., Sept. 2009, 1864-1867.

3. J. C. Rock. T. D. Hudson, B. Wolfson, D. Lawrence, B. Pillans, A. R. Brown, L. A. Coryell, and R. A. Milburn,

“Design, fabrication and evaluation of a MEMS-based Ka-band, 16-element sub-array,” U. S. Army RDECOM
Technical Report RDMR-WD-09-24, Nov. 2009.
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AF11-BT29 TITLE: Satellite Drag Physical Model Module for a Near Real Time Operation Test Bed

TECHNOLOGY AREAS: Battlespace, Space Platforms

OBJECTIVE: Accurately determine current and future satellite drag with a thermospheric physical model using
near real time space weather data and indices.

DESCRIPTION: Orbital drag on spacecraft is a critical factor in providing collision avoidance warnings for
manned spaceflight and other high-value assets, accurately cataloging orbiting objects, predicting reentry times, and
estimating satellite lifetimes, on-board fuel requirements, and attitude dynamics. Uncertainties in neutral density
variations are the magjor limiting factor for precise low-Earth orbit determination at altitudes below about 700 km.
Long-standing shortfalls in satellite drag prediction have been due to the complex thermosphere neutral density and
wind response during periods of high geomagnetic activity and inadequate prediction capability for solar EUV and
geomagnetic storm variations.

Although thermospheric physical models have been used for research for many years, their technical feasibility for
satellite drag forecasting is still not at par with empirical models. A challenging R&D effort is to improve physical
model capability so that its 72 hour neutral density forecast could be better than the current empirical Jacchia
Bowman 2008 (JB08) neutral density model. The objective of this STTR is to establish technical feasibility of
thermospheric physical models that can help improve orbit prediction in anear real time environment.

This R&D effort is enhanced by a recent AFOSR-supported Multi-University Research Initiative “Neutral
Atmosphere Density Interdisciplinary Research." It has greatly improved the understanding of the physics of
geomagnetic storm response and neutral density profiles under solar and geomagnetic quiet time conditions. Under
the MURI various studies have used new data sets from orbital drag, satellite-borne accelerometers, and EUV
remote sensors for improving climatological descriptions of thermospheric variability vs altitude, latitude, day of
year, local time, and solar-geomagnetic conditions. While near real time data and indices including EUV data, solar
flux and geomagnetic indices, solar wind and IMF measurements are now becoming available, thermospheric
models have not yet taken advantage of the data for improving neutral density and wind modeling. This topic thus
requests innovative approaches to develop a flexible and robust thermospheric physical model satisfying the needs
of near real time satellite drag forecast. Successful proposals will help develop innovative algorithms employing
new physical concepts and near real time space weather data and indices. The new algorithms will eventually be
utilized in the modeling of satellite drag by the Air Force Space Command (AFSPC) and the Joint Space Operations
Center (JSpOC).

PHASE I: Develop an initial model module running in a near rea time environment. Demonstrate that the
proposed new physical processes can achieve satellite drag specification capability equivalent to current empirical
model JB08. Validate with historical orbit-averaged CHAMP and GRACE satellite neutral density data.

PHASE Il: Incorporate new physical processes into thermospheric physical models. Develop innovative solar and
geomagnetic forecast algorithms that use near real time space weather data and indices. Demonstrate that the
developed model can improve current 3-day satellite drag forecast capability. Deliverables will be the model and
prediction algorithms, validation reports, and any necessary data storage and network hardware.

PHASE I1l DUAL USE COMMERCIALIZATION:

Military Application: Results of this work can be used to improve AF space catalog accuracy, a critical component
for space situational awareness. The developed model can be utilized in the DoD operational centers.
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Commercial Application: The new agorithms matured under this grant can be used for high accuracy collision
avoidance in commercial software applications.

REFERENCES:
1. Multi-University Research Initiative “Neutral Atmosphere Density Interdisciplinary Research". Website:
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Speciaist Conference, Aug 2008, AIAA 2008-6438.

4. Fuller-Rowell, T. J,, D. Rees, S. Quegan, R. J. Moffett, M. V. Codrescu, and G. H. Millward (1996), A coupled
thermosphere ionosphere model (CTIM), in STEP: Handbook of Ionospheric Models, edited by R. W. Schunk, pp.
217- 238, Utah State Univ., Logan.
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AF11-BT30 TITLE: Assured Information Sharing in Clouds

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: The United States Air Force is looking for technological innovations to provide assured information
sharing capabilities using flexible cloud computing based architectures.

