MISSILE DEFENSE AGENCY (MDA)
11.2 Small Business Innovation Resear ch (SBIR)
Proposal Submission Instructions

INTRODUCTION

The MDA SBIR Program is implemented, administrated and managed by the MDA SBIR/STTR Program
Management Office (PMO), located within the Advanced Technology (DV) Directorate. Specific
guestions pertaining to the MDA SBIR Program should be submitted to:

Dr. Douglas Deason MDA/DVB

Director, SBIR/STTR Programs Bldg 5222, Martin Road
E-mail: sbirsttr@mda.mil Redstone Arsenal, AL 35898
Phone: (256) 955-2020 FAX: (256) 955-2968

If you have any questions regarding the administration of the MDA SBIR/STTR Program please call
(256) 955-2020 or e-mail: shirsttr@mda.mil.

Additional information on the MDA SBIR/STTR Program can be found on the MDA SBIR/STTR home
page at http://www.mdasbir.com. Information regarding the MDA mission and programs can be found at
http://www.mda.mil.

Proposals not conforming to the terms of this Solicitation will not be considered. MDA reserves the right
to limit awards under any topic, and only those proposals of superior scientific and technical quality will
be funded. Only Government personnel will evaluate proposals.

Questions about SBIR and Solicitation Topics: Refer to Section 1.5 of the DoD solicitation at
www.dodsbir.net/solicitation.

Federally Funded Research and Development Centers (FFRDCs) and Support Contractors:

The offeror's attention is directed to the fact that non-Government advisors to the Government may
review and provide support in proposal evaluations during source selection. Non-government advisors
may have access to the offeror's proposals, may be utilized to review proposals, and may provide
comments and recommendations to the Government's decision makers. These advisors will not establish
final assessments of risk and will not rate or rank offeror's proposals. They are also expressly prohibited
from competing for MDA SBIR or STTR awards in the SBIR/STTR topics they review and/or on which
they provide comments on to the Government.

All advisors are required to comply with procurement integrity laws. Non-Government technical
consultants/experts will not have access to proposals that are labeled by their proposers as " Government
Only." Pursuant to FAR 9.505-4, the MDA contracts with these organizations include a clause which
requires them to (1) protect the offerors’ information from unauthorized use or disclosure for aslong as it
remains proprietary and (2) refrain from using the information for any purpose other than that for which it
was furnished. In addition, MDA requires the employees of those support contractors that provide
technical analysis to the SBIR/STTR Program to execute non-disclosure agreements. These agreements
will remain on file with the MDA SBIR/STTR PMO.

Non-Government advisors will be authorized access to only those portions of the proposal data and
discussions that are necessary to enable them to perform their respective duties. In accomplishing their
duties related to the source selection process, employees of the af orementioned organizations may require
access to proprietary information contained in the offerors' proposals.
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Conflicts of Interest: Refer to Section 1.4 of the DoD solicitation at: www.dodsbir.net/solicitation.

PHASE | GUIDELINES

MDA intends for the Phase | effort to determine the merit and technical feasibility of the concept. Phasel
proposals may be submitted for a base amount not to exceed $100,000 and a Phase | Option not to exceed
$50,000.

A list of the topics currently eligible for proposal submission is included below, followed by full topic
descriptions. These are the only topics for which proposals will be accepted at this time. The topics
originated from the MDA Programs and are directly linked to their core research and development
requirements.

Please ensure that your mailing address, e-mail address, and point of contact (Corporate Official) listed in
the proposal are current and accurate. MDA cannot be responsible for notification to a company that
provides incorrect information or changes such information after proposal submission.

USE OF FOREIGN NATIONALS

See Section 2.3 of the DoD program solicitation for the definition of a Foreign National (also known as
Foreign Persons.)

ALL offerors proposing to use foreign nationals MUST disclose this information regardless of whether
the topic is subject to ITAR restrictions. See Section 3.5, b.(7) of the program solicitation for required
information.

Proposals submitted with a foreign national listed will be subject to security review during the contract
negotiation process (if selected for award). If the security review disqualifies a foreign national from
participating in the proposed work, the contractor may propose a suitable replacement. In the event a
proposed foreign person is found ineligible to perform proposed work, the contracting officer will advise
the offeror of any disqualifications but may not disclose the underlying rationale.

ITARRESTRICTIONS

The technology within some MDA topics is restricted under the International Traffic in Arms Regulation
(ITAR), which controls the export and import of defense-related material and services. Y ou must ensure
that your firm complies with all applicable ITAR provisions. Please refer to the following URL for
additional information: http://www.pmddtc.state.gov/compliance/index.html.

Proposals submitted to ITAR restricted topics will be subject to security review during the contract
negotiation process (if selected for award). In the event a firm is found ineligible to perform proposed
work, the contracting officer will advise the offeror of any disqualifications but may not disclose the
underlying rationale.

PHASE | PROPOSAL SUBMISSION

The DoD SBIR/STTR Proposal Submission system (available at http://www.dodsbir.net/submission) will
lead you through the preparation and submission of your proposal. Read the front section of the DoD
solicitation, including Section 3.5, for detailed instructions on proposal format and program requirements.
Proposals not conforming to the terms of this solicitation will not be considered.
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MAXIMUM PAGE LIMIT FOR MDA IS20 PAGES

Any pages submitted beyond the page limit will not be evaluated. Y our Cost Proposal and Company
Commerciaization Report DO NOT count toward your maximum page limit. Proposal covershests,
which will be added electronically by the DoD submission site as page 1 and page 2, DO count toward
your maximum page limit.

PHASE | OPTION MUST BE INCLUDED ASPART OF PHASE | PROPOSAL

MDA is implementing the use of a Phase | Option that may be exercised at MDA'S sole discretion to
fund interim Phase | activities while a Phase |1 proposal is being evaluated and if selected, the contract is
being negotiated. Only Phase | efforts invited to propose for a Phase Il award through MDA's
competitive process will be eligible for MDA to exercise the Phase | Option, if MDA so chooses. The
Phase | Option, which must be included as part of the Phase | proposal, covers activities over a period of
up to six months, if exercised, and should describe appropriate initial Phase Il activities that may lead to
the successful demonstration of a product or technology. The Phase | Option must be included within the
20-page limit for the Phase | proposal.

A firm-fixed-price Phase | Cost Proposal ($150,000 maximum, including option) must be submitted in
detail online. Proposers that participate in this Solicitation must complete the Phase | Cost Proposal not
to exceed the maximum dollar amount of $100,000 and a Phase | Option Cost Proposal (if applicable) not
to exceed the maximum dollar amount of $50,000. Phase | and Phase | Option costs must be shown
separately but may be presented side-by-side on a single Cost Proposal. The Cost Proposal DOES NOT
count toward the 20-page Phase | proposal limitation.

MDA PROPOSAL EVALUATIONS

MDA will evaluate and select Phase | proposals using scientific review criteria based upon technical
merit and other criteria as discussed in this solicitation document. MDA reserves the right to award
none, one, or more than one contract under any topic. MDA is not responsible for any money expended
by the proposer before award of any contract. Due to limited funding, MDA reserves the right to limit
awards under any topic and only proposals considered to be of superior quality will be funded.

MDA will utilize the Phase | Evaluation criteriain Section 4.2 of the DoD program solicitation, including
potential benefit to the Ballistic Missile Defense System (BMDS) in assessing and selecting for award
those proposal s offering the best value to the Government.

MDA will use the Phase |l Evaluation criteria in Section 4.3 of the DoD solicitation, including potential
benefit to BMDS and ability to transition the technology into an identified BMDS, in inviting, assessing
and selecting for award those proposals offering the best value to the Government. In the Phase Il
Evaluations, Criterion C is more important than Criteria A and B, individually. Criteria A and B are of
equal importance.

In Phase | and Phase I, firms with a Commercialization Achievement Index (CAl) at or below the 20th
percentile will be penalized in accordance with DoD program solicitation Section 3.5d.

Please note that potential benefit to the BMDS will be considered throughout all the evaluation criteria
and in the best value trade-off analysis. When combined, the stated evaluation criteria are significantly
more important than cost or price. Where technical evaluations are essentially equal in merit, cost or
price to the government will be considered in determining the successful offeror.
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It cannot be assumed that reviewers are acquainted with the firm or key individuals or any referenced
experiments. Technical reviewers will base their conclusions on information contained in the proposal
and their personal knowledge. Relevant supporting data such as journal articles, literature, including
Government publications, etc., should be contained or referenced in the proposal and will count toward
the applicable page limit.

Qualified advocacy letters will count towards the proposal page limit and will be evaluated towards
criterion C. Advocacy letters are not required for Phase | or Phase 1. Consistent with Section 3-209 of
DoD 5500.7-R, Joint Ethics Regulation, which as a general rule prohibits endorsement and preferential
trestment of a non-federal entity, product, service or enterprise by DoD or DoD employees in their
official capacities, letters from government personnel will NOT be considered during the evaluation
process.

A qualified advocacy letter is from arelevant commercial procuring organization(s) working with MDA,
articulating their pull for the technology (i.e., what BMDS need the technology supports and why it is
important to fund it), and possible commitment to provide additional funding and/or insert the technology
in their acquisition/sustainment program. This letter should be included as the last page of your technical
upload. Advocacy letters which are faxed or e-mailed separately will NOT be considered.

INFORMATION ON PROPOSAL STATUS

The Principal Investigator (Pl) and Corporate Official (CO) indicated on the Proposal Coversheet will be
notified by e-mail regarding proposal selection or non - selection. If your proposal is tentatively selected
to receive an MDA award, the Pl and CO will receive a single notification. If your proposa is not
selected for an MDA award, the Pl and CO may receive up to two messages. The first message will
provide notification that your proposal has not been selected for an MDA award and provide information
regarding the ability to request a proposal debriefing. The second message will contain debrief status
information (if requested), or information regarding the debrief request. Small Businesses will receive a
notification for each proposal submitted. Please read each notification carefully and note the
proposal number and topic number referenced.

IMPORTANT: We anticipate having all the proposals evaluated and Phase | selection and non-selection
notifications distributed in the September 2011 timeframe. All questions concerning the evaluation and
selection process should be directed to the MDA SBIR/STTR PMO. All communication from the MDA
SBIR/STTR PMO will originate from the sbirsttr@mdamil e-mail address. Please white-list this address
in your company’s spam filters to ensure timely receipt of communications from our office.

MDA SUBMISSION OF FINAL REPORTS

All final reports will be submitted in accordance with the Contract Data Requirements List (CDRL) of the
resulting contract. Refer to section 5.3 of the DoD Solicitation for additional requirements.

PHASE || GUIDELINES

This Solicitation solicits Phase | proposals. For Phase Il, no separate solicitation will be issued and no
unsolicited proposals will be accepted. Only those firms that were awarded Phase | contracts, and have
successfully completed their Phase | efforts, may be invited to submit a Phase Il proposal. MDA makes
no commitments to any offeror for the invitation of a Phase Il proposal. Phase Il is the
prototype/demonstration of the technology that was found feasible in Phase |. Only those successful
Phase | efforts that are invited to submit a Phase 1l proposal will be eligible to submit a Phase Il
proposal. MDA does encourage, but does not require, partnership and outside investment as part of
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discussions with MDA sponsors for potential Phase |l invitation. Invitations to submit a Phase Il
proposal will be made by the MDA SBIR/STTR PMO.

Please Note: You may only propose up to thetotal cost for which you areinvited. Contract structure
for the Phase 11 contract is at the discretion of the contracting officer after negotiations with the small
business.

The MDA SBIR/STTR PMO does not provide “debriefs’ for firms who were not invited to submit a
Phase Il proposal.

PHASE || PROPOSAL SUBMISSION

Eligible firms should follow the Phase Il proposal instructions described in Section 3.0 of the program
solicitation and specific instructions provided in the Phase Il invitation. Invitations for Phase Il proposals
are generally issued at or near the Phase | contract completion, with the Phase |1 proposals generally due
one month later. In accordance with SBA policy, MDA reserves the right to negotiate mutually
acceptable Phase Il proposal submission dates with individual Phase | awardees, accomplish proposal
reviews expeditiously, and proceed with Phase Il awards. If you have been invited to submit a Phase |1
proposal, please see the MDA SBIR/STTR Web site http://www.mdasbir.com for further instructions.

MDA FAST TRACK DATESAND REQUIREMENTS

Introduction: For more detailed information and guidance regarding the DoD Fast Track Program,
please refer to Section 4.5 of the program solicitation. MDA’s Phase Il Fast Track Program is focused on
transition of technology. The Fast Track Program provides matching SBIR funds to eligible firms that
attract investment funds from a DoD acquisition program, a non-SBIR/non-STTR government program or
private sector investments. Phase Il awards under Fast Track will be for $1.0M maximum, unless
specified by the Director MDA SBIR/STTR Program.

= For companies that have never received a Phase Il SBIR award from DoD or any other federal
agency, the minimum matching rate is 25 cents for every SBIR dollar. (For example, if such a
company receives interim and Phase |l SBIR funding that totals $1,000,000, it must obtain
matching funds from the investor of $250,000.)

= For al other companies, the minimum matching rate is 1 dollar for every SBIR dollar. (For
example, if such a company receives interim and Phase |1 SBIR funding that totals $1,000,000, it
must obtain matching funds from the investor of $1,000,000.)

Submission: The complete Fast Track application along with completed transition questions (see note
below) must be received by MDA within 120 days from the Phase | award date. Y our complete Phase |1
proposal must be received by MDA within 30 days of receiving approval (see section entitled
“Application Assessments’ herein for further information). Any Fast Track applications or proposals not
meeting this deadline may be declined. All Fast Track applications and required information must have a
complete  electronic  submission. The DoD Electronic  Submisson Web  site
www.dodshir.net/submission/Signin.asp will lead you through the process for submitting your application
and technical proposa electronically. Each of these documents is submitted separately through the Web
site.

Firms who wish to submit a Fast Track Application to MDA MUST utilize the MDA Fast Track
Application Template available at http://www.mdasbir.com (or by writing shirsttr@mda.mil). Failure to
follow these instructions may result in automatic rejection of your application.
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Firms who have applied for Fast Track and are not selected may still be eligible to compete for a regular
Phase Il inthe MDA SBIR/STTR Program.

Current guidance and instructions may be found at http://www.mdasbir.com.
MDA SBIR/STTR PHASE || TRANSITION PROGRAM

Introduction: To encourage transition of SBIR and STTR projects into the BMDS, the MDA’ s Phase ||
Transition Program provides matching SBIR and STTR funds to expand an existing Phase |1 contract that
attracts investment funds from a DoD acquisition program, a non-SBIR/non-STTR government program
or private sector investments. The Phase Il Transition Program allows for an existing Phase || SBIR or
STTR contract to be extended for up to one year per Phase Il Transition application, to perform additional
research and development. Phase Il Transition matching funds will be provided on a one-for-one basis up
to a maximum amount of $500,000 of SBIR or STTR funds in accordance with DoD Phase I
Enhancement policy at Section 4.6 of the DoD Solicitation. Phase |l Transition funding can only be
applied to an active DoD Phase Il SBIR or STTR contract.

The funds provided by the DoD acquisition program or a non-SBIR/non-STTR government program may
be obligated on the Phase |1 contract as a modification prior to or concurrent with the modification adding
MDA SBIR or STTR funds, OR may be obligated under a separate contract. Private sector funds must be
from an “outside investor” which may include such entities as another company or an investor. It does
not include the owners or family members, or affiliates of the small business (13 CFR 121.103).

Background: It is important that all technology development programs in MDA map to a BMDS
improvement and, after a period of development and maturity, are transitionable to targeted BMDS end
users. End users are defined as the element, component or product manager to which it is intended to
transition the technology. Because of this, it isimportant that the Phase |1 contract be at or approaching a
Technology Readiness Level of either 5 or 6.

Current guidance and instructions may be found at http://www.mdasbir.com.

2011 PHASE | KEY DATES (PROJECTION)

MDA SBIR/STTR Industry Day (Dallas, TX) ....cuooiiieeii e vecie e e May 17-19, 2011
Phase | EValUaLioNS. .. ........ooi i s e e e e e v e e e e e e July — September 2011*
Selection and Non-Selection Notifications Distributed..............cocoiviii i, September 2011*
ContraCt AWard GOal..........oeiiii i e e e e e e e e December 2011*

The Phase |l Transition Program Solicitation is generally announced via http://www.mdasbir.com in the
March/April timeframe.

*This information is listed for GENERAL REFERENCE ONLY at the time of publication of this
solicitation. This date is subject to update/change.
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PHASE | PROPOSAL SUBMISSION CHECKLIST

All of the following criteria must be met or your proposal will be REJECTED.

1. Thefollowing have been submitted electronically through the DoD submission site by 6 am.
(ET) 29 June 2011.

a. DoD Proposal Cover Sheet

b. Technical Proposal (DOES NOT EXCEED 20 PAGES): Any pages submitted beyond this will

not be evaluated. Your cost proposal and Company Commercialization Report DO NOT count

toward your maximum page limit. Proposal Coversheets DO count toward your maximum page
limit.

c. If proposing to use foreign nationals; identify the foreign national (s) you expect to be involved on

this project, the type of visa or work permit under which they are performing, country of
origin and level of involvement.

d. DoD Company Commercialization Report (required even if your firm has no prior SBIRS).

e. Cost Proposal (Online cost proposal form is REQUIRED by MDA)

2. ThePhase | proposed cost plus option does not exceed $150,000.
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MDA SBIR 11.2 Topic Index

Methodologies for Accurate Scene Generation of Target Characteristics as Seen by an
Airborne Platform through Dynamic Atmospheric Conditions
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Intelligent Adaptive Needs Characterization for M& S Systems Engineering

Improved Techniques for Optimistic Modeling
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MDA SBIR 11.2 Topic Descriptions

MDA11-001 TITLE: Methodologies for Accurate Scene Generation of Target Characteristics as Seen
by an Airborne Platform through Dynamic Atmospheric Conditions

TECHNOLOGY AREAS: Sensors, Space Platforms
ACQUISITION PROGRAM: ABIR

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

OBJECTIVE: Develop tools to generate highly accurate IR scenes of target objects viewed through representative
atmospheric conditions, including earth limb variations, optical models of clouds as well as near and far-field
turbulent flow.

DESCRIPTION: IR scene generation of target objects as seen by an airborne sensor is an important component of
the overall process in assessing the performance of the BMDS. MDA and its contractors must have an accurate
scene generation capability of the target and associated object signatures and their environments to support sensor
development, software- and hardware-in-the-loop testing, as well as pre-flight analysis. Without such knowledge,
sensor assessment and pre-flight estimates do not meet the intended goal of exercising the BMDS. Current scene
generation capabilities are limited to space or earth backgrounds where the target is smply added to the
representative background and does not have an impact on the target signature. Airborne platforms must look
through the atmosphere where dynamic climate conditions directly affect the target signature and apparent position
as seen by the sensor, through clouds (especially Cirrus clouds that contain ice particles vice water droplets) as well
as both near- and far-field turbulent airflow. The objective isto show feasibility of physical modeling, evaluation of
the optical effects due to physical processes, and generation of accurate IR scenes based on those optical effects.

To mitigate the risks associated with inaccurate scenes, MDA is seeking tools that yield rigorous, high-fidelity
models that run on modern scene generation tools such as FLITES in atimely manner. Such a code must exhibit use
of the latest methods that reduce the memory and operation counts required to solve large signature problems.
Employment of such algorithms must not compromise the fidelity of the models. Additionally, the tool must make
use of modern hardware such as multi-core CPUs and GPUs to enable rapid solution beyond what is currently
available. The proposer must outline a methodology for extending the life cycle of a given computational asset as
future problem sizes increase.

