AIR FORCE
STTR PROPOSAL PREPARATION INSTRUCTIONS

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

Air Force Research Laboratory
AFOSR/PIE

Attn: Lt Col James D. Thorne
4015 Wilson Blvd, room 846
Arlington, VA 22203-1954

Phone: (703) 696-7313, Fax: (703) 696-7320
Email: James.Thorne@afosr.af.mil

For general inquires or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-7457 (8am to
S5pm EST). For technical questions about the topic during the pre-solicitation period (1 Jan through 28 Feb), contact the
Topic Authors listed for each topic on the website.

The Air Force STTR Program is a mission-oriented program that integrates the needs and requirements of the Air Force
through R&D topics that have military and commercial potential. Information can be found at the following website:
http://www.afrl.af.mil/index/htm

Unless otherwise stated in the topic, Phase I will show the concept feasibility and Phase II will produce a prototype or at
least show a proof-of-principle.

Phase I period of performance is typically 9 months, not to exceed $100,000.
Phase II period of performance is typically 2 years, not to exceed $750,000.
The solicitation closing dates and times are firm.

Air Force Fast Track

Detailed instructions on the Air Force Fast Track and Phase II proposal instructions will be given out by the awarding Air
Force directorate along with the Phase I contracts. The Air Force encourages businesses to consider Fast Track
application when they can attract outside funding and the technology is mature enough to be ready for application
following successful completion of the Phase II contract. Further information on the STTR Fast Track can be found in
Section 4.5 of this solicitation.

Commercial Potential Evidence

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

ALL PROPOSAL SUBMISSIONS TO THE AIR FORCE MUST BE SUBMITTED ELECTRONICALLY.

It is mandatory that the complete proposal submission -- DoD Proposal Cover Sheet, ENTIRE Technical
Proposal with any appendices, Cost Proposal, and the Company Commercialization Report -- be submitted
electronically through the DoD SBIR/STTR website at http://www.dodsbir.net/submission. Each of these
documents is to be submitted separately through the website. Your complete proposal must be submitted
via the submissions site on or before the 6:00am EST April 15, 2004 deadline. A hardcopy will not be
required. Signatures are not required at proposal submission when you submit your proposal over the
Internet. If you have any questions or problems with electronic submission, contact the DoD SBIR/STTR
Help Desk at 1-866-724-7457 (8am to Spm EST).

Acceptable Format for On-Line Submission: All technical proposal files must be in Portable Document
Format (PDF) for evaluation purposes. The Technical Proposal should include all graphics and
attachments but should not include the Cover Sheet or Company Commercialization Report (as these items
are completed separately). Cost Proposal information should be provided by completing the on-line Cost
Proposal form.

Technical Proposals should conform to the limitations on margins and number of pages specified in the
front section of this DoD solicitation. However, your cost proposal will only count as one page and your
Cover Sheet will only count as two, no matter how they print out after being converted. Most proposals
will be printed out on black and white printers so make sure all graphics are distinguishable in black and
white. It is strongly encouraged that you perform a virus check on each submission to avoid complications
or delays in submitting your Technical Proposal. To verify that your proposal has been received, click on
the “Check Upload” icon to view your proposal. Typically, your uploaded file will be virus checked and
converted to PDF within the hour. However, if your proposal does not appear after an hour, please contact
the DoD SBIR/STTR Help Desk.

The Air Force recommends that you complete your submission early, as computer traffic gets heavy near the
solicitation closing and slows down the system. Do not wait until the last minute. The Air Force will not be
responsible for proposals being denied due to servers being “down” or inaccessible. Please assure that your e-mail
address listed in your proposal is current and accurate. By the end of April, you will receive an e-mail serving as
our acknowledgement that we have received your proposal. The Air Force cannot be responsible for notifying

companies that change their mailing address, their e-mail address, or company official after proposal submission.
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Electronic Submission of Proposal

If you have never visited the site before, you must first register your firm and create a password for access
(Have your Tax ID handy). Once registered, from the Main Menu:

Select “Prepare/Edit Phase I Cover Sheets” —

1. Prepare a Cover Sheet. Add a cover sheet for each proposal you plan to submit. Once you
have entered all the necessary cover sheet data and clicked the Save button, the proposal grid
will show the cover sheet you have just created. You may edit the cover sheet at any time
prior to the close of the solicitation.

2. Prepare a Cost Proposal. Use the on-line proposal form by clicking on the dollar sign icon.

3. Prepare and Upload a Technical Proposal. Using a word processor, prepare a technical
proposal following the instructions and requirements outlined in the solicitation. When you
are ready to submit your proposal, click the on-line icon to begin the upload process. You are
responsible for virus checking your technical proposal file prior to upload. Any files received
with viruses will be deleted immediately.

Select “Prepare/Edit a Company Commercialization Report” —

4. Prepare a Company Commercialization Report. Add and/or update sales and investment
information on all prior Phase II awards won by your firm.

NOTE: Even if your company has had no previous Phase I or I awards, you must submit a
Company Commercialization Report. Your proposal will not be penalized in the evaluation process
if your company has never had any SBIR Phase Is or IIs in the past.

