MISSILE DEFENSE AGENCY (MDA)
14.2 Small Business Innovation Research (SBIR)
Proposal Submission Instructions

INTRODUCTION

The Missile Defense Agency's (MDA) mission is to develop, test, and field an integrated, layered,
Ballistic Missile Defense System (BMDS) to defend the United States, its deployed forces, allies, and
friends against all ranges of enemy ballistic missiles in all phases of flight.

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

Missile Defense Agency
MDA/DVR
Bldg 5224, Martin Road
Redstone Arsenal, AL 35898
Email: sbirsttr@mda.mil
Phone: 256-955-2020

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.

Please read the entire DoD solicitation and MDA instructions carefully prior to submitting your proposal.
Please go to http://content.govdelivery.com/bulletins/gd/USSBA-4cada5 to read the SBIR Policy
Directive issued by the Small Business Administration.

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 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 as long 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.
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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 aforementioned organizations may require
access to proprietary information contained in the offerors' proposals.

OFFEROR SMALL BUSINESS ELIGIBILITY REQUIREMENTS

Each offeror must qualify as a small business at time of award per SBA’s regulations at 13 CFR 121.701-
121.705 and certify to this in the Cover Sheet section of the proposal. Additionally, in accordance with
the Small Business Administration’s (SBA) SBIR Program Policy Directive dated 18 October 2012,
offerors must re-certify at certain points during the Phase | and Phase Il period of performance to ensure
that the awardee is in compliance with the program’s requirements.

SBA Company Registry

Per the SBIR Policy Directive, all SBIR applicants are required to register their firm at SBA’s Company
Registry prior to submitting an application. Upon registering, each firm will receive a unique control ID
to be used for submissions at any of the 11 participating agencies in the SBIR or STTR programs. For
more information, please visit the SBA’s Firm Registration Page: http://www.sbir.gov/registration.

ORGANIZATIONAL CONFLICTS OF INTEREST

Contract awards to firms owned by or employing current or previous Federal Government employees
could create conflicts of interest for those employees which may be a violation of federal law. Proposing
firms should contact the MDA SBIR/STTR PMO for further guidance if in this situation.

The basic rules are covered in FAR 9.5 as follow (the Contractor is responsible for compliance):

(1) the Contractor's objectivity and judgment are not biased because of its present or planned
interests which relate to work under this contract;

(2) the Contractor does not obtain unfair competitive advantage by virtue of its access to non-
public information regarding the Government's program plans and actual or anticipated resources; and

(3) the Contractor does not obtain unfair competitive advantage by virtue of its access to
proprietary information belonging to others.

All other applicable rules under the FAR Section 9.5 apply to Contractors.

USE OF FOREIGN NATIONALS

See the “Foreign Nationals” section 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 International Traffic in Arms Regulations (ITAR) restrictions. Identify any foreign
citizens or individuals holding dual citizenship expected to be involved on this project as a direct
employee, subcontractor, or consultant. For these individuals, please specify their country of origin, the
type of visa or work permit under which they are performing and an explanation of their anticipated level
of involvement on this project. You may be asked to provide additional information during negotiations
in order to verify the foreign citizen’s eligibility to participate on a SBIR contract. Supplemental
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information provided in response to this paragraph will be protected in accordance with the Privacy Act
(5 U.S.C. 552a), if applicable, and the Freedom of Information Act (5 U.S.C. 552(b)(6)).

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 eventa
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.

EXPORT CONTROL RESTRICTIONS

The technology within some MDA topics is restricted under export control regulations including the
International Traffic in Arms Regulations (ITAR) and the Export Administration Regulations (EAR).
ITAR controls the export and import of defense-related material and services. EAR controls military and
commercial items not listed on the USML or any other export control lists. EAR regulates export
controlled items based on user, country, and purpose. You must ensure that your firm complies with all
applicable export control regulations. Please refer to the following URLs for additional information:
http://www.pmddtc.state.gov/compliance/index.html and http://www.bis.doc.gov/index.php/.

Proposals submitted to export control-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.

CLAUSE H-08 PUBLIC RELEASE OF INFORMATION (Publication Approval)

Clause H-08 pertaining to the public release of information is incorporated into all MDA SBIR and STTR
contracts. All materials which relate to work performed by the contractor under MDA SBIR and STTR
contracts must be submitted to MDA for review and approval prior to release to the public. Subcontractor
public information materials must be submitted for approval through the prime contractor to MDA.

Fraud, Waste and Abuse

To Report Fraud, Waste, or Abuse, Please Contact:

MDA Fraud, Waste & Abuse
Hotline: (256) 313-9699
MDAHotline@mda.mil

DoD Inspector General (1G) Fraud, Waste & Abuse
Hotline: (800) 424-9098
to hotline@dodig.mil

Additional information on Fraud, Waste and Abuse may be found in the DoD Instructions of this solicitation;
Sections 3.6 and 4.19.

PROPOSAL FUNDAMENTALS

Proposal Submission
All proposals MUST be submitted online using the DoD SBIR/STTR submission system
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(http://www.dodsbir.com/submission). Any questions pertaining to the DoD SBIR/STTR submission
system should be directed to the DoD SBIR/STTR Help Desk: 1-866-724-7457.

Classified Proposals

Classified proposals are not accepted under the MDA SBIR Program. Contractors currently working
under a classified MDA SBIR contract must use the security classification guidance provided under that
contract to verify new SBIR proposals are unclassified prior to submission. Phase | contracts are not
typically awarded for classified work. However, in some instances, work being performed on Phase 11
proposals will require security clearances. If a Phase Il contract will require classified work, the
proposing firm must have a facility clearance and appropriate personnel clearances in order to perform the
classified work. For more information on facility and personnel clearance procedures and requirements,
please visit the Defense Security Service Web site at: http://www.dss.mil/index.html.

Communication

All communication from the MDA SBIR/STTR PMO will originate from the sbirsttr@mda.mil email
address. Please white-list this address in your company’s spam filters to ensure timely receipt of
communications from our office.

Proposal Status

The MDA SBIR/STTR PMO will distribute selection and non-selection email notices to all firms who
submit a MDA SBIR/STTR proposal. The email will be distributed to the “Corporate Official” and
“Principal Investigator” listed on the proposal coversheet. MDA cannot be responsible for notification to
a company that provides incorrect information or changes such information after proposal submission.

Debriefing
MDA will provide a proposal debriefing in writing to unsuccessful offerors, if requested. Requests for

debriefing must be submitted in writing to the MDA SBIR/STTR PMO within 30 calendar days of non-
selection notification. Non-selection notifications will provide instructions for requesting a proposal
debriefing.

Technical Assistance

MDA offers technical assistance through the National Technology Transfer Center for up to $5,000 in
accordance with the Small Business Act (15 U.S.C. 638). Companies may also acquire their own
technical assistance for up to $5,000 with prior approval from MDA (see SBA SBIR Policy Directive).
Costs must be included in the Cost Volume of the offeror’s Proposal.

PHASE | PROPOSAL GUIDELINES

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 for detailed instructions on proposal format and program requirements. Proposals not
conforming to the terms of this solicitation will not be considered.

MAXIMUM PHASE | PAGE LIMIT FOR MDA 1S 20 PAGES.

Any pages submitted beyond the 20-page limit within the Technical Volume (Volume 2) will not be
evaluated. Your Proposal Cover Sheet (Volume 1), Cost Volume (Volume 3), and Company
Commercialization Report (Volume 4) DO NOT count toward your maximum page limit.
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Phase | Proposal

A complete Phase | proposal consists of four volumes:
Volume 1: Proposal Cover Sheet

Volume 2: Technical Volume

Volume 3: Cost Volume

Volume 4: Company Commercialization Report

MDA intends for the Phase | effort to determine the merit and technical feasibility of the concept. The
contract period of performance for Phase I shall be seven (7) months and the award shall not exceed
$125,000. A list of 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.

MDA is no longer utilizing Phase | Option awards. As a result of the SBIR/STTR Reauthorization Act,
the Phase | award threshold has increased and Phase | Option funding will no longer be available.

PHASE | PROPOSAL SUBMISSION CHECKLIST

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

1. The following have been submitted electronically through the DoD submission site by 6:00
a.m. (EDT) 25 June 2014.

a. Volume 1: DoD Proposal Cover Sheet
b. Volume 2: Technical Volume (DOES NOT EXCEED 20 PAGES): Any pages submitted

beyond this will not be evaluated. Your Proposal Cover Sheet, Cost Volume, and Company
Commercialization Report DO NOT 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. Volume 3: Cost Volume. (Online Cost Volume form is REQUIRED by MDA.)

e. Volume 4: Company Commercialization Report. (Required even if your firm has no prior
SBIRs.)

2. The Phase | proposed cost does not exceed $125,000.

3. Your firm must be registered with SBA’s Company Registry.

MDA PROPOSAL EVALUATIONS

MDA will evaluate and select Phase | and Phase Il 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.
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MDA Phase | and Phase Il proposals will be evaluated based on the criteria outlined below, including
potential benefit to the Ballistic Missile Defense System (BMDS). Selections will be based on best value
to the Government considering the following factors which are listed in descending order of importance:

a. The soundness, technical merit, and innovation of the proposed approach and its incremental progress
toward topic or subtopic solution.

b. The qualifications of the proposed principal/key investigators, supporting staff, and consultants.
Qualifications include not only the ability to perform the research and development but also the ability to
commercialize the results.

c. The potential for commercial (Government or private sector) application and the benefits expected to
accrue from this commercialization.

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

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.

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.
Relevant supporting data such as journal articles, literature, including Government publications, etc.,
should be contained in the proposal and will count toward the applicable page limit.

Qualified advocacy letter(s) will count towards the proposal page limit and will be evaluated towards
criterion C. Advocacy letters are not required for Phase | or Phase II.

A qualified advocacy letter is from a relevant commercial or Government Agency procuring
organization(s) working with MDA, articulating their pull for the technology (i.e., what BMDS need(s)
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(s) of your technical upload. Advocacy letter(s) which are faxed or
e-mailed separately will NOT be considered.

Phase Il Proposal Submission

Per DoD SBIR Phase Il Proposal guidance, all Phase | awardees from the 14.2 Phase | solicitation will be
permitted to submit a Phase 11 proposal for evaluation and potential award selection. Details on the due
date, content, and submission requirements of the Phase Il proposal will be provided by the MDA
SBIR/STTR Program Management Office either in the Phase | award contract or by subsequent
notification. Only firms who receive a Phase | award resulting from the 14.2 solicitation may submit a
Phase Il proposal. The one and only time that Phase 11 proposals based on the 14.2 Phase | awards may
be submitted by Phase | awardees from the 14.2 is during this 14.2 Phase |1 solicitation window.

MDA will evaluate and select Phase Il proposals using the Phase 11 evaluation criteria listed in the DoD
Program Solicitation. 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 does NOT participate in the
DoD Fast Track program.
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All Phase 1l awardees must have a Defense Contract Audit Agency (DCAA) approved accounting
system. It is strongly urged that an approved accounting system be in place prior to the MDA Phase 11

award timeframe. If you do not have a DCAA approved accounting system, this will delay / prevent
Phase Il contract award.

Approved for Public Release
14-MDA-7664
(10 January 14)
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MDA14-001
MDA14-002
MDA14-003
MDA14-004
MDA14-005
MDA14-006
MDA14-007
MDA14-008
MDA14-009
MDA14-010
MDA14-011

MDA14-012

MDA14-013

MDA14-014
MDA14-015
MDA14-016
MDA14-017
MDA14-018
MDA14-019

MDA14-020
MDA14-021

MDA14-022

MDA SBIR 14.2 Topic Index

Secure and Survivable Electronics and Software

Standard Missile 3 (SM-3) Materials Design Improvements

Track Refinement from Off-Nominal Break-Up

Command and Control Course of Action (COA) Analysis Tool

Innovative and Modular Open System Radar Algorithm Test Environment
Reconfigurable Memory or Central Processing Unit (CPU) Instruction Architecture
Radio Frequency (RF) Field Sensor for Integrated Circuits (IC)

Mapping Debris Trajectories Through a Fireball

Late-Time Sensor Characterization for Missile Intercept Debris

Innovative Data Architecture Generation Across a Complex System of Systems (SoS)
Statistically Significant Simulation (SSS) of the Ballistic Missile Defense System
(BMDS)

Development of High Performance Computing (HPC) Technology for a Distributed
Modeling and Simulation (M&S) Hardware Infrastructure

Innovative Solutions to Insensitive Munitions (IM) Fast Cook-off (FCO) Environments
and Testing

Weight Optimized Mitigation to Direct Effects of Lightning Strike on a Missile Body
Missile Avionics Architecture Insensitive to Transient Power Interrupts

Variable Gravity Two-Phase Heat Sink for Airborne Directed Energy Systems
Robust Phase Modulators and Polarization Controllers for High Power Fiber Lasers
Enhanced Sensor Systems

High-End Tactical Grade Inertial Measurement Unit (IMU) Technology for Missile
Defense

Maturity and Durability Enhancement of Advanced Aerospace Materials

High Performance Long Wave Infrared (LWIR) Focal Plane Array (FPA) Sensor for
Missile Defense

Miniaturized Safe and Arm (S&A) Devices
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MDA SBIR 14.2 Topic Index by Research Area

Aegis BMD (AB)

MDA14-001 Secure and Survivable Electronics and Software

MDAZ14-002 Standard Missile 3 (SM-3) Materials Design Improvements

CR-C2BMC (C2BMC)

MDA14-003 Track Refinement from Off-Nominal Break-Up

MDA14-004 Command and Control Course of Action (COA) Analysis Tool

CR-SN (CR-Radar)

MDA14-005 Innovative and Modular Open System Radar Algorithm Test Environment

DE-Anti-Tamper (DEB)

MDAZ14-006 Reconfigurable Memory or Central Processing Unit (CPU) Instruction Architecture

MDA14-007 Radio Frequency (RF) Field Sensor for Integrated Circuits (IC)

DE-Future Capability (DEF)