PHASE I: Demonstrate the feasibility of modeling atmospheric effects such as various cloud types and earth limb
as well as near- and far-field turbulent airflow on apparent position with high accuracy including al physics
typically neglected by physical optics techniques. Also, demonstrate the feasibility of modeling star backgrounds
for use in star calibration functions with atmospheric conditions. For example, demonstrate the feasibility of
modeling the relationship between accuracy of these models, and the error or uncertainty of a star calibration.
Develop aplan to mature the selected technique(s) in Phase 2.

PHASE II: Implement the plan developed in Phase 1 and demonstrate the performance of the tool on models of
interest to MDA. Characterize performance on modern hardware and assess the accuracy of the code on realistic
models.

PHASE I11: Refine methodology and tool development and transition to interested platforms.
COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial usesin such diverse fields as pilot training simulations, computer graphics hw/sw
applications, remote sensing, meteorology, and weather prediction.

REFERENCES:
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1. D. Crow, C Coker, W. Keen, “Fast Line-of-sight Imagery for Target and Exhaust-plume Signatures (FLITES)
scene generation program”, Technologies For Synthetic Environments, Hardware-in-the-loop Testing XI, Proc. of
SPIE Vol 6208.

2. "Balligtic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

3. The Composite Characteristics of Cirrus Clouds: Bulk Properties Revealed by One Year of Continuous Cloud
Radar Data, Journal of climate, Gerald G. Mace, Eugene E. Clothiaux

4. SAMM2: http://www.kirtland.af.mil/library/factsheets/factsheet.asp?id=7924.

5. “Target tracking in airborne forward looking infrared imagery.” Yilmaz, A., Shafique, K., Shah, M. Image and
Vision Computing Volume 21, Issue 7, 1 July 2003, Pages 623-635

KEYWORDS: Airborne Platform, Target Characteristics, Accurate Scene Generation, Cirrus Cloud Characteristics,
Optical Sensors, Aero-Optics, Turbulence, Turbulent Flow

MDA11-002 TITLE: Methodologies for Accurate Scene Generation of Complex Target Plume
Characteristics

TECHNOLOGY AREAS: Sensors, Space Platforms
ACQUISITION PROGRAM: ABIR

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

OBJECTIVE: Develop toolsto generate complex IR plume models.

DESCRIPTION: IR scene generation of target objects during the boost phase is an important component of the
overall process in assessing the performance of the BMDS system with an early intercept capability. MDA and its
contractors must have an accurate scene generation rendering of the target during boost to support sensor
development, software- and hardware-in-the-loop testing, as well as pre-flight analysis. Without such knowledge,
sensor assessment and pre-flight estimates do not meet the intended goal of exercising the BMDS. Current scene
generation capabilities are limited to axi-symmetric models of the target plume.

To mitigate the risks associated with inaccurate scenes, MDA is seeking tools that yield rigorous, high-fidelity
models that run on modern scene generation tools such as FLITES in atimely manner. Such a code must exhibit use
of the latest methods that reduce the memory and operation counts required to solve large signature problems.
Employment of such algorithms must not compromise the fidelity of the models. Additionally, the tool must make
use of modern hardware such as multi-core CPUs and GPUs to enable rapid solution beyond what is currently
available. The proposer must outline a methodology for extending the life cycle of a given computational asset as
future problem sizes increase.

PHASE |I: Demonstrate the feasibility of modeling physics based advanced plume models that model 3D effects
(vice current axi-symmetric models) such as angle-of-attack and multi-nozzle interactions. Develop a plan to
mature the sel ected technique(s) in Phase 2.

PHASE II: Implement the plan developed in Phase 1 and demonstrate the performance of the tool on models of

interest to MDA. Characterize performance on modern hardware and assess the accuracy of the code on realistic
models.
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PHASE I11: Refine methodology and tool developed and transition to interested platforms.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial uses in such diverse fields as Predictive modeling tools for modeling of
combustion and multi-phase flows and computer graphics hw/sw.

REFERENCES:
1. D. Crow, C Coker, W. Keen, “Fast Line-of-sight Imagery for Target and Exhaust-plume Signatures (FLITES)
scene generation program”, Technologies For Synthetic Environments, Hardware-in-the-loop Testing XI, Proc. of
SPIE Vol. 6208.

2. "Badligtic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

KEYWORDS: Accurate Scene Generation, Sensors

MDA11-003 TITLE: Methodologies for Developing Extremely Large IR Scene Projectors

TECHNOLOGY AREAS: Sensors, Space Platforms
ACQUISITION PROGRAM: ABIR

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

OBJECTIVE: Develop IR scene projector with large enough format to meet high sampling ratios.

DESCRIPTION: IR scene projection of complex scenes as seen by an airborne sensor is an important component of
the overall process in assessing the performance of the BMDS system. MDA and its contractors must have an
accurate scene projector capability to present scenes to a sensor of the target and associated object signatures and
their environments to support hardware-in-the-loop testing. Without such knowledge, sensor assessment and pre-
flight estimates do not meet the intended goa of exercising the BMDS. Current scene projection capabilities are
limited in format size and do not provide a large enough sample ratio to accurately present a scene to a large format
sensor. Sensor technologies are dramatically outpacing the ability to test them using current state of the art IR scene
projectors.

To mitigate this risk, MDA is seeking novel approaches to enable higher temporal and spatia infrared scene
projection. Examples of enabling technologies under consideration include, but are not limited to: hybridization,
modularity, optical combination and advanced read-in-integrated-circuitry. Such a scene projector must realistically
represent targets such that image blur is not affected by the projector's format. In order to advance the state of the
art for projector technology, projector arrays in formats of 1024x1024 or greater, and operating at frame rates of 200
Hz or greater are desired. Additionally, the projector must provide redlistic IR dynamic ranges as seen by an
airborne sensor in arepresentative high altitude environment with earth and space backgrounds.

PHASE |: Demonstrate the feasibility of a scene projector that can meet the high resolution needs of today’ s state of
the art sensor formats. Also, demonstrate the feasibility of the scene projector operating in a cryogenic environment.
Develop aplan to mature the selected technique(s) in Phase 2.

PHASE II: Implement the plan developed in Phase 1 and demonstrate the performance of the scene projector of
interest to MDA. Characterize performance of hardware and assess the accuracy of the projected scenes.

PHASE |11 Refine methodology and tool developed and transition to interested platforms.
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COMMERCIALIZATION: The contractor will pursue commercialization for various technologies developed in
Phase Il for potential commercial uses in such diverse fields as law-enforcement training for use of FLIR sensor
technology, computer graphics, and MEM S fabrication.

REFERENCES:
1. “Ballistic Missile Defense Review,” Office of the U.S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

2. Blumberg, W., Shanks, J., Waugh, F., Dudkin, A., “Comparison of the CLDSIM Cloud Radiance Model with
MAMS Imagery from CAMEX-I1I,” Eos Trans. AGU, 81 (48), Fall Meet. Suppl., 2000, Fall Meeting 2000.

3. Seyrdfi, K., Electro-Optical Systems Analysis, Electro-Optical Research Company, 1973.

4. Golden, E. M. and Rapp, R. J.,“Effective and apparent temperature calculations and performance analysis of mid-
wave infrared light emitting diodes for use in infrared scene projection,” Proc. SPIE Vol. 7663, 766304 (Apr. 23,
2010)

5. Lannon J., JM., et a., “Recent Advances in High Density Area Array Interconnect Bonding for 3-D
Integration,” Proc. SPIE Vol. 7663, 766304 (Apr. 23, 2010)

6. Williams O. M., Goldsmith,G. C., and Stockbridge, R. G., “History of resistor array infrared projectors. hindsight
is always 100% operability,” Proc. SPIE 5785, April 2005.
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MDA11-004 TITLE: Methodologies for a Partial Frame Correlation of Multiple Sensors

TECHNOLOGY AREAS: Sensors, Space Platforms
ACQUISITION PROGRAM: ABIR

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

OBJECTIVE: Develop toolsto investigate the use of partial frames in the correlation of multiple sensors.

DESCRIPTION: Observing target objects from an airborne sensor is an important component of the overall process
in assessing the performance of the BMDS system. MDA and its contractors need to investigate the use of “Image
Chips’ or partial frames in correlation of multiple IR sensor in conditions were correlation of object sighting
messages proves difficult. Without such knowledge, sensor assessment and pre-flight estimates do not meet the
intended goal of exercising the BMDS.

To mitigate the risks associated with partial frame issues, MDA is seeking tools that yield rigorous, high-fidelity
models to investigate impacts of correlating sensor messages under non-ideal conditions. Such a code must exhibit
use of the latest methods that reduce the memory and operation counts required to solve large computation
problems. Employment of such algorithms must not compromise the fidelity of the models. Additionally, the tool
must make use of modern hardware such as multi-core CPUs and GPUs to enable rapid solution beyond what is
currently available. The proposer must outline a methodology for extending the life cycle of a given computational
asset as future problem sizes increase.

PHASE |: Demonstrate the feasibility of investigating the use of partial frames in the correlation of multiple sensors

in conditions where correlation of object sighting messages proves difficult. Develop a plan to mature the selected
technique(s) in Phase 2.
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PHASE I1: Implement the plan developed in Phase 1 and demonstrate the performance of the tool on models of
interest to MDA. Characterize performance on modern hardware and assess the accuracy of the code on realistic
models.

PHASE I1l: Refine methodology and tool developed and transition to interested platforms.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase |1 for potential commercial usesin such diverse fields as sensing technology.

REFERENCES:
1. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

2. Liserre, M., and F. Blaabjerg. Conference Record of the 2002 IEEE Industry Applications Conference: 37th IAS
Annual Meeting : 13-18 October, 2002, Pittsburgh, Pennsylvania, USA. Piscataway, NJ: |EEE, 2002. Print.

3. Seada, K., A. Helmy, and R. Govindan. "Modeling and Analyzing the Correctness of Geographic Face Routing
under Realistic Conditions." Ad Hoc Networks 5.6 (2007): 855-71. Print.

KEYWORDS: Sensors, Space Vehicles

MDA11-005 TITLE: Smart Infrared Foca Plane Arrays and Advanced Electronics

TECHNOLOGY AREAS: Sensors, Electronics, Weapons
ACQUISITION PROGRAM: AB, ABIR, PTSS

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

OBJECTIVE: Develop and demonstrate advanced infrared focal plane arrays (IRFPAS) and sensors enabled by
smart read out integrated circuitry (ROIC), including digital ROIC, that can operate robustly in the ballistic missile
defense environment. Provide support to future missile defense missions such as airborne infrared (ABIR), Aegis
BMD (AB) and persistent tracking and surveillance system (PTSS). Demonstrate enabling technologies for future
missile seekers.

DESCRIPTION: Infrared sensors are important components in ballistic missile defense systems. As infrared sensor
technologies continue to evolve, advanced smart ROICs become even more critical to the sensor system. First, with
the increase of FPA format and number of spectral bands, atremendous amount of signal datais generated. Securing
the raw data from the system hardware and introducing them into signal processing agorithms for detection,
tracking, and discrimination in real time is not achievable with current technology. There is a need to intelligently
pre-process these raw data on-chip and perform data reduction. Secondly, digital ROIC (DROIC) architectures have
been developed and prototyped in the recent years. Compared to conventional analog ROIC architecture, DROICs
may have several important advantages, including on-chip signal processing, reduced need for readout data
communication bandwidth, increased dynamic range, and increased signal to noise ratio.

This topic solicits innovative solutions to design, fabricate and test advanced digital ROICs (DROIC) for single-
band or dual-band operations with an option to create radiation hardened solutions. The DROIC should be bias-
switchable in order to accommodate either single-band operation or dual-band operation. The DROIC must have
analog to digital conversion on the FPA with digitization either per pixel or per row/column. The topic also solicits
ideas to fabricate, test, and benchmark novel FPAs enabled by existing DROICs. This may involve building up
interface el ectronics and data processing algorithm that are not commercially available.
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Single band and/or dual-band DROIC-enabled FPAS are to be demonstrated at the end of the Phase Il program. The
desired characteristics for single-band or dual-band FPAs enabled by DROIC are the following: at least one band
with a cutoff at long-infrared wavelength (LW), format 640 x 480/20 um pitch, or 1280 x 720 or larger/12 um pitch,
operating temperature 60 - 100 Kelvin, bias range 0 - 1 Volt, detector bias resolution 5 millivolts, equivalent well
capacity more than 50 million electrons, read noise less than 200 electrons, full frame rate 240 Hz at two-bands,
power consumption less than 200 mW, matching detector quantum efficiency larger than 80%. Spectral crosstalk
should be less than 10%.

Ideally, the proposed DROIC solution should enable the sensor chip assembly to accomplish on-focal-plane image
processing such as spatial filtering, background noise subtraction, change detection, and multiple-band spectral data
manipulation. All should be performed at high speed with sufficient accuracy for time-sensitive decision making and
actions. The proposed DROICs should provide design flexibility to accommodate system trades in speed, power,
injection efficiency, detector bias voltage swing, and polarity. DROIC designers are encouraged to collaborate with
the detector and FPA community, including the vendors developing new detector materials or structures, to achieve
the best overall performance of the sensor chip assembly. This may involve improving charge injection efficiency,
offering flexibility on n-on-p or p-on-n polarities, and making minimum numbers of electrical contacts per pixel and
keeping the fill factor at the maximum level. Other advanced features are also highly desirable, e.g., super framing,
programmable spatial resolution, pixel level change detection, programmable color fields, random window
addressing for high speed imaging of multiple targets, multiple integration modes, programmable unit cell gain,
short circuit prevention, and blooming control.

DROIC solutions could mitigate effect of harsh radiation environment originated from high-energy particles either
in a nuclear event or natura radiation, as well as hostile laser beam radiation, which may cause local and global
system malfunction. Quantitative relationships should be established between types of radiation, radiation dose, and
radiation impact to the DROIC performance, as well as the infrared sensor systems as a whole. The proposed
solutions should prevent catastrophic system failure, intelligently remove noise associated with radiation events, and
increase operational lifetime.

PHASE I: Develop a preliminary design for the proposed component. Modeling, Simulation, and Analysis (MS&A)
of the design must demonstrate that the offeror understands the physical principles, performance potential, scaling
laws, etc. MS& A results must clearly demonstrate how near-term goals will be met, at a minimum. Proof of concept
hardware development and test is highly desirable. Proof of concept demonstration may be subscale or specific risk
reduction activities associated with critical components or technologies. If using existing DROIC design, the vendor
should demonstrate a small-format DROIC-enabled FPA. It would be beneficial that DROIC vendors team with the
detector array vendors. If using a novel DROIC, the vendor should experimentally demonstrate the feasibility of the
unit cell design and provide supporting test data of DROIC-enabled detectors or mini-arrays, either at single or
multiple spectral bands. Test results (if performed) should be used in conjunction with MS&A results to verify
scaling laws and feasibility. Offerors are strongly encouraged to work with system and/or payload contractors to
help ensure applicability of their efforts and begin work towards technology transition.

PHASE Il: Complete critical design of prototype component including all supporting MS& A. Fabricate a prototype
or engineering demonstration unit (EDU) and perform characterization testing within the financial and schedule
constraints of the program to show level of performance achieved compared to stated government goals. This will
require a demonstration of a DROIC-enabled FPA at single spectral band or dual-band. The desired characteristics
of these FPAs are described in previous paragraphs. The final report shall include comparisons between MS& A and
test results, including identification of performance differences or anomalies and reasons for the deviation from
MS&A predictions. The contractor should keep in mind the goal of commercialization of this innovation for the
Phase Il effort to which end they should have working relationships with, and support from system, spacecraft,
and/or payload contractors.

PHASE I1I: Develop and execute a plan to market and manufacture DROIC-enabled FPAs. Assist the Missile
Defense Agency in transitioning this technology to the appropriate Ballistic Missile Defense System (BMDS) prime
contractor(s) for the engineering integration and testing.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies and EOQ/IR
components developed in Phase Il for potential commercial uses in such diverse fields as commercia satellite
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imagery, law enforcement, rescue and recovery operations, maritime and aviation collision avoidance sensors,
medical uses and homeland defense applications.

REFERENCES:

1. Brian Tyrrell et al. Time Delay Integration and In-Pixel Spatiotemporal Filtering Using a Nanoscale Digital
CMOS Focal Plane, IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 56, NO. 11, NOVEMBER 2009,
page 2516.

2. B. Matthew et a., Digita-pixel focal plane array development, Proceedings of the SPIE, Volume 7608, pp.
76082H-76082H-10 (2010).

3. J. Pickel et al, Radiation effects on photonic imagers — a historical perspective, IEEE Trans. Nuclear Science, vol
50, page 671, 2003.

4. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

KEYWORDS: Readout integrated circuit (ROIC), digital ROIC (DROIC), digitization per column, digitization per
pixel, radiation-hard ROIC and FPA, large format, single and multiple spectral band, DROIC-enabled FPAs.

MDA11-006 TITLE: Acquisition, Tracking and Pointing Technologies

TECHNOLOGY AREAS: Air Platform, Sensors, Weapons
ACQUISITION PROGRAM: ABIR, ALTB

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

OBJECTIVE: Develop and demonstrate advanced components, algorithms and electronics supporting next
generation acquisition, tracking and pointing (ATP) technologies to provide support to future missile defense
missions such as airborne infrared (ABIR), Airborne Laser Testbed (ALTB), and future interceptor concepts. These
include, but are not limited to, fast steering mirrors, optical inertial reference units, strapdown alignment systems,
inertial sensors for precision pointing and inertial stabilization, optical sensors for jitter and/or image stabilization,
algorithms and control electronics/processors.

FOCUS AREA: Although thisis abroad topic area covering multiple ATP technologies, this year the ATP topic is
placing special emphasis on jitter suppression / image stabilization algorithms and supporting innovative control
electronics and processor architectures. In explanation, we are seeking beam control/line of sight stabilization
algorithms and their requisite supporting control electronics to utilize and control optical inertial reference units or
stapdown alignment sources, jitter sensors and fast steering mirrorsto create and implement future jitter stabilization
architectures. Offerors submitting proposals addressing this focus area MUST address both the agorithms and the
required electronics.

Offerors may also propose other highly innovative efforts that fall within the scope of acquisition, tracking and
pointing for consideration under this topic. However, offerors are highly encouraged to contact the topic authors to
discuss innovations outside the stated focus area

DESCRIPTION: Jitter suppression, beam control and line of sight stabilization are required on several Missile
Defense Agency (MDA) systems including the ABIR, ALTB, and future interceptor concepts. The ability to
accurately track an object of interest from a platform undergoing base motion disturbances due to system operations
is critical. We are interested in ATP technologies that will allow higher performance tracking and pointing in
realistic environments. Sub-microradian performance is required for many missions.
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FOCUS AREA: Thisyear's focus challenge is to develop beam control algorithms for jitter suppression and line of
sight stabilization to support precision pointing missions and their supporting control electronics. The offeror must
demonstrate that the proposed control electronics have sufficient computational resolution and speed to support
proposed microradian/sub-microradian-class jitter suppression and image stabilization architectures. We are
envisioning a system with sustained 10 kHz operations to support high speed real-time control loops (jitter sensor
and fast steering mirror) and command and control (optical IRU) as well as receiving commands from an external
payload control processor and transmitting health and status and technical data in rea-time. Design architecture
should be flexible and be able to support potential customer and component interface standards (e.g. Analog, Digital
1O, LVDS, Plug and Play (USB or optical), Ethernet, RS-422, and 1553 for heritage systems).