Once steps 1 through 4 are done, the electronic submission process is complete.

Proposal/Award Inquiries

We anticipate having all the proposals evaluated and our Phase I contract decisions by mid-Aug. All
questions concerning the evaluation and selection process should be directed to the Air Force Office of
Scientific Research (AFOSR). AFOSR will mail award or decline letters after the evaluation and selection
process is complete.

Submission of Final Reports

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

Phase IT Proposals

The Phase I award winners must accomplish the majority of their primary research during the first six
months of the contract. This six month effort alone, based upon the evaluation of the technical results as
reported in the interim report(s) and reviewed by the Air Force Technical point of contact utilizing the
criteria in section 4.3, will be the baseline for determination on whether the Air Force will request a Phase
II proposal.

Air Force STTR Program Management Improvements

The Air Force reserves the right to modify the Phase II submission requirements. Should the requirements
change, all Phase I awardees that are invited to submit Phase II proposals will be notified. The Air Force
also reserves the right to change any administrative procedures at any time that will improve management
of the Air Force STTR Program.
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Air Force 04 STTR Topic Index

Improved Pressure- and Temperature-Sensitive Paint

Stability and Quench Protection for HTS Superconducting Magnets
All-Nitrogen or High-Nitrogen Compounds as High Energy Density Materials
Advanced Antenna Pattern Prediction Software

Two-Dimensional Micro-Colloid Thruster Fabrication

User-Safe “Virtual Laboratory” Environment for High-Voltage Radiation
Source Experiments

Real-Time Detector of Human Fatigue

Automated Detection of Steganographic Content

Automated Design Optimization for Hypersonic Plasma-Aerodynamics
Organic Based Flexible Transistors and Electronic Devices

Cooperative Tracking of Moving Targets by Teams of Autonomous Unmanned
Air Vehicles

Scramjet Flight Test Instrumentation

Active Silicon Nanophotonics

Optimal Training System

Seamless Sensor Network Communications

Rapid and Robust Dynamics-based Nondestructive Method to Monitor
Structural Health

Instrumentation for Monitoring Breath Biomarkers for Diagnosis of Health,
Condition, Toxic Exposure, and Disease

Ionic Liquid Lubrication

Intelligent Layout of Military Products

3 Dimensional Nano-Scale Reinforcement Architecture for Advanced
Composite Structures

Midwave IR Avalanche Photodiodes

Field-Deployable Imaging System to Assess Potential Retinal Injuries
Modeling Languages and Analysis Tools for Complex Distributed

High Spatial and Temporal Resolution Velocimetry Measurements for
Microfluidic Devices

Sensor Technologies for Detection and Measurement of Broadband
Radiofrequency Pulses

Enhanced Dynamic Integrated Visualization (EDIV) of Physiologically Based
Pharmacokinetic/Pharmacodynamic Models

Nonlinear Adaptive Actuation of Synthetic Jet Arrays for Aerodynamic Flow
Control
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Air Force 04 STTR Topic Descriptions

AF04-T001 TITLE: Improved Pressure- and Temperature-Sensitive Paint

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop paint for nonintrusive measurement of surface pressure and temperature on wind
tunnel models using temporally gated optical imaging.

DESCRIPTION: The measurement of surface pressure- and temperature-distributions on wind tunnel
models is required for assessment of aerodynamic performance, aero-thermal analysis, and determination
of boundary layer transition location. Pressure transducers and thermocouples do not provide adequate
spatial resolution and require machining of the model and routing of sensor leads. Pressure- and
Temperature-Sensitive Paint (PSP and TSP) measurements overcome these limitations [1] but are still
limited by residual temperature sensitivity of the PSP and by complications posed by combining PSP and
TSP measurements [2]. The recent adoption of lifetime-based methods based on pulsed illumination and
gated imaging suggests a new approach in which the current two-gate scheme for PSP is extended to a
three- or four-gate scheme in which two signal ratios are measured, from which both pressure and
temperature can be obtained [3]. This solicitation seeks the development of a paint that has the appropriate
properties for such a pressure/temperature measurement scheme, by use of either a single or multiple
fluorophores in the binder [4]. The desired paint should be compatible with 16-bit, scientific-grade, gated,
CCD cameras that are used with current PSP systems. The paint must offer a pressure accuracy of 10 psf
over the range 20-2100 psf, a temperature accuracy of 0.5 deg F over the range 40-120 deg F, and respond
to excitation by diode arrays (preferably around 460 nm). A paint that emits at a single visible wavelength
band is preferred, allowing pressure and temperature response to be discriminated in the time domain,
preferably with lifetimes below 1 msec. The paint must not alter the aerodynamic characteristics (e.g.
surface roughness) of the wind-tunnel model, must have good mechanical adhesion, good uniformity, low
photo-degradation, diffuse reflectivity, and must respond to pressure fluctuations up to 200 Hz.