MDA14-008 Mapping Debris Trajectories Through a Fireball

MDA14-009 Late-Time Sensor Characterization for Missile Intercept Debris

DES (DE-Modeling & Simulation)

MDA14-010 Innovative Data Architecture Generation Across a Complex System of Systems (SoS)

MDA14-011 Statistically Significant Simulation (SSS) of the Ballistic Missile Defense System
(BMDS)

MDA14-012 Development of High Performance Computing (HPC) Technology for a Distributed
Modeling and Simulation (M&S) Hardware Infrastructure

DP-GMD (GM)

MDA14-013 Innovative Solutions to Insensitive Munitions (IM) Fast Cook-off (FCO) Environments
and Testing

MDA14-014 Weight Optimized Mitigation to Direct Effects of Lightning Strike on a Missile Body

MDA14-015 Missile Avionics Architecture Insensitive to Transient Power Interrupts

DV-Directed Energy (DVL)

MDA14-016 Variable Gravity Two-Phase Heat Sink for Airborne Directed Energy Systems

MDA14-017 Robust Phase Modulators and Polarization Controllers for High Power Fiber Lasers

MDA14-018 Enhanced Sensor Systems

DV-Advanced Technology (DVR)

MDA14-019 High-End Tactical Grade Inertial Measurement Unit (IMU) Technology for Missile
Defense

MDA14-020 Maturity and Durability Enhancement of Advanced Aerospace Materials

MDA14-021 High Performance Long Wave Infrared (LWIR) Focal Plane Array (FPA) Sensor for

Missile Defense

QS-Quality, Safety & Mission Assurance (QS)
MDA14-022 Miniaturized Safe and Arm (S&A) Devices
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MDA SBIR 14.2 Topic Descriptions

MDA14-001 TITLE: Secure and Survivable Electronics and Software

TECHNOLOGY AREAS: Air Platform, Information Systems, Sensors, Electronics, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: This topic seeks research and development of secure and survivable electronics and software that
protect critical technology against exploitation. The objective is to focus on developing innovative techniques and
technologies that protect against compromise of critical technology and to prevent intrusion during development,
storage, and maintenance. Attention will be placed on safety of the proposed methods, covertness of application,
and seamless integration into weapons platforms. As a result, the Missile Defense Agency (MDA) will maintain a
technological edge in support of the war fighters.

DESCRIPTION: The goal is to add longevity to critical technology by continuing to develop new methods and
approaches that protect critical technology against exploitation. This data must be secure, survivable, and protected
during the phases of missile development, testing and deployment and employment. For example, areas of interest
for protection include, but are not limited to counterfeiting, system reconfiguration, or unauthorized access.
Solutions should address protection in one or multiple phases. For the purpose of this topic, the following
definitions are provided: Securing is referred to as the protection of critical data, in which software/algorithms or
hardware methods are used to prohibit access to critical data. Survivable refers to the ability of a system to protect
critical data in the presence of attacks, failures, or accidents. Electronics includes any electrical components or
assemblies that houses critical data (i.e. FPGA, CCA, ASIC, PCBs, ROMs, and etc.).

Solutions should be innovative hardware or software concepts, techniques, or methodologies that can be tailored for
individual applications. Hardware solutions will be evaluated on its ability to self-detect a Reverse Engineering
(RE) attack. This evaluation will include assessing sensor performance, authentication processes, keying
techniques, and interface security. Software solutions will be evaluated on its ability to prevent access. Also,
concepts and methodologies of the solution should be applicable to various Commercial Off-The-Shelf (COTS) and
military hardware.

Additionally, preference will be given to solutions that provide protection for critical technologies without
introducing additional risks, weights, or costs to the weapon platform and its mission. Attention will be focused on
the covertness of the application, personal and mission safety of the proposed methods, low (or no) power
requirement, and seamless integration in the Ballistic Missile Defense System weapon platform.

In order to achieve the desired objective, the proposed effort should, at a minimum:
1. Develop recommended technical and programmatic approaches for increasing the security and survivability of
Ballistic Missile Defense (BMD) electronics and software components.

2. Define a top-level architecture and performance metrics (suitable for use in requirements allocations) which
encompass the components of the system that constrain and determine the security and survivability of BMD
electronics and software components.

3. ldentify trades and analyses, if needed, to determine the recommended balance of capability, cost, schedule, and
risk.

4. Identify recommended prototyping and/or critical experiments, if needed, to mature technologies and solutions for
readiness (TRL>6).
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PHASE I: Develop a proof of concept design; identify designs and conduct feasibility assessment for the proposed
solution. The contractor will also perform an analysis and limited bench level testing to demonstrate the concept
and an understanding of the new and innovative technology. Phase | should be a feasibility concept study that
supports proposed design solutions.

PHASE II: Based on the results and findings of Phase I, develop and refine the proposed solution. The Phase Il
objective will be to validate a new technology solution that a customer can transition in Phase Ill. Validate the
feasibility of the Phase I concept by development and demonstrations that will be tested to ensure performance
objectives are met. Validation would include, but not be limited to, system simulations, operation in test-beds, or
operation in a demonstration subsystem. The Phase Il effort should result in a prototype with substantial
commercialization potential.

PHASE lII: 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: The contractor will pursue commercialization of the various technologies and models
developed in Phase Il for potential commercial uses in such diverse fields as protecting critical technology against
exploitation, cell communications, air traffic control, finance, and other industries.

REFERENCES:

1. Shuangbao Paul Wang and Robert S. Ledley, Computer Architecture and Security: Fundamentals of Designing
Secure Computer Systems, John Wiley & Sons, Oct 10, 2012.

2. Explorations, “Vanishingly Small Systems”, Summer 2010, The Charles Stark Draper Laboratory, Inc.

KEYWORDS: Secure Electronics, Survivable Electronics, Survivable Software, Software, Secure, Critical
Technology

MDA14-002 TITLE: Standard Missile 3 (SM-3) Materials Design Improvements

TECHNOLOGY AREAS: Materials/Processes, Weapons
ACQUISITION PROGRAM: Standard Missile 3

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Improved/flexible third stage rocket motor (TSRM)/TSRM attitude control system and component
technologies.

DESCRIPTION: The Missile Defense Agency (MDA) is seeking research for components that support
improvements for manufacturing/performance and mass reduction for third stage rocket motor (TSRM) and TSRM
ACS components/materials. Improvements should include improving rocket motor mass fraction (mf>.8), address a
range of inter-pulse delays (between 0 and 100 seconds) with high thermal environments, MIL-STD-1901A
compliant initiation systems, advanced pulse barrier technology, advanced structural insulators/nozzle materials, and
innovative light weight attitude control components.

MDA is interested in innovative component technologies and creative application of mature material technologies

that can address areas of interest listed above. This can range from improvements in fabrication/manufacturing of
composite case technology, advanced non-eroding throat/nozzle materials, advancements in manufacturing
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materials/processes to enable alternate design options that eliminates nozzle O-Rings, or high performance solid
propellants. Additional investments of interest include advancements in attitude control system components to
minimize inert mass through light weight/high performance pressure vessels, high energy density solid gas generator
propellants. These improvements include advanced materials for thruster components, manifolds and gas
management devices (regulators, gas generators, manifolds etc.). This may involve basic industrial research and
development, characterization testing of advanced materials, development of improved material manufacturing, and
component assembly processes, etc., that lead to a specific product application.

PHASE I: Develop a proof-of-concept solution; identify candidate materials, components and/or manufacturing
processes. Complete preliminary evaluation of the process, technique or technology showing the assessment of
improvement through improved manufacturing lead times, cost, reliability or yield improvement. At completion of
this program the design and assessment will be documented for Phase I1.

PHASE IlI: Expand on Phase | results by producing components, demonstrating manufacturing processes,
technologies and components. These activities will provide data to support the studies completed in the phase |
program (lead time reduction, performance improvements, cost reduction) to substantiate the improvements. This
will allow a more thorough assessment of the technology for application to the SM-3 missile.

PHASE I1I: The developed process/product should have direct insertion potential into the SM-3 missile. Conduct
engineering and manufacturing development, test, evaluation, and 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.

COMMERCIALIZATION: The technologies developed under this SBIR topic should have applicability to defense
industry as well as other potential applications such as commercial space flight and commercial industries which
employ the use of energetic chemicals.

REFERENCES:

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

2. MIL HDBK 17: Department of Defense Handbook: Composite Materials Handbook. January 23, 1997.

3. MIL-STD-1901A: Department of Defense Design Criteria Standard: Munition Rocket and Missile Motor Ignition
System Design, Safety Criteria for. 6 June 2002.

KEYWORDS: missile defense interceptor, solid rocket motor, attitude control system

MDA14-003 TITLE: Track Refinement from Off-Nominal Break-Up

TECHNOLOGY AREAS: Information Systems, 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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop a method to generate accurate 6-state track estimates when a tracked object uncontrollably
breaks up into two or more pieces.

DESCRIPTION: Precise tracks are critical for the Missile Defense Agency mission. However, there are times
when a missile displays off nominal behavior with an uncontrolled separation of material. This material can
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potentially complicate the 6-state track accuracy. This task should analyze methods to accommodate the associated
physics effects to recover an accurate 6-state track, possibly passing through all 9-states to capture the dynamics.

Lambert’s problem may provide a potential approach, if it can be optimized for real time, and multiple revolutions
clearly do not need to be considered. However, a couple of complications may need to be deliberated. First, due to
the sensor operation, or sensor resource management paradigm, the initial position may not be known. The
trajectory of the parent object will be known, but the break up may not be observed, so the exact time of release may
need to be proposed across multiple time steps, and a solution generated for each step. Second, different sensors
may observe the object(s) with different resolution and orientation to target. The objects will be post-boost, in
torque free motion — with the exception of the mechanics of the break-up, subject to gravitational forces, primarily.

The track on the parent object should be assumed to be obtained with an X-band radar, and originally, no greater
than 30 seconds between observations.

PHASE I: Develop and demonstrate an algorithm capable of running in real time which estimates the velocity and
time of break-up, for a tracked ballistic object.

PHASE II: Refine and update concept(s) based on Phase | results and demonstrate the technology in a realistic
environment using agency provided engagements. Demonstrate the technology’s ability in a stressed environment;
with one sensor tracking the parent object, and another sensor viewing the parent, and large debris after a short time

gap.
PHASE I1I: Demonstrate the new technologies via operation as part of a complete system or operation in a system-
level test bed to allow for testing and evaluation in realistic scenarios. Market technologies developed under this
solicitation to relevant missile defense elements directly, or transition them through vendors.
COMMERCIALIZATION: This technology could have applications for many tracking situations, such as debris
separating from space launch vehicles. It will be particularly important when the National Aeronautics and Space
Administration returns to manned space flight, but is applicable for the commercial space launch systems in use
today and the near future. It would also be useful for debris coming off aircraft in flight, to determine damage. Or
for flocks of large birds near airports, if a bird veers off and presents a danger to aircraft take-offs.

REFERENCES:

1. Rodney Anderson, Solution to the Lambert Problem Using Universal Variables.
http://ccar.colorado.edu/~rla/documents/lambert.pdf.

2. Roger Bate, D.D. Mueller, and J. E. White (1971) Fundamentals of Astrodynamics, New Dover Publications.

3. David A. Vallado (1997) Fundamentals of Astrodynamics and Applications, The McGraw-Hill Company, Inc.,
New York.

4. Gim J. Der, The Superior Lambert Algorithm. http://www.amostech.com/TechnicalPapers/2011/Poster/DER.pdf.

5. R. H. Gooding (1990) A Procedure for the Solution of Lambert’s Orbital Boundary Value Problem. Celestial
Mechanics and Dynamic Astronomy 48, Number 2.

6. E. R. Lancaster, R.C. Blanchard (1969) A Unified Form of Lambert’s Theorem, NASA Technical Note D-5368.
7. A.J. Sarnecki (1988) “Minimal” Orbital Dynamics. Acta Astronautica, 17, 881-891.
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MDA14-004 TITLE: Command and Control Course of Action (COA) Analysis Tool
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TECHNOLOGY AREAS: Information Systems, 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 5.4.c.(8) of the solicitation.

OBJECTIVE: To develop an analysis tool capable of supporting CoCom course of action and "what if" analysis.

DESCRIPTION: Current defense designs and plans are static and optimized for specific scenarios which may or
may not occur during battle. The CoComs require the ability to assess integrity of defense designs against “what if”
and off-nominal scenarios and present and/or help develop appropriate courses of actions. These “what if” scenarios
can include, but are not limited to, unexpected red force actions and mobile threats, degraded blue force
performance (e.g. sensors, weapons, and networks), loss of blue force assets, loss of defended/critical assets,
integration of additional sensors & weapons, additional coalition blue force assets and critical/defended assets,
new/unassigned critical/defended assets, variations in shot doctrine, variations in intercept timelines that would
result in debris on critical/defended assets, and future epochs and capabilities. Courses of actions could include, but
are not limited to, improved defense designs with collation assets, tasking of intel assets, targeting of red force
launch locations, and offensive attack operations. The service needs to be architected to be a virtual component that
is dynamically loadable and/or pluggable into various existing and future service oriented architecture frameworks.
Approaches such as creation of an independent service or Applet, creation of a web accessible thin client,
developing dynamically loadable libraries that are easily integrated into existing and/or future frameworks should be
considered.

PHASE I: Develop an innovative command and control COA analysis tool architecture and design that seamlessly
integrates defense design analysis, what-if analysis, and COA development into a single state-of-the-art system. The
framework design should clearly indicate growth paths from the missile defense applications to integrated air and
missile defense, space, intel & reconnaissance, cyber, and any combination of these areas. The design should also
clearly demarcate internally implemented functions from functionality provided by external services, if any. Phase |
work products should include requirements/capabilities, trade studies, architecture artifacts that would lead the
Phase 11 and Phase 11 commercialization development plans.