Other Acquisition, Tracking and Pointing technologies of interest within this topic are:
Fast steering mirrors. Nominal 3 inch clear aperture, 1 kHz control bandwidth, near reactionless.

Optical IRUs. Sub-microradian performance with a nomina 3-4 inch diameter, 15 mm probe beam @ 830 nm (~20
mW), 1 kHz control bandwidth.

Jitter sensors. 256x256 with scalability to 512x512, 10 kHz output frame rate, innovative approaches to minimizing
the data stream to the control processor, operational band from 800-1600 nm preferred.

Inertial sensors. Inertial angular rate and linear acceleration sensors that can support strategic pointing requirements
of the proposed applications.

Innovative algorithms and architectures to transform local platform position and line of sight information into Earth
Centered Inertial (ECI) in (near) real-time to support battle management.

All proposed hardware MUST address packaging for high atitude airborne applications at a minimum and
supporting interceptor applications will be considered a plus. This requires specific emphasis on size, weight and
power (SWaP) for proposed €lectronics.

The environmental parameters that should be addressed for any hardware proposed include: High atitude airborne
operations in near vacuum conditions (optional traceability to space operations in vacuum a plus); components
should have a shelf life of at least 5 years to accommodate payload integration and a service life of a minimum of 5
years. The components have to operate in a radiation environment. For high atitude airborne applications, the
offerors should address proton and gamma radiation with a minimum total dose of 10 kRad with specia emphasis
placed on single event upset (SEU) and single event latch-up (SEL). Demonstrating a path to 100-300 kRad
hardness is a plus. The operating temperature range drives concept and capabilities with -54 degrees C to 40
degrees C desired to cover several requirements. For long term survival temperature range -60 to 71 degrees C is
desired.

PHASE I: Develop a preliminary design for the proposed algorithms and electronics architecture or other ATP
component. Modeling, Simulation, and Analysis (MS&A) of the design must be presented to demonstrate the
offeror understands the physical principles, performance potential, scaling laws, etc. MS& A results must clearly
demonstrate how near-term goals will be met, at a minimum. Proof of concept hardware development and test is
highly desirable. Proof of concept demonstration may be subscale or specific risk reduction activities associated
with critical components or technologies. Test results (if performed) should be used in conjunction with MS&A
results to verify scaling laws and feasibility. Phase | will include the development of plansto further devel op/exploit
this technology in Phase 11. Offerors are strongly encouraged to work with system and/or payload contractors to help
ensure applicability of their efforts and begin work towards technology transition. No specific contact information
will be provided by the topic authors.

PHASE II: Complete critical design of prototype component including all supporting MS& A. Fabricate a prototype
or engineering demonstration unit (EDU) and perform characterization testing within the financial and schedule
constraints of the program to show level of performance achieved compared to stated government goals. In addition,
environmental testing, especialy radiation testing (if required), is highly encouraged in this phase if selected
components do not have radiation performance data. The final report shall include comparisons between MS& A and
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test results, including identification of performance differences or anomalies and reasons for the deviation from
MS&A predictions. The contractor should keep in mind the goal of commercialization of this innovation for the
Phase Il effort to which end they should have working relationships with, and support from system, spacecraft,
and/or payload contractors.

PHASE 1il: Develop and execute a plan to market and manufacture the product developed in Phase I1. Assist the
Missile Defense Agency in transitioning this technology to the appropriate Ballistic Missile Defense System
(BMDS) prime contractor(s) for the engineering integration and testing.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial uses in such diverse fields as commercial satellite imagery, optical (laser)
communications, law enforcement, rescue and recovery operations, maritime and aviation collision avoidance
sensors, medical uses and homeland defense applications.
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4. JC DeBruin, “Derivation of Line-of-Sight Stabilization Equations for Gimbaled-Mirror Optical Systems’, SPIE
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8. P. Orzechowski, N. Chen, S. Gibson, and T.-C. Tsao, “Adaptive Control of Jitter in a Laser Beam Pointing
System,” in Proceedings of the American Control Conference, Minneapolis, MN, USA, June 2006, pp. 2700-2705.

9. RJWatkins, BN Agrawal, YS Shin, HJ Chen, “Jitter Control of Space and Airborne Laser Beams’, 22nd AIAA
I nternationals Communications Satellite Systems Conference and Exhibit 2004, AIAA 2004-3145.
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electronics, optical IURs, fast steering mirrors, jitter sensors, line of sight stabilization.

MDA11-007 TITLE: Development of line-narrowed diode pumps sources for DPAL systems

TECHNOLOGY AREAS: Air Platform, Materials/Processes, Electronics, Space Platforms, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of

MDA - 17



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

OBJECTIVE: Develop line-narrowed, frequency stabilized diode pump sources to alow efficient resonant optical
pumping of alkali laser systems.

DESCRIPTION: This topic addresses diode technologies focused on enabling an advanced closed-cycle flowing
media laser systems that offer compact directed energy system solutions for future ballistic missile defense
applications.

A promising example is the Diode Pumped Alkali Laser (DPAL). DPALSs offer the potential for high power and
efficient operation by leveraging the advantages of solid state and gas laser systems. These lasers are produced by
direct optical pumping of alkali atoms in the gaseous phase. The extremely low quantum defect of the alkali system
minimizes thermal loading and, like other gas lasers, the gain medium can be flowed to reduce therma management
requirements. One key to producing efficient systems is matching the absorption linewidth of the gain media to the
emission bandwidth of the diodes. Absorption linewidths are typically on the order of 500 MHz while the diode
emission is typically on the order of a few nanometers. Previoudly, in order to obtain sufficient overlap, a
combination of pressure-broadening of the gain medium and diode-narrowing using external cavities was used. The
pressure-broadening can lead to detrimental effects in laser performance, such as beam quality degradation.
Additionally, the diode-narrowing techniques are expensive and difficult to implement, thus limiting their practical
use.

A particular area of interest includes enabling technologies and support systems for the high-power optical pumping
of alkali vapor atoms. Semiconductor diode laser technology presents the most cost-effective and scalable method to
obtain the high powers and narrow spectroscopic linewidths required for these applications. Research and
development is needed to realize scalable narrow-linewidth wavelength-stabilized laser diode pump sources for
DPAL applications. The availability of these high-power spectroscopic pump sources would also find use in
industrial and medical applications such as spin-exchange optical pumping (SEOP). With an efficient optical pump
source, diode-pumped alkali vapor lasers have the potential for scaling to extremely high-power levels for industrial
and military applications. The main impediment to achieving these power levels has been the availability of high-
power narrow spectral line-width laser diode pump sources. Traditional efforts to produce narrow-line high-power
diode laser pump sources typically rely on one of three methods, each with inherent tradeoffs and limitations.
Technologies that are presented should meet or exceed the following requirements:

1) Diode emission bandwidth less than or equal to 0.05nm.
2) Center frequency locked to the D2 transition of one of the alkalis of interest (K, Rb, Cs)

3) The long-term frequency drift cannot exceed 3GHz. The offeror should also consider the time it takes for the
system to turn on and stabilize, as ultimately thiswill be required to be on the order of afew seconds.

PHASE I: Demonstrate in Phase | through modeling, analysis, and proof-of-principle experiments of critical
elements of the proposed technology that the proposed approach is viable for further investigation in Phase I1. Phase
| work should clearly validate the viability of the technology proposed to meet the operational environment for
directed energy applications in a component critical performance demonstration. The Phase | objective is to show
viahility of the concept to be scalable and integrated; and will culminate in a CDR-level design, including the ability
to demonstrate and validate the design concept. Phase | should also result in a clear technology development plan,
schedule, transition risk assessment, and requirements document. Offerors are highly encouraged to work with High
Energy Laser (HEL) system integrators and/or their respective sub-system contractors to help ensure applicability of
the proposed effort and the viability of the technology for transition.

PHASE II: The Phase |l objective isto validate a scalable and producible technology approach that MDA users and
prime contractors can transition in Phase |11 to their unique laser application. Validate the feasibility of the proposed
concept developed in Phase | by development and demonstration of a key components brassboard and the execution
of supporting laboratory/field experiments to demonstrate technology viability. Validation would include, but not be
limited to, system simulations, operation in test-beds, or operation in a demonstration subsystem. The goa of the
Phase Il effort is to demonstrate technology viability and the offeror should have working relationships with system
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and payload contractors. A partnership with a current or potential supplier of MDA element systems, subsystems or
componentsis highly desirable asis interaction with OSD High Energy Laser Joint Technology Office programs.

PHASE I111: In this phase, the contractor will apply the innovations demonstrated in the first two phases to one or
more MDA element systems, subsystems, or components. The objective of Phase |11 isto demonstrate the scalability
of the developed technology, transition the component technology to the MDA system integrator or payload
contractor, mature it for operational insertion, and demonstrate the technology in an operational level environment.

COMMERCIALIZATION: High power laser components have numerous commercial and other government
agency applications in metal cutting, material processing, welding, remote sensing (both terrestrial and space),
satellite communications, power beaming, and weather sensing. Outside of MDA, numerous other DoD applications
of the technology include tracking, designation, directed energy, demilitarization of munitions, and IED destruction.

REFERENCES:
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MDA11-008 TITLE: Development of optical quality thin-film coatings for DPAL windows

TECHNOLOGY AREAS: Air Platform, Materials/Processes, Space Platforms, Weapons

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

OBJECTIVE: Develop optical quality coatings that show increased resistance to alkali metal attack in the presence
of intense optical radiation.

DESCRIPTION: This topic addresses the development of optical quality thin-film coatings that can be formed on
windows used in optical pumping of alkali metal vaporsfor a Diode Pumped Alkali Laser (DPAL).

The alkali metals are one of the most studied groups of chemicals on the periodic table. For avery large percentage
of these experiments information is obtained via optical investigation. In recent years there have been two new
areas of study which focus on utilizing optically pumped alkali metal vapor. These areas are a) hyperpolarization of
noble gases for enhanced magnetic resonance imagining (MRI) and b) diode pumped alkali laser systems (DPALYS).
Both of these areas require subjecting the alkali vapor to intense optical radiation (up to ~10kW/cm2) produced by
laser diodes. Unfortunately at these intense pumping levels optical damage to the windows has been reported. In
order to mitigate thisissue, athin film coating should be designed that meets or exceeds the following requirements:

1) Coating must be able to be applied to high quality optical materials such as quartz or sapphire.

2) The coating must alow transmission of greater than 98% of light transmitted at both the D1 and D2 transition of
the alkali metal that is being protected against.

3) The coating must not be damaged while simultaneously being exposed to akali number densities approaching
1013/ cm3, temperatures approaching 150-200°C, and optical radiation intensities of >10kW/cm2.

4) The coating should be resistant not only to Rubidium but also its oxides and hydroxides.

PHASE I: Demonstrate in Phase | through modeling, analysis, and proof-of-principle experiments of critical
elements for the proposed technology for further investigation in Phase Il. Phase | work should clearly validate the
viability of the proposed technology. Phase | will culminate in a CDR-level design. Phase | should also result in a
clear technology development plan, schedule, transition risk assessment, and requirements document. Offerors are
highly encouraged to work with High Energy Laser (HEL) system integrators and/or their respective sub-system
contractors to help ensure applicability of the proposed effort and the viability of the technology for transition.

PHASE II: The Phase |l objective isto validate a scalable and producible technology approach that MDA users and
prime contractors can transition in phase 111 to their unique laser application. Validate the feasibility of the Phase |
concept by development and demonstration of witness samples that will be tested to ensure compliance with
requirements. Validation would include, but not be limited to, system simulations, operation in test-beds, or
operation in a demonstration subsystem. The goal of the Phase Il effort is to demonstrate technology viability. A
partnership with a current or potential supplier of MDA systems, subsystems or components is highly desirable.

PHASE II1: In this phase, the contractor will apply the innovations demonstrated in the first two phases to one or
more MDA systems, subsystems, or components. The objective of Phase Il is to demonstrate the scalability of the
developed technology, transition the component technology to the MDA system integrator or payload contractor,
mature it for operational insertion, and demonstrate the technology in an operational level environment.

COMMERCIALIZATION: Alkali metal resistant coatings have numerous commercial and other government
agency applications including spin exchange optical pumping MRI, and resonant pumped alkali vapor lasers.

REFERENCES:
1) S. Appelt, A. Ben-Amar Baranga, C. J. Erickson, M. V. Romalis, A. R. Young, and W. Happer, “ Theory of spin-
exchange optical pumping of 3He and 129X€”, Phys. Rev. A., 58, p. 1412-1439 (1998).

2) DPALS symposium at the SPIE High Power and Laser Ablation (HPLA) conference, Santa Fe, 2008 (Proc SPIE,
7005).
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3) W.F. Krupke, Diode pumped alkali lasers (DPALS) an overview, Proc. SPIE High-Power Laser Ablation, Vol.
7005, pp. 700521-13, (2008).

4) B. Zhdanov, T. Ehrereich, and R.J. Knize, Narrowband external cavity laser diode array, Elec. Letters, Vol. 43,
No. 4, pp. 221-222, (2007).

5) Aleksey M. Komashko; Jason Zweiback, Modeling laser performance of scalable side pumped alkali laser
(Proceedings Paper) SPIE Proceedings Vol. 7581, High Energy/Average Power Lasers and Intense Beam
Applications |V, 17 February 2010.

6) Boris Zhdanov, Thomas Ehrenreich, and Randall Knize, Optically pumped alkali-vapor lasers
http://spie.org/documents/Newsroom/I mported/412/2006090412.pdf

7) Zhdanov, B.V. Stooke, A. Boyadjian, G. Voci, A. Knize, R.J., 17 Watts continuous wave Rubidium laser, IEEE
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8) "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

KEYWORDS: directed energy, high energy laser, alkali lasers, thin film coatings

This topic has been removed from the solicitation.

MDA11-010 TITLE: Innovative Signature Exploitation for L ong Range Object Discrimination

TECHNOLOGY AREAS: Information Systems, Sensors, Battlespace
ACQUISITION PROGRAM: C2BMC

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

OBJECTIVE: This topic seeks innovative concepts for long range real-time discrimination of ballistic missile
threats that exploit observations and sensor measurements collected by multiple sensors. Approaches should
combine generic sensor data to increase the probability of correctly discriminating ballistic missile threats.

DESCRIPTION: The Ballistic Missile Defense System (BMDS) performance is heavily dependent on data from
dispersed and disparate radars, and other types of sensors. The BMDS relies on space-based, sea-based mobile and
ground based sensor for detection, tracking classification and hit assessment information. Space-based sensors
include Space-based Defense Support Program, space-based infrared satellite and in the future an operational Space
Tracking and Surveillance System (STSS) constellation. Sea and ground based sensors include Sea-Based X-Band
radar and ground-based transportable AN/TPY-2. MDA is also exploring the future use of airborne infra-red (ABIR
) sensor systems for tracking, discrimination and fusion. Innovative agorithm concepts for exploiting signature
information to discriminate lethal objects from non-lethal objects in a complex debris and countermeasure
environment are needed.
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Techniques currently proposed for accomplishing discrimination include the use of physics-based characteristics and
metric information to discriminate objects. Current scientific and technical approaches for discrimination are
primarily data driven and fall short on two major areas. First, current methods include statistical pattern recognition
techniques and model based approaches. Model-based approaches use simulated data in combination with
measurement data to define features for potential discrimination. Current approaches designing algorithms based
on feature extraction do not guarantee robustness because the extracted features are not linked to reliably known
causal physics. Second, limitations of current approaches also include the lack of linkage to a systems theory model
for disciplined trade space design of algorithm features.

Innovative methods for extracting salient physics based features that are associated with robust physical mechanisms
are needed. Associating the exploitable information content with the underlying causal physics based observables
that each sensor can provide is afirst step towards the development of new discrimination concepts and algorithms.
Analysis methods that identify observable robust physical features that provide discriminative potentia from
signature data are needed to develop efficient physics based characteristics. In addition, methods of modeling
realistic sources of signature uncertainty within a systems theory prototype are required for discrimination concepts
and algorithm devel opment.

New algorithm approaches are specifically sought for identifying discriminating characteristics that can be detected
at long ranges. Methods for discovering salient features that contribute to discrimination should also account for
and model uncertainties in the measurement process such that they are robust to realistic sensor measurement
effects. Realistic uncertainties in threat objects should also be modeled. Feature robustness and persistence should
be assessed using metrics tied to systems theory such that methods proposed have a theoretical basis. Example
system theories that have application to discrimination could include Sparse Bayesian Learning Theory and
Information Theory.

Where appropriate atmospheric effects that degrade sensor performance should also be addressed. Innovative
methods should improve the effectiveness of interceptor usage by increasing the probability of correct identification
of target objects. Any new sensor or upgrade to existing sensors mentioned above which could enable a proposed
discrimination techniques should be specifically identified in the proposal. Technical issues that must be addressed
for proposed discrimination techniques include:

1. Sufficiently accounting for, or eliminating uncertainty in both threat evolution and sensor feature measurements.

2. Reliance on a priori information. If the proposed discrimination technique relies on a database that is devel oped
offline, sources of measured or methods of simulating data should be specifically identified in the proposal.

3. Target Feature Exploitation. Enhanced methods of deriving object physical properties from sensed observables
that account for realistic sensor limitations should be specifically addressed. Features that can be derived from data
collected at long range are of particular interest.

4. Countermeasure identification: Enhanced methods of deriving exploitable characteristics of countermeasures
from sensed observables should be investigated.

PHASE |: Develop and conduct proof-of-concept demonstration of innovative physical feature based discrimination
approaches using simulated data that models generic sensor characteristics. Characterize physical features with long
range discrimination potential using metrics theoretically linked to system theory to establish mathematical
foundation.

PHASE 1I: Mature agorithms and methods developed on Phase | results and demonstrate technology on realistic
sensor data. Demonstrate technology robustness to countermeasures and debris.

PHASE 1Il: Integrate technology into BMDS system and demonstrate total capability of discrimination algorithm
upgrade for an updated system. Partnerships with traditional DoD prime contractors will be pursued.

COMMERCIALIZATION: The technology is applicable to advanced medical diagnostics, air traffic control,
transportation, consumer marketing and e-commerce and robotics industry.
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MDA11-011 TITLE: Sensor Resource Management

TECHNOLOGY AREAS: Sensors, Battlespace, Weapons
ACQUISITION PROGRAM: C2BMC

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

OBJECTIVE: The objective of this topic is to develop innovative techniques and apply innovative concepts for
employment planning and real time tasking of varied and distributed sensor resources. This topic is to provide
support for ballistic missile defense across theater, regional, and global levels for a multi-raid and/or multi-target
environment. Sensor Resource Manager (SRM) dynamically assigns sensors in response to changing priority and
complexity, and therefore is a critical functionality for Command and Control, Battle Management and
Communications (C2BMC). SRM s aso subject to issues regarding sensor availability, accessibility, and signal to
noise considerations as it schedules individual sensors to perform search, acquisition, track, discrimination, and/or
hit/kill assessments as a means to support weapon assignment and fire control.