PHASE I: Proof of concept demonstration of a paint that meets the stated objectives. It is anticipated that
a successful proposal would build upon prior PSP or TSP development by the offeror. Specifically, the
development of a complete measurement system (cameras, illumination sources, software, image
registration, etc.) in Phase I is strongly discouraged. The Phase I effort should concentrate on the
development of paints, using existing PSP/TSP systems, or simplified measurements on samples exposed to
a nitrogen jet in air to demonstrate paint response and optical and mechanical properties. Phase I proposals
should outline specific fluorophores planned for incorporation in a new paint formulation, specify the
required optical filters to be used, and explain the basis for this selection. Proposals offering to search for
unidentified fluorophores are specifically discouraged. All aspects of the paint formulation and paint
development—including pressure response, temperature response, uncertainty estimations in the calibration
of pressure and temperature responses, paint mixing, application to models, mechanical adhesion,
reflectivity and photo-degradation of the paint—will be considered in evaluations and should be
specifically and clearly addressed in the proposal.

PHASE II: Continued development of the paint and refinement of procedures for easy mixing, uniform
application, calibration, use, and removal of the paint; demonstration of the paint in conjunction with
existing optical hardware in a wind tunnel test environment, including full calibration, measurement, and
post-processing analysis for a complete evaluation.

DUAL USE COMMERCIALIZATION: There is a growing number of applications in the aerospace,
automotive, and electronics industries that require nonintrusive measurement for quantitative and
qualitative analysis, including health monitoring.

REFERENCES: 1. J. H. Bell, E. T. Schairer, L. A. Hand, and R. D. Metha, “Surface pressure
measurements using luminescent coatings,” Annu. Rev. Fluid Mech., Vol. 33, pp. 155-206, 2001.

2. T. Liu, B. T. Campbell, S. P. Burns, and J. P. Sullivan, “Temperature- and pressure-sensitive
luminescent paints in aerodynamics,” Appl. Mech. Rev., Vol. 50, pp. 227-246, 1997.
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3. K. Mitsuo, Y. Egami, H. Suzuki, H. Mizushima, and K. Asai, “Development of lifetime imaging system
for pressure-sensitive paint,” AIAA Paper 2002-2909, June 2002.

4. J. Hradil, C. Davis, K. Mongey, C. McDonagh, and B. D. MacCraith, “Temperature-corrected pressure-
sensitive paint measurements using a single camera and a dual-lifetime approach,” Meas. Sci. Technol.,
Vol. 13, 2002, pp. 1552-1557. (This illustrates the use of a multi-fluorophore paint, though less-widely
separated lifetimes would be preferred.)

KEYWORDS: Surface Pressure, Surface Temperature, Global Surface Measurement, Pressure-Sensitive
Paint (PSP), Temperature Sensitive Paint (TSP), Lifetime Imaging

AF04-T002 TITLE: Stability and Quench Protection for HTS Superconducting Magnets

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: Assess potential for thermal damage in High Temperature Superconductors (HTS) and
materials combinations for passive, active and preventative quench-protection strategies.

DESCRIPTION: Early magnets wound with HTS have typically been operated in the 20-30K range and
have not stored energy at high density. The Air Force is pursuing high-energy superconducting magnet
technology for power components such as generators and gyrotron tubes. Because these power
components are destined for aircraft applications, refrigerator weight is a significant factor that must be
reduced by operating at temperatures near 77K. Analysis has shown that as temperature increases, the
thermal diffusivity of the superconductor decreases, and the quench propagation velocity slows to a few
cm/sec, causing the stored energy in the magnet to be discharged rapidly into a small volume, possibly
destroying the magnet. There are concerns in the HTS community that temperatures above 30K may not
allow magnet protection by the same measures used at lower temperatures (4-10K). New methods of
quench protection, e.g., involving dielectric insulation with enhanced thermal/electromagnetic properties
will be required as operating temperature is raised to minimize refrigeration weight and volume. A strategy
for managing stored energy in HT'S magnets must be developed based on fundamental understanding of the
dynamic electromagnetic, thermal, and mechanical conditions in the entire magnet. The effect of rapid
temperature rise and upper temperature limits on HTS materials must be understood at the most
fundamental level because of the sensitivity of HTS properties to precise oxygen content.

PHASE I. Identify and determine the temperature rise for simulated energetic HTS magnets undergoing
rapid quench conditions over a range of temperatures. Assess the maximum temperature permitted without
permanent damage to the magnet. Develop approaches (active or passive) to magnet protection by using
appropriate thermal and electromagnetic properties in materials that can be placed in proximity to the HTS.
Select a strategy (active, passive or hybrid) for protecting a high-energy HTS magnet. Prepare an
implementation plan for Phase II.

PHASE II: Fabricate and test small HTS coils with quench protection measures that can be used to verify
modeling programs. Ultilize materials with different thermal properties to assess effectiveness in protecting
against quench damage. Assess the impact of quench management measures on thermal stability and
minimized ac loss. Determine optimal performance of quench protection measures in an energetic magnet
(of >kilojoule) typical of an Air Force power application, and test such a magnet with sufficient sensors to
detect and monitor a rapid quench condition under different operating temperatures. Provide quench
protection strategies for several types of power magnets.