DESCRIPTION: Assured information sharing (AlS) frameworks should provide the ability to dynamicaly and
securely share information at multiple classification levels among U.S., allied and coalition forces. As stated in the
DoD Information Sharing Strategy, the vision for AlS is to “deliver the power of information to ensure mission
success through an agile enterprise with freedom of maneuverability across the information environment” [1].
Current approaches are investigating ways to share data while at the same time enforcing various confidentiality,
privacy and trust policies [2]. Furthermore, incentive based approaches to sharing data are also being explored [3].
However, due to the need for sharing large amounts of complex data, organizations are increasingly examining
flexible cloud computing platforms for storing, sharing, querying and analyzing such data. For example, the CIO of
NSA has recently stated that the agency is “focusing on a cloud-centric approach to information sharing with other
agencies’ [4]. Managing and sharing data in a cloud results in unique confidentiality, privacy, integrity, trust and
availability challenges. For example, secret splitting for confidentiality enforcement must be harmonized with data
locality for efficient query processing in clouds. Some recent efforts have examined security for cloud computing
environments [5]. However these efforts are yet to address the security challenges for assured information sharing.
Therefore novel approaches are needed for the development of a secure framework for policy based information
sharing in a cloud with access control, identity management, secure data storage and query processing.

PHASE |: Perform preliminary investigations of advanced AlS solutions that can be combined with cloud based
architectures to provide flexible and efficient secure data storage, policy based sharing and secure query techniques.

PHASE I1: Develop proof-of-concept demonstrations of the technology.

PHASE I1l DUAL USE COMMERCIALIZATION:
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Military Application: Results of the research will have tremendous applications in assured information sharing
across the services (Air Force, Navy, and Army), agencies (CIA, FBI, DHS) as well as coalition organizations (US,
UK, Australia).

Commercial Application: Results of the research will have applications to commercial information sharing and data
analytics needs (e.g., information exchange between financial and healthcare organization).
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AF11-BT31 TITLE: Electrical Energy Storage System by SMES Method for Ultra-High Power and
Energy Density

TECHNOLOGY AREAS: Air Platform, Ground/Sea V ehicles

OBJECTIVE: Develop an electrical energy storage system with combined energy density > 25 Wh/kg and power
density > 100 kW/kg for storage capacity from 150 kJto 150 MJ and cyclic efficiency > 98%.

DESCRIPTION: The U.S. Air Force has wide-ranging needs for electrical energy storage systems for airborne and
space craft, such as transient energy management (150 kJ) by the INVENT method to reduce heat loads, high energy
storage (5-45 MJ) for directed energy systems, for communication satellites, and alternate propulsion methods such
as hybrid-battery-electric, e.g. Boeing's SUGAR Volt. A storage system combining fast charge/discharge rates and
high energy density does not presently exist, and would be important to enable new capabilities for the AF.
Traditional methods such as batteries, fuel cells, and ultra-capacitors have been developed for energy storage,
however they have limitations such as slow charging rates, lower cyclic efficiencies < 95%, and decrease of
charging capacity ~ 40-90 % with limited cycling. An aternate method is Superconducting Magnetic Energy
Storage (SMES) which stores energy in currents circulating with zero resistance in magnet configurations. SMES
has known advantages including no theoretical limit to specific power, very high cycling efficiencies > 98%, typical
charge/discharge rates of 1-10 MJ/sec, and virtually zero degradation with infinite cycling. SMES devices have
been developed with superconductors such as NbTi or Bi-Sr-Ca-Cu-O, however recent strong advances in
improving the mechanical strength and magnetic-field-dependent engineering current density of RE-Ba-Cu-O wires
(RE = rare-earth or Y) can significantly improve the specific energy and power densities. Specific power densities
of SMES devices built with NbTi or Bi-Sr-Ca-Cu-O wire are typicaly very high up to 10"5 kW/kg, however only
for specific energy densities = 20 Wh/kg. With the use of RE-Ba-Cu-O wires, the specific energy densities are
expected to increase at least 8x. The energy storage density of SMES devicesis E ~ B2 where B is magnetic field.
Magnets are being designed now with (Y,Gd)-Ba-Cu-O wire for B > 30 T compared to only 11 T for NbTi wire,
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which can increase the energy density > 8x. Also thereis potentia to operate RE-Ba-C-O at temperatures up to 20-
40 K compared to 5 K for NbTi, which decreases cryo-cooling power requirements ~ 30-100 times.

Electrical systems for air and space applications require the highest energy and power densities possible with
minimal volume. An operating voltage of £ 270 V is generally required to avoid Corona discharge for systems not
self-contained.