DESCRIPTION: The emphasis of the MDA mission has expanded from defense of homeland against ICBM threat
to include defense of friends and allies against short and medium range missile attacks (i.e. theater and regional
missile defense). The focus is on scenarios in which multiple “raids’ are launched near simultaneously from
multiple launch sites aimed toward numerous defended areas. MDA has adopted a Phased Adaptive Approach
(PAA) to build up the BMDS system by incorporating existing and newly developed radars, EQ/IR sensors, and
interceptors to counter new threats. The performance of layered Ballistic Missile Defense system (BMDS) defense
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in a Raid scenario rely upon effective utilization of communication, weapon, and sensor resources. Networked
communications solutions are needed to enable dynamic formation of architectures and increase the probability of
message delivery in the presence of both adversarial electronic counter-measures (ECM) and signal fading caused
by ionospheric scintillation arising from high altitude nuclear explosions. Additionally, (dynamic) communications
solutions are needed to enable advanced integrated fire control technologies and techniques in response to changing
threat priorities. Sensor management techniques, supported by networked communications, are needed for the real
time tasking of diverse and distributed (disparate) sensor resources to optimize the collection of threat data in a
multi-target environment and improve employment and assignment of weapon resources. The sensor architecture
includes ground-based radars, Overhead Persistent IR(OPIR) system, UAV based Airborne IR (ABIR) system and
Space-based PTSS (Precision Tracking Space System) constellation. Solutions must accurately and reliably support
acquisition, track, discrimination, engagement and hit/kill assessment of threatening objects across a spectrum of
threat classes and environments. Networked communications solutions must provide for transport of information
and data in support of advanced integrated fire control algorithms, technologies, and techniques as well as
weapon/sensor control capabilities. Solutions that dynamically form communications and defense architecture
capabilities are critical enablers. Technical issues that must be addressed include multi-sensor data registration and
transport, dynamic force tailoring, self-healing and dynamically formed networked communications, latency and
integrity of engagement quality data, and multi-sensor data fusion of engagement quality data to support advanced
integrated fire control solutions. The integration of various components is the responsibility of C2BMC system.

There are many difficult challenges for C2BMC, one of which is Sensor Resource Management (SRM). The
function of SRM is for employment planning and real time tasking of diverse and distributed sensor resources to
handle threat targets dispersed widely both in space and time. The SRM can be formulated into the following
problems: 1) How to optimally assign sensors/platforms to cover multiple threat complexes in multi-raid threat
scenes subject to constraints of sensor availability, accessibility, phenomenology, and S/N considerations. 2) How to
coordinate and schedule sensor resources to perform search, acquisition, track, discrimination, and hit/kill
assessment to provide the best “quality of services’ to weapon systems. The metrics of quality of services include
metric accuracy and discrimination of threatening objects. Furthermore, since the battle space may be extended with
purview over multiple Operational Commands, some degree of inter-command resource alocation could also be
anticipated.

Proposals are requested for the development of innovative techniques/algorithms for the assignment and/or
scheduling of sensors. Dynamic redlocation of sensors in response to changing threat scenes, priority and
complexity, while subject to constraints of sensor availability, accessibility, and measurement capabilities should be
considered in the proposed techniques/algorithms. The proposals should clearly identify how the performance
improvement resulting from extending at any time the algorithm’s future planning horizon (‘far sightedness’) is
achieved at the expense of increased to computational complexity to alow trade-offs of performance against
processing load.

PHASE I: Develop and conduct proof-of-principle demonstrations of advanced EC2BMC concepts using simulated
data. Develop a mathematical basis for the proposed approach, augmented as appropriate by coding or analysis
sufficient to demonstrate its computational tractability.

PHASE II: Update/develop technology (algorithms, software, or a combination thereof) based on Phase | results
and demonstrate technology in a realistic environment using data from multiple sensor sources. Demonstrate ability
of technology to work in real-time in a stressing environment. Conduct prototype demonstration.

PHASE IlI: Integrate with simulation framework to allow their testing and evaluation in redlistic scenarios. The
testing of agorithms in the BMDS Benchmark environment is highly recommended. As such, the company will
formulate a Benchmark problem capturing C2BMC SRM challenges and solve this Benchmark problem using the
proposed algorithms. MDA C2BMC SRM team will organize workshop/tutorial and work closely with the SBIR
contractors to further refine their algorithms for C2BMC. Integrate technology into BMDS system and demonstrate
the total capability of the updated system. Partnership with traditional DOD prime contractors will be pursued as
government applications of this technology will produce near term benefits from a successful program. If successful,
this work has the potential to be incorporated into the BMDS C2BMC function; a task which would form the basis
of Phase 3 work would probably be achieved through partnership with a DOD prime contractor.
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COMMERCIALIZATION: The technology is applicable to air traffic control, weather radar, security systems, and
other tracking applications.
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MDA11-012 TITLE: Guidance, Navigation and Control Algorithms and Hardware for Advanced
I nterceptors

TECHNOLOGY AREAS: Air Platform, Materials/Processes, Sensors, Electronics, Battlespace, Space Platforms,
Weapons, Nuclear Technology

ACQUISITION PROGRAM: NGAM, DV, GMD, BC, THAAD, ABIR, SM-3, DVP
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The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: Develop and demonstrate innovative, ultra-compact, lightweight, high performance Guidance,
Navigation and Control (GNC) hardware and robust algorithms (estimators, guidance laws and controllers) that will
enhance the capability of achieving intercept missile defense by future interceptorsin all phases of flight in a hostile
environment involving maneuvering targets.

DESCRIPTION: GNC hardware currently used in the Ballistic Missile Defense System (BMDS) interceptors are
expensive, bulky and heavy. The bandwidths, signal-to-noise ratios, powers and ranges that they provide are limited.
They are sensitive to shock, vibration and radiation. Very small Inertial Reference and Inertial Measurement Units
(IRUs and IMUs) with higher performance than existing solutions have remained a challenge to the industry. To
achieve MDA goals for improved ascent phase intercepts, boost and assent phase platforms must intercept as early
as possible in the battle space. Further, the present GNC algorithms suffer from lack of robustness when future
threat target maneuvers are encountered. Improved interceptor GNC technologies are required to bring greater
robustness, flexibility, agility and intercept velocity to current ascent phase defense systems. Proposed solutions to
enhance current systems will also be applicable to next-generation interceptor systems. These systems will demand
further performance enhancements and robustness to support new missions while simultaneously and continuously
requiring reduction in size, weight and power (SWAP) of the GNC hardware as well as more robust GNC
algorithms. Achieving ascent phase intercepts requires GNC technology that will provide for and operate reliably in
the rapid acceleration, high g-load conditions required to overtake future threat target maneuvers and intercept a
threat missile. Thistopic calls for innovative GNC hardware and/or algorithmic solutions:

(8) GNC Hardware

Improved low-cost interceptor GNC hardware based on modern low power, high density microelectronics, MEMS
or fiber optics is desired. As interceptor systems upgrade toward longer-range operation, interoperability with
external navigation information from e.g. Globa Positioning Systems (GPS) is needed. Along with increasing
requirements for agility, processing power and accuracy, a new GNC modular architecture with compact,
inexpensive, advanced angular rate measurement components is also required. In addition, the size, weight and
performance requirements of the components will be more challenging. Interceptor hardware includes gyroscopes,
accelerometers and integrated forms thereof (IRUSYIMUS), seeker signal/image processors, Divert and Attitude
Control Systems (DACS) and interceptor power sources. Gyroscopes are critical elements of the GNC systems.
During the past two decades significant progress has been made in the development, refinement and practical
application of both MEMS gyroscopes and Fiber-Optic Gyroscopes (FOGs). MEMS gyroscopes are in widespread
use in consumer electronics and in automotive stability control. FOGs are being used in line-of-sight (LOS)
stahilization applications and for short time-of-flight navigation. It is desirable to achieve the performance of a FOG
while retaining some of the advantages of MEMS for use on interceptors in a hostile environment. The desired
performance goals are drift rates on the order of 0.1 deg/hr, angle random walk on the order of 0.002 deg/square
root-hr, data rates and bandwidths in the kHz range, weight goals for the IMU system of less than 1 Ib with avolume
less than 20 cu. in. Any improved hardware must be able to withstand high shock and vibration upon missile lift-off,
stage separation events and DA CS maneuvers, with minimum operational requirements prior to launch and operable
from -50° C to + 80° C (85° C intermittent). Hardware should not be sensitive to Electro-Magnetic Interference
(EMI) or to effects of prolonged storage at the above temperatures. The effects of natural and prompt ionizing
radiation should also be considered. Radiation hardness to >300 krad is desirable. Capability for ten years of
dormancy prior to launch is also desirable.

(b) GNC Algorithms

The foundation for interceptor GNC algorithms currently in use has evolved from linear optimal control theory for
simple target maneuvers. Optimal guidance solutions derived from linear dynamics have a restricted performance
index and are target motion specific. Dynamic compensation requires large acceleration capability and active
seekers. These implementations suffer from lack of robustness when future threat target maneuvers are considered.
Hit-to-Kill guidance is anonlinear problem and therefore research is needed for guidance solutions that would result
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in minimization of miss distance (to <30 cm), and interceptor control energy without reliance on a priori data or
interceptor/target acceleration ratio >1.5). In particular, thistopic calsfor:

- Algorithms for kill vehicle weapon-target assignment, collision avoidance, multiple apertures and formation flying
- Algorithms for improved interceptor operations in a hostile environment

- Algorithms supporting kill vehicle participation in discrimination

- Interceptor signal processing and data processing algorithms

- Algorithms to improve performance of any subsystem within the seeker or its IMU

PHASE 1I: Conduct experimental and/or analytical efforts to demonstrate proof-of-principle of the proposed
solutions to enhance GNC performance for interceptors. Determine expected performance through
analysis'/modeling. Develop an approach for a robust GNC hardware/algorithm to be implemented and tested in
Phase Il that will provide a higher probability of kill against highly maneuvering threats. Develop a risk mitigation
plan. Performance goals include the minimization of the intercept-to-target maneuver, miss distance or reliance on a
priori data.

PHASE II: Finalize performance goals for a real MDA-relevant environment. Develop and characterize the GNC
hardware/algorithms and demonstrate functionality. Further mature the solutions proposed in Phase | and
demonstrate their feasibility and engineering scale-up. Validate the proposed solutionsin atest facility. Identify and
address technical hurdles. Proposed designs should strive for greater performance over current technology at lower
cost and provide a path for further cost/performance improvements. Consider applicability to both selected military
and commercia applications.

PHASE I11: Develop and execute a plan to manufacture or implement the GNC hardware/algorithms devel oped
under the Phase Il effort and assist the Missile Defense Agency in transitioning this technology to the appropriate
BMDS prime contractor(s) for engineering integration and testing.

COMMERCIALIZATION: The proposed GNC hardware and algorithms would have applicability to the
commercia airline industry, lightweight unmanned aerial vehicles (UAV'S), rotorcrafts, automobile industry, micro-
satellites, cell-phone industry and robotics. The contractor will pursue commercialization in the fields of munitions
and missile guidance, motion control, simulation & training, vehicle safety and personal navigation.
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This topic has been removed from the solicitation.

MDA11-014 TITLE: Light Weight Divert and Attitude Control Systems for Missile Defense
I nterceptors

TECHNOLOGY AREAS: Materials/Processes, Electronics, Battlespace, Weapons

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

OBJECTIVE: Develop and demonstrate innovative technologies for advanced, light weight, high performance
Divert and Attitude Control Systems (DACS) for Ballistic Missile Defense I nterceptors. These technologies should
reduce cost and maintenance requirements, improve reliability and meet DoD Insensitive Munitions (IM) and safety
objectives. Additionally, technologies that remain stable in long term silo storage and/or mobile environments,
enable flexible impulse delivery (multi-pulse and/or variable thrust), and are capable of operating over extended
mission durations (i.e. over 300 seconds) are desired. DACS Criteria include light weight, minimum volume
footprint ignition systems to enable multiple ignitions of a solid gas generator, extremely fast response actuators that
are capable of operation at or above 300°F for extended mission times, light weight structura insulators that are
resistant to high thermal shock environments, and Attitude Control System technologies or techniques that enable
flexible impulse delivery for both high and low level thrust requirements.

DESCRIPTION: Technologies that enable the development of DACS that are capable of engaging advanced threats
are desired. Technologies should address DoD Insensitive Munitions (IM) and safety requirements while reducing
cost and increasing performance over current state-of-the-art.

Increased combustion temperatures associated with advanced solid propulsion systems demand more robust
materials. Advanced techniques for propulsion component design and utilization of advanced materials enabling
performance, packaging, durability, manufacturability, and cost improvements are desired. Light weight structural
insulators that can withstand high thermal shock environments and reduce/eliminate thermal soak from critical areas
within a DACS thruster are of significant interest. Likewise, light weight ceramic matrix composites for thruster
components to reduce weight and part count are also of interest.

Innovative designs of components or subsystems within a solid DACS are needed to address longer mission times of
a high performance system. Flexible impulse delivery of a solid DACS is required; therefore light weight, compact
Mil Std 1901A compliant ignition systems are desired. Examples of subsystems or components are small, compact
initiators for under barrier applications, multi-pulse single chamber igniters capable of multiple ignitions (5 or
greater) of a solid gas generator, etcetera. Also of significant interest is light weight, high performance actuators.
These actuators should be capable of operating over extended mission durations (100 seconds — 500 seconds or
beyond) with low power consumption (preferably operating on 28 volt bus). Capability to operate at temperatures at
or above 300°F for the previously mentioned mission times is highly desired. Actuators would be expected to
operate a thruster between 10 Ibf and 50 Ibf thrust. Additionally, these actuators should enable the operation of high
precision ACS thrusters by being able to execute very small step functions that enable minimal changes in thrust
level while achieving very small minimum impulse bit (0.1 Ib-sto 0.3 Ib-s) performance.
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Additional challenges associated with advanced solid DACS to address are adverse effects of moisture absorption in
the propellant (particularly with non-phase stabilized ammonium nitrate based propellants), light weight non-eroding
nozzles/throats and how to mount/attach these nozzles inside a gas generator with minimal heat transfer to critical
components, and advanced degradation models of solid propellants over a lifecycle of 10-15 years. Additionally,
very light weight Attitude Control Systems capable of multi-mode operation (e.g. capable of 0.25 Ibf — 1 Ibf thrust
low level operation and 20 Ibf — 50 |bf thrust high level operation from a single thruster) are highly desired.

PHASE |: Develop a proof of concept design; identify candidate materials, designs and test capabilities, and
conduct feasibility assessment for the proposed propulsion technology. Fabricate and characterize materials for
component technol ogies or define proof of capabilities test concepts. Results from the design and assessment will be
documented for Phase 1.

PHASE 1I: Develop and demonstrate prototype designs incorporating Phase | technology in a relevant test
environment. Develop and document design and/or test approaches. Perform appropriate characterization and
testing, e.g. sub-scale motor tests, component level tests and/or IM related testing such as fast and slow cook-off.

PHASE I11: The developed technology should have direct insertion potential into missile defense systems. Conduct
engineering and manufacturing development, test and evaluation and hardware qualification. Demonstration would
include, but not limited to, demonstration in a real system or operation in a system level test-bed with insertion
planning for a missile defense interceptor.

COMMERCIALIZATION: The technologies developed under this SBIR topic should have applicability to
automobile industry, unmanned vehicles, entertainment industry, etc.
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4. Murthy SN., Curran E.T, "Development in High Speed Vehicle Propulsion Systems, AIAA, 1996.

5. G. Hagemann, H. Immich, T. Nguyen "Advanced Rocket Nozzles" Journal of Propulsion and Power , Vol. 14, No
5, pp620-634, AIAA, 1998.

6. Palaszewski, Bryan, ‘ Propellant Technologies: A Persuasive Wave of Future Propulsion Benefits', NASA Glenn
Research Center, Cleveland, OH, Feb. 1997, http://shir.grc.nasa.gov/launch/Propellant.htm.

7. US DoD Insensitive Munitions Program Anthony J. Melita.

8. "Bdllistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Divert, Attitude Control Systems, DACS, solid propellants, Insensitive Munitions, igniters, structural
insulators

This topic has been removed from the solicitation.
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This topic has been removed from the solicitation.

MDA11-017 TITLE: Long-Term Missile Aging Reliability Prediction for Advanced Platforms

TECHNOLOGY AREAS:. Air Platform, Chemical/Bio Defense, Ground/Sea Vehicles, Materials/Processes,
Sensors, Electronics, Battlespace, Space Platforms, Weapons

ACQUISITION PROGRAM: GMD, GBI, NGAM, STTS, UAV

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

OBJECTIVE: The development of innovative methodologies, components, or subsystems that aide in long term
reliability assessment of missile hardware. Methodologies are sought using the latest proven systematic approaches
to age acceleration testing of typical missile and payload components that are maintained in inert modes for
extended periods of time prior to launch. Further advanced reliability assessment techniques are desired to
complement the acceleration aging methodol ogies for application to these components.

DESCRIPTION: The Missile Defense Agency is seeking technologies to support its Stockpile Reliability Program.
These technologies must aid in the determination and prediction of system failures or potential failures. One method
used to develop information on shelf life of systems, subsystems and parts is called accelerated aging testing. This
method also documents system status and predicts expiration dates of subsystems and parts. Accelerated aging is a
testing method used to estimate the useful lifespan of a product when actual lifespan data is unavailable. This occurs
with products that have not existed long enough to have gone through their useful lifespan. Missile components
may contain polymer materials that are age sensitive and stay in adormant state for extended periods of time prior to
use. Thus, elevated temperature aging is often used to accelerate chemical breakdown. Other industries, such as
medical products and packing, have developed advanced techniques for application to accelerated life testing that
may be applicable to aerospace missile and payload materials. An example of areas where advances are sought isin
techniques for applying the Arrhenius time-temperature superposition equation to components with multiple age
sensitive polymeric materials.

Other areas where advances are sought is in electronic parts and printed wiring boards (PWBS). Electronic parts
normally fail because of expected and predictable wear-out mechanisms. These most often are metal failures over
time, oxide failures due to electrical stress, or issues associated with packaging techniques. Real time aging must be
performed in conjunction with any accelerated aging study to correlate the results found during accel erated aging.

The theory of reliability has greatly advanced in the past few years. The results of these theoretical advancements
could be utilized to enhance methods used to predict potential failures of MDA stockpile of missiles and other
weapons. This theory coupled with the use of advances in accelerated aging testing could be use to provide an
enhanced, robust methodology for predicting weapon stockpile reliability.

PHASE |: Development of innovative systematic methodologies coupled with advanced techniques to assess the
long term reliability of missile hardware. Investigate proven methodologies for age acceleration testing of typical
missile and payload materials and components coupled with advanced reliability assessment techniques to develop a
cost effective approach to predicting typical missile and payload material S’components shelf life estimates.

PHASE II: Based on the results/findings of phase |, implement the methodology and techniques to a complex

missile and/or payload component for verification of the approach. Robustness should be demonstrated by
verification with naturally aged components and possibly with other materials/components.

MDA - 30



PHASE Il1: Verification of overall approach and finaize the methodology. The proposed methodology developed
under this effort should advance the state-of-the-art in cost effective reliability performance monitoring, shelf life
estimates, service life extension for ordnance devices, preventative and other maintenance. Demonstrate commercial
scalability of the technology for use in commercial product development and reliability assessment and shelf life
estimates.