DUAL USE COMMERCIALIZATION: Quench protection for commercial utility power applications is
important for this potential $1B/yr activity because the magnets and energy stored are large and a
catastrophic quench could destabilize the market. Industry has acknowledged the quench-protection
problem and has reduced the proposed operating temperature for power components to near 30K. A
successful passive quench-protection strategy that is cost effective would be implemented by the
commercial sector.
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REFERENCES: 1. M K Chyu and C E Oberly, "Effects of Transverse Heat Transfer on Normal Zone
Propagation in Metal-Clad HTS Coil Tapes", Cryogenics, V31, No7 (1991)-also see other papers in this
volume from the 1990 Yokohama Conference on Thermal stability and protection.

2. Y Iwasa, "HTS Magnets: Stability; Protection; Cryogenics; Economics; Current Stability/Protection
Activities at FBML", Cryogenics, V43, 303 (2003).

3.Y Iwasa, et al, "Quench and Recovery Processes of YBCO Tape", IEEE Trans Appl Supercond, V13,
1772 (2003).

4. F Trillaud, et al, "Normal Zone Propagation Experiments on HTS Composite Conductors", Cryogenics,
V43,271 (2003).

5. R Grabovickic, et al, "Measurements of Temperature Dependence of the Stability and Quench
Propagation of a 20-cm-long RaBiTS YBCO Tape", IEEE Trans Appl Supercond, V13, 1726 (2003).

KEYWORDS: high temperature superconductor, quench protection, thermal stability

AF04-T003 TITLE: All-Nitrogen or High-Nitrogen Compounds as High Energy Density
Materials

TECHNOLOGY AREAS: Materials/Processes, Space Platforms

OBJECTIVE: Develop synthesis methods for High Energy Density Matter (HEDM) from all- or high-
nitrogen compounds for rocket propellants, explosives, or gas generators.

DESCRIPTION: All-nitrogen compounds, also known as polynitrogen compounds, or nitrogen-rich
compounds, such as polyazides, store large amounts of energy that can be released when these materials
decompose to molecular nitrogen. The synthesis of these materials is very challenging because the
reactants, intermediates, and desired products have high endothermicities. These high endothermicities
make many of these compounds shock sensitive and extremely difficult to handle. As a consequence, only
two energetic polynitrogen species are presently known that possess sufficient stability to be useful for
practical applications. These two species are the well known azide ion and the recently discovered
pentanitrogen cation.

The goal of exploiting the potential of polynitrogen compounds for HEDM applications requires research
to identify new target molecules that possess sufficient energy and kinetic stability to warrant attempts at
their synthesis, to develop new methodology for their preparation, and to prepare amounts sufficient for the
determination of their structures and properties.

PHASE 1. Identify potential polynitrogen HEDM candidates and predict their barriers towards
decomposition using theoretical calculations. Design strategies and experimental approaches for their
attempted syntheses.

PHASE 1II: Develop methods for the synthesis of the proposed target compounds. Prepare sufficient
amounts of material on the laboratory scale to allow the determination of the structure and the chemical and
physical properties of these new materials. Evaluate the potential of the new compounds for HEDM
applications.

DUAL USE COMMERCIALIZATION: Continue the development of this technology, carry out process
research, and prepare larger amounts of these materials to allow their testing and evaluation for applications
such as propellants, explosives, energetic ingredients, or gas generators.

REFERENCES: 1. T. Curtius, Ber. Dtsch. Chem. Ges. (1890) 22, 3023.

2. K. O. Christe, W. W. Wilson, J. A. Sheehy, J. A. Boatz, “N5+: A Novel Homoleptic Polynitrogen lon as
a High Energy Density Material,” Angew. Chem.Int. Ed., (1999) 38, 2004; A. Vij, W. W. Wilson, V. Vij,
F. S. Tham, J. A. Sheehy, K. O. Christe, “Polynitrogen Chemistry. Synthesis, Characterization, and Crystal
Structure of Surprisingly Stable Fluoroantimonate Salts of N5+,” J. Am. Chem. Soc., (2001) 123, 6308; W.
W. Wilson, A. Vij, V. Vij, E. Bernhardt, K. O. Christe, “Polynitrogen Chemistry: Preparation and
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Characterization of (N5)2SnF6, N5SnF5, and NSB(CF3)4,” Chem. Eur. J., (2003) 9, 2840.

3. M. Glukhovtsev, H. Jiao, P. von Rague Schleyer, “Besides N2, What Is the Most Stable Compound
Composed Only of Nitrogen Atoms?,” Inorg. Chem., (1996) 35, 7124.

4. W. Fraenk, T. M. Klapoetke, “Recent Developments in the Chemistry of Covalent Main Group
Azides,” Chapter 16 in “Inorganic Chemistry Highlights,” G. Meyer, D. Naumann, L. Wesemann,

Eds., Wiley-VCH, Weinheim, Germany, (2002).

KEYWORDS: Polynitrogen, Polyazido compounds, High Energy Density Materials

AF04-T004 TITLE: Advanced Antenna Pattern Prediction Software

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

OBJECTIVE: Develop efficient prediction code based on aircraft geometry for patterns of low observable
antennas, able to account for single layers of Radar Absorbing Material (RAM).