PHASE II: Implement the Phase | design and Phase Il development plan in a prototype and demonstrate the
command and control COA analysis tool. Continued improvements and refinements to the design, architecture, and
technology capability should be based on stakeholder feedback, and continued collaboration with command and
control planners, and Subject Matter Experts. Demonstrate the ability to evaluate architectural attributes and
integrate design choices which achieve scalability at the hardware and software levels (i.e., processor speed, network
bandwidth, etc.). The Phase Il work products would include supporting software development and architecture
documentation, and installation and training/users guides.

PHASE Il1I: Demonstrate the new technologies via operation as part of a complete system or operation in a system-
level test bed to allow for testing and evaluation in realistic scenarios. Market technologies developed under this
solicitation to relevant integrated air and missile defense users directly, or transition them through vendors.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies and
optimization components developed in Phase 1l for potential commercial and military uses in many areas such
integrated air missile defense (IAMD) planning and IAMD training. This technology would be useful for disaster
planning, e.g. Federal Emergency Management Agency, fire planning, and border control.

REFERENCES:

1. Reference for COCOM: National Training and Simulation Association (2010, Nov). Training 2015. Retrieved
from http://www.trainingsystems.org/publications/Joint.pdf on 5 Nov 2013. Scope: Joint Training 2015 presents
information to assist industry’s support of the US Joint Training current and future training needs as determined by
the Office of the Secretary of Defense (OSD).
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2. Reference for Service Oriented Architecture: Lalbakhsh, P.; Sohrabi, N.; Fesharaki, M.N., "The role of service
oriented architecture in battlefield situational awareness," Computer Science and Information Technology, 2009.
ICCSIT 2009. 2nd IEEE International Conference on, pp. 476,479, 8-11 Aug. 2009 doi:
10.1109/1CCSIT.2009.5234823. Scope: The paper studies situational awareness, one of the most important factors
of network centric warfare. It focuses on the role of service oriented architecture and how it can help generating a
more extensive and comprehensive situational awareness.

3. Reference for C2BMC Specific Information: MDA (2009, May). Missile Defense Agency (MDA) Exhibit R-2
RDT&E Budget Item Justification. Retrieved from
http://comptroller.defense.gov/defbudget/fy2010/budget_justification/pdfs/03_RDT _and_E/Vol 2 _MDA/PE-
0603896C-C2BMC.pdf on 05 Nov 2013.

KEYWORDS: course of action, planner, analysis

MDA14-005 TITLE: Innovative and Modular Open System Radar Algorithm Test Environment

TECHNOLOGY AREAS: Information Systems, Sensors
ACQUISITION PROGRAM: MDA SN Analysis & Modeling and Simulation Product Office (MDA/SNEA)

OBJECTIVE: Develop an innovative open architecture, modular operating framework of a Ballistic Missile
Defense (BMD) radar representative test environment for early radar algorithm testing and software-in-the-loop
performance assessment.

DESCRIPTION: The Missile Defense Agency Sensors directorate (MDA/SN) is seeking a standardized open
system and modular Modeling & Simulation (M&S) BMD radar test environment to evaluate radar algorithm
developers and their early developmental efforts prior to testing in a BMD tactical M&S framework. This
shareware test environment is intended to replace self-assessment M&S tools that are unique to each radar vendor
and inhibit the government's ability to make unbiased assessments and informed decisions of a vendor's algorithm
compatibility and performance.

The Department of Defense (DoD) launched an initiative in November 1994 to use open systems specifications and
standards for acquisition of weapon systems. This topic seeks to develop an innovative radar algorithm test
environment using an open architecture, modular operating framework that the government will use for early
developmental test and evaluation. This topic is seeking innovative M&S solutions based on Linux Red Hat, C++
programming language, and a Java graphical user interface. These M&S requirements allow for easier compatibility
and future integration with tactical M&S tools as the radar algorithms mature in the development process. The open
framework allows for multiple modules to emulate different aspects of the radar or target scene, interactively
forming a cohesive BMD radar simulation environment. Shareware modules should include atmosphere, target,
debris, jamming, signal-to-noise, trajectory, wavelength, and others that interact within the framework to emulate a
BMD scene for early developmental testing of detection, tracking, and discrimination algorithms. The open
interface architecture will allow radar developers to rapidly connect prototype software (i.e. plug and play) for
integrated testing in a simulation environment against BMD representative components and threat scenarios. The
tool will serve as a common basis to stimulate proposed algorithms and technical solutions, resulting in a fair and
thorough assessment of the algorithm under test.

PHASE I: The contractor shall develop a proof of concept software model of the operating framework and proposed
modules to demonstrate their approach and understanding of the new and innovative open architecture M&S tool.
The contractor shall demonstrate the technical merit, feasibility, and commercial potential of the conceptual model.

PHASE Il: The contractor shall begin detailed development of the operating framework and approved modules.
The contractor shall provide detailed schematics and identify software-intensive risks within the design structure.
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The contractor shall provide the breadboard or prototype M&S tool and demonstrate its technical capability and
commercial potential.

PHASE I1I: The contractor shall conclude any prototype development and transition the final product into the SN
Analysis & Modeling and Simulation Product Office (MDA/SNEA). SNEA will perform verification, validation,
and accreditation (VV&A) of the M&S tool. The contractor will provide a complete prototype with user’s manual
and SBIR data rights source code. The contractor shall provide a training session for MDA users and software
administrators.

COMMERCIALIZATION: The proposal should indicate the innovative benefits to both commercial and defense
applications. The shareware tool will be accessible on MDA's website to encourage radar algorithm development
and benefit the entire missile defense community. The technology developed under this topic will influence
commercial competition on open architecture requirements and future cloud computing applications. Commercial
applications of this software include radar development for the National Airspace System, weather stations, and
satellite communications. This open system architecture Research & Development could also segue into
commercial information technology applications.

REFERENCES:
1. DoD Open Systems Architecture Contract Guidebook for Program Managers v1.1, June 2013.

2. NASA Orbital Debris Program Office, http://orbitaldebris.jsc.nasa.gov/index.html

3. Robinson, Rick, "Georgia Tech team supports Open Architecture Software Standards for Military Avionics."”
Research News, Georgia Institute of Technology, 22 August 2013.

4. "History of Shareware™, Association of Software Professionals.

KEYWORDS: Open architecture, modular, shareware, radar, algorithm, modeling, simulation

MDA14-006 TITLE: Reconfigurable Memory or Central Processing Unit (CPU) Instruction
Architecture

TECHNOLOGY AREAS: Information Systems, Sensors, Weapons
ACQUISITION PROGRAM: Undisclosed / In support of DoD and MDA Anti-Tamper requirements.

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 5.4.c.(8) of the solicitation.

OBJECTIVE: The goal for this topic is to develop a reconfigurable memory addressing architecture. This agile
architecture design must bind to a specific hardware or software to offer unique operational characteristics based on
random hardware qualities and software build environment.

DESCRIPTION: The reconfigurable memory addressing architecture based on unique hardware qualities and
software build should protect technologies by forcing an attacker to decipher the transformed characteristics on each
system, averting proliferation issue due to unique architecture to each system, and creating a physical barrier to
attacking critical hardware components. This topic is not seeking Physically Uncloneable Function (PUF)
development or software code obfuscation technique development.

Though the particular solution may be tailored for individual applications, the concept and methodology of the

solution should be applicable to various Commercial Off-The-Shelf (COTS) and military hardware. Preference will
be given to solutions that work without introducing additional performance risks or costs to the weapon platform and
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its mission. Additionally, attention will be focused on minimal impact to system availability and maintainability;
and seamless integration in the Ballistic Missile Defense System (BMDS) weapon platform. As a result, the Missile
Defense Agency (MDA) will maintain a technological edge in support of the warfighter.

PHASE I: Research and develop prototype architectures for feasibility concept on a computing hardware platform.
The purpose of the prototypes should be to demonstrate the feasibility, uniqueness, and robustness of the protection
that the proposed technology will offer. Estimate the performance impact, probability/time it will take to
successfully decipher the reconfigured architecture. A partnership with a current or potential supplier of MDA
systems, subsystems, or components is highly desirable.

PHASE II: Based on the Phase | research; develop, demonstrate and validate the developed architecture on a
representative prototype application. An independent lab is to test and evaluate the uniqueness and robustness of the
reconfigurable architecture. A copy of the test report is to be provided to the government point of contact. An
analysis shall be conducted to evaluate the ability of the reconfigurable architecture to protect technologies in a real -
world situation. The contractor shall also identify any anticipated commercial benefit or application opportunities of
the innovation; deliver to the government point of contact all required software tools for testing and evaluation;
provide an on-site two day training/seminar on how to apply and use the reconfigurable architecture at Department
of Defense facility. A partnership with a current or potential supplier of MDA systems, subsystems, or components
is highly desirable.

PHASE IlI: Integrate the reconfigurable architecture protection technology into a representative 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. An analysis shall be
conducted to evaluate the performance of the technology/technique in a real-world situation. A partnership with a
current or potential supplier of MDA systems, subsystems, or components is highly desirable.

COMMERCIALIZATION: Military systems (missiles, aircraft, ships, and vehicles) are interested in software
technologies that will enable secure computing and the protection of Critical Program Information. Likewise, the
business, banking, and medical communities would benefit from software technologies that would improve their
ability to protect their IP, as well as providing a more secure interface for their customers.

REFERENCES:
1. Shuangbao Paul Wang and Robert S. Ledley, Computer Architecture and Security: Fundamentals of Designing
Secure Computer Systems, John Wiley & Sons, Oct 10, 2012.

2. Huffmire, T., et al., “Policy-Driven Memory Protection for Reconfigurable Hardware,” ESORICS 2006, LNCS
4189, pp. 461-478, 2006, http://www.cs.ucsh.edu/~sherwood/pubs/ESORICS-hwmon.pdf.

3. Zambreno, J., et al., “High-Performance Software Protection using Reconfigurable Architectures,” Proceedings of
the IEEE, Vol. 94, Issue 2, 2006.

KEYWORDS: Reconfigurable architecture, Agile CPU Instruction, Tamper, Technology protection, IP Protection

MDA14-007 TITLE: Radio Frequency (RF) Field Sensor for Integrated Circuits (IC)

TECHNOLOGY AREAS: Sensors, Electronics

ACQUISITION PROGRAM: Undisclosed

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 5.4.c.(8) of the solicitation.
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OBJECTIVE: The goal for this topic is to develop an integrated circuit-based sensor to measure the ambient RF
field around the device. The device must be able to (1) sense very small perturbations to the ambient RF field in the
range between 40-100 MHz, (2) operate on very low power for sensing and data processing, and (3) may be a
CMOS (Complementary Metal-Oxide-Silicon)- or MEMS (Micro-ElectroMechanical System)-based System-on-
Chip (SoC). The device must be sufficiently robust to withstand “g” forces during acceleration, vibrations from air
and ground vehicles, and high/low temperatures experienced during flight and ground operations.

DESCRIPTION: Low powered (< 1 microwatt) RF Field Sensors for ICs are desired for sensing or response
operations. Sensor orientation effects must be considered in the development. The Missile Defense Agency (MDA)
is not interested in the utilization of low duty cycle sensors to reduce power consumption (e.g. 1% duty cycle at 0.1
milliwatts gives 1 microwatt average power consumption). Additionally, MDA is not interested in solutions that
require visual inspection for RF emission variances, nor in material coatings for printed circuit boards or integrated
circuits which will limit RF transmission.

Although the particular solution may be tailored for individual applications, the concept and methodology of the
solution should be applicable to various Commercial Off-The-Shelf (COTS) and military hardware. Preference will
be given to solutions that work without introducing additional performance risks or costs to the weapon platform and
its mission. Additionally, attention will be focused on minimal impact to system availability and maintainability;
and seamless integration in the Ballistic Missile Defense System (BMDS) weapon platform. As a result, the MDA
will maintain a technological edge in support of the warfighter.

PHASE 1. Research and develop prototype architecture and design for feasibility concept RF Field Sensor.
Deliverables for the Phase | effort will include electrical models (e.g. SPICE) of the proposed sensor, an initial
design of the sensor (for both the electronic die and the packaging configuration), estimates of the anticipated
sensitivity and power draw for the sensor, a planned manufacturing flow for the sensor die, and a breadboard
implementation of the sensor. A partnership with a current or potential supplier of MDA systems, subsystems, or
components is highly desirable.

PHASE II: Based on the Phase | research; develop, fabricate and demonstrate the RF Field Sensor on a
representative prototype application. Document the Sensor fabrication process, measure the Sensor’s performance
characteristics, and evaluate the ability of the Sensor to withstand a spectrum of military environmental conditions.
Results of all testing shall be recorded and compiled in a report to be provided to the Government. The contractor
shall also identify any anticipated commercial benefit or application opportunities of the innovation. Deliver to the
Government a minimum of five samples of the prototype Sensor, along with all required information to exercise,
test, and evaluate the performance of the Sensor. A partnership with a current or potential supplier of MDA
systems, subsystems, or components is highly desirable.

PHASE I1I: Integrate the RF Field Sensor technology into a representative application for a BMDS system level
test-bed. This phase will demonstrate the application to one or more MDA element systems, subsystems, or
components. An analysis shall be conducted to evaluate Sensor performance in a real-world situation. A
partnership with a current or potential supplier of MDA systems, subsystems, or components is highly desirable.
COMMERCIALIZATION: Military systems (missiles, aircraft, ships, and vehicles) are interested in ultra low
power RF sensors for system monitoring, diagnostics and prognostics. For the medical industry, battery powered
systems like heart pacemakers, blood glucose monitors, etc. would benefit from ultra low power RF sensors.

REFERENCES:
1. R. Kaushik and S. Prasad: “Low Voltage CMOS VLSI Circuit Design,” Wiley 1999, ISBN:047111488X.

2. S. Furber: “ARM System-On-Chip Architecture,” Addison-Wesley, 2000.
3. F. Shearer: “Power Management in Mobile Devices,” December 2007, ISBN-13:9780750679589.