COMMERCIALIZATION: Demonstrate the commercial prospects of this technology through utilization of the
methodology on development of complex commercial product. The envisioned solutions to this effort will have
applications in both a military and non-military markets to include commercial aircraft and satellite markets, and
others. The military applications include various missile systems, Satellites, and UAVSs.

REFERENCES:

1) "HALT, HASS & HASA Explained, Accelerated Reliability Techniques, Revised Edition" by Harry W.McL ean,
ASQ ISBN 978-0-87389-766-2.

2) "Management & Technical Guidelines for the ESS Process" IEST-RP-PR001.1, published by the Institute of
Environmental Sciences and Technology.

3) "Accelerated Testing" a Practitioners Guide to Accelerated and Reliability Testing, by Bryan Dodson and Harry
Schwab.

4) "Accelerated Reliability Engineering”, by Gregg Hobbs. ISBN 0-615-12833-5.
5) http://mww.mda.mil/global/documents/pdf/GMD_DSC Focused Transition_brief.pdf
6)http://www.spacewar.com/reports/L ockheed Martin_Provides Proven Solutions For_Missile_ Defense 999.html

7) "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

KEYWORDS: accelerated aging, stockpile reliability, sensors, nano structures, diamond

MDA11-018 TITLE: Anti-Tamper Technology for Missile Defense

TECHNOLOGY AREAS: Air Platform, Information Systems, Materials/Processes, Sensors, Electronics, Space
Platforms, Weapons

ACQUISITION PROGRAM: DEP, AB, TH, GM, SN

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

OBJECTIVE: Develop advanced methodologies, materials, and approaches for protection of BMDS assets from
intrusion, reverse engineering, and tampering. Specifically, develop a means to detect and/or prevent Focused lon
Beam (FIB) attacks on semiconductor devices, for the protection of Critical Program Information (CPl) against
exploitation.

DESCRIPTION: The MDA Director has issued a directive necessitating the protection of Critica Program
Information (CPl) from unintentional transfer and the policy for the implementation of Anti-Tamper (AT)
technology on MDA acquisition and associated technology programs. AT technology consists of engineering
activities that result in the prevention and/or delayed exploitation of critical technologiesin U.S. weapons systems.
The purpose is to add longevity to critical technology by deterring efforts to reverse-engineer, exploit, or develop
countermeasures against a system or component.[1-4]
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FIB technology is typically used in the semiconductor industry to patch or modify an existing semiconductor
device[5,6] - in the same way, it could be utilized by a reverse engineer to create, modify, or remove additional
connections which may affect the operation of a silicon-based circuit function. This topic seeks to develop
innovative countermeasures to the usage of FIB technology as a tool to perform reverse engineering attacks on
semiconductor devices. The goal of these countermeasures is to prevent unauthorized access to CPI, or otherwise
provide protection against system reconfiguration or unauthorized access. Though the particular solution may be
tailored to a specific application, the concept and methodology of the solution should be applicable to Commercial
Off-The-Shelf (COTS) and military hardware. Preference will be given to solutions that provide protection of CPI
without introducing additional risks, weights, or costs to the weapon platform and its mission. Additionaly,
attention will be focused on the covertness of the technology; personal and mission safety; minimal impact to
semiconductor manufacturing processes;, minimal impact to system availability and maintainability; low (or no)
power requirement; and seamless integration in the BMDS weapon platform. As a result, the MDA will maintain a
technological edge in support of the warfighter.

PHASE I: The contractor shall develop the conceptual framework for a new and innovative AT protection
technology or technique that is integrated with, or tailorable to, the CPI being protected. The contractor will also
perform an analysis and limited bench level testing to demonstrate the concept and an understanding of the new and
innovative protection technology.

PHASE Il: The contractor shall demonstrate and validate the use of the AT protection technology into one or more
prototype efforts, and evaluate the effectiveness of the technique. A partnership with a current or potential supplier
of MDA systems, subsystems, or components is highly desirable. The contractor shall also identify any anticipated
commercia benefit or application opportunities of the innovation.

PHASE I11: Integrate selected AT protection technologies into a critical system application, for a BMDS system
level test-bed. This phase will demonstrate the application to one or more MDA element systems, subsystems, or
components - as well as the product’s utility against industrial espionage. When complete, an analysis will be
conducted to evaluate the ability of the technology/technique to protect against tampering in areal-world situation.
COMMERCIALIZATION: The proposal should show that the innovation has benefits to both commercia and
defense applications, while understanding the need to minimize proliferation of the technology to prospective
reverse engineering entities. The projected benefits of the innovation to commercial and defense applications should
be clear, whether they reduce cost, or improve the producibility or performance of products that utilize the
innovative technology.

REFERENCES:
1. Willis, L., Newcomb, P., Eds. Reverse Engineering, Kluwer Academic Publishers, 1996.

2.Ingle, K.A., Reverse Engineering, McGraw-Hill Professional, 1994.

3. Furber, S., ARM System-On-Chip Architecture, Addison-Wesley, 2000.

4. Huang, A., Hacking the Xbox: An Introduction to Reverse Engineering, No Starch, 2003.
5. Wikipedia, “Focused lon Beam”. http://en.wikipedia.org/wiki/Focused lon_Beam.

6. Fibics Inc., “Focused lon Beam Systems”. http://www.fibics.com/fib/tutorial /i ntroduction-focused-ion-beam-
systems/4/.

7. "Balligtic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Anti-Tamper, Protection, Reverse Engineering, Exploit, Focused lon Beam, Countermeasures,
Microfabrication, Nanometer Milling
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MDA11-019 TITLE: Develop and Demonstrate High Performance Infrared Foca Plane Arrays with
Advanced Quantum Structures

TECHNOLOGY AREAS: Sensors, Electronics, Weapons
ACQUISITION PROGRAM: AB, PTSS, ABIR

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

OBJECTIVE: Seeking infrared detectors and focal plane arrays using advanced quantum structures, such as
Antimony (Sb)-based strained layer superlattice (SLS) consisting of I11-V materials, that have a potential to
outperform current infrared materials, such as mercury cadmium telluride (HgCdTe) and indium antimonide (InSb).

DESCRIPTION: MDA is seeking innovative research proposals in the area of infrared detectors and focal plane
arrays using advanced quantum structures, such as Antimony (Sh) based strained layer superlattice (SLS). SLSisa
new infrared detector material that has the theoretica promise to outperform existing materials such as mercury
cadmium telluride (HgCdTe) and indium antimonide (InSh). In the past few years, tremendous progress has been
made in various research laboratories. Long-wavelength infrared single-element detectors with performances
approaching that of HgCdTe are being achieved. SLS FPAs with good performance have been successfully
demonstrated. However, in order to achieve high-performance FPASs that can provide the best system performance
for missile defense, technology and engineering innovations are required in the following areas.

Novel architecture and structure design of detectors and FPAs is one area that can be explored further. Both single-
and multiple-spectral band FPAs can benefit from such improvement. Priorities will be given to innovative ideas
that lead to robust fabrication of FPAs with high yield. This may involve new FPA structures that make detectors
less sensitive to performance degradation due to various fabrication processes such as etching, hybridization,
substrate removal, coating or passivant deposition, and packaging.

In the epitaxial wafer growth area, priorities will be given to establishing epitaxial growth capability for high quality
large area detector wafers with a diameter equal or larger than 3 inch, and for capabilities of growing thick layers for
high quantum efficiency and for stacked multiple spectral bands. Substantial reduction in growth defect and
advances in precision control of alarge space of growth parameters are critical to reduce dark current noise, improve
uniformity, increase device reliability and reproducibility. Additionally, innovation is needed to enhance the
substrate quality and size, including reduced micro- and macro-defect counts, improved surface quality, and
enhanced doping control. Substrate crystal orientation and its impact to superlattice material growth may also be
studied. Alternative approaches to material growth other than molecular beam epitaxy (MBE) will also be
considered. The wafer quality will be measured by several parameters including: High-resolution X-ray rocking
curve with full-width-at-hal f-maximum of 20 arc second or less; mismatch between SLS and substrate, which can be
inferred by peaks in X-ray rocking curves, less than 300 parts per million (ppm); atomic force microscopy surface
roughness 2 angstrom; wafer macro defect (defined as defect diameter larger than 20 um) density of less than 500
per square centimeter; wafer micro defect (defined as defect diameter less than 20 um) density of less than 2000 per
square centimeter. Studies that reveal correlations between detector performance and wafer-level inspection
measurement via various methodologies, and thus improving FPA fabrication throughput and yield, are also
encouraged.

In the detector array processing and FPA fabrication area, novel ideas in etching chemical selection, etching and
surface cleaning protocol, passivant selection, and passivation scheme perfection are sought. Technology
innovations in this area are essential in achieving low leakage current for FPAs with small pixel size and multiple-
spectral bands. Although many passivation materials and methodologies have been experimented on Sb-based
superlattice materials, the ultimate passivant and protocol is still to be discovered that offers a stable and highly
effective mechanism to eliminate leakages. In addition, novel approaches are encouraged for substrate thinning or
removal, detector array anti-reflection coating, hybridization, and FPA packaging. Approaches that abandon the
current processing procedures and replace them with totally new modality processes are aso encouraged.
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PHASE I: In Phase |, SLS materials should be processed to form single-element diodes that meet the following
goals: At operating temperatures higher than 65 Kelvin and cutoff wavelength of 10 um, the quantum efficiency
should be larger than 60% and the dark current density should be less than 1 micro-ampere per square centimeter.

PHASE II: In Phase I, fabrication of a FPA with a format of 640X480 or larger with either single or multiple
spectral bands is expected as a successful demonstration of proposed technologies. Also, design, develop, and
characterize a prototype of the proposed FPA with improved characteristics than current state of the art is of interest.

PHASE 11l Develop and execute a plan to market and manufacture superlattice FPA. Assist the Missile Defense
Agency in transitioning this technology to the appropriate Ballistic Missile Defense System (BMDS) prime
contractor(s) for the engineering integration and testing.

COMMERCIALIZATION: The contractor shall pursue commercialization of the various technologies and EO/IR
components developed in Phase 11 for potential commercial uses in such diverse fields as law enforcement, rescue
and recovery operations, maritime and aviation collision avoidance sensors, medical uses and homeland defense
applications.

REFERENCES:
1. L. Zheng, M. Tidrow, et a., Developing High Performance I11-V Superlattice IRFPAs for Defense—Challenges
and Solutions, Proc. of SPIE Vol. 7660, 76601E, 2010.

2. Paritosh Manurkar et a., High performance long wavelength infrared mega-pixel focal plane array based on type-
Il superlattices, APPLIED PHY SICS LETTERS 97, 193505, 2010.

3. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Type |l strained layer superlattice (SLS), infrared foca plane array (IRFPA), Dry etching and
passivation, single- and dual-band detectors and FPA, InAs/GaSb I11-V materials, substrate.

MDA11-020 TITLE: Composite Structures for lightweight missile components

TECHNOLOGY AREAS: Air Platform, Material s/Processes, Weapons
ACQUISITION PROGRAM: SM3I1B

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

OBJECTIVE: Enhance the performance of missile structures, components and KV components for implementation
into Ballistic Missile Defense (BMD) systems focusing on light-weighting through development or utilization of
novel materials and processes, including composite materials. Provide materials solutions to reduce procurement
cost, lower life cycle cost, lower operational maintenance, reduce lead time, enhance mission reliability and improve
manufacturability for low-rate, non-labor intensive production for BMD systems.

DESCRIPTION: MDA is seeking high-performance materials and process technologies for enhancement of current
and block upgraded missile defense systems. These endo-atmospheric and exo-atmospheric intercept systems are
highly complex missile systems. Novel materials and process technol ogies offer a significant potential for enhancing
performance properties and reducing weight while improving producibility of these structures. The focuses of this
topic isfor the internal missile structures and kill vehicle structures or components, excluding propulsion systems.

Technical areas of interest include, but are not limited to:
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KV Components / Shrouds / Bulkheads / Antennas. Advanced missile defense interceptors require lightweight
materials and innovative components designed to minimize weight and ensure missile performance while
maintaining structural integrity during flight. These systems must meet a variety of requirements such as weight,
performance, cost, producibility, volume/mass efficiency, and component survivability. New advanced interceptors
are expected to achieve much higher velocities and longer flight times resulting in more severe loads and
aerothermal heating than current systems. Proposals are sought that develop lightweight materials, components, and
integrated component designs which enhance the current designs, significantly reduce weight, and improve
performance.

PHASE |: Conduct experimental and/or analytical efforts to demonstrate proof-of-principle and to improve
producibility, increase performance, lower cost, or increase reliability. Explore the concept and develop novel
material or processes for fabrication of selected missile components. If applicable, produce test coupons of the
materials and measure relevant properties. Assess the fabrication cost and impacts on service methods, safety,
reliability, and efficiency. Perform a preliminary manufacturability and cost benefit analysis showing that the
structure can be produced in reasonable quantities and at reasonable cost/yields, based on quantifiable benefits, by
employing techniques suitable for scale up.

PHASE |I: Based on the results and findings of Phase |, demonstrate the technology by fabricating and testing a
prototype in a representative environment. Demonstrate feasibility and engineering scale up of proposed technology
and identify and address technological hurdles. Demonstrate the system’s viability and superiority under a wide
variety of conditions typical of both normal and extreme operating conditions. Demonstrate scalable manufacturing
technology during production of the articles. Identify and assess commercial applications of the material or process
technology.

PHASE 1ll: Demonstrate new open/modular, non-proprietary composite materials and/or structures technology.
Provide a potentially qualifiable design for an innovative structure that will provide for advancement of the state-of-
the-art in aerospace and missile structure performance, safety, life extension, preventative and other maintenance.
Demonstrate commercial scalability of the manufacturing process and the implementation of the software-based
design tools for the commercia development and deployment of advanced structures. Commercialize the technology
for both military and civilian applications. Demonstration should be in areal system or operational in asystem level
test-bed.

COMMERCIALIZATION: The proposed technology should benefit commercia and defense manufacturing
through cost reduction, improved reliability, or enhanced producibility and performance.

REFERENCES:

1) "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Missile Structures

MDA11-021 TITLE: Hot gas components for lightweight missile components

TECHNOLOGY AREAS: Materials/Processes, Electronics

ACQUISITION PROGRAM: SM3I1B

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of

foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.
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OBJECTIVE: The Missile Defense Agency (MDA) is seeking materials and components that demonstrate
improvements in producability and cost reduction, and innovative technologies that moderate the response of large
diameter (12 inches or greater) solid rocket motors (SRM) to unplanned stimuli such as heat, bullets or high-speed
fragments. Applications of interest include solid boost motors as well as solid and liquid propellant divert and
attitude control systems (DACS).

DESCRIPTION: MDA propulsion systems are seeking to maintain stringent performance requirements and
simultaneously expose materials to severe operating conditions while reducing weight and power consumption while
maximizing fast response times. This requires innovative actuation/valve technologies to minimize the response
time for fine attitude control and pointing for divert and attitude control systems, innovative projects to reduce the
weight and volume of pressure regulators with atighter regulation range, erosion-resistant ceramic materials that can
resist the structural loads imposed by very large temperature gradients, and meeting Insensitive Munitions (IM)
requirements for SRMs.

* Actuator/Valve technology: MDA is seeking low voltage, high power density, high performance actuators for 5 to
2000 Ibf applications. Response times should range from 5 ms at 5 Ibf to 15 ms above 1000 Ibf. Actuation
technologies should maintain response, stiffness, and precision performance characteristics at high temperatures
(>250F functional capability). Additionally, MDA desires actuation technologies with reduced part counts and
designs that enhance reliability and simplicity of fabrication. For valve technology, reduced part count/complexity
while operating at very fast response times, typically 1 msto 3 ms response time for opening and closing.

 High pressure regulators are used to regulate pressure for propellant feed systems for DACS systems. These
regulators regulate pressure from 10 ksi to approximately 1000 psi. This solicitation requests innovative
technologies to miniaturize the pressure regulator to reduce packaging weight and volume while maintaining the
regulated pressure tolerance to approximately 100 psi.

» High temperature, ablation-resistant structural parts and components: Ablation-resistant materials such as
ceramics, composites, and refractory metals for components such as liners, nozzles, and hot gas paths. DACS
materials including Zr- or Hf-based materials shall be subjected to pressures up to 3000 psi and flame temperatures
from 4000°F to 5000°F. SiC-based composites may be considered, but are known to be temperature limited relative
to these goals. Aluminized motor materials (TaC-based) must operate at 2000 psi and at flame temperatures greater
than 6000°F. The materials must be able to tolerate large temperature gradients such as those experienced at motor
initiation. A typical minimum property is atensile strength of over 50 ksi (345 MPa).

» Structural insulation components: DACS components are attached to missile structures and have electronic
components that cannot tolerate high temperatures. Currently, most non-pyrolyzing insulation materials have poor
mechanical properties. Optimal structural insulation materials will be dimensionally stable to high temperatures, will
not pyrolyze, and will exhibit nominal 15 ksi (34.5 Mpa) strength. Structural insulators will have high fracture
toughness and thermal stress resistance, and exhibit low thermal diffusivity. Materials are desired for use at 3000°F
with afuture temperature goal exceeding 4000°F.

 Non-Structural insulation components. New materials are desired which pyrolyze to form dense, adherent (so the
char layers are retained), and low thermal diffusivity char layers. Such materials are typicaly rubbers (such as
EPDM) which are compatible with both case materials and propellant compositions. High elongations (goal: >50%)
are desired to enable case-propellant structural compatibility, and chemical compatibility must also be considered.

» For IM, define and identify concepts for IM technology improvements and new technologies for SRMs which
include but are not limited to new energetic material formulations and motor case/container venting technology.
Identify the possible IM benefits and outline a proof of concept test plan, which can include but are not limited to
testing of new energetic materials to obtain valuable characterization data, and analog or sub-sale motor test designs
and venting tests. The use of MIL STD 2105C for designing, conducting and evaluating IM test programs is highly
desirable.

PHASE I: Develop a strategy to demonstrate the producibility of the proposed propulsion product including

integration with an MDA system. The goal of the Phase | effort will be to demonstrate that it is feasible to increase
performance, reduce cost, and/or increase production reliability of the selected component. The proposa should
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provide a quantifiable assessment of the feasibility and pay-off of the selected technology. Critical experiments
and/or analyses to support the Phase | feasibility is desired.

PHASE Il: Implement the manufacturing plan and quantify key milestones. Validate the feasibility of the material
or component by demonstrating its use in the operation of manufactured items for MDA systems, subsystems, or
components (such demonstration assumes adequate material and component characterization). A partnership with a
potential supplier of MDA systems, subsystems, or components is highly desirable. Identify commercial
applications of the technology and other DoD opportunities that benefit from the innovation.

PHASE Ill: Complete technology transition via successful demonstration of a new product technology. This
demonstration should show near-term application to one or more MDA element systems, subsystems, or
components. This demonstration should a so verify the potential for enhancement of quality, reliability, performance
and reduction of unit cost or total ownership cost of the proposed subject.

COMMERCIALIZATION: Manufacturing improvements in materials have direct applicability to space launch
vehicles, gas turbines, and automotive technologies. Actuator technologies have wide applicability to the aerospace
industry to include both aircraft and rocket technologies. Because of the wide variety of chemicals and materials
involved, it is anticipated that the private sector will benefit from test procedures for aging propellants.

REFERENCES:

1. George T. Sutton, “Rocket Propulsion Elements; Introduction to the Engineering of Rockets’ Seventh Edition,
John Willey and Sons, 2001.