DESCRIPTION: Computational Electromagnetics (CEM) codes are important for avionics design and
integration because they permit a priori evaluation of coverage achievable for proposed antenna
placements. CEM codes may be divided into those that implement rigorous numerical algorithms and
those that provide efficient approximate solutions based on the high-frequency asymptotics.  Since
computational efficiency is essential in a design/optimization process, the high-frequency codes are
frequently preferred for analysis of antenna-pattern platform effects in cases where the electrical size of an
aircraft is large. While the Physical Theory of Diffraction and the Uniform Geometrical Theory of
Diffraction are both widely used in platform CEM analyses, only the latter includes the creeping-ray
mechanism which is essential for providing antenna-pattern values in the shadow region. Implementation
of the Uniform Theory of Diffrection (UTD), which has traditionally involved platform geometrical
modeling in terms of simple canonical shapes, has recently been extended to accommodate fully realistic
aircraft representation. Application of current UTD codes to cases where aircraft are designed for low
observability is, however, limited by the failure of these codes to adequately account for the presence of
surface materials. In particular, the existing codes do not represent the propagation of creeping rays and
surface rays over conducting surfaces coated with material layers. The code developed under this effort
will be a computationally efficient high-frequency code that exhibits none of the above deficiencies.
Creeping-ray contributions will be computed for propagation over curved coated surfaces in a way that
fully and accurately accounts for the surface geometry and the presence of the material coating. For a
source antenna mounted on an aircraft fuselage/wing/stabilizer and possibly embedded in a material layer,
pattern values will be available in the lit, far-shadow and shadow-boundary transition regions, as well as in
the paraxial region in the case where the antenna site geometry is cylindrical. The effects of all significant
aircraft external features, such as wings, stabilizers, engine pods, etc. will be included.

PHASE I: Investigate methods for performing high-frequency pattern computations for antennas mounted
on an airframe of general shape and embedded in a layer of dielectric/magnetic material. Identify
approaches to computing the fields in the lit region, the shadow region, and the shadow boundary transition
region. Address the following mechanisms: surface diffraction; edge/wedge diffraction; corner/tip
diffraction.

PHASE II: Develop a suite of computational modules that implement the methods identified in phase I.
Ensure the proper functioning and efficiency of all numerical algorithms. Demonstrate approximate
continuity across region boundaries. Demonstrate the applicability of the modules in likely Radar
Absorbing Material (RAM) scenarios.

DUAL USE COMMERCIALIZATION: Incorporate the modules developed under Phase II into a
functional, user-friendly antenna pattern prediction code. The final code should be Graphical User
Interface (GUI)-driven, able to access aircraft geometrical models in standard Computer Aided Design
(CAD) representations, and should allow for convenient designation of portions of the aircraft surface as
covered with RAM of a specified type or material characterization. Efficient pattern computation for
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aircraft treated with known RAM materials should be demonstrated. Comparison with measurements
performed on existing aircraft is highly desirable, though the availability of such measurements may be
extremely limited. Adoption by the commercial and general aviation communities is anticipated in light of
the trend to replace standard metal (aluminum) components with strong, light-weight composites.

REFERENCES: 1. W.D. Burnside, J.J. Kim, B. Grandchamp, and R.G. Rojas, ‘“Airborne Antenna
Radiation Pattern Code User’s Manual.” Ohio State University ElectroScience Laboratory Report 712242-
14, Dec. 1982

2. User’s Manual for APATCH, DEMACO, 100 Trade Center Drive, Champaigne, IL

3. P. Hussar and V. Oliker, “UTD Prediction of Radiation-Pattern Platform Effects on Fully Realistic
Aircraft Models,” USNC/URSI National Radio Science Meeting 1998 Digest, (1998) , p. 46

4. P. Munk and P.H. Pathak, “A UTD Analysis of the Radiation and Mutual Coupling Associated with
Antennas on a Smooth Convex Surface with a Uniform Material Coating,” IEEE Antennas and Propagation
Society International Symposium 1996 Digest (1996), pp 696-699.

5. P.E. Hussar and E.M. Smith-Rowland, “An Asymptotic Solution for Boundary-Layer Fields Near a
Convex Impedance Surface,” Journal of Electromagnetic Waves and Applications , (2002) Vol. 16, , No. 2,
pp- 185-208.

KEYWORDS: Antennas, Radiation Pattern, Radar Absorbing Material, Low Observability

AF04-T005 TITLE: Two-Dimensional Micro-Colloid Thruster Fabrication

TECHNOLOGY AREAS: Materials/Processes, Space Platforms

OBJECTIVE: Development of Silicon Micro-Fabrication Technology for colloid thruster emitter clusters,
complete and ready for spacecraft integration.

DESCRIPTION: Colloid Propulsion is a subset of Space Electric Propulsion, in which the accelerated
medium is a charged colloidal stream (a collection of charged nanometer-sized droplets), or following
recent developments, a collection of ions extracted from the same liquid. The acceleration is electrostatic,
and, significantly, no plasma is involved in the charged particle production. There are significant progress
made on the development of 1-D micro-fabricated colloid arrays operating in the regime with a single
Taylor cone per emitter, This research will extend the micro-fabrication range to 2-dimensional arrays,
which can provide much higher thrust density. A more compact arrangement, with fewer external assembly
steps would be possible if the emitters were arranged in a 2D array on the surface of the wafer. For
instance, even if the emitter-to-emitter spacing were increased to 340 micrometer, a square array of size 34
x 34 mm would contain 10,000 emitters, for a I. milliNewton total thrust. In addition, experimental and
analytical study of “highly stressed” multi-cone regime is necessary , as well as other potential regimes that
may provide alternative avenues towards high thrust per emitter, and hence high overall thrust density.