4. D. Zito: “RF CMOS Sensors for Contactless Health Monitoring,” September 2010, University College, Cork
Ireland, http://www.tyndall.ie.
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5. Phys.org: “Team develops world’s most powerful nanoscale microwave oscillators,” June 2012,
http://phys.org/news/2012-06-team-world-powerful-nanoscale-microwave.html

KEYWORDS: RF Sensor, System-on-Chip

MDA14-008 TITLE: Mapping Debris Trajectories Through a Fireball

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors, Weapons
ACQUISITION PROGRAM: MDA Corporate Lethality Program

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop an innovative, low-cost approach, including techniques, technology and associated
methodologies to measure full-hemisphere, open-air, early-time fragment trajectories during arena and sled warhead
characterization tests in order to validate first-principles hydro-code predictions.

DESCRIPTION: Understanding the results of arena tests to characterize the debris patterns of exploding ordinance
and simulated missile intercepts requires detailed information about fragment trajectories, especially for fragments
larger than 1 cubic cm. Warhead characterization tests adhere to the guidelines and procedures described in the
Joint Munitions Effectiveness Manual (JMEM). Although the present method of warhead characterization using
blast panels or celotex bundles allows some reconstruction of debris patterns after the fact, these methods are costly,
labor intensive, and produce only a small amount of the required data.

What is needed is a means to track and characterize the fragments during flight, especially at times immediately
after the intercept event. Specifically, the complete velocity profile is desired for as many fragments as possible,
beginning as soon after the intercept as possible, to support validation of hydro-code predictions. This presents three
challenges: obscuration, resolution, and speed. Because the fireball surrounding the intercept event is so optically
opaque, traditional visible or infrared means of imaging small objects are ineffective at early time. Conversely,
traditional RADAR techniques can see through the fireball, but the wavelengths involved are so large that multiple
objects may not be discriminated at early times. Other techniques must therefore be developed to map these
trajectories, such as millimeter wave RADAR which can penetrate the fireball with the necessary spatial and/or
Doppler resolution to discriminate debris fragments. The challenge is compounded by the need for high acquisition
speeds coupled with the challenge of identifying individual fragments with sufficient temporal and spatial resolution
that individual trajectories may be reconstructed.

The Missile Defense Agency (MDA) solicits the development of a prototype sensor that can measure as many as
1000 fragment trajectories within a large hemispherical volume (< 100 meter radius) with sufficient resolution to
detect solid-mass (volume > 1 cubic cm), high-velocity (100 - 6000 meters/second) fragments originating near the
center of the test space. The system will measure individual fragment trajectory and velocity profiles with sufficient
resolution to estimate the ballistic coefficient of each fragment. To the extent possible, the interrogation method
should also be capable of estimating individual fragment sizes so when correlated with their trajectories and
composition, the mass of each fragment may be estimated.

The proposed interrogation system must be suitable for open-air outdoor arena and sled testing, capable of setup by
no more than two technicians within a single workday, and sufficiently robust to handle blast overpressures at the
location of the sensor(s). Performers are encouraged to be innovative in use of commercial off the shelf (COTS)
sub-technologies to reduce the cost of the proposed approach.

PHASE |: Design a prototype sensor system for the automated mapping of full-hemisphere warhead debris
fragment trajectory and velocity profiles following a triggered arena test or sled test, especially during the earliest
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times when the fragments are normally obscured by the fireball, in order to validate hydro-code predictions of blasts
or high-velocity impacts. The goal for Phase | is to develop and deliver a complete design methodology identifying
the technologies, then quantitatively estimating the temporal and spatial resolution of the system and specifying the
Phase Il development plan that will deliver a prototype that achieves these performance estimates. Both hardware
and software development plans should be addressed in Phase I, and the extent to which fragment masses may be
estimated should be described.

PHASE II: Implement and deliver a prototype characterization system capable of reconstructing the trajectories of
debris fragments following an arena test or sled test, including early-time data normally obscured by the fireball, in
order to validate hydro-code predictions of blasts and high-velocity impacts. The system must include all associated
test and data collection software to support a ground-based warhead characterization event. The system
performance should be validated to the extent possible before delivery, and the performance of the system should be
compared to the estimates obtained in Phase I.

PHASE Il1I: Mature the warhead characterization system developed in Phase Il from a prototype to test-ready status
and demonstrate its performance through actual data collection during an actual warhead characterization test.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial users in the areas of sensors and software capable of high speed, high fidelity
temporal and physical position and size measurements. Once proven, the method could also be utilized in any
BMDS flight test engagement or other service intercept (aircraft debris, non-hit to kill debris, etc.). Blast tests are
also of interest to other military, law enforcement and intelligence agencies, and opportunities to support a larger
customer base should be explored.

REFERENCES:

1. “Testing and Data Reduction Procedures for High-Explosive Munitions,” Joint Munitions Effectiveness Manual
(JMEM), USAF 61A1-3-7, Revision 2, 8 May 1990.

2. http://iww.mda.mil/system/threat.html.

3. http://www.mda.mil/news/downloadable_resources.html.

4. E. Nilsson, L. Baath, IEEE Sensors, Vol. 7, p. 1025 (2007).

5. M. Ruegg, E. Meier, D. Nuesch, IEEE Trans. Geoscience & Remote Sensing, Vol. 45, p. 539 (2007).

6. K.B. Cooper et al., IEEE MTT Vol. 56, p. 2771 (2008).

KEYWORDS: warhead fragment, intercept debris, fragment velocity, interrogation system, arena test, sled test

MDA14-009 TITLE: Late-Time Sensor Characterization for Missile Intercept Debris

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop techniques to model the dynamics of post intercept debris at very late times (>> 20 ms) with
first principle based hydro-structural tools used to generate virtual intercept debris and corresponding lethality data
sets. Late-time dynamics drive signatures presented to Ballistic Missile Defense System (BMDS) sensors that must
mitigate the effects of post-intercept debris particularly for raid scenarios.

MDA - 20



DESCRIPTION: The Missile Defense Agency (MDA) has increasingly relied on the use of high fidelity hydro-
structural computational tools to analyze the results of hit-to-kill missile interceptors against various targets. These
tools have been extensively benchmarked for the prediction of lethality and post-intercept debris fields. The results
from these analyses are used to assess weapon system effectiveness, Hit Assessment/Kill Assessment (HA/KA)
methodology and debris mitigation methodologies developed for radar and Electro-Optical/Infrared (EO/IR)
Sensors.

Hydro-structural analyses of hyper-velocity missile intercepts are typically stopped 25 to 50 milliseconds after the
intercept event begins. This is due to the long run times and need for extensive supercomputing resources.
However, data collected from live intercept events such flight test missions are viewed by radar and EO/IR sensors
for many seconds after the intercept event occurs. To model such time scales, hydro-structural data sets are
typically extrapolated from 50 milliseconds or less out to many seconds using standard propagators. This has the
effect of neglecting the interaction and deformation of large debris pieces later in time and does not account for the
‘nesting’ of objects that could eventually move into the field of view of the sensor. This could result in an
inaccurate late time post intercept debris field which could lead to misrepresentative sensor modeling.

Innovative techniques for capturing debris phenomenology at late times (>> 20 ms) are sought that achieve high
fidelity and mate well with existing hydro-structural code formulations. These techniques can include numerical
improvements to the hydro-structural codes themselves or even to associated post-processing tools. This topic
intends to identify such methods in Phase | and utilize them to improve workflow for the traditional high-fidelity
hydro-structural codes used in the missile-defense community.

PHASE I: Develop technology, methodologies and numerical techniques to address characterization of late time
post intercept debris fields from first principle hydro-structural codes. Design the application of technology to
provide the modeling capability for radar or EO/IR sensor modeling of post-intercept debris fields over these time
scales. Develop a Phase Il plan using innovative technology to address time modeling extension.

PHASE II: Implement and demonstrate the new techniques within existing hydro-structural tools and sensor
models. Demonstrate improvements through analysis of missile intercepts results and compare with existing test
data. Implement and demonstrate the new techniques identified in Phase I, either through integration into existing
tools or development of a new tool. Establish confidence in the new techniques through comparisons to results
obtained with established approaches.

PHASE IlI: Transition the results of the high-fidelity late-time debris modeling into the MDA simulation
architecture either directly (via integration of virtual debris data) or indirectly (via integration or results into fast-
running engineering codes). The end products should be used to support pre- and post-mission flight test analyses
and MDA performance assessments.

COMMERCIALIZATION: The fundamental methodology developed under this program could benefit other
Department of Defense (DoD) industries to include warhead modeling, underbody blast modeling for military
wheeled vehicles, and other related technologies. Other related applications include the modeling of debris
generated by collisions caused by space debris. The contractor will pursue commercialization of the various
technologies and products developed in Phase Il for additional DoD and commercial applications.

REFERENCES:

1. Lloyd, R.M., “Physics of Direct Hit and Near Miss Warhead Technology”, Progress in Astronautics and
Aeronautics, Vol. 194, AIAA, 2001.

2. Zucas, J. A., “Introduction to Hydrocodes (Studies in Applied Mechanics)”, Elsevier, New York, NY, 2004.

3. http://www.mda.mil/news/downloadable_resources.html.

KEYWORDS: Post-Intercept Debris, Lethality, Hit/Kill Assessment
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MDA14-010 TITLE: Innovative Data Architecture Generation Across a Complex System of Systems
(SoS)

TECHNOLOGY AREAS: Information Systems

ACQUISITION PROGRAM: MDA 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 5.4.c.(8) of the solicitation.

OBJECTIVE: Missile Defense Agency (MDA) integrated Ballistic Missile Defense System (BMDS) simulations
continue to grow in complexity, event costs and schedule timelines; while confidence in the resultant data sets (tera-
bytes in size) and the ability to effectively meet event test objectives decrease. It is believed that a key driver of
many of the issues with the BMDS modeling and simulation (M&S) enterprise simulations is in the data
architecture. All current MDA simulations use an ad hoc collection of disparate legacy hierarchical databases or no
database at all to store and process data. The objective of this topic is to explore moving from legacy data structures
to a modern data structure based architecture and beyond that have been successfully used by the intelligence,
internet and social media communities for manipulating “Big Data” and supporting analytics.

DESCRIPTION: The MDA’s M&S Enterprise produces vast amounts of data from across the SoS M&S Enterprise.
Currently, the MDA M&S Enterprise uses a series of ad hoc data structures based on legacy relational/hierarchical
databases in multitude of formats and from an even wider variety of sources. In addition the data structures for each
test event are test event unique, and don’t include meta-data descriptions making direct comparison of data between
events extremely difficult and highly problematic. This makes element model integration, scenario integration,
threat package integration, analysis, verification and validation of the models, simulation and data generated
extremely difficult and cumbersome. This is a time intensive effort requiring work by every component of the
enterprise plus supporting organizations to produce questionable results with quality issues that impact the
credibility of the M&S and the data produced. In addition this problem is not unique to MDA, the Department of
Defense suffers from Big Data and extensibility issues when moving from individual systems to SoS/Enterprise
compositions (tactical or simulation).

There has been much work in the area of Big Data and analytics starting with the Intelligence community,
telecommunication, the internet, and social media communities. The common thread is moving away from legacy
relational/hierarchical databases to focus on modern, extensible, very large data sets, interactions/relationships and
semantics between entities, maintaining and exploiting meta-data, and very fast query speeds across the database.
The desired technologies to be explored are innovative techniques and tools to facilitate the development of a
standardized BMDS data architecture for BMDS Enterprise models and simulations. This effort should move away
from legacy relational database approaches and would be accelerated by leveraging known technology in modern
databases, semantic integration, artificial intelligence, as well as new efforts in “Big Data”. A key tenet of this effort
would be to automate the data gathering process, enable manual or automated inputs of data sources and interfaces,
as well as development of the data model.

PHASE I: Develop an innovative methodology and software tools that will enable efficient design and analysis of a
standardized data structure for BMDS Enterprise simulations. The methodologies should demonstrate the offeror’s
understanding of issues and principles of data modeling and data architecting with big data in a SoS. The software
tools should incorporate the offeror’s innovating methodology extending modern data structure technology. A
proof-of-concept demonstration of the methodology, supporting software tools and notional data model is highly
desirable. Phase | work products should include methodology, software tool architecture artifacts, a proof of
concept data model, development plan addressing aspects of requirements and requirements allocation, design
structure, anticipated behavior, functional completeness, limitations/exclusions/deferrals, extensibility, scalability,
testing, technical risks, verification, validation and accreditation (VV&A), data architecture augmentation, M&S
tool insertion, intellectual property (IP) rights, and operations and maintenance (O&M). IP ownership and use
arrangements that would facilitate rapid and cost-effective integration and employment of the capability are highly
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desirable. Collaboration of Phase | offeror’s with current M&S tool development and support organizations (DSOs)
for both requirements validation and risk reduction planning is also desirable.

PHASE II: Implement the Phase | methodology and software tools in a prototype BMDS M&S based data model
and data architecture that will demonstrate the ability for a potential Phase I1l. The prototype should demonstrate
the potential for integration, test and demonstration of the capability with one or more BMDS and Warfighter M&S.

PHASE I1IlI: Scale the functional and runtime performance of the capability to accommodate stressing operator
workloads representative of real world uses of data architectures in support of a SoS simulation and knowledge
management. Collaborate with MDA Developer and Analysis stakeholders to customize the capability, and
continue improvement responding to critical feedback from the stakeholders. Demonstrate utility of the capability
in a mission-critical BMDS supported activity. Support DSOs integrating, testing and employing the capability, and
improve the capability on the basis of critical feedback and operating experience from BMDS Developer and
Analysis stakeholders. Develop, demonstrate, and publish a lean process for integration and test of the capability.

COMMERCIALIZATION: The contractor will pursue commercialization opportunities for the
methodology/capability in the numerous other areas of governmental and private sector that perform similar
functions but for different missions.

REFERENCES:
1. Paul Merson. Data Model as an Architectural View. CMU/SEI. 2009.

2. Andrew Johnston. Modeling the enterprise data architecture. IBM. 2003.
3. Fay Chang & Jeff Dean. Bigtable: A Distrubted Storage System for Structured Data. Google. 2006.
4. Grzegorz Malewicz & Matt Austern. Pregel: A System for Large Scale Graph Processing. Google. 2010.