2. Missile Defense Agency Link: http://www.acq.osd.mil/mda/mdalink/html/mdalink.html

3. Bdllistic Missile Defense Basics: http://www.acq.osd.mil/mda/mdalink/html/basics.html

4. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Insulators, actuators

This topic has been removed from the solicitation.

MDA11-023 TITLE: Sensor & Mitigation Technologies for Liquid Hypergolic Propulsion Systems

TECHNOLOGY AREAS: Air Platform, Sensors, Electronics
ACQUISITION PROGRAM: SM3IIB

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

OBJECTIVE: The Missile Defense Agency (MDA) is seeking innovative concepts and products to improve the
safety and logistics challenges of hypergolic propellant based propulsion systems. This includes sensor technology
and leak mitigation technologies. The overall goal of projects selected under this topic will be to develop and
demonstrate innovative technologies to enable safe storage and deployment of liquid hypergolic propulsion (LHP)
systems for ballistic missile defense interceptors (ashore and at sea).
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DESCRIPTION: MDA divert and attitude control systems (DACS) are required to achieve accurate intercepts over
a long mission time. In order to meet these near-term requirements of response time and long operating time,
hypergolic propellants are needed. Existing hypergolic propellants and oxidizers are corrosive, carcinogenic, toxic
and present fire hazards in the event of leaks. Given the potential need to transport systems over road, air, and sea,
safety technologies need to be incorporated to detect and mitigate the hypergolic hazards. Beyond basic
transportation needs, the ability to store and deploy a missile containing hypergolic propellants within the associated
launching system is of primary concern.

* Sensor technologies include sensors that can detect MMH/NTO leaks of interceptors located inside canisters to the
levels of less than 50 ppm. The sensor life should be no less than 4 years with no calibration required between
replacements. This includes light weight, small, low consumption batteries to power active (continuous) sensors or
development of passive sensors to operate without a power input. These sensors must be able to operate without
providing false positive readings.

* Internal to the missile, leak mitigation technologies would include self sealing tank material to contain leaks in the
event of atank breach or puncture. Innovative technologies associated with sealing materials could be used to seal
possible leaks in tubing and tanks containing hypergolic propellants and oxidizers, as long as it does not hinder
performance delivered by the system. Other mitigation technologies could include neutralization of the hypergolic
liquids to prevent fire hazards or toxic vapors from causing harm or possible loss of operational capability, most
likely within the canister or launching systems.

PHASE I: Develop technology solutions or a system approach solution to improve the safety of LHP systems.
Design and conduct proof-of-principle demonstrations. Address and document the safety benefits and improvements
of the technology or system.

PHASE Il: Develop a small-scale LHP system or technology demonstration to show its detection and containment
ability, considering Navy shipboard applications. Conduct hazard classification and insensitive munitions tests as
deemed appropriate. Provide a plan for integrating the proposed LHP system or technology.

PHASE 1Il: Work with industry and government labs to plan the introduction of the technology in energetics
development programs. Prepare for release of data to the hypergolic and safety communities.

COMMERCIALIZATION: The development of a safer hypergolic system would be extremely useful to ensure the
safety of personnel exposed to LHP systems in commercial space applications as well as other commercial
industries which employ the use of hypergols.

REFERENCES:
1. MIL-STD-882D, “ Standard Practices for System Safety,” 10 February 2000.

2. “Modern Engineering for Design of Liquid-Propellant Rocket Engines,” Huzel & Huang, pub. AIAA, 1992,
3. “History of Liquid Propellant Rocket Engines,” G. Sutton, pub. AIAA, 2005.
4. “Hazard Assessment Tests for Non-Nuclear Ordnance”, Military Standard, MIL-STD-2105C.

5. “Investigation into Safely Incorporating Hypergolic Fuels Aboard Ship”, RADM M.G. Mathis,
COMNAV SEASY SCOM, 1 November 2001.

6. “Preliminary Report Kinetic Energy Interceptor (KEI) Hypergolic Safety Assessment for OHIO Class
Submarines’, Navy, Strategic Systems Programs, 30 July 2007.

7. “Safe Transportation and Storage of Tactical Missiles Containing Liquid, Hypergolic Propellants’, K.F. Hodge et
al, Northrop Grumman, 2005

8. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.
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MDA11-024 TITLE: Advanced Power Storage Systems for | nterceptors

TECHNOLOGY AREAS: Electronics, Space Platforms
ACQUISITION PROGRAM: SM3I1B

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

OBJECTIVE: MDA is seeking to develop next generation power sources for missile interceptors through
innovative ideas applied in creative ways to accommodate unique, existing and future MDA system, subsystem and
component requirements. These include developing new technologies, improving existing technologies, adapting
new applications of existing technologies, and inventive uses of commercial off-the-shelf and military off-the shelf
technologies.

DESCRIPTION: MDA currently uses a variety of rechargeable and non-rechargeable batteries to power Ballistic
Missile Defense System (BMDS) interceptors. These power storage devices provide in-vehicle power for up to
several hours and in some cases must source tens of kilowatts in relatively compact volumes. Next generation MDA
applications are projected to demand even high power and energy levels, and this topic is seeking technologies that
can achieve those levels. For this solicitation, areas of interest include (but are not limited to) the following:

Nonrechargeable Batteries: One main interest area is new battery technology that provides a revolutionary increase
in power and energy levels now attainable with thermal batteries (e.g. peak specific power of greater than an average
10 kW/kg, specific energy approaching 200 Whr/kg at the battery level). Another main interest area is new battery
technology that provides a revolutionary increase in power and energy levels now attainable with lithium oxyhalide
reserve batteries (e.g. peak specific power of greater than 1 kW/kg, specific energy greater than 300 Whr/kg at the
battery level). For these new technologies, consideration should be given for long shelf life (e.g. remain inert for up
to 20 years prior to use), volume & packaging efficiency, high current capability, ability to achieve high voltage
levels (>200 volts), safety and reliability for the intended use in interceptor vehicles.

Rechargeable Batteries: The main interest area is new battery technology that provides alarge increase in power and
energy levels now attainable with Li-ion batteries (e.g. peak specific power of greater than 10 kW/kg, specific
energy greater than 275 Whr/kg at the battery level). For candidate technologies, consideration should be given for a
suitably long calendar life (e.g. 10 or more years), safety, reliability (low self-discharge rates ~1% per year), ability
to achieve moderate to high charge and discharge rates with suitable voltage characteristics and suitable cycle life at
high depths of discharge (e.g. over 70%, and over 500 cycles) for the intended use in interceptor vehicles.

PHASE I: Develop conceptua framework for battery or battery production process design/design modification for
integration into MDA interceptor systems or subsystems to increase performance, lower cost and increase reliability
and producibility. Where possible, limited scale demonstrations should be provided to assist in the judging of merit
of the new technology.

PHASE I1I: Validate the feasibility of the power storage device or manufacturing process technology by
demonstrating its use in the testing and integration of prototype items for MDA element systems, subsystems, or
components. Validation by demonstration should sufficiently show near term application to one or more MDA-
interest systems. A partnership with a current or potential supplier of MDA element systems, subsystems or
components is highly desirable. The possibility of commercia benefit or application opportunities for the innovation
is desirable.

PHASE Il1I: The intention is to successfully implement the new power storage technology for use by MDA
interceptor weapon systems and other customers as appropriate. |mplementation would include, but not be limited

MDA - 39



to, demonstration in areal system or operation in a system level test bed, and flight testing of the battery concept.
The new power source technology should be implemented at a manufacturer and be ready for inclusion in MDA
interceptor applications.

COMMERCIALIZATION: High power batteries have commercia uses, and it is anticipated the battery
technologies developed under this SBIR will likely find wider use in non-MDA applications. High power batteries
are used in some consumer applications (e.g. cordless tools) and in various industrial settings (e.g. load leveling).

REFERENCES:
1. http://lwww.acg.osd.mil/mda/mdalink/html/mdalink.html provides an overview of MDA platforms.

2. http://www.osti.gov/ provides links to documents (some detailed) describing various MDA -interest battery
technologies.

3. "Bdllistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

KEYWORDS: batteries

MDA11-025 TITLE: Innovative Propulsion Technology for Missile Defense I nterceptors

TECHNOLOGY AREAS: Air Platform, Material s/Processes, Weapons
ACQUISITION PROGRAM: SM3I1B

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

OBJECTIVE: Develop and demonstrate innovative technologies for advanced solid/liquid/gel propulsion
propellants and systems (Divert and Attitude Control Systems (DACS) and Axia Motors) for
endoatmospheric/exoatmospheric Ballistic Missile Interceptors. These technologies should increase specific
impulse, reduce cost and maintenance requirements, improve reliability and meet DoD Insensitive Munitions (IM)
and safety objectives. Additionally, technologies that remain stable in long term silo storage and/or mobile
environments, deliver Thrust Vector Control (TVC), Attitude Control Systems (ACS) for booster stages, and
variable thrust and incorporate non-destructive integrity inspection / test features are desired. Enabling technologies
should facilitate development of high mass fraction motors (> 0.9 for axial motors and > 0.6 for DACS) with
propellants that have high specific impulse (> 275 seconds) that are suitable for use in an operational environment.
DACS criteria include improved thruster and system thrust/weight over current DoD state-of-the-art; reliable
ignition and fast response time (< 20 ms); multiple ignition methods for solid propellant systems that are IM
compliant, compact and light weight. Criteria related to all propulsion systems include operation at ambient
temperature (-60 °F to 170 °F); high performance; combustion chambers (liquids) and axial motors are able to
withstand propellant combustions temperatures above 2500 °C (~ 4500°F) and high pressures (2000 psi) with
minimum out-gassing.

DESCRIPTION: Advanced technologies are needed to address cost reduction, IM and safety requirements while
maximizing overall interceptor capability. Increased interceptor terminal velocity and reduced overal time of flight
are desired to increase system battlespace and minimize the effect of degraded or aternate sensor handover
capability. Innovative development in the following enabling technology areasis desired:

Propellants. Advanced solid, liquid, and gelled propellants are desired to increase specific impulse and increase
combustion temperature. For solid propulsion systems these new formulations should lower pk (burning rate
dependence on pressure), and sk(burning rate dependence on temperature), improve physical properties (stress,
strain, modulus), packaging, operationa flexibility, and maintenance / support requirements are desired. For liquid
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and gelled propulsion systems, high density-specific impulse, high performance, low toxicity and suitability for
application in cold and airborne environments are necessary technology features. The goals for all propellant
formulations are to be IM compliant and have a Hazard Classification of 1.3 to facilitate ease of transportation and
reduced hazard to personnel. Refer to DoD Ammunition and Explosives Safety Standards for all hazard
classifications.

System Design and Architecture: Novel concepts for lightweight high performance DACS that enable large mass
fraction (> 40% system mass fraction and 60% DACS mass fraction) are desired. Designs that can tolerate higher
flame temperature propellants and yet include high thrust to weight thrusters (actuators, injectors, chambers and
nozzles) using advanced materials are of specia interest. Other areas of interest for liquid and gel propulsion
systems include innovative subsystem design for the pressurization, propellant storage and delivery, and feed
systems (e.g., thermally augmented or mini-pump feed systems are potential additions). In the thruster area, there are
also design techniques that may result in substantial footprint reductions by achieving reduced dimensions (e.g.,
plug or expansion deflection nozzles, multi-grid nozzles, chamber techniques to produce a much shorter length
versus L*). For booster applications, TVC technologies with high vectoring magnitude and response capability
while minimizing loss at reduced system power, mass, and volume footprint are desired to enhance booster
performance and reduce DACS requirements. Emphasis should be placed on the use of more environmentally and
operationally “friendly” propellants (i.e., low toxicity, insensitive), with little or no decrease in impulse and response
performance relative to current state of the art alternatives.

Modeling and Simulation: The DoD continues to develop and synthesize advanced liquid, gel, and solid propellant
formulations of increased delivered energy. Increased delivered performance propellant formulations will change the
performance requirements for component materials. Most missions will require along storage life in awide range of
operationa temperatures, which is typically -40° F to 60° F. To support development of materials solutions, physics
based reaction and degradation models are required. The models should include consideration of long term
propellant exposure in predictable but uncontrolled environments ranging from storage conditions on ground based
installations, to mobile ground, sea, and air launch platforms. Further, approaches to determining formulation
kinetics that identify the most challenging compounds formed during decomposition and combustion reactions
(intermediate as well as final) that a component will face to achieve first iteration work-to requirements are desired.
Models of this nature will guide tailoring of propellant formulations along with development of thruster hardware
(including feed and storage) solutions. Physics-base modeling of different types of liquid and gél injector designsis
of interest to be able to maximize the performance of these propulsion systems.

Additional Technologies / Challenges to Address: Despite recent progress, severa technical propulsion challenges
remain, including, but not limited to: understanding the compatibility of ablative composites (tank/seal) materialsin
green & non-green liquid propellant environment (HAN, ADN, Hydrazine, etc.); demonstration of complex braided
structures and integral assemblies for green & non-green liquid mono-propellant specific hardware; enhanced matrix
compositions that improve life for oxidizing environments at 2500°C and beyond to exploit emerging high
performance propellant formulations. Additional technologies of interest include: colloidal thrusters; innovative bi-
propellant or monopropellant concepts; solid propellant multi-pulse or breech concepts; pulse detonation rocket
engines.

PHASE |: Develop a proof of concept design; identify candidate materials, formulations, designs and test
capabilities, and conduct feasibility assessment for the proposed propulsion technology. Fabricate and characterize
test units or define proof of capabilities test concepts. Results from the design and assessment will be documented
for Phasell.

PHASE 1I: Develop and demonstrate prototype designs incorporating Phase | technology in a relevant test
environment. Develop and document design and/or test approaches. Perform appropriate characterization and
testing, e.g. sub-scale motor tests, component level tests and/or IM related testing such as fast and slow cook-off.

PHASE I1I: The developed technology should have direct insertion potential into missile defense systems. Conduct
engineering and manufacturing development, test and evaluation and hardware qualification. Demonstration would
include, but not be limited to, demonstration in a real system or operation in a system level test-bed with insertion
planning for a missile defense interceptor.
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COMMERCIALIZATION: The technologies developed under this SBIR topic should have applicability to
automobile industry, unmanned vehicles, etc.

REFERENCES:
1. George P. Sutton, "Rocket propulsion Elements; Introduction to Engineering of Rockets,” 7th edition, John
Willey & Sons, 2001.

2. Paschal N, Strickland B, Lianos D, "Miniature Kill Vehicle Program,” 11th Annual AIAA/BMDO Technology
Conference, Monterey, CA, August 2002.

3. Vigor Yang, Thomas B. Brill, and Wu-Zhen Ren, "Solid Propellant Chemistry, Combustion, and Motor Interior
Ballistics', AIAA, 2000.

4. Murthy S.N., Curran E.T, "Development in High Speed V ehicle Propulsion Systems,” AIAA, 1996.

5. G. Hagemann, H. Immich, T. Nguyen "Advanced Rocket Nozzles', Journal of Propulsion and Power, Vol 14, No
5, pp620-634, AIAA, 1998.

6. Palaszewski, Bryan, "Propellant Technologies: A Persuasive Wave of Future Propulsion Benefits', NASA Glenn
Research Center, Cleveland, OH, Feb. 1997, http://shir.grc.nasa.gov/launch/Propellant.htm.

7. US DoD Insensitive Munitions Program, Anthony J. Mélita.

8. "Bdllistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/.

KEYWORDS: propulsion, rocket motor, DACS

This topic has been removed from the solicitation.

MDA11-028 TITLE: Characterization and Incorporation of Vernier Engines within the Plume
Modeling Process

TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors, Battlespace
ACQUISITION PROGRAM: DV, SN, GM, DE, AB, AL, SS

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

OBJECTIVE: Many liquid propulsion systems augment their primary propulsion source with vernier engines to

provide flight stability, maneuvering capabilities, attitude control, and additional thrust. The operation of these
vernier engines changes the overal structure of the exhaust plume into a time-dependent, 3-D system, which
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complicates the ability to generate reliable and accurate radiance maps.  The objective of this effort is to investigate
the impact of the inclusion of the vernier engines in the plume modeling process, assess the impact these features
have on the overall exhaust plume flow structure, and develop axisymmetric models representative of these
attributes that can be used within the current MDA flow solvers to support MDA detection, tracking, and
discrimination applications.

DESCRIPTION: The operation of vernier engines adds considerable complexity to plume simulations. From a
modeling and simulation perspective, with the incorporation of vernier engines, the plume flowfield becomes
inherently three dimensional (3-D). The vernier engines can exhaust along a different axis of orientation than the
main engine due to yaw and/or gimbal angles of the nozzles. Further, this axis of orientation can change during
operation due to maneuvering requirements. Plume — plume interactions occur from the interaction of the vernier
plumes with the main engine and the interactions of the vernier plumes with each other. These interactions can
cause additional recirculation within the base region and an upstream propagation of hot gas which return to the base
region. The impingement of the interacting plumes can cause considerable reheating of the plumes leading to
localized re-ignition of unburnt fuel and other chemical afterburning processes. At lower altitudes the turbulence
interaction and shear layer diffusion rates between the plume boundaries can alter in the region of interacting plumes
causing variation in the mixing rates across these plumes which ultimately can change their physical shape and
chemical composition. These changes to the plume structure can be approximated as axisymmetric depending on
the number of verniers on the vehicle and can vary in magnitude and location depending on the radial placement of
the vernier engines on the base of the vehicle.

This effort will concentrate on incorporation and characterization of the influence of the vernier exhaust plume on
the flowfield and the total in-band, spectral and spatial intensity characteristics of the plume IR signature. Vernier
engines may be used in both low and high altitude environments, and are closely related to (and have influence on)
the surrounding plume properties. As such, accurate simulation of the gas-dynamic and thermodynamic
characteristics should be performed in concert with the radiation transport, and thus algorithms devel oped under this
effort should seamlessly interface within the MDA plume flowfield and signature modeling architecture.

This effort focuses on the flowfield properties and axisymmetric approximations to the 3-D effects. The MDA
signature code FLITES will be used to generate the signatures.

PHASE |: Select one pertinent vernier engine 3D phenomenological process and identify first-principles
requirements for development of a model. Develop a model for predicting the modified 3D flowfield and
demonstrate it for a system of interest identified by MDA. Characterize the impact of the model’s inclusion against
that of a baseline calculation without the feature. Assess the impact of the additional modeling versus available
signature data.  Outline an approach for integrating this modeling capability into axisymmetric next-generation
plume flowfield models.

PHASE II: Develop and integrate the axisymmetric model from Phase | into the current MDA plume flowfield
modeling capability. Calibrate and correlate the axisymmetric model using existing simulation results from the
Phase | effort. Apply the axisymmetric model to additional altitudes for the same system and compare versus
signature data. Check the versatility by applying the axisymmetric model to a second system as identified by MDA
and compare these results and baseline results without the model to existing signature data. Validate the model
against available plume signature data (multiple band regions where available). Apply the same development
approach to additional pertinent vernier engine 3D phenomenological processes, identified above. Deliver the
technical and software user documentation, software, model demonstrations and validation results for MDA use.
Maximum practical use of existing plume flowfield modeling software is desired to reduce development and
validation costs.

PHASE I1I: Demonstrate the applicability of the new integrated plume flowfield/signature modeling tool against
multiple cases of both steady and transient nature. Perform system trade studies to identified impacts on the model
due to altitude variation and propellant changes.