PHASE I: Investigation of 2D Colloid Array Architecture: Through a combination of modeling,
microfabrication and laboratory testing, to assess the relative advantages of several possible 2D
arrangements of colloid sources. A partial list of the configurations to be researched includes simple
through-wafer designs, porous substrates with impervious, perforated coverings, arrays of externally wetted
needles and fused bundles of stretched tubes.

PHASE II: Microfabrication of Colloid Thruster Array: design and fabricate, and test 2D initial prototype
demonstrator, completing fabrication of the thruster. Functional tests will be carried out at each iteration

step. Performance mapping will be performed.

DUAL USE COMMERCIALIZATION: Several miniaturized satellite configurations could benefit from
this thruster.

REFERENCES: 1. Luis F. Velasquez, Manuel Martinez-Sanchez and Akintunde Akinwande,
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“Development of a Micro-fabricated Colloid Thruster Array”. Paper JEPC-03-138, 28~ International
Electric Propulsion Conference, Toulouse (Fr), March 2003.

2. Paulo C. Lozano, Studies on the Ion-Droplet Mixed Re2ime in Colloid Thrusters. Ph.D. Thesis, MIT,
Feb. 2003.

3. Juan Fernandez de Ia Mora and 1.G. Loscertales, “The Current Emitted by Highly Conductive Taylor
Cones”. J. Fluid Mech., (1994), Vol. 260, pp. 155-184.

4. Jorge Carretero and Manuel Martinez-Sanchez, “Modeling Developments in Colloid Thrusters”, paper
IEPC-03-265, 28~" International Electric Propulsion Conference, Toulouse, (Fr), March 2003.

KEYWORDS: Satellite, electric propulsion, colloid array

AF04-T006 TITLE: User-Safe “Virtual Laboratory” Environment for High-Voltage
Radiation Source Experiments

TECHNOLOGY AREAS: Information Systems, Electronics, Weapons, Nuclear Technology

OBJECTIVE: Computer-based physics modeling capability for safely and inexpensively conducting basic
research on innovative high-voltage radiation source concepts.

DESCRIPTION: Electromagnetic radiation sources driven by high-voltage, high-current electron-beams
offer an immensely rich area of basic research opportunities. Applications abound from directed-energy
weapons and nuclear effects simulations for the DoD to novel imaging concepts for the commercial
medical community. Unfortunately, laboratory experiments on such sources currently require the use of
life-threatening and expensive high-power electronics. Stringent safety regulations often make such a
course of experimentation prohibitive to many talented researchers in both the university and industrial
R&D arenas. Fortunately, modern computational physics has advanced nearly to the point of being able to
accurately model the detailed science of such experiments.

Under this topic, researchers will create a state-of-the-art, object-oriented software environment expanding
upon proven particle-in-cell (PIC) electromagnetic simulation capabilities. This environment will form a
“Virtual Laboratory” for high-voltage radiation source research by precisely simulating their detailed
physics. To accomplish this, new modeling algorithms must be created for the first time to accurately
simulate the following: (1) Electron emission from a moving cathode plasma surface, (2) The scattering of
energetic electrons from metals and insulating materials, (3) High-voltage electrical breakdown on insulator
surfaces, (4) Intense heat fluxes, (5) X-ray generation and effects, and (6) Detailed structural visualization.

PHASE I: Design and describe the detailed software that will permit the realization of such a “Virtual
Laboratory.” This must include the complete theoretical formulations that will be used to create the
algorithms necessary for items (1) through (6) above.

PHASE II: Create a complete computer-based software system that will accurately model the physics
enabling “Virtual Laboratory” research into high-voltage radiation sources.

PHASE 1II DUAL USE APPLICATIONS: The resulting “Virtual Laboratory” environment will be
required by all scientists, engineers, and students involved in the design and/or fabrication of high-power,
electron-beam-driven sources of electromagnetic radiation. This includes not only military researchers
working on new communications, electronic warfare, nuclear weapons effects, or directed energy weapons
sources; but also civilian researchers in communications, radar, or the highly lucrative medical imaging
fields. Commercial profits on this software will probably be an order-of-magnitude greater than those from
the military.

REFERENCES:

1. JW Luginsland, et al., “Chapter 11: Computational Techniques” in High-Power Microwave Sources and
Technologies, RJ Barker & E. Schamiloglu, Eds., IEEE Press, New York, 2001.

2. CK Birdsall and AB Langdon, Plasma Physics via Computer Simulation, Institute of Physics Press,

AF-10



London, 1995.

KEYWORDS: high-power microwaves, nuclear effects simulation, computational physics

AF04-T007 TITLE: Real-Time Detector of Human Fatigue
TECHNOLOGY AREAS: Biomedical, Human Systems

OBJECTIVE: Develop and validate a non-intrusive system to estimate human alertness/fatigue status for
display in real-time.