KEYWORDS: Information Systems, Modeling and Simulation, Data Modeling and Architecture, Big Data

MDA14-011 TITLE: Statistically Significant Simulation (SSS) of the Ballistic Missile Defense System
(BMDS)

TECHNOLOGY AREAS: Air Platform, Information Systems, Ground/Sea Vehicles, Sensors, Battlespace, Space
Platforms, Weapons

ACQUISITION PROGRAM: MDA 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 5.4.c.(8) of the solicitation.

OBJECTIVE: To develop an end-to-end, statistics-based simulation of the BMDS that enables a significant number
of test-case runs in a practically short period of time, enabling fuller exploration of the BMDS performance space
and of previously unassessed BMDS performance metrics.

DESCRIPTION: The Missile Defense Agency (MDA is seeking innovative concepts and products to enable rapid,
multi-run, end-to-end statistics-based simulation of the BMDS. The goal is to enable a statistically significant
number of simulation test-case runs in a practical amount of execution time (approximately an order-of-magnitude
faster than real time per realization). The capability being sought is referred to here as “Statistically Significant
Simulation” (SSS) and has previously been referred to in some venues as “high-run-count simulation” (HRCS). The
capability would also address what is referred to as “Tier 1” simulation in the MDA Integrated Master Assessment
Plan. In its final state, an accredited SSS could ideally be tailored to support multiple activities throughout the MDA
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systems engineering process, including top-down requirements development, acquisition trade-studies, quick-turn
analyses, comparative analyses, system sensitivity studies, scenario planning, requirements verification, and BMDS
system effectiveness [e.g “TOG” (Technical Objectives and Goals) Metrics].

The SSS is expected to trade resolution for run time, as compared to typical MDA engineering and tactical
simulations. To produce statistically significant results, it would be expected that a single realization of a single test
case for the SSS would occur roughly an order-of-magnitude faster than real-time (e.g. one SSS realization of a 20-
minute Ballistic Missile Defense (BMD) scenario might produce output in something on the order of 2 minutes).
But the SSS is not expected to just be a faster-running version of a “typical” higher-resolution engineering or tactical
simulation. It would typically be expected that the development of the SSS would include both statistical and non-
statistical aspects, for example: a) extraction of “statistical” performance behaviors from more detailed, engineering-
level simulations (which could be provided Government Furnished Equipment (GFE) for the phase 2/3 SBIR effort);
b) realization of other BMD and related algorithms and logic to more directly address aspects such as battle
management, communications/interoperability, fire control logic, defense plans/blue-force-laydowns; and c)
potential other approaches and aspects (e.g. assessment of BMDS “-ilities”), limited only by the innovation of the
offerors.

A major driver for the desire for an SSS is the sequential, multi-modal aspect of the BMDS, where, for example,
possible outcomes of one system function depend upon the results (out of multiple possibilities) of previous system
functions. In typical MDA simulation venues, all of these possible combinatorial functional paths may not be
interrogated/assessed in a test event. A major strength of an SSS would be its ability to explicitly account for these
dependencies when computing system-level performance statistics.

Given the abstracted and statistical nature of an SSS, the relationship between the SSS and other MDA simulation
and test venues will be likewise abstract. For example, there would be no expectation that the SSS would be able to
ingest and replay message logs from other venues, nor that there could necessarily be a direct time-domain
comparison between an SSS run/runs (statistical in nature) and a real-world flight test (a single realization).
Likewise, while an SSS may ultimately be expected to account for pre-scripted threat trajectories and signatures as
input, it may be expected that an SSS would abstract and perhaps parameterize these red-force inputs in a
meaningful way that still enables arrival at credible system performance measurement, limited here only by the
innovation of the offerors.

The major SSS Concept of Operations (CONOPS) aspects that would need to be developed would include, but not
be limited to:

- the CONOPS for abstracting certain BMDS performance aspects from other, more detailed, accredited
engineering/tactical simulations, be it by probability distribution, transfer function, interaction matrix or other
approaches limited only by the innovation of the offerors—including variability across environmental and other
factors;

- the CONOPS for abstracting or parameterizing (if/as necessary) the red-force trajectories, signatures and other
behaviors, as well as any other input data including blue-force and communications architectures;

- the CONOPS for validating or anchoring the SSS to higher-resolution, accredited simulations, including methods
of specifying the boundaries on the performance space for which the SSS is considered valid, and the valid
performance interrogation points.

PHASE I: Determine the technical merit and feasibility of a SSS capability. Develop a SSS capability architecture
and roadmap. The offeror should specify and perform significant trade studies in selecting the best SSS methods for
MDA’s BMDS modeling and simulation (M&S) context. The offeror should identify, and suggest mitigations to,
significant technical risks for SSS implementation and use. Feasibility study would be primarily focused on
developing and assessing the concept(s) and specific approach(es) for abstraction from an existing high-resolution
simulation to a SSS, and developing a simulation conceptual model for an SSS that can be built upon in later phases.

PHASE II: Using the conceptual model and insights gained from the Phase I, develop a prototype BMDS or
analogous SSS. Proof-of-concept for Phase 11 may be achieved using a GFE provided unclassified BMDS surrogate
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(e. g., BMD International Simulation, 1-Sim) or any similarly complex non-BMDS system and associated high-
resolution simulation as a basis for abstraction. Individual SSS samples should be created in < 10 minutes runtime
for a current typical MDA Ground Test scenario or non-BMDS equivalent for non-BMDS prototype. Enable use of
SSS prototype for demonstration of a “quick-turn” study intended use across a number of extant Ground Test (or
surrogate) scenarios. Document via updating Phase | conceptual model, along with specifications and user
instruction, per M&S development best practices.

PHASE IlI: Deploy working SSS simulation within MDA. Develop user interfaces to support initial, highest
priority SSS intended uses, supporting across the MDA systems engineering “vee”, beyond what was demonstrated
in Phase Il. Update the SSS to keep pace with MDA fielding and architecture changes. Support all activities to
secure element/component endorsement, collaboratively with government program offices including development
and update of verification and validation (V&V) approach, and V&V evidence. Document via conceptual model,
specifications and user instruction, per M&S development best practices.

COMMERCIALIZATION: The contractor will pursue commercialization of the various technologies developed in
Phase Il for potential commercial and military uses in many areas such as tactical planning software, scenario
planning tools for test and evaluation (T&E), requirements-development tools for acquisition programs, and
Verification, Validation, and Accreditation tools. Abstraction approaches and concepts developed may be
applicable to a variety of other simulation uses across the fields of engineering and the physical sciences.

REFERENCES:
1. S. Robinson, R. Brooks, K. Kotiadis, D.-J. Van Der Zee, Conceptual Modeling for Discrete-Event Simulation,
CRC Press, Taylor & Francis Group, 2011.

2. S. Robinson, “Conceptual Modelling: Who Needs 1t?,” SCS M&S Magazine, April 2010. Available at
http://www.springsim.org/magazines/2010-04/index_file/Files/Robinson.pdf.

3. D. Pace, “Modeling and Simulation Verification and Validation Challenges,” Johns Hopkins APL Technical
Digest, Volume 25, Number 2, 2004. Available at http://techdigest.jhuapl.edu/TD/td2502/Pace.pdf.

4. http://www.mda.mil/ - Detailed information and Fact Sheets about MDA and the BMDS.

5. Defense Science Board, Task Force on Missile Defense Phase 111 — Modeling and Simulation,
http://www.acq.osd.mil/dsb/reports/ ADA421988.pdf.

6. Web searches with “modeling and simulation challenges of the Ballistic Missile Defense System” yields hundreds
of relevant sites.

KEYWORDS: performance simulation, stochastic simulation, end-to-end performance, Monte Carlo statistics,
modeling and simulation, Ballistic Missile Defense System

MDA14-012 TITLE: Development of High Performance Computing (HPC) Technology for a
Distributed Modeling and Simulation (M&S) Hardware Infrastructure

TECHNOLOGY AREAS: Air Platform, Information Systems, Ground/Sea Vehicles, Sensors, Space Platforms,
Human Systems, Weapons

ACQUISITION PROGRAM: MDA 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 5.4.c.(8) of the solicitation.
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OBJECTIVE: Develop innovative HPC Hardware for future M&S Challenges by integrating traditional and non-
traditional hardware components and computing technologies.

DESCRIPTION:  The Missile Defense Agency (MDA) Ground Test and Exercise simulation hardware
infrastructure is complex and subject to ever increasing performance demands and simulation requirements. There
is a desire to minimize the complexity of the infrastructure while maximizing technology integration and
computational performance within the MDA simulation programs. The testing performed by the MDA has been
challenging and unique, and performance objectives dramatically increased as the MDA transitioned from the
Missile Defense System Exerciser (MDSE) to the Single Stimulation Framework (SSF). Those same performance
and fidelity objectives are expected to become ever more demanding as the Objective Simulation Framework (OSF)
and future M&S capabilities mature. The current hardware generation has proven effective at meeting today’s
demands and requirements for M&S, but the limitations of traditional hardware design and integration have become
apparent. There is a strong desire for industry to conceive potential designs, solutions, and/or improvements to the
current paradigm that would introduce greater capabilities, such as real-time six degrees of freedom (6DOF)
simulation, and computational performance to the MDA M&S hardware infrastructure.

This topic focuses on investigation, design, and development of alternative high-performance computing methods,
hardware, and technology. A primary focus area is the consideration of integrating Field Programmable Gate
Arrays (FPGAs) with traditional multicore central processing units (CPUs) and add-on cards that enable massively
parallel computing (MPC). The desired solution should provide the capability for a single simulation hardware
platform to simultaneously process hundreds of threads in parallel within a common, distributed simulation
environment. The design should also leverage existing storage and memory technology, such as enterprise-class
RAID configurations and Solid-State Drives (SSDs), to enable the rapid data manipulation necessary to achieve
such high and sustained computational throughput.

In addition to developing a hardware solution capable of meeting the growing performance demands of real-time
modeling and simulation, the MDA seeks a solution that requires a reduced footprint. The physical dimensions and
power requirements of a single platform should be less than those of the systems currently in use. The selected
proposals should provide improved modeling & simulation capabilities, such as 6DOF modeling and propagation,
and increased computational performance when compared to the portable platforms currently in use by the MDA.
The solution should also require less power and be appropriate for a variety of government and commercial
applications. The MDA seeks a solution that can achieve economies of scale to reduce the per-unit cost through
widespread application and the use of readily-available components within the design itself.

Hardware and technology is available today that may enable the design of such a platform, but has not been
investigated for feasibility or usability within the MDA M&S infrastructure. The MDA recognizes that in order to
achieve such performance the simulation software would have to be architected and developed to leverage such
hardware. Development and demonstration of a hardware platform capable of the desired computational throughput
and capabilities is important, as is the integration of objective software designed to leverage the hardware
components.

PHASE I: Produce a conceptual design for how current and future technology could be utilized to improve the
MDA simulation testing infrastructure. Outline the technologies considered in the proposer’s design process and
why those technologies were either used or abandoned. Provide the government a copy of design specifications,
drawings, white papers, and other technical documentation generated to support the proposer’s design conclusions.

PHASE II: Develop a detailed design for the building of a single simulation node to include schematics and
drawings. Build the detailed design into a prototype and then load an unclassified OSF version or representative
software onto the completed prototype. Assess design performance characteristics and limitations and then provide
the MDA a technology demonstration of the design. The demonstration can be conducted within an MDA facility, a
location provided by the proposer, or some other appropriate venue.

PHASE I1I: Improve and refine the design from Phase Il using knowledge gained and lessons learned during Phase
I1. Perform a second build using the refined designs and load an unclassified OSF version or representative software
onto the second build. Assess design performance characteristics and limitations of the second build. Test refined
design’s ability to communicate simulation information and evaluate real-time performance of the systems.
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Determine peak power consumption of the completed refined design. Provide the MDA a technology demo of two
or more Phase |11 builds interoperating to execute simulations. Deliver a technical brief and report for consideration
by the MDA. Final evaluation will be accomplished by the MDA conducting its own tests and assessments of the
performance of the system. The results of these tests, to include the test plan and assessment criteria, will be shared
with the contractor.

COMMERCIALIZATION: The contractor will pursue commercialization opportunities for high-performance
massively parallel computing platforms that could be applied to a diverse set of tasks with demanding computational
performance requirements. Opportunities for commercialization within MDA are very strong as this capability does
not exist and is required for future test.

REFERENCES:
1. http://en.wikipedia.org/wiki/Massively parallel_(computing).

2. http://www.altera.com/products/fpga.html.

3. http://gpgpu.org.

4. http://en.wikipedia.org/wiki/Multi-core_processor.

KEYWORDS: Massively Parallel Computing (MPC), Field Programmable Gate Arrays (FPGA), Solid State Drive

(SSD), General Purpose Graphics Processing Unit (GPGPU), Stream Processing, OpenCL, High Performance
Computing (HPC), Multi-core processing, Modeling

MDA14-013 TITLE: Innovative Solutions to Insensitive Munitions (IM) Fast Cook-off (FCO)
Environments and Testing

TECHNOLOGY AREAS: Materials/Processes, Sensors, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop and demonstrate reliable and cost effective hardware solutions and modeling and simulation
capabilities that will significantly reduce the probability of explosion or violent reaction of solid rocket motors when
subjected to a fast cook-off environment.

DESCRIPTION: Seeking technology to progress Ballistic Missile Defense (BMDS) interceptors toward compliance
with Department of Defense (DoD) IM requirements, specifically FCO requirements, that are implemented through
MIL-STD-2105. For interceptors that have requirements to pass fast cook-off testing, MIL-STD-2105 requires
interceptors to achieve a burning, non-propulsive response (type V) during fast cook-off testing. Fast cook-off
testing subjects an interceptor to a mass fuel fire, and without a method to vent or extinguish the propellant grain,
the rocket motor propellant will ignite, build pressure in the motor case and yield a propulsive reaction or a violent
energy release.