COMMERCIALIZATION: Updated and improved plume flowfield and signature models for systems with verniers

will fill an existing modeling void. Accurate prediction capabilities will directly impact sensor design and
performance evauation. Additionally, this modeling capability can be used to support the development of future
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commercial space launch vehicles, many of which have conceptual plans to utilize vernier engine technologies.
Also improves modeling tools to support SLV base-heating analysis.

REFERENCES:
1. Simmons, F.S. Rocket Exhaust Plume Phenomenology, AIAA, Reston, VA, 2000.

2. G. Sutton and O. Biblarz. Rocket Propulsion Elements, Seventh Edition, Wiley Interscience, 2001.

3. Crow, D., C. Coker, B. Smith, and W. Keen, “Fast Line-of-sight Imagery for Target and Exhaust-plume
Signatures (FLITES) Scene Generation Program”, SPIE Defense and Security Symposium 2006, Technologies for
Synthetic Environments, Hardware-in-the-Loop Testing XI, April 2006.

4. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: plumes; signatures; radiation transport; modeling and simulation; rocket combustion; high atitude;
low altitude; plume-body interaction; vernier, thrusters, plume-plume interactions, base flow, CFD, DSMC.

MDA11-029 TITLE: Advanced Particle Treatment in Modeling Rocket Exhaust Plumes

TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors, Battlespace, Space Platforms
ACQUISITION PROGRAM: DV, SN, GM, DE, AB

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

OBJECTIVE: The objective of this effort is to improve the ability to model particulates for improved rocket
exhaust plume flowfield and signature predictions. Improvements to this capability can be addressed with both
theoretical and/or experimental investigations.

DESCRIPTION: There have been significant investments over the years to improve plume flowfield modeling
utilizing Computational Fluid Dynamic (CFD) and Direct Simulation Monte Carlo (DSMC) techniques as well as
plume signature radiation transport methodologies. In general, the flowfield and radiation transport modeling frame
work is relatively mature but improvements are needed in the particulate sub-models. The two primary particul ates
of interest are aluminum oxide that is formed in solid rocket motor combustion and soot that is formed in
hydrocarbon based liquid propellant combustion. Areas that need improved sub-modeling involve how the
particulates are treated within the flowfield and radiation transport particle optical data bases. A particulate flowfield
sub-model includes, at a minimum, the particle phenomenological process models associated with the formation,
composition, depletion, phase transition, and size distribution. A particulate optical properties sub-model includes
real and complex indices of refraction prediction for liquid, phase transition, and crystal phases of aluminum oxide
particulates and non-spherical agglomerate solid soot particulates. Both sub-models are needed to ensure more
accurate plume signatures can be performed to support MDA’ s high fidelity physics based modeling and simulation
effort.

As an example, current two-phase plume flowfield modeling utilizes a 3 to 5 particle binning technique assuming
one particle size per bin. This method has limited success when compared against flight signature data and new
techniques need to be developed for improved agreement.

PHASE |: Select one (or more) pertinent rocket exhaust particle phenomenological process and identify first-
principles requirements for development of a process model. Identify candidate data sets for comparison to process
model predictions. Demonstrate the process model using a simplified flowfield such as a uniform cylinder. Develop
aplan to integrate the process model into a sub-model.
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PHASE Il: Model additional particle phenomenological processes that will lead to a complete sub-model. Integrate
the process model from Phase | effort as well as additional process models into a prototype sub-model suitable for
incorporation into current plume flowfield/radiation transport modeling capabilities. Validate the integrated
modeling suite against available plume signature data.

PHASE I1l: Complete the sub-model by developing all required process models. Integrate the sub-model into
current MDA signature models. Demonstrate applicability of the new integrated plume particle modeling tool
against multiple cases. Déliver the technical and software user documentation, software, model demonstrations and
validation for MDA use. Maximum practical use of existing plume flowfield modeling software is desired to reduce
development and validation costs. Perform system trade studies in diverse electromagnetic spectral regions to
estimate signatures from phenomenology in sensor bands identified for current or follow-on BMDS assets.

COMMERCIALIZATION: Updated and improved plume flowfield and signature models for broader phenomenain
rocket exhaust plumes alows greater flexibility to rocket propulsion companies to utilize passive signature
measurements as a non-intrusive diagnostic tool during subsystem development and testing, such as for vehicle
performance metrics, combustion efficiency or environmental contamination.

REFERENCES:
1. Simmons, F.S. Rocket Exhaust Plume Phenomenology, AIAA, Reston, VA, 2000.

2. G. Sutton and O. Biblarz. Rocket Propulsion Elements, Seventh Edition, Wiley Interscience, 2001.

KEYWORDS: modeling and simulation; rocket combustion; aluminum oxide particles, insulation, liners, thrust
termination; trajectory modeling, solid rocket motors, soot

MDA11-030 TITLE: Intelligent Adaptive Needs Characterization for M& S Systems Engineering

TECHNOLOGY AREAS: Information Systems
ACQUISITION PROGRAM: Modeling and Simulation

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

OBJECTIVE: This topic seeks to provide MDA M&S systems engineers with a tool that will intelligently assist
them in the first phase of the systems engineering process. Understanding the needs of the stakeholder. The MDA
Directorate of Engineering, Simulation Architecture (MDA/DESA) desires atool that combines advanced semantics
analysis techniques, inferential engines and adaptive/evolutionary algorithms to decrease the time required, increase
the quality of the output, and decrease the number of repeated iterations of this phase of systems engineering. Based
upon a semantic analysis of an initial stakeholder need description, the tool should infer possible relationships with
previously collected stakeholder needs, existing solution architecture documentation, technical vernacular
dictionaries, and other related material and then identify potential issues and prompt systems engineers with
additional questions to clarify and expand upon the stakeholders need description. This should be an iterative
process until the need statement meets acceptability criteria for clarity, characterization, and validity. This tool’s
inferential engine should continuously learn from previous interactions with the same stakeholder and other
stakeholders, questions generated by the system engineers, and feedback on need statements during functional
requirements analysis.

DESRIPTION: The MDA Directorate of Engineering, Simulation Architecture (MDA/DESA) collects and analyzes

M& S needs for all system-level M& S uses from all stakeholders, both internal and external to MDA. Each collected
need generally requires many hours of discussions with the stakeholder to translate the original expressed need into
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a fundamental need statement with sufficient context and detail for the M& S systems engineering team to begin
developing requirements. Numerous follow-up discussions are common.

The output of this systems engineering phase is referred to as the software scope in software engineering textbooks.
It includes context (how the described need fits into the larger use), functional objectives (what function is to be
performed), informational objectives (what customer-visible data objects will be produced) and performance
objectives (how well the capability needs to perform to meet the need). Additionally, some characterization of the
need relative to the M&S should be made (is it a model/simuland, data management, externa interface, user
interface, core functionality, supporting tools, or pervasive need) and its priority should be made. This output is then
used in the next phase of the systems engineering process to develop “build-to” requirements.

For avariety of reasons, original expressed needs generally have at least one of several common recurring problems
that must be resolved:

- Stated in overly general terms: The stakeholder’s concept is often defined only in their sub-conscious. Semantic
analysis should help spot overly general phrasing and prompt questions to help define clear objectives and
constraints.

- Stated through a specific expressed solution: Often the stakeholder states how they believe their need can be
achieved instead of stating their actual need. Their proposed solution at best unnecessarily constrains possible
solutions and sometimes may not actually address their real unstated need. Semantic analysis should help spot these
cases and prompt questions to determine their real underlying need.

- Words/phrases with ambiguous definition: How a stakeholder uses a word or phrase is often different than the
understanding of the systems engineering teams and developers. The tool should look for possible differences in
vernacular, catalog known differences, and prompt questions leading to clearly defined terms in the need statements.

- Overly redtrictive scope: A stakeholder may express a need to model a specific capability of a single real-system,
but their real need is to model that capability for all similar real-systems. Semantic analysis should look for overly
specific need phrasing and prompt questions to determine the more general need.

- No expressed performance levels.  Stakeholders often provide no information on what is a sufficient minimum
capability to fulfill the need. This lack should be spotted and questions prompted to develop specific performance
criteriathrough either direct statement or indirect reference.

- Un-reasonable performance levels:  Unknowledgeable stakeholders often request un-needed or perfect
performance rather than determining their real needs. Semantic analysis should identify phrasing that indicative of
unreasonabl e performance.

- No expression of priority: The stakeholders provide no information on their needs relative importance to their
other needs. This lack should be spotted and questions prompted to determine priority.

PHASE I:
- Analyze the nature of the first phase of systems engineering, collecting and understanding stakeholder needs, as
applied to MDA’ s modeling and simulation enterprise.

- Identify techniques that can be developed into tools to assist systems engineers in working with the stakeholders to
characterize their rea needs.

- Develop a detailed concept description and long-term development plan.
- Prototype appropriate tools/tool components.

PHASE II:
- Develop the tools to an initia capability level.

- Test the developed tools through use by the 1 or more MDA/DESA systems engineers conducting interchanges
with stakeholders.
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- Improve systems based on test feedback (iterate as needed).
- Demonstrate capability to other high-level systems engineering teams for evaluation.

PHASE II1:
- Field full capability to MDA/DESA.

- Field full capability to MDA/DESA.
- Make further improvements based on feedback and return-on-investment.

- Transition tool to other MDA systems engineering organizations (MDA/DE and Elements), DoD acquisition
organizations (service program offices and labs), and Commercial engineering firms (software, aerospace,
automotive, etc).

COMMERCIALIZATION: Working with stakeholders (customers) to determine their needs is a fundamental effort
for any systems engineering team, especialy for iterative development efforts such as any software project, military
or commercial. An adaptive inferential expert-system that adapts to a system engineer’ s specific topical area of work
and assists them in questioning their stakeholders and documenting the results in a form that can be easily
decomposed into requirements would be of great assistance to all systems engineering teams, big or small, military
or commercial. The potential users would be any government agency or company that devel ops requirements from
expressed customer needs. Thisisessentially al engineering organizations.

REFERENCES:

1. Systems Engineering and Analysis, 3rd Edition, Benjamin S. Blanchard, Wolter J. Fabrycky, Prentice Hall
International Seriesin Industrial and Systems Engineering.

2. Software Engineering, a Practitioner’ s Approach, 5th Edition, Roger S. Pressman, McGraw Hill.

3. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: Systems Engineering, Software Engineering, Artificial Intelligence, Expert Systems, Inference
Engines, Semantic Analysis, Adaptive Algorithms, Evolutionary Algorithms

MDA11-031 TITLE: Improved Techniques for Optimistic Modeling

TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: Modeling and Simulation

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

OBJECTIVE: To develop tools and techniques to improve development of optimistic models and simulations to:

- Increase speed/throughput of coded devel opment for optimistic models

- Eliminate coding errorsin optimistic models.

- Improve detection and diagnosis of faults related to coding errors in optimistic models.
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- Increase potential to convert existing non-optimistic code, such as time-stepped models and tactical code, into
optimistic models.

DESCRIPTION: The Missile Defense Agency has advocated the use of optimistic modeling techniquesin itsM&S
architectures that model the complete Ballistic Missile Defense System, especially for the performance assessment
mission with its need to use very-high fidelity models while maintaining reasonable run-times.

Optimistic modeling is a methodology to allow a simulation to take full advantage of parallel processing by
distributing models across al available processors and letting them run at maximum processing efficiency and
concurrency, yet still maintaining causally correct ascending time order and preventing periods of coexisting
alternate truth states. Models execute optimistically assuming that the processing of the next current event will not
become invalid due to the arrival of an earlier event processed on another compute node. If an earlier event should
arrive, rollback techniques are used to “undo” the modeling computations to the point of the divergence, and then
continue to race forward. This allows for significantly reduced run-times or improved real-time responsiveness when
running complex simulations.

Unfortunately, optimistic modeling caries the additional burden for devel opers to write code to implement rollbacks
in addition to models they are developing. Writing rollback code is a relatively straight forward technique, but the
errors that arise from mistakes are exceptionally difficult to diagnose. These errors often manifest themselves
infrequently and are often subtle, revealing themselves in nearly correct behavior. If mistakes in writing rollback
code can be prevented or detected early, then it will be far cheaper and faster to develop optimistic models.
Furthermore, there is a strong desire to re-architect existing non-optimistic code into optimistic simulations.
Techniques and tools that would alow the imbedding of existing time-stepped simulations and tactical code into
optimistic simulations would greatly increase the adoption of optimistic modeling techniques throughout the MDA
M& S community and greatly benefit the agency.

PHASE I: - Analyze the three different phases of simulation development (Design, Coding, and Maintenance) for
both the development of new optimistic models and conversion of existing non-optimistic code.

- Identify techniques that can be developed into tools to assist model implementers in reducing the effort during
these development phases.

- Determine which are more valuable to pursue based on return on investment for that technique.

- Develop a detailed concept description and development plan for tools based on one or more of the identified
valuable techniques.

PHASE II: - Develop the tools identified in phase 1 to an initial capability level.

- Demonstrate that the developed tools improve development of optimistic simulations by applying them to test
effortsin their respective phases.

-- Design Phase:  Support development software requirements for an MDA optimistic model, showing potential for
increased thoroughness and detail of effort.

-- Coding Phase: Support the coding of an MDA optimistic model, showing potential for increased speed and
decreased errorsin the effort.

-- Maintenance Phase: Find, diagnose and repair problemsin an existing MDA optimistic model, showing potential
for increased speed and/or quality of effort.

PHASE I11: - Use developed tools in support of MDA modeling and simulation efforts.

- Make improvements to the tools based on return on investment value and feedback from users.
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COMMERCIALIZATION: Once baseline tools have been developed, these tools could be commercialized through
the addition of user friendly GUIs, guides, and add on functionality. This could then translate into the growth of
optimistic modeling in areas outside of MDA.

Tools and techniques to improve development and maintenance of optimistic simulation models would benefit any
organization that must develop very complex simulations that have rigid (executable at real-time) or practical (one
or more runs executable in a fixed amount of time) run-time constraints.  Applications other than the Missile
Defense Agency include any arena in which detailed modeling of system-of-systems is required. Military
applications may include modeling of naval task forces, air-electronic campaigns, and networked autonomous
systems. Civil applications may include detailed modeling of power grids, complex industrial processes, and
component system level models of ships and aircraft. A large potential market exists for sales of developed tools
and techniques to any organization/company that must develop such complex large-scale simulations.
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MDA11-032 TITLE: Star Background Model

TECHNOLOGY AREAS: Air Platform, Sensors, Space Platforms
ACQUISITION PROGRAM: ABIR, DES

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

OBJECTIVE: Develop a suitable star catalog database and an advanced algorithm to calculate the radiance of all

cataloged stars for a given waveband in the UV, VIS and IR so that the new model can provide suitable stellar
background scenes and provide a means to simulate star calibration functions.
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DESCRIPTION: Current star catalogs contain hundreds of thousands to millions of entries. The specific attributes of
different stars in the catalogs usually include position, proper motion, apparent magnitude (brightness), absolute
magnitude and spectral type or color, but not al of thisinformation is known well for all starsin each catalog. What
is needed is an innovative method of turning general (and fragmentary) spectral data for a large number of stellar
objects into a model that produces scientifically rigorous spectral data for any specified waveband in the UV,
Visible and IR. Using star position data and a specified observer position, Field of View (FOV) and Line of Sight
(LOS), the model should then produce a composite radiance scene of al the catalog stars in the FOV, and also
produce a summary list of all stars in the FOV with their properties. The new Star Background Model must
accommodate spectral and in-band radiance calculations for any user-specified waveband from the UV (0.2
micrometers) through the LWIR (15 micrometers). The new model should work as a stand-alone code and also
interface with larger simulations.

The new model must go beyond simple database integration and blackbody spectra interpolations. If not already
included in the existing stellar databases, the new model must first identify the specific spectral type of each star
(i.e., spectral and luminosity classes) from limited color photometric data taking into account the inherent
differences in spectra from stars of different spectral types, the effects of Doppler shifts, extinction from the
interstellar medium, and (for groundbased sources of data) extinction from the Earth’s atmosphere. The new model
must then use the derived spectral types to calculate on demand the radiances of each star in a user-specified FOV
for any user-specified waveband from the UV to the LWIR. The end result from this research effort is to be a new
Star Background Model that can calculate accurate stellar background scenes using all best-available data, and do so
with alevel of fidelity that will allow the new model to be used in instrument calibration simulation applications.

Another important innovation needed as part of the new Star Background Model is the development a graceful and
scientifically rigorous method of addressing situations where position data is known but spectral types cannot be
derived from the available color data. Possible ways of addressing this need may be to include other aspects of the
stellar objects, such as variability and galactic context (e.g., cluster associations) or any other existing measurement
data that can be exploited.

A necessary by-product of the new model is the production of an integrated star catalog database that includes the
above data derived from all modern star catalogs. The resulting database should also include tags to identify the
original source catalog and metrics to provide some indication of the uncertainties in the spectral type derivations.
As part of the new Star Background Model development, this research effort must include a suitable way to choose
the best data source for a given star in cases where the same star is recorded in different catalogs (each catalog likely
listing dlightly different data for the same star).

The new Star Background Model must also include a database or other means of accounting for all cataloged
celestial sources outside of the solar system that are not stars, (e.g., galaxies, planetary nebulae, etc.). The non-stellar
sources need not be included in the radiance calculations, but these non-stellar sources must have their positions
accounted for, with an option for the positions to be displayed in the rendered scene where they would appear in the
specified FOV in relation to the stars. A list of al non-stellar sources in the FOV with their properties must also be
produced.

PHASE |: Identify the catalogs to be used for stellar and non-stellar sources (see non-exhaustive list of potential
catalogs below), and produce initial integrated databases for both stellar and non-stellar sources. Identify and
resolve any duplication within the integrated database(s). Also identify all data missing from the source catalog(s)
that are necessary to complete the new Star Background Model (e.g., apparent magnitude, spectral type, position).
Outline the methods (to be used in Phase 2) to fill data gaps in the source catalog(s) in order to produce the
integrated database(s) of stellar and non-stellar sources. Develop and demonstrate the algorithm for calculating the
in-band radiance of stellar sources of specific spectral types and apparent magnitudes for different wavebands.
Produce a brief Validation plan. Define an architecture detailing how the new model can be efficiently, seamlessly
and consistently integrated into an existing computer modeling environment such as FLITES.

PHASE 1I: Produce the integrated database(s) of stellar and non-stellar sources, with all data gaps filled in a
scientifically rigorous manner. Develop and demonstrate a fully functional model that calculates the spectral and in-
band radiances for all stellar sources in an arbitrary and user-specified FOV, for an arbitrary waveband between 0.2
and 15 micrometers. The model must also produce a composite scene in a standard image format suitable for
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ingestion by other computer models (e.g., FITS format) depicting the in-band radiances of all stellar sources in the
FOV for the specified waveband, as well as lists of the stellar and non-stellar sources contained in the FOV with
their coordinates and properties. The model must also include the option to include or exclude representations of the
non-stellar sources as would be seen in the FOV if the radiances of the non-stellar objects were calculated. Develop
a metric to indicate the uncertainties in the spectral type derivations, and provide error/uncertainty estimates of the
radiance calculations using well-defined statistical measures. Validate the model and produce a Validation Report.
Develop and demonstrate a fully functional interface to FLITES.