DESCRIPTION: In many operational environments, any departure from alert human performance can
have extremely serious consequences. Recent technological and modeling developments provide an
opportunity for breakthrough developments in the area of real-time, continuous monitoring of fatigue.
Improvements in video and laser Doppler vibrometry (Andersen et al., 1997), machine vision algorithms,
bio-behavioral modeling and readiness-to-perform assessment techniques indicate that a real-time fatigue
monitoring system can be developed. One key challenge is to integrate multiple bio-behavioral measures
that can be remotely sensed, i.e., physiologically non-invasive and also non-intrusive with respect to the
primary task. Individualized sleep/wake/work histories and/or computations from an appropriate
mathematical model of sleep/wake dynamics should also be considered. A second key challenge is to
validate the system with respect to objective metrics of human performance.

PHASE I. Design a promising remote-sensing software/hardware system to acquire and process relevant
physiological and behavioral data in real-time. Design the system for use with workstations or other
configurations in which the human operator is seated and oriented to a workstation, but is not otherwise
constrained from making normal movements while seated. Develop a plan to validate the system. Report
preliminary tests to determine feasibility for continuous application and real-time display.

PHASE 1II: Build the system and implement a first-cut optimization by conducting, analyzing and reporting
validation tests with human operators in one or more simulated military command and control
environments. Use simulated task environments that (a) provide a dynamic, information-rich workload and
(b) permit an objective assessment, via task modeling, of expected standards of human performance. Relate
the system output and performance data to an appropriate mathematical model or algorithm for estimating
human fatigue.

DUAL USE COMMERCIALIZATION: This system will be useful in 24/7 military command and control
applications, such as a ship’s Combat Information Center (CIC) or an Air Operations Center (AOC), to
help assure optimal staffing and work-scheduling, as well as to assist operators in fatigue-management and
countermeasures for fatigue-induced errors. The system will be equally useful for fatigue risk management
in the operation of non-military emergency services and other civilian applications.

REFERENCES: 1. Anderson R, Bartels KE, Bass LS et al. (1997). Lasers in Surgery: Advanced
Characterization, Therapeutics, and Systems VII. Vol 2970 of Proceedings of Photonics West 1997, The
International Society for Optical Engineering (SPIE), Bellingham WA.

2. Dinges DF et al. (1998) Evaluation of Techniques for Ocular Measurement as an Index of Fatigue and
the Basis for Alertness Management. Dept of Transportation Report DOT HS 808-762, National Highway
Traffic Safety Administration, April 1998. (Available from National Technical Information Service,
Springfield, VA 22161)

3. Gilliland K, Schlegel RE (1997). A Laboratory Model of Readiness-To-Perform Testing. I: Learning
Rates and Reliability Analyses for Candidate Testing Measures. Technical report DOT/FAA/AM-97/5
Civil Aeromedical Institute, Oklahoma City OK.

4. Gray WD (2002). Simulated task environments: The role of high-fidelity simulations, scaled worlds,
synthetic environments, and laboratory tasks in basic and applied cognitive research. Cognitive Science
Quarterly, 2, 205-227.

5. Jewett, M. E., et al., (1999) Proceedings of the Workshop on Biomathematical Models of Circadian
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Rhythmicity, Sleep Regulation, and Neurobehavioral Function in Humans. Journal of Biological Rhythms,
14, (entire special issue) 429-630.

KEYWORDS: Fatigue monitoring, human performance, neurobehavioral assessment, operational
readiness, performance optimization

AF04-T008 TITLE: Automated Detection of Steganographic Content

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Design and build an automated “anti-steganography” application in the fashion of common
anti-virus applications.

DESCRIPTION: Because of the availability of steganographic software as both freeware and licensed
software, it is becoming increasing easier to steganographically embed data within media files. This
creates a need for an application that can detect the presence of steganography in such files, alert the user to
its presence, and quarantine the file to minimize the impact of the embedded content on the user’s system.
This application should run both unobtrusively in the background and in a manual mode, and provide the
user the capability to scan all email attachments, downloaded materials and accessed files with an
appropriate steganalysis algorithm, reporting any abnormal results (i.e. the presence of steganography).
The program should be written in such a way as to allow the user to customize the scope of the checking
(i.e. specify folders, filetypes, etc.) as well as the algorithms used. Most importantly, the application should
be written in an extensible manner with a published Application Program Interface (API) that allows for the
insertion of both new and improved algorithms. Due to the changing nature of the field, this equates to
constructing an application that would act as a scanning engine, able to run any steganalysis technique
implemented to interface with the engine. Such an application would give the user a level of protection
from embedded content in much the same way as virus scanning software does today, and like virus
scanning software provide extensibility to detect new and even novel embedding that may be developed in
the future.

PHASE I: Design and implement an anti-steganographic engine that checks for the presence of
steganography in media files. The application should be extensible and allow for the automatic and manual
checking of files, and perform checks unobtrusively. The application should be customizable and allow for
additional features to be added by way of a robust, published APIL.