A Thermally Initiated Venting System (TIVS), consisting of thermal sensor(s) and destructive charges, is an
example of a FCO mitigation concept. However, TIVS have had challenges in yielding a type V reaction on rocket
motors having diameters of 12 inches or greater. While designs for TIVS hardware exist, concepts that would
enhance the following for large rocket motors are needed: reliability to detect FCO environments and successfully
mitigate the FCO threat, producibility of the overall FCO mitigation system, and integration into existing
transportation and interceptor structures. Developments of predictive capabilities that enable the design of such a
system also have potential as cost effective methods to optimize TIVS or other potential hardware solutions.
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Proposals need to demonstrate an innovative concept that has realistic potential to enhance FCO mitigation through
robust design and manufacturing techniques. Successful bidders for this effort may be provided with generic
interface requirements of transportation equipment and interceptor structures. General storage and functional
environments may also be provided.

PHASE I: Mature the proposed hardware and/or modeling and simulation design concepts to fully document the
feasibility of reliability, producibility, and integration enhancements. During this phase the innovative concepts may
be tailored to the generic interface and performance requirements of interest.

PHASE II: Demonstrate the feasibility of the innovative hardware and/or modeling and simulation solutions by
building and testing prototype units. This phase will focus on verifying that the proposed enhancements will
actually increase reliability and probability of success of mitigating the effects of a FCO environment, thus the scope
of this phase will be tailored to highlight the benefits of the specific design. For this phase, proposers are
encouraged to identify a partnership with a current potential supplier that has appropriate manufacturing capabilities
to produce the proposed system.

PHASE lII: Integrate the proposed system into a critical interceptor application and generalize the application for
broader applications across Missile Defense Agency (MDA) programs and commercial systems. This phase will
demonstrate the applicability in one or more MDA element systems, subsystems, or components.

COMMERCIALIZATION: The proposal should clearly indicate that proposed IM enhancements have benefits to
both commercial and defense applications. The projected benefits to improve safety, reliability, producibility, and
reduce cost should be made clear. The demand for safe and reliable methods of mitigating FCO environments is
increasing world-wide as the market for commercial space launch vehicles and defense weaponry continues to grow.
Success in this research area should strengthen available and reliable IM hardware for use at MDA, other DoD
Agencies, and commercial entities.

REFERENCES:
1. MIL-STD-2105, HAZARD ASSESSMENT TESTS FOR NON-NUCLEAR MUNITIONS.

2. Department of Defense Acquisition Manager’s Handbook for Insensitive Munitions, Rev 01, January 2004.
3. NATO Insensitive Munitions Information Center (http://www.nato.int/related/nimic).

KEYWORDS: Insensitive Munitions, Fast Cook Off, Explosive Ordnance, Missiles, Thermal Sensors, Modeling
and Simulation

MDA14-014 TITLE: Weight Optimized Mitigation to Direct Effects of Lightning Strike on a Missile
Body

TECHNOLOGY AREAS: Weapons
ACQUISITION PROGRAM: MDA Ground-Based Midcourse Defense (GMD)

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop weight optimized solutions to mitigate the direct effects of direct lightning strikes to missile
skins. Solutions must take into account the complexity of expanding composite rocket motor pressure vessels and
various missile skin structures. Applications include large missiles where weight optimization is critical, while
providing robust mitigation to MIL-STD-464C direct effects of direct lightning strike environments.
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DESCRIPTION: While lightning protection has been applied to various small diameter missiles, large diameter
missiles require enhanced technology solutions to be viable without significantly reducing battlespace performance
due to increased mass. New concepts in weight optimized solutions are needed to address the large missile need.
Solutions to mitigate the direct effects of direct lightning strikes as defined in MIL-STD-464C (or similar) are
required.

Concepts must include ease of fabrication and reliable installation on the missile skin. Capability to integrate
thermal protection technologies and lightning protection technologies are sought to shield missile skins from not
only lightning strikes and aerodynamic heat effects, but atmospheric debris. Composite rocket motor cases expand
due to motor operating pressure, thus the proposed lighting protection solutions should consider this key missile
attribute. Combinations of advanced materials and robust manufacturing techniques should enable a producible,
lightweight protection system that mitigates the overall performance degradation of the missile. Emphasis will be
placed on lightweight concepts that will work with composite rocket motor cases.

Proposals need to demonstrate an innovative concept that has realistic potential to enhance lightning protection
through robust design and manufacturing techniques. Successful bidders for this effort will be provided with
generic interface requirements of interceptor structures. General storage and functional environments will also be
provided.

PHASE I: Mature the proposed hardware concepts through experimentation to fully document the feasibility of
performance and weight optimized solutions. During this phase the innovative concepts may be tailored to the
generic interface and performance requirements of interest.

PHASE IlI: Demonstrate the feasibility of the innovative hardware solutions by building and testing prototype units.
This phase will focus on verifying that the proposed concepts will actually provide mitigation of the direct effects of
a direct lightning strike without negatively affecting missile battlespace. Therefore, the scope of this phase will be
tailored to highlight the benefits of the specific design. For this phase, proposers are encouraged to identify a
partnership with a current or potential supplier that has the appropriate manufacturing capabilities to produce the
proposed system.

PHASE lII: Integrate the proposed system into a critical interceptor application and generalize the application for
broader use across Missile Defense Agency (MDA) programs and commercially. This phase will demonstrate the
applicability in one or more MDA element systems, subsystems, or components.

COMMERCIALIZATION: The proposal should clearly indicate that proposed concepts have benefits to both
commercial and defense applications. The projected benefits to improve safety, reliability, producibility, weight,
and reduce cost should be made clear. The demand for reliable and robust lightning protecting has wide market
appeal for commercial space launch vehicles, defense weaponry, and commercial and defense aircraft. Success in
this research area should strengthen available and reliable hardware for use at MDA, other Department of Defense
Agencies, and commercial entities.

REFERENCES:
1. MIL-STD-464C, ELECTROMAGNETIC ENVIRONMENTAL EFFECTS REQUIREMENTS FOR SYTEMS.

2. Lightning Protection of Aircraft, by F. A. Fisher and J.A. Plumer, published in 1989.

KEYWORDS: lightning protection, missile body, composite rocket motor, weight optimized, Direct Effects of
Lightning Strike

MDA14-015 TITLE: Missile Avionics Architecture Insensitive to Transient Power Interrupts

TECHNOLOGY AREAS: Materials/Processes, Electronics, Weapons

ACQUISITION PROGRAM: MDA GMD Program
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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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop hardware and/or overall architecture solutions to improve missile avionics resiliency to
transient power interrupts that can occur due to various in-flight anomalies. Innovative architecture options are
sought to mitigate the potential loss of mission impact from avionics power reset due to short term, transient power
interrupts. Options can include specific avionics components mitigation or overall avionics architecture mitigation.

DESCRIPTION: Power conditioning is a standard practice for most modern power supplies. Missile environments
are particularly challenging for missile avionics power supplies due to long periods of inactivity followed by short
and extremely stressful powered on conditions. The necessity to operate in extreme environments and necessity to
maintain low overall weight and small size requires innovative approaches to improving avionics components’
resiliency to power transients (short term power drops). Since many missiles use bus systems to distribute DC
power, power drop transients may be introduced from multiple vehicle components that may not be mitigated
through the system level power supply. Thus, innovative means to make missile avionics insensitive to transient
power interrupts of the primary DC power are sought.

Potential solutions could be located at the component or bus branch, and remove transient power drop-outs or
otherwise make the avionics insensitive to them. High specific capacitance devices are sought for applications
needing relatively fast charging time at high current density. Small Integrated Circuits with current limiting diodes
and/or other devices may be needed to prevent backflow. Emphasis should be placed on innovative low weight,
small volume, and highly reliable solutions able to operate after prolonged periods of missile storage (non-use)
followed by use in missile avionics flight environments. Hardware solutions that are minimally invasive to the
existing avionics electronics are preferred, though all will be considered.

Proposals need to demonstrate an innovative concept that has realistic potential to enhance resiliency to transient
power interruptions through robust design and manufacturing techniques. Successful bidders for this effort will be
provided with generic performance and interface requirements of interceptor avionics components. General storage
and functional environments will also be provided.

PHASE |: Mature the proposed hardware concepts through design and experimentation to fully document the
feasibility, reliability, producibility, and integration into generic avionics components and/or power buses. During
this phase the innovative concepts may be tailored to the generic interface and performance requirements of interest.

PHASE IlI: Demonstrate the feasibility of the innovative hardware solutions by building and testing prototype units.
This phase will focus on verifying that the proposed enhancements will actually increase reliability and probability
of success in mitigating power transients, thus the scope of this phase will be tailored to highlight the benefits of the
specific design. For this phase, proposers are encouraged to identify a partnership with a current or potential
supplier that has appropriate manufacturing capabilities to produce the proposed system.

PHASE III: Integrate the proposed system into a critical interceptor application and generalize the application for
broader applications across Missile Defense Agency (MDA) programs and commercial systems. This phase will
demonstrate the applicability in one or more MDA element systems, subsystems, or components.

COMMERCIALIZATION: The proposal should clearly indicate that proposed hardware solutions have benefits to
both commercial and defense applications. The projected benefits to improve safety, reliability, producibility, low
weight, small volume, and reduce cost should be made clear. The demand for light weight, small volume, and
reliable methods of mitigating power transients is significant world-wide, with applications in commercial space
launch vehicles and defense weaponry markets. Success in this research area should strengthen available and
reliable hardware for use at MDA, other Department of Defense Agencies, and commercial entities.

REFERENCES:
1. “Electrical Transients in Power Systems,” Second Edition, Allan Greenwood, John Wiley & Sons, Inc. 1991.
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2. "SPD Electrical Protection Handbook — Selecting Protective Devices Based On The National Electric Code,”
Bussmann, Cooper Industries 1992.

3. "Transients in Electrical Systems: Analysis, Recognition, and Mitigation," J.C Das, June 3, 2010.

KEYWORDS: high specific capacitance devices, missile avionics, transient power interrupts, power drops, DC
power; avionics architecture

MDA14-016 TITLE: Variable Gravity Two-Phase Heat Sink for Airborne Directed Energy Systems

TECHNOLOGY AREAS: Air Platform, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop a two-phase cold plate that functions consistently or predictably in variable gravity
environments that will be scalable to 100’s of kW peak heat load for airborne directed energy system thermal
management

DESCRIPTION: Most electrically powered lasers are cooled by single phase forced convection heat exchangers.
Typically, a delta-T of 5C or less is required across the laser diodes. To cool a 500kW heat load at this delta-T with
single phase forced convection water requires hundreds of gallons per minute flow rate. This results in a thermal
management system that is too large and heavy to fit within the size and weight budgets of most systems and
platforms. In addition, the large pumps and coolant reservoir will react too slowly to startup transient conditions.
One alternative to single phase forced convection heat exchangers is two-phase flow boiling heat exchangers and
cold plates. Boiling heat transfer systems are often of much lower weight and volume than single phase systems,
require less electrical power and have a much higher heat transfer rate. One drawback to flow boiling systems is
that the boiling heat transfer rate is a function of the local gravity vector. Deployment of flow boiling on a typical
military aircraft would result in a heat transfer rate that was strongly dependent upon aircraft maneuvers which
might limit the effectiveness of directed energy systems for airborne applications. To address this topic, an
understanding of heat transfer rate as a function of the relationship of the fluid flow vector and gravity vector is vital
to any airborne two-phase heat transfer system. A small scale demonstration of the feasibility of a variable-g cold
plate would be a topic deliverable.

Desire development of a parametric model of flow boiling that includes gravity and flow vectors and a design or
specification to build or obtain a small two-phase cold plate that could alter its flow characteristics to maintain heat
transfer rate in a variable g environment. Non-water, non-ozone depleting working fluid is preferred. Boiling
temperature of the working fluid should be constant in the 25C-35C range. The cold plate should be compatible
with copper, aluminum or brass heat sinks and should have as low a thermal impedance as practical.

PHASE I: Obtain or develop a parametric model of flow boiling that includes gravity and flow vectors. Obtain or
develop a two-phase heat plate of at least a 100W heat transfer capacity and at least 200W/cm”2 heat transfer rate
and characterize its thermal performance as a function of static gravity angle in a 1g environment to validate the
parametric model.

PHASE II: Ruggedize the system from phase | and package it for self-contained operation. Characterize its

performance on a centrifuge for +/- 5g performance at a variety of static angles. Then characterize its performance
at several static g levels during angular maneuvers. Develop and deliver a parametric model of the data.
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PHASE I1I: Develop a flight qualifiable two-phase thermal management system for an aircraft component or
payload. Demonstrate performance and weight savings over single phase forced convection systems. Arrange for
flight testing or demonstration.

COMMERCIALIZATION: Lightweight thermal management solutions for electronics and avionics.
REFERENCES:

1. Issam Mudawar, “Assessment of High Heat Flux Thermal Management Schemes,” IEEE Transactions on
components and packaging technologies, VVol. 24, N2, Jun. 2001, pp. 122-141.

2. Michalak, T.E., Yerkes, K.L., Thomas, S.K., and McQuillen, J., 2010, "Acceleration Effects on the Cooling
Performance of a Partially-Confined FC-72 Spray,” AIAA Journal of Thermophysics and Heat Transfer, Vol. 24,
No. 3, pp. 463-479.

3. Convective Boiling and Condensation, 3rd edition, Collier & Thome, Oxford Science Publications, 1996.
Liquid-Vapor Phase-Change Phenomena, Van P. Carey, Hemisphere Publishing, 1992.

4. Schaum’s Outline of Theory and Problems of Heat Transfer, 2nd ed, Pits & Sisson Ed. McGraw Hill, 1988,
chapter 9.
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MDA14-017 TITLE: Robust Phase Modulators and Polarization Controllers for High Power Fiber
Lasers

TECHNOLOGY AREAS: Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: The topic goal is to develop a packaged phase and polarization module with increased optical fiber
power handling to a level of 1-10W/channel, which may eliminate one amplifier stage in a multiple stage optical
amplifier configuration. Increased power handling will result in reduced complexity; reduced size, weight, and
power (SWaP); increased reliability; and lower overall system cost. The development of compact integrated multi-
channel controller modules are needed to reduce the overall size and weight of both coherent and spectral combining
architecture. Since a real system will require hundreds and perhaps over a thousand channels, this topic is focused
on development that will significantly reduce cost, size, and weight of the controller system.