PHASE I11: Refine methodology and tool developed and transition to interested platforms.
COMMERCIALIZATION: Military application: The technology will provide a stellar background modeling
capability that will enhance system trade capability for target discrimination in UV/VIS/IR imagery, and it will
provide a new capability to simulate sensor star calibration. Both capabilities will enhance EO/IR mission planning.
Commercial application: Results from this work will apply to future NASA earth and space science missions, and
potentially to small telescope aiming software and commercial or educational planetarium displays.
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MDA11-033 TITLE: Automatic Test and Analysis (ATA) Toadl

TECHNOLOGY AREAS: Information Systems, Electronics, Battlespace
ACQUISITION PROGRAM: AB

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

OBJECTIVE: The Missile Defense Agency (MDA) is seeking innovative concepts and products to improve
automated test and analysis in near real-time. This includes new techniques and algorithms to perform verification
efforts and post data analysis of test events in near real-time. The overall goal of projects selected under this topic
will be to develop and demonstrate a near real-time automated test analysis tool that would significantly reduce post
data analysis efforts and provide higher confidence in the sufficiency and coverage of tested requirements.

DESCRIPTION: MDA executes a Multi-Element Integration Test (MEIT) where the supporting data analysis is

primarily performed manually based on collected data. In addition, the confidence in testing and % coverage of the
requirements is not nearly as comprehensive as required in today’s networked environment. The post data analysis
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significantly increases the time it takes to obtain performance results, and is alimiting factor in the amount of testing
performed. It also creates lower confidence in the sufficiency of testing, particularly in a highly-networked Open
Architecture construct. Other areas such as regression testing is expected to benefit from the development of an
automated test and analysis tool, which will be critical in supporting evolution to modular component design and
coding within an Open Architecture construct.

PHASE I: Develop technology solutions that encompasses an approach to the development of a near real-time
automatic test analysis tool using regression verification methods. Provide an initial test approach, or new methods
for reducing post data analysis time. Provide estimates of the time required to perform post data analysis as well as
completeness and sufficiency estimates. Characterize expected efficiencies based on Phase | proposed approach.

PHASE II: Develop aprototype automated test analysis tool and perform a demonstration to verify the functionality
and performance regquirements of the tool. The data analysis capabilities are to be validated and associated metrics
collected.

PHASE I11: Work with industry and government labs to plan the introduction of the technology in MDA testing
development programs.

COMMERCIALIZATION: The automated test analysis tool and methodology developed under this SBIR topic
should have applicability to the Firearms Industry, Live Fire Test Industry, Weapons Training, and etc.

REFERENCES:
1. “Implementing Automated Software Testing”, Authors: Dustin/Garrett/Gauf.

2. "Balligtic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Available via
internet at http://www.defense.gov/bmdr/

KEYWORDS: Multi-Element Integration Testing, Automatic Test and Analysis

MDA11-034 TITLE: Mitigation of the effects of the ionosphere on UEWR

TECHNOLOGY AREAS: Sensors

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

OBJECTIVE: Develop amodel of polar region ionospheric scintillation that can be utilized to help determine and
mitigate ionospheric propagation disturbances on the Ground-Based Midcourse Defense Upgraded Early Warning
Radar (UEWR) at Thule. The model will be based on a combination of radar and/or SATCOM data and analytic or
numerical calculations of scintillation.

DESCRIPTION: The U.S. UHF radar at Thule is being designed to operate during conditions of ionospheric
scintillation that will occur during the upcoming solar maximum. To assure that the radar fulfills its requirements, a
model is needed to specify the effects of transionospheric scintillation on UHF radar. The model should be based as
much as possible on data (radar or one-way satellite communications), but may also include supplemental analytic
or numerical foundation. The scintillation model should specify the likelihood and severity of scintillation on a
month-to-month basis during the 11-year solar cycle. This will enable system designers to quantify radar
performance in order to fully understand the consequences of waveform and scheduling design decisions through the
course of the solar cycle. Develop analytic and/or numerical simulations that utilize the model of scintillation to
create numerical input for desktop simulations of important radar functions to determine and mitigate the effects of
scintillation.
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PHASE I: The successful Phase | project should identify the data sources, and perform sufficient data processing to
show technical competency. Phase | should also clearly demonstrate the development and use of code to analyze the
data to obtain the probability of occurrence of al levels of scintillation, and to determine the relationship between
scintillation severity and angle-of-arrival variations. Phase | should also demonstrate code to generate realizations of
propagating UHF radar signals with sufficient generality to serve as redlistic input to desktop simulations of
important radar functions.

PHASE Il: The successful Phase Il project should develop desktop simulations of track initiation, track, and object
classification during ionospheric scintillation. These simulations should be applied to measure the performance of
the Thule UEWR and to identify the need for mitigation techniques. For those functions in need of mitigation, the
simulations should identify alternative software algorithms that identify the occurrence of scintillation and apply the
available radar resources to improve radar performance under conditions of scintillation.

PHASE I1I: Transition ionospheric scintillation mitigation software to private industry so that it will be deployable
at Thule UEWR or at any radar that may experience scintillation.

COMMERCIALIZATION: Commercialization would use real-time sensing of ionospheric scintillation in
communication systems such as MUQOS, GPS or satellite phones. The algorithms could also be modified as required
to apply to UHF satellite communications such as MUOS.

REFERENCES:
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MDA11-035 TITLE: Innovative Solid State Power Supply-Modulator for High Power Traveling Wave
Tube Amplifier

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace
ACQUISITION PROGRAM: Air and Missile Defense Radar

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

OBJECTIVE: Develop innovative solid state power supply-modulator for high power traveling wave tube
amplifiers used in instrumentation radar systems.

DESCRIPTION: Successful ballistic missile defense requires, in part, detailed knowledge of target signatures,
target motion, and the motion and signatures of related objects in the threat complex. Additionally, phenomenology
and propagation effects must also be well known. The ultimate source for such information is from range
instrumentation radars. These radars are predominantly dish radars using traveling wave tube amplifiers. Since these
radars must make target measurements with fidelity at least equal to that of the ballistic missile defense radars the
measurements will support, the stability of existing range instrumentation radars is less than that of tactical solid
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state radars. This requires spurious signals to be greater than 70 dB lower than the carrier and broad band noise to be
lower than 110 dB below the carrier. Further, the power supply-modulator must be able to support pulse widths up
to 1 milli-second, duty cycles up to 17%, and also support pulse repetition frequencies (PRFs) between 500 Hz and
30 kHz. The combination of the low noise and spurious signal content, the long pulse width, and the range of PRFs
requires innovative power and control technologies to meet the diverse demands of such systems.

PHASE |: Develop innovative power supply-modulator design supporting the waveform and low noise objectives
of this topic. Demonstrate the predicted performance of the candidate design using appropriate analysis and
simulations. Demonstrate that critical components exist that support the candidate concept.

PHASE Il: Develop the power supply-modulator designed in Phase I. Demonstrate the performance supporting the
topic objectives.

PHASE I11: Further develop the concept for transition to DoD and BMDS range instrumentation radars.

COMMERCIALIZATION: This modulator would be useful in applications where large voltages must be switched
at speeds exceeding 10 KHz, such as a modulator for medical Linear Accelerators (LINACS) used in X-Ray
machines for cancer therapy. Other possible commercial applications include materials processing and civilian
radars.

REFERENCES:
1. North, W., "High-Power Microwave-Tube Transmitters," Los Alamos NL,Report LA-12687-MS, 1994, US DOE
Off. Scientific and Technical Information. Available from: http://www.luxfamily.com/hv/north.htm

2. Okula, D. “Series Stacked Switches For Radar Transmitters” Power Modulator Symposium,. Conference Record
of the 2006 Twenty-Seventh International , pp. 256-259.

3. Cassdl, R.L., Hitchcock, R.N and Hitchcock, S.S., “A High Power Dynamically Flexible Pulse Width Radar
Modulator”, Plasma Science, 2007. ICOPS 2007. | EEE 34th International Conference on, 2007, pp. 1492-1494.

4. Communications and Power Industries. VTS-5753 Pulsed-Coupled Cavity TWT. Palo Alto: Communications
and Power Industries. VTS-5753. CPI MPP, Coupled Cavity TWT Operation. Available viainternet at
http://www.cpii.com/docs/datasheets/118/V T S5753.pdf.

5. "Ballistic Missile Defense Review," Office of the U. S. Secretary of Defense, February 2010. Availablevia
internet at http://www.defense.gov/bmdr/.

KEYWORDS: High-Power Modulators, Traveling Wave Tube Amplifier; Insulated-Gate Bipolar Transistors
(IGBTSs); Radar; High Pulse Repetition Frequencies (PRFs)

This topic has been removed from the solicitation.
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MDA11-039 TITLE: Methodologies for Accurate Assessment of Target Characteristics

TECHNOLOGY AREAS: Information Systems, Electronics, Space Platforms
ACQUISITION PROGRAM: TC

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

OBJECTIVE: Develop toolsto accurately characterize the RF signatures of target objects.

DESCRIPTION: RF signature characterization of target objects is an important component of the overal in
assessing the performance of the BMDS system. MDA and its contractors must have an accurate understanding of
the target and associated object signatures to support target development, software- and hardware-in-the-loop
testing, as well as pre- and post-flight analysis. Without such knowledge, target objects are improperly designed and
do not meet the intended goal of exercising the BMDS.

Current signature prediction techniques are limited to asymptotic methods, such as those employed by Xpatch, due
to the computational cost of developing a complete signature model. This problem is exacerbated by the increased
volume of data required for Nyquist-sampling in frequency and angle. For MDA objects of interest, the dominant
geometry dimensions may range from 5-100 wavelengths. Material geometries may be very complex with electrical
thicknesses extended from fractions of a wavelength to 10s of wavelengths. Asymptotic methods neglect many
important material interactions and other phenomenologies that become dominant in these size regimes.

To mitigate the risks associated with inaccurate signature predictions, MDA is seeking tools which run in a timely
manner on modern hardware that yield rigorous, high-fidelity RF signature models. Such a code must exhibit use of
the latest so-called “fast” methods which reduce the memory and operation counts required to solve electrically
large signature problems. Employment of such algorithms must not compromise the fidelity of the models.
Additionally, the tool must make use of modern hardware such as multi-core CPUs and GPUs to enable rapid
solution beyond what is currently available. The proposer must outline a methodology for extending the life cycle of
a given computational asset as future problem sizesincrease.

PHASE |: Demonstrate the feasibility of modeling electrically large objects with complex materials (possibly
magnetic) with high accuracy including al physics typically neglected by physical optics techniques. Develop a
plan to mature the selected technique(s) in Phase 2.

PHASE II: Implement the plan developed in Phase 1 and demonstrate the ability to produce Nyquist-sampled RF
signature data sets. Characterize performance on modern hardware and assess the accuracy of the code using
government-furnished target data.

PHASE I11: Refine methodology and software tool and transition to interested MDA platforms.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase |1 for potential commercial usesin such diverse fields as methodology and tool development for DoD.

REFERENCES:
1. http://www.mda.mil/system/threat.html

2. http://mww.mda.mil/news/downloadable_resources.html

3. J. M. Jin, The Finite Element Method in Electromagnetics, 2nd ed. New Y ork, USA: Wiley-Interscience, 2002.
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4. W. C. Chew, J. M. Jin, E. Michielssen, J. Song, Eds., Fast and Efficient Algorithmsin Computational
Electromagnetics, Boston, USA: Artech House, 2001.

5. S. Peng and Z. Nie, “Acceleration of the Method of Moments Cal culations by Using Graphics Processing Units,”
| EEE Transactions on Antennas and Propagation, vol. 56, no. 7, Jul 2008, p. 2130-2133.

KEYWORDS: target signatures, models and simulations, test planning, test validation

MDA11-040 TITLE: Telemetry Impact Reduction for Target Objects

TECHNOLOGY AREAS: Air Platform, Space Platforms

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

OBJECTIVE: Design and test low observable, multi-band telemetry antennas for use on BMDS targets.

DESCRIPTION: Targets for the BMDS must maintain signatures that resemble specified threat targets with high
validity while simultaneously providing telemetry to the ground. Current telemetry systems distort the target RCS
which substantially reduces the validity of test signatures. Further, large antennas distort the IR signature in addition
to the RCS. This solicitation seeks to demonstrate a low-observable, multi-band telemetry antenna capable of
supporting BMDS telemetry needs while simultaneously providing minimal impact to target signatures.

To thisend, MDA is seeking solutions for antennas which have low impact on object signaturesin S- (3-4 GHz) and
X-bands (8-12 GHz). Simultaneously, this antenna system should provide support for GPS L1 and L2, Lower and
Upper L-band telemetry, Lower and Upper S-band telemetry, and a C-band transponder (specific frequencies will be
provided during Phase 1). The antenna system should be designed for use on the MIT conesphere, the geometry and
uninstrumented signature data for which will be provided upon Phase 1 award. The proposer must define a
methodology for assessing an acceptable RCS for a given gain with the goal of having minimal impact to the
object’ s frequency-averaged narrowband signature and wideband range profiles.

PHASE I: Demonstrate via modeling a multi-band, low observable antenna. This antenna can meet a subset of the

telemetry requirements, but the results must demonstrate a significant reduction in RCS signature impact across S-
and X-bands in a manner consistent with the proposers RCS assessment methodology.

PHASE I1: The antenna design from Phase 1 should also be extended to the full set of frequency bands listed above.
Develop aprototype of the antenna system and conduct measurements to anchor the model.

PHASE IlI: Transition to specific MDA platforms, perform flight qualification testing, and transition to a flight
program.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase |1 for potential commercial usesin such diverse fields as flight qualification testing.

REFERENCES:
1. http://lwww.mda.mil/system/threat.html

2. http://mww.mda.mil/news/downloadable_resources.html
3. C.B. Wilsen, D.B. Davidson, JW. Odendaal, and D.J. Janse van Rerisburg, “The RCS Reduction of Microstrip

Patch Antenna,“ Tenth International Conference on Antennas and Propagation, vol.1, no., pp.174-177 vol.1, 14-17
Apr 1997.
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KEYWORDS: antenna design, telemetry, target design, test planning

MDA11-041 TITLE: Passive Techniques for Flight Reconstruction Data

TECHNOLOGY AREAS: Information Systems, Sensors, Space Platforms

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

OBJECTIVE: Develop and test techniques for passively enhancing target scene object orientation detection for
support of post-flight reconstruction.

DESRIPTION: MDA seeksto improveits ability to perform post-flight reconstruction of the exo-atmospheric scene
during a target flight. Currently, test scene objects require IMUs, power, and telemetry systems to provide
orientation dynamics truth data for post-flight reconstruction. Such an apparatus distorts the RCS and IR signatures,
flight dynamics, and other scene observables. Such distortions have significant impact on the observations made by
the BMDS. MDA seeks to reduce these distortions while maintaining high fidelity data collection capability. MDA
therefore seeks proposals for a methodology that allows passive enhancement of objectsin the target scene to enable
orientation data collection. This technique must be applicable to awide variety of object types and materials.

MDA employs a variety of sensors to support data collection, including non-BMDS radars and non-BMDS optical
systems. While BMDS systems do aso collect data, MDA requires a solution which is as transparent as possible to
the collective BMDS sensor apparatus. BMDS radars include S- (3-4 GHz) and X-Bands (8-12 GHz). BMDS EQ/IR
sensors span awide range of optical wavelengths.

MDA seeks a passive solution which can enable dynamic rate reconstruction for pitch, yaw, and roll rates. Typical
rates range from sub-Hz to 100s of Hz.

PHASE I: Develop a simulation demonstrating the feasibility of the proposed technique. For simplicity, consider a
sphere of 1m diameter consisting of 0.5cm thick aluminum. Provide assessments on the impact of the technique to
S and X-band frequency-averaged narrowband signatures and wideband range profiles and mid- and long-wave IR
bands.

PHASE II: Develop a ground test prototype of the system simulated in Phase 1 for RCS and IR signatures
assessment. Perform ground testing to anchor models in preparation for Phase 3. Outline manufacturing issues and
address the same. Develop atool to enable data post-processing by MDA analysts.

PHASE I1l: Perform flight test qualification and transition Phase 2 prototype to flight test program. Refine post-
processing tool.

COMMERCIALIZATION: The contractor will pursue commerciaization of the various technologies developed in
Phase |1 for potential commercia usesin such diverse fields asflight test.

REFERENCES:
1. http://www.mda.mil/system/threat.html

2. http://mww.mda.mil/news/downloadable_resources.html
3. http://www.smdc.army.mil/rts.html
4. http://www.l-3com.com/aeromet/index_halo2.htm

KEYWORDS: test scenario reconstruction, target flight dynamics, remote object sensing, signature control
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MDA11-042 TITLE: Techniques for Anchoring Debris Models

TECHNOLOGY AREAS: Sensors

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

OOBJECTIVE: Develop and test techniques for collecting data for the anchoring of solid fuel debris models.

Description: MDA is developing models to predict and understand the phenomenology of solid rocket motors after
burn-out in the exoatmospheric environment. Once motor pressure drops, the motor is traditionally discarded and is
not of particular interest to the rocket community. In order to develop a complete scene for BMDS modeling and
simulation, it is desirable to understand and be able to provide a reasonable statistical understanding of the debris
and gjecta environments.

A variety of models for post burn-out phenomenology exist at various levels of maturity and fidelity. These models
range from empirical models to predictive models. Fully empirical models tend to extrapolate poorly between motor
types and classes. Current predictive models are unanchored and may lack portions of the phenomenology.

MDA desires a flight-capable means of anchoring model data with regards to solid rocket motor phenomenology in
the post burn-out, exoatmospheric environment. Key aspects of the system include providing information regarding
the deterioration of the insides of the motor, debris dynamics inside the motor, and gjection parameters. If possible,
the system should provide sufficient data to understand the phenomenology during real flight conditions. The system
providing the anchoring data must fly on the rocket and, as such, must have physical size, telemetry requirements
and power constraints consistent with being part of a launch vehicle. For the purposes of this effort, assume the
flight version must meet the following goals:

Weight: < 10 1bs

Packaging: <10” X 10” X 10" (excluding items such as conformal sensor elements)
No aerodynamics impact due to sensor mounting

Max current available: 3A

Voltage: 28V DC

Data stream: 422 serial interface supporting a downlink at 10Mbp

Ability to image debris ranging in size greater 0.5cm radius

The system must also be testable in a ground test configuration. Contractor must provide confidence in approach’s
ability to meet these requirements. Additionally, it should be noted that the concept must support integration with a
launch vehicle several weeks to months before launch.

PHASE |: Develop a concept for detecting and imaging debris motion within a solid rocket motor post burn-out
environment. Demonstrate in the software model the ability to determine the time-dependent three-dimensional
location of debris within a solid rocket motor. Demonstrate the ability to image debris as is exits the nozzle post
burn-out. Develop aplan for implementing this imaging system in hardware.

PHASE II: Following the development plan outlined in Phase 1, implement a prototype imaging system and
associated test and data collection software to support a ground test motor firing.

PHASE I11: Mature the prototype to flight-ready status and perform data collection during a MDA flight test. Post-
process flight test data to form a scene image of the motor post burn-out.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial usesin such diverse fields as flight qualification testing.
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REFERENCES:
[1] http://www.mda.mil/system/threat.html

[2] http://www.mda.mil/news/downloadable_resources.html
[3] http://www.atk.com/CorporateOverview/bl _aerospace stratcomm.asp
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