It is expected that from this effort an energy storage system can be developed with the desired objectives, and
capable of > 300,000 charge/discharge cycles. Storage devices of SMES will operate at temperatures ~ 5-80 K with
acryocooler, and/or with the option of cooling with liquid cooling; e.g. hydrogen at 20 K.

Basic research which can increase SMES performance and capability is also of interest, such as optimizing magnet
configurations and coil spacing to minimize weight. Studies of alternate wire architectures and conductor cabling
geometries combined with magnet design can increase quench protection, mechanical strength and integrity, and
current balancing and sharing, and minimize or control effects such edge-field losses, joint resistance, flux creep,
AC loss transients, reduction of wire currents from small defects, and wire weight.

PHASE I: Design of an energy storage system based on highest performance technology, with the goal of the
highest combined specific energy and power densities and lowest volume. Perform limited trade studies to compare
performance for different energy storage capacity size.

PHASE Il: Construct and demonstrate a sub-size but scalable system designed in Phase I, including use of
commercia-off-the-shelf (COTS) components. Conduct initial testing to verify expected specific energy and power
densities are being achieved. Perform limited trade studies varying system design parameters to optimize and
compare for different performance specifications.

PHASE |1l DUAL USE COMMERCIALIZATION:

Military Application: All DOD and NASA air and space vehicles require some form of electrical energy storage.
The AF and NASA particularly require the highest specific energy and power densities possible, and other issues are
important such as cyclic efficiencies.

Commercial Application: Commercial communication spacecraft and NASA spacecraft would use this technology.
Large-scale electrical energy storage devices have commercial application for power storage and control, and for
high energy particle accelerators and fusion energy.
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cooling
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AF11-BT41 TITLE: Complex field atmospheric sensing suite for deep turbulence research

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Development of an innovative atmospheric sensing system to address deep turbulence challenges to
support long-range sensing of weapon platforms.

DESCRIPTION: Successful development of the Air Force future long-range sensing, surveillance, and weapon
platforms including their major components, such as tracking, beam and wavefront control sub-systems, depends
heavily on accurate prediction and assessment of their performance in various atmospheric conditions and
engagement scenarios. Currently this performance analysis is based on atmospheric measurements taken over
different paths of less than a few kilometers in length. The obtained data (typically the refractive index fluctuation
structure parameter) are then extrapolated on longer distances using classical (Kolmogorov, isotropic, stationary,
and homogeneous) turbulence theory. Various studies using fine wire probes have shown that these assumptions
have been violated. Since the existing turbulence theory and models have been experimentally verified under only
relatively weak (or moderate) scintillation conditions (Rytov number <1), the commonly used mechanical
extrapolation of these models for performance assessment of long-range systems may result in significant errors,
leading to serious miscalculations of system capabilities and conceptual mistakes in overall system designs.
Adeguate performance assessment becomes an even more complicated problem in target-in-the-loop (TIL) beam
control scenarios with the outgoing beam scattering off an extended target mostly due to till unresolved challenges
in both analysis and numerical modeling of the target-return speckle-field propagation through thick turbulence. The
development of an innovative multiple-wavelength complex optical field sensing capability would fill the existing
gap in the understanding and assessment of deep turbulence effects on laser beam and image propagation in strong
scintillation and anisoplanatic conditions. This would provide a common atmospheric diagnostic suite that currently
does not exist. The proposed sensing techniques should not be based on assumptions of validity of the existing
turbulence model as are based on observations using well-known scintillometers. The new system should provide
the basic characteristics of complex optical fields such as the spatial-temporal correlation of phase, intensity and
polarization state, image and beam quality metrics, etc. The developed system will be used to provide data urgently
needed for the development of long-range passive and active imaging, space surveillance, tracking, and high-energy
beam projection systems, as well as for verification of beam and image propagation models.

PHASE I: The offeror should propose a formulated concept, methods and techniques for fast (with times shorter
than the Greenwood' s time constant) detection and characterization of basic optical wave and image characteristics,
and develop data processing algorithms that address the deep turbulence challenges

PHASE I1: Develop a prototype deep-turbulence sensing suite system and demonstrate its capabilities over long
(>100 km) atmospheric propagation paths.

PHASE |1l Dual Use Applications:

Military Application: This development has the potential to be an enabling technology for long-range laser
communications, space surveillance, imaging and weapon systems for Air Force, Army and Navy applications.
Commercial Application: Civilian applications include support of extended-range high-data-rate laser
communications, and high-altitude imaging for agriculture monitoring, traffic management, and law enforcement.
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