PHASE II: Implement algorithms for the engine developed in Phase I, and thoroughly test and verify the
software. The algorithms selected for development should be deemed both relevant, robust, and on the
cutting edge of the current work being done in the area. These implementations shall then be used to
thoroughly test and tweak the application, and to evaluate the end product for its usefulness and the validity
of the approach.

DUAL USE COMMERCIALIZATION: Demonstrate the flexibility of the design by extending the engine
and algorithms to work in a web-environment with minimal rework and re-engineering. The resulting
application should interface with a well-known and widely used browser (such as Internet Explorer or
Netscape) through that browser’s published interface. The intent of this application would be to scan media
downloaded into the browser for steganographic content, and alert the user when such content is
discovered. When content is discovered, the user should be given the capability to quarantine and/or flag
the content for further investigation. This application would have similar commercial potential to virus
software and might be expected to included in current virus software packaging.

REFERENCES: 1- J. Fridrich and M. Goljan, "Practical Steganalysis of Digital Images — State of the Art",
Proc. SPIE Photonics West, Vol. 4675, (Security and Watermarking of Multimedia Contents IV), San Jose,
January 21-24, 2002, pp. 1-13.

2- J. Fridrich, M. Goljan, and R. Du, “Detecting LSB Steganography in Color and Gray-Scale Images”,
Magazine of IEEE Multimedia, Special Issue on Security, October-November issue, 2001, pp. 22-28.
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3- J. Fridrich, M. Goljan, and D. Soukal, “Higher Order Statistical Steganalysis of Palette Images”, Proc.
SPIE: Electronic Imaging 2003, Security and Watermarking of Multimedia Contents. Santa Clara,
California, January 2003.

4- 1. Avcibas, N. Memon, B. Sankur, “Steganalysis Based on Image Quality Metrics”, IEEE Transactions
on Image Processing, 2002.

5- Chandramouli,R. and Trivedi,Shalin, “Active Steganalysis of Sequential Steganography”, Prof. SPIE
Security and Watermarking of Multimedia Contents, Calif., 2003

KEYWORDS: Steganalysis, Anti-Virus, Malicious Code

AF04-T009 TITLE: Automated Design Optimization for Hypersonic Plasma-Aerodynamics

TECHNOLOGY AREAS: Air Platform, Materials/Processes

OBJECTIVE: Develop an automated design optimization tool for electromagnetic control of hypersonic
flow.

DESCRIPTION: Over the last few years, a great deal of interest has arisen in the use of hypersonic flow
control methods based on weakly-ionized plasmas and strong applied magnetic fields. Military
applications include heat transfer mitigation on reentry vehicles and magnetohydrodynamic bypass
concepts for scramjet-powered vehicles. Civilian dual-use applications include ignition of combustion in
engines, materials processing, biological sterilization procedures, and electronics manufacturing.
Numerical methods for simulating these systems, such as those used in the AFRL FDL3DI-mhd code, have
matured to the point where it is feasible to consider work on automated design optimization methods for
electromagnetic flow control (Poggie & Gaitonde, 2002).  Adjoint aerodynamic shape optimization
methods, for example, have been highly successful for the transonic flight regime (Jameson et al, 2003),
and could be adapted for the hypersonic regime and ionized gas flow. Possible topics include, but are not
restricted to: optimization of vehicle shape to obtain maximal electrical conductivity, optimization for
maximum power extraction from an Magnetohydrodynamic (MHD) generator, minimization of total heat
load, and maximization of control moments. Emphasis is placed on methods that incorporate the physics of
the problem in a highly optimized algorithm.

PHASE I: Develop computer code for solutions of compressible, viscous flow with non-equilibrium
chemical kinetics and capability to predict electrical conductivity. Develop solver for corresponding
adjoint equation system. Carry out exploratory computations to find optimal body shape to maximize
electrical conductivity for external flow control applications. Optimal seeding with alkali metals may be
explored. Incorporate reduced-order model of MHD generator/pump into code as boundary condition.
Explore optimization for minimum heat transfer, maximal control force generation, or maximum power
extraction.

PHASE II: Expand capabilities of computer code to include magnetohydrodynamic equations in the low
magnetic Reynolds number approximation. Develop solver for corresponding adjoint equation system.
Apply code to hypersonic reentry flow, explore optimization for minimum heat transfer, maximal control
force generation, or maximum power extraction.

DUAL USE COMMERCIALIZATION: Develop existing code into robust, general-purpose, automated-
design tool with potential for commercialization. Explore application of code to problems of commercial
and military interest. Explore design optimization of atmospheric entry vehicle utilizing electromagnetic
control concepts.

REFERENCES: 1. Poggie J, Gaitonde D V (2002) Magnetic control of flow past a blunt body: Numerical
validation and exploration. Phys. Fluids 14:1720-1731

2. Jameson A, Sriram, Martinelli L (2003) A continuous adjoint method for unstructured grids. ATIAA
Paper 2003-3955
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AF04-T010 TITLE: Organic Based Flexible Transistors and Electronic Devices

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

OBJECTIVE: Develop organic and polymer based transistors and electronic devices on flexible substrate
to enable fabrication of