DESCRIPTION: A scalable ultra-high-power fiber laser system based on coherent beam combining requires a very
large number of phase and polarization controllers to lock both phase & polarization to achieve maximum power
concentrated in a diffraction-limited beam. Spectral beam combining also benefits from the use of phase modulators
to line broaden the multiple seed sources being amplified before being spectrally combined. Development of a
module that is operational over an extended temperature range extending from -55 to +95 C will enable fielding in a
harsh environment. High power operation of fiber amplifiers is typically limited by nonlinear effects including;
Stimulated Brillouin Scattering (SBS) and Stimulated Raman Scattering (SRS). A common technique used to
reduce the effects of SBS is laser linewidth broadening using an electro-optic phase modulator. Multiple channel
high speed phase modulators will allow efficient, scalable linewidth broadening in high power laser coherent and
spectral beam combining applications.

PHASE |: Evaluation metrics to be considered for Phase | include; development and feasibility concepts of fiber

coupled phase modulators and polarization controller designs suitable for spectral linewidth broadening up to 30Ghz
and frequency tagging from 100-200 MHz for high channel count fiber laser amplifiers operating in the 1.06 micron
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region. Polarization insensitive approaches are desirable since commercially offered high power optical amplifiers
are typically non-polarization maintaining. Feasibility concepts that demonstrate packaging and robust performance
are required for successful transition to a Phase |1 effort.

PHASE II: Evaluation metrics to be considered for Phase Il include: Development and prototype demonstration of
high power handling phase and polarization control modulators integrated in a ruggedized fiber pigtailed package
containing multiple single channel modulators. Teaming with owners or suppliers of high power optical amplifiers
for Phase Il prototype demonstrations is encouraged since the cost of multiple optical amplifiers may be cost
prohibitive. Multi- channel prototype phase modulators and polarization controllers integrated and ruggedized into a
single package shall be delivered for independent technical evaluation.

PHASE Ill: Evaluation metrics to be considered for Phase Il include demonstrated collaborations with Missile
Defense Agency (MDA) prime contractors and subsystem integrators to incorporate the fiber laser phase modulator
technology into MDA systems and a plan for development of compact, robustly packaged, and scalable laser
systems suitable for insertion into those systems. Offeror shall perform reliability tests to assess suitability and
serviceability traceable to Ballistic Missile Defense System environments.

COMMERCIALIZATION: Components for high power fiber lasers have significant potential markets in both
commercial and military systems. A high power, high efficiency fiber amplifier laser system with diffraction
limited beam quality will be capable of adding value to land, air, and space based military systems. High energy
fiber lasers are also high value sources for material processing in automotive, aircraft, and other large manufacturing
industries. They can also be used for decommissioning of nuclear and other hazardous manufacturing plants. High
brightness fiber lasers constructed at greater than the 100 kW level with near diffraction limited beam quality and
greater than 35% wall plug efficiency will be the Phase I11 goal in partnership with aerospace industries.

REFERENCES:
1. Coherent Laser Beam Combining, First Edition, Edited by Arnaud Brignon, Wiley VCH, Published 2013, ISBN
352741150X, 9783527411504.

2. Experimental and theoretical studies of phase modulation in Yb-doped fiber amplifiers, Flores, Angel; Lu,
Chunte; Robin, Craig; Naderi, Shadi; Vergien, Christopher; Dajani, lyad Laser Technology for Defense and Security
VIII. Proceedings of the SPIE, Volume 8381, 83811B, 8 pp. (2012).

3. Pseudo-random binary sequency phase modulation in high power Yb-doped fiber amplifiers, Robin, Craig;
Dajani, lyad; Zernigue, Clint; Flores, Angel; Pulford, Ben; Lanari, Ann; Naderi, Shadi Proceedings of the SPIE,
Volume 8601, 86010Z 9 pp. (2013).

4. Numerical studies of modal instabilities in high-power fiber amplifiers, Naderi, Shadi; Dajani, lyad; Madden,
Timothy; Ward, Bemjamin; Robin, Craig; Grosek, Jake, Proceedings of the SPIE, VVolume 8601, id. 86013F, 7 pp.
(2013).

5. Investigations of modal instabilities in fiber amplifiers through detailed numerical simulations, Shadi Naderi, lyad
Dajani, Timothy Madden, and Craig Robin, Optics Express, Vol. 21, Issue 13, pp. 16111-16129 (2013).

6. Stimulated Brillouin scattering thresholds in optical fibers for lasers linewidth broadened with noise, V. R.
Supradeepa, Optics Express, Vol. 21, Issue 4, pp. 4677-4687 (2013).

KEYWORDS: High power fiber lasers, fiber laser arrays, fiber amplifiers, coherent beam combining, spectral beam
combining

MDA14-018 TITLE: Enhanced Sensor Systems

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace, Weapons
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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 5.4.c.(8) of the solicitation.

OBJECTIVE: Conceptualize, design, develop, and demonstrate an enhanced sensor system with a sensor and
source that are optimally matched for applications at strategic ranges in airborne and, potentially, space-based
environments. Wavelength bands of interest include visible, near-infrared, mid-infrared, and long-wave-infrared.
The sensor system should, in addition to the sensor and source, include any associated ancillary component
hardware and software required for testing in laboratory and field environments. Additionally, the sensor system
should be capable of operating in signal starved (near photon counting) conditions at multi-kilohertz and higher
temporal bandwidths for acquisition, tracking and pointing (ATP) applications associated with ascent-phase ballistic
missile defense at strategic ranges.

DESCRIPTION: All proposed hardware must, at a minimum, address packaging for a high altitude airborne
environment; supporting a space-based environment will be considered a plus. This requires specific emphasis on
size, weight and power (SWaP) for proposed hardware, including control electronics and power and thermal
subsystems.

The environmental parameters that should be addressed for any hardware proposed include:

1. High altitude airborne operations in near vacuum conditions (optional traceability to space-based operations in
vacuum a plus).

2. System components should have a shelf life of at least 5 years to accommodate payload integration, with an
additional minimum service life of 5 years.

3. For high altitude airborne applications, offerors should address proton and gamma radiation with a minimum total
dose of on the order of 10 kRad with special emphasis placed on single event upset (SEU) and single event latch-up
(SEL). Demonstrating a path to 100-300 kRad hardness is a plus.

4. The operating temperature range drives concept and capabilities, with -54 degrees C to 40 degrees C desired. For
long term storage, a temperature range of -60 to 71 degrees C is desired.

PHASE I: Develop conceptual design for the proposed sensor system, including any required control interfaces and
power/thermal systems. Modeling, Simulation, and Analysis (MS&A) of the design must be presented to
demonstrate the offeror understands the physical principles, performance potential, and scaling laws. MS&A results
must, at a minimum, clearly demonstrate how near-term goals will be met. 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 plans to further
develop/exploit this technology in Phase Il. 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 preliminary and critical design of prototype sensor system, 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 performance level achieved. In addition, environmental
testing, especially 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 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.
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PHASE III: Develop and execute a plan to market and manufacture the product developed in Phase Il. Assist the
Missile Defense Agency in transitioning this technology to the appropriate Ballistic Missile Defense System prime
contractor(s) for the engineering integration and testing.

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

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.J. Dowdle and J. Negro, “Baseline Spaced-Based Laser Concepts for Integrated Control,” CSDL Report Number
CSDL-R-1878, the Charles Stark Draper Laboratory, June 1986.

3. J. Baker, R. Dymale, R. Carreras and S. Restaino, Design and implementation fo a low-cost starlight optical
tracker system with 500 hz active tip/tilt control. Computers and Electrical Engineering, vol. 1, no. 11 (1998), pp.
190-193.

4. JC DeBruin, “Derivation of Line-0f-Sight Stabilization Equations for Gimbaled-Mirror Optical Systems,” SPIE
Vol.1543. 1991.

5. KB Powell, Synopsis and Discussion of “Derivation of Line-0f-Sight Stabilization Equations for Gimbaled-
Mirror Optical Systems,” OPTI-521 Project 1, Steward Observatory, University of Arizona.

6. KW Billman, JA Breakwell, and RB Holmes, “ABL Beam Control Laboratory Demonstrator,” Proceedings of
SPIE Vol. 3706, Airborne Laser Advanced Technology II, Aug 1999, p172-179.

7. M. Romano and BN Agrawal, “Acquisition, tracking and pointing control of the Bifocal Relay Mirror spacecraft,”
Acta Atronautica, Volume 53, Issues 4-10, August-November 2003, pp 509-519.

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. RJ Watkins, BN Agrawal, YS Shin, HJ Chen, “Jitter Control of Space and Airborne Laser Beams,” 22nd ATAA
Internationals Communications Satellite Systems Conference and Exhibit 2004, AIAA 2004-3145.

10. Sugathevan, S. and Agrawal, B. “Optical Laser Pointing and Jitter Suppression using Adaptive and Feedback
Control Methods,” Proceedings of Beam Control Conference, Directed Energy Professional Society, Monterey, CA,
March 21-24, 2006.
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Spectral; Algorithms

MDA14-019 TITLE: High-End Tactical Grade Inertial Measurement Unit (IMU) Technology for
Missile Defense

TECHNOLOGY AREAS: Sensors, Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.
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OBJECTIVE: Develop and demonstrate innovative, revolutionary approaches for advanced and adaptive
algorithms, components, electronics, materials, packaging and approaches for high-end tactical grade Inertial
Measurement Unit’s (IMUs) to decrease error accumulation; decrease size, weight, and power (SWaP); and increase
performance.

DESCRIPTION: IMUs consist of gyroscopes, accelerometers, electronics, power supplies, packaging, isolators, and
often use external aids such as the global positioning system (GPS) to reduce error accumulation. The purpose is to
provide onboard navigational and positional capability to aid guidance and tracking systems. Fiber optic gyros
(FOG), ring laser gyros (RLG), and micro electromechanical systems (MEMS) are typical technologies used in IMU
devices. Very accurate IMUs are reserved for bigger and bulkier designs and packaging, which may not be feasible
due to system size, weight and volume constraints and the physical mounting location within the system. This topic
seeks to develop innovative IMU technologies for miniature solid state RLG and/or advanced adaptive algorithms or
techniques that provide improved performance and SWaP. The performance and SWaP improvements are expected
to be three times better, for development of a solid state RLG IMU with advanced algorithms; and two times better,
for development of either a solid state RLG IMU or advanced algorithms, over the current State Of The Art (SOTA)
IMUs such as the LN200 and HG1700 IMUs (see references 3&4 for specifications). There is emphasis on
increasing IMU accuracy and decreasing SWaP while surviving harsh vibration and shock environments. The goal
of these technologies is to provide accurate navigation capability over a prolonged period of time with minimal or
without external aids, such as GPS. Offeror’s submitting proposals addressing algorithms should address both the
algorithms and the required electronics.

MDA is looking for concepts for a notional IMU that is based upon a volume less than 20 cubic inches, weighing
less than 1 Ib and consuming less than 5 W of power. The IMU must be able to operate through the high radiation
environment levels that could arise in a nuclear engagement. The IMU should be able to operate through vibrations
below 20 kHz with minimal performance degradation. Alternative inertial sensor technologies may be submitted if
they can demonstrate nominal performance that is at least two to three times better than the current SOTA.

PHASE |: Develop the conceptual framework or preliminary design for the new and innovative IMU, component,
algorithm, packaging, or technique that exceeds the current SOTA IMU in terms of SWaP and performance.
Perform modeling, simulation and analysis (MS&A) and limited bench level testing to demonstrate the concept and
an understanding of the new and innovative IMU technology. Proof of concept demonstration may be subscale and
used in conjunction with MS&A results to verify scaling laws and feasibility. Although not required, Offeror’s are
highly encouraged to team with manufacturers capable of incorporating the developed technology into useable
product lines. The Government will not provide contact information.

PHASE II: Complete critical design, demonstrate and validate the use of the IMU technology into two or more
prototype efforts, and evaluate the effectiveness of the technology or technique. MS&A and characterization testing
within the financial and schedule constraints of the program will be performed to show level of performance
achieved compared to stated government goals and comparison between predictions and test results. A partnership
with a current or potential supplier of MDA systems, subsystems, or components is highly desirable.

PHASE I1II: Integrate selected IMU technologies or techniques 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 performance improvements as compared to SOTA. When
complete, an analysis will be conducted to evaluate the ability of the technology or technigue to provide accurate
navigation capability in a real world situation.

COMMERCIALIZATION: Technologies developed in Phase 11 will provide smaller and more accurate IMUs for
potential commercial uses by sale, license or service. Innovations developed under this topic will benefit both
military and commercial water, land, air and space applications. Commercial applications include man and
unmanned aircraft inertial navigation systems (INS), ship INS, automotive INS, and reusable space vehicles.

REFERENCES:
1. Subset of Standards Maintained by the IEEE/AESS Gyro and Accelerometer Panel.
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2. M.S. Shahriar, G.S. Pati, R. Tripathi, V. Gopal and M. Messall, “Ultrahigh Precision Absolute and Relative
Rotation Sensing using Slow and Fast Light”, Northwestern University, Evanston, IL.
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http://www.northropgrumman.com/Capabilities/LN200FOG/Documents/In200.pdf, 2013.

4. Honeywell, “Honeywell Tactical IMU”,
http://www.honeywell.com/sites/servlet/com.merx.npoint.servlets.DocumentServ
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MDA14-020 TITLE: Maturity and Durability Enhancement of Advanced Aerospace Materials

TECHNOLOGY AREAS: Materials/Processes

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 5.4.c.(8) of the solicitation.

OBJECTIVE: Enhance the performance and/or producibility of aero structures, structural insulators, or ablative
materials for implementation into ballistic missile defense (BMD) systems through development of novel materials
and processes. Provide material solutions to reduce production cost, lower life cycle cost, improve aging
characteristics, reduce lead time, enhance reliability, substantially improve performance, and improve
manufacturability and maturation for low-rate, non-labor intensive production of BMD systems.

DESCRIPTION: The Missile Defense Agency (MDA) is seeking high-performance materials and process
technologies for enhancement of current missile defense systems. These endo-atmospheric or exo-atmospheric
intercept systems are highly complex systems that incorporate aero structures, insulators, seekers, guidance and
control, electronics, power, propulsion and communication. Reduction in size or volume of structural and insulation
components offers a significant potential for enhancing performance properties and improving system performance.
Process technologies should be appropriate for modest production volumes; incorporate modularity, flexibility,
simplified and/or low cost tooling.

Technical areas of interest include:

* Some ablative insulators used in rocket motor nozzles, such as continuous polyacrylonitrile (PAN)-based Carbon
Cloth Phenolic (CCP) materials, have exhibited aging related issues. The MDA introduced PAN-based CCP
materials into its systems due to environmental constraints in production of rayon based CCP. Offerors may seek to
identify a suitable replacement CCP material through research of existing data, coupon testing, finite elements
models, subscale testing, and manufacturing improvements.

* Structural insulators provide both structural and thermal stability. Insulators with low thermal diffusivity, low
weight, and low volume could improve propulsion systems or divert and attitude control systems.

« Lightweight composites are necessary for small kill vehicles. The ability to manufacture these composites into
complex geometries could improve Kill vehicle performance. Composites that can perform as thermal insulators or
can withstand higher temperatures are also desired as they would decrease need for insulation such as ethylene
propylene diene monomer.

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 I effort will be to increase performance, reduce cost, and/or
increase production reliability of the selected component. The proposal should provide a quantifiable assessment of
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the feasibility and pay-off of the selected technology. Critical experiments and/or analyses to support the Phase |
feasibility is strongly desired. Develop a manufacturing plan for low-rate production which also includes a
transition strategy.

Regarding aging issues with CCP materials and components, the proposer shall evaluate existing aging and
moisture-induced property change data, conduct limited experiments as possible to address significant data gaps,
and develop analytical models to ultimately predict delamination and/or other structurally compromising conditions
which are suitable for components such as nozzle exit cones. Multiple candidate materials may be identified with
which to validate the aging model.

PHASE II: Implement the manufacturing plan and quantify key milestones leading to transition. 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 Department of Defense opportunities that
benefit from the innovation.

Regarding aging issues with CCP materials and components, the proposer shall validate the aging model with
experimental data. The proposer shall identify approaches to accelerate aging, conduct suitable experimentation,
and integrate results into the aging model. Downselect material candidates from those selected in Phase | to focus
the effort to best posture the new modeling methodology for transition into an MDA application.

PHASE I1I: 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 also verify the potential for enhancement of quality, reliability,
performance and reduction of unit cost or total ownership cost of the proposed subject.

Regarding aging issues with CCP materials and components, the proposer shall integrate results of Phase I and 11 to
identify the most suitable CCP material and associated modeling methodology. Selection factors include ablative
performance, cost, and sustainability of constituent materials. The selected material should undergo further
characterization such as elevated temperature testing, full scale component processing, and accompanying analytical
model development and analysis. Testing of full-scale components shall be conducted to determine the ability to
survive and perform as required after long-term storage in the accelerated aging environment.

COMMERCIALIZATION: Manufacturing improvements in materials have direct applicability to space launch
vehicles, gas turbines, and automotive technologies. Information on aging of CCP material is also applicable to
commercial space launch and re-entry vehicles. Since this effort involves a wide variety of fibers, test procedures
for evaluating CCP aging could benefit the private sector.

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.acg.osd.mil/mda/mdalink/html/mdalink.html.

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

KEYWORDS: Insulators, Ablatives, Composites, Aging, Divert and Attitude Control System, High Temperature
Materials, Non-Destructive Testing, Rocket Motor

MDA14-021 TITLE: High Performance Long Wave Infrared (LWIR) Focal Plane Array (FPA) Sensor
for Missile Defense

TECHNOLOGY AREAS: Sensors, Space Platforms, Weapons
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ACQUISITION PROGRAM: MDA/DVR

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Seeking innovative solutions to support the development; including growth, processing, fabrication,
testing, and integration of advanced LWIR (8-12 microns) FPA sensors for next generation ballistic missile defense
(BMD) applications.

DESCRIPTION: Antimony (Sb) based strained layer superlattice (SLS) and unipolar barrier long wave infrared
detector designs show promise of increased performance over state of the art detectors when implemented in large
focal plane array formats (> 512 x 512 elements). The cut off wave length of the SLS broken-gap heterojunction
system is tuned by adjusting the thickness of two constituent layers in each period, rather than by adjusting the
relative concentration of elements, making it easier to achieve longer cutoff wavelengths. The strong bonding
between group 111 and group V elements is expected to lead to very stable materials, good radiation hardness, and
high uniformity and manufacturability, compared to the I1-VI compound. The nBn detector and the unipolar barrier
photodiode have demonstrated effective suppression of dark current due to diffusion, trap-assisted tunneling, direct
band-to-band tunneling, and Shockley-Read-Hall (SRH) generation currents.

The keys to increased performance lie in improved quantum efficiency and optimized passivation processing. These
may be achieved via better absorption layers without deteriorating the electrical properties, increasing the carrier
lifetime, and further developing various existing passivation techniques and exploring novel passivant materials.

This topic seeks innovative ideas to develop infrared detectors and FPAs by extending the range of nBn detector
designs to the LWIR spectrum and to continue development of producible FPAs using I11-V materials with
advanced quantum structures, such as Sb based SLS. Single-element diodes goals are, for operating temperatures
higher than 70 Kelvin and cutoff wavelength of 12 microns: 1) quantum efficiency larger than 70%, 2) dark current
density less than 1 micro-ampere per square centimeter, and 3) operability greater than 99% for both dark current
and quantum efficiency.

The Missile Defense Agency (MDA) solicits innovations to design, develop, and demonstrate the feasibility of
innovative LWIR FPA technologies, such as unique lattice matched substrate growth, polishing techniques, epitaxial
growth methods, process designs, novel characterization testing techniques, and/or production process changes or
additions suitable for FPA component fabrication that will result in significant improvement in the FPA performance
and operational lifetimes.

MDA solicits novel ideas for identifying minority carrier lifetime limiting defects for SLS structures. The Agency
desires further understanding of material defects and methods for improvement, and strongly encourages innovative
solutions to develop instrumentation for testing and characterizing super-lattice materials and detectors.

PHASE I: Identify and investigate unique process designs, novel characterization techniques, and/or production
process changes for FPA component fabrication that will result in significant improvement in the LWIR FPA
performance. Provide proof-of-concept design to the government for evaluation. Offerors are strongly encouraged
to work with infrared component contractors to ensure applicability of their efforts.

PHASE 1I: Using the resulting process, designs, techniques, architectures, and/or process changes or additions
developed in Phase |, fabricate a high performance FPA meeting all goals with a format of at least 512x512 and
pixel pitch of no more than 30 microns. Characterize prototype FPA for comparison with current state of the art. At
the end of phase 11, deliver an FPA and auxiliary interface electronics to a third-party government laboratory for test
and validation of the proposed technology. MDA encourages collaboration with missile defense prime contractors
to identify technology insertion opportunities.
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PHASE IlII: Either solely, or in partnership with a suitable production foundry, implement and verify in full scale
the Phase Il demonstration technology is economically viable. Assist MDA in transitioning the technology to the
appropriate Ballistic Missile Defense System prime contractors for engineering integration and testing. Develop and
execute a plan for marketing and manufacturing.

COMMERCIALIZATION: Offerors shall pursue commercialization of the technologies and EO/IR components
developed in Phase Il for potential commercial uses by sale, license or service. Innovations developed under this
topic will benefit both DoD and commercial space and terrestrial programs. Possible uses for these products and
techniques include law enforcement surveillance, astronomy, mapping, weather monitoring, homeland defense, and
other infrared detection and imaging applications.

REFERENCES:
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and Solutions, Proc. of SPIE Vol. 7660, 76601E, 2010.

6. S. Maimon and G. Wicks, “nBn detector, an infrared detector with reduced dark current and higher operating
temperature,” Appl. Phys. Lett. 89, pp. 151109, 2006.

7. A .Khoshlakhlagh, S. Myers, et al., “InAsSb detector based on nBn design” SPIE Defense, Security, and Sensing,
2010.

8. Arezou Khoshakhlagh, et al., “Long-Wave InAs/GaSb Superlattice Detectors Based on nBn and Pin Designs,”
IEEE J. of Quantum Electron., Vol. 46, No. 6, June 2010.

9. A. Rogalski, “Review: Progress in focal plane array technologies,” Prog. Quantum Electron. VVol. 36, pp. 342—
473, 2012.

10. L. Hoglund, et.al., “Minority carrier lifetime and photoluminescence studies of antimony based superlattices,”
SPIE Optics and Photonics 2012, San Diego, California, August 12-16,2012.

11. Banerjee, K., Huang, J., and Ghosh, S., “Modeling and simulation of long-wave infrared InAs/GaSb strained
layer superlattice photodiodes with different passivants,” Infrared Physics & Technology, 54(6): 460-464, 2011.

12. D. Lubysheva, et.al., “Manufacturable MBE Growth Process for Sh-based Photodetector Materials on Large
Diameter Substrates,” Proc. of SPIE Vol. 8268, 82681A, 2012.

13. O. O. Cellek, et.al., “InAs/InAsSb Type-1l Superlattice: A Promising Material for Mid-Wavelength and Long-
Wavelength Infrared Applications,” Proc. of SPIE Vol. 8353, 83533F, 2012.

14. A. Haddadi, et.al., “High Operability 1024x1024 Long Wavelength Type-II Superlattice Focal Plane Array,”
IEEE J. Quantum Electron., Vol. 48, No. 2, Feb. 2012.

15. G. R. Savich, et.al., “Benefits and limitations of unipolar barriers in infrared photodetectors,” Infrared Physics &
Technology, Vol. 59, p. 152-155, July 2013.

MDA - 40



KEYWORDS: Long Wave IR FPA, infrared detectors, seeker architecture, advanced sensor material development,
advanced sensor concepts, Ballistic Missile Defense

MDA14-022 TITLE: Miniaturized Safe and Arm (S&A) Devices

TECHNOLOGY AREAS: Air Platform, Weapons
ACQUISITION PROGRAM: BMDS Interceptors

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 5.4.c.(8) of the solicitation.

OBJECTIVE: Develop and demonstrate advanced technologies and design concepts for reduced weight and volume
Safe and Arm (S&A) Devices. The goal is to demonstrate an S&A that occupies no more than 10 cubic inches and
meets all applicable Military Standard (MIL-STD) and Range Safety requirements.

DESCRIPTION: Electromechanical Safe and Arm (S&A) devices are critical components within the initiation
system of munitions and rocket motors. The S&A’s function is to prevent unintended initiation of a firing sequence
by providing mechanical isolation of the electroexplosive device (EED) from the explosive train as well as electrical
isolation of the firing circuit from the EED.

Advanced technologies and design concepts that will reduce the mass and volume footprint of S&A devices are
desired. Specifically, devices should fit within a volumetric constraint of 10 cubic inches. Devices are intended to
be armed prior to launch and must remain armed during flyout environments. S&A must remain fully functional
under accelerations in excess of 20 G’s, any forces induced by missile body spin rates, thermal loads, and vibration
spectra that may be experienced. Designs shall meet all requirements set forth in the Air Force Space Command
(AFSC) Manual 91-710 (Vol 4), (AFSPCMAN91-710V4) Range Safety User Requirements Manual Volume 4 —
Airborne Flight Safety System Design, Test and Documentation Requirements (Reference 1). Designs shall also
meet applicable sections of MIL-STD-1316E (Department of Defense Design Criteria Standard: Fuze Design,
Safety Criteria (Reference 2), applicable test requirements in MIL-STD-331C (Department of Defense Test Method
Standard: Fuze and Fuze Components, Environmental and Performance Tests (Reference 3), and MIL-STD-1901A
(Department of Defense Design Criteria Standard: Munition Rocket and Missile Motor Ignition System Design,
Safety Criteria (Reference 4).

The end-product goal for this topic is to provide advanced technologies that will enable significantly smaller and
lighter S&A devices that meet all applicable aforementioned MIL-STD and Range Safety requirements. Concepts
that meet these MIL-STD, Range Safety, and performance parameters should be demonstrated in a prototype
configuration by the end of the Phase I/l series with BMDS specific design parameters to be provided by the
government customer at the end of Phase I1.

PHASE I: Develop a proof-of-concept solution; identify candidate materials, designs, and test capabilities. Conduct
a feasibility assessment for the proposed solution showing advancements over current state-of-the-art S&A devices
through volume and weight reduction. At the completion of Phase | the design and assessment will be documented
for Phase 1.

PHASE II: Expand on Phase | results by fabricating a prototype S&A and conducting the requisite functionality and
performance testing described in the referenced MIL-STD and Range Safety requirements. These activities will
provide data to support the design studies completed in Phase | and allow a thorough assessment of the design for
Ballistic Missile Defense System (BMDS) applicability.

PHASE I1I: The developed S&A should have direct insertion potential into the BMDS. Conduct engineering and
manufacturing development, test, evaluation, and qualification. Demonstration would include, but not be limited to,
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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 defense
industry as well as other potential applications such as commercial space flight.
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Requirements Manual Volume 4 — Airborne Flight Safety System Design, Test and Documentation Requirements.
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3. MIL-STD-331C (Department of Defense Test Method Standard: Fuze and Fuze Components, Environmental and
Performance Tests).

4. MIL-STD-1901A (Department of Defense Design Criteria Standard: Munition Rocket and Missile Motor Ignition
System Design, Safety Criteria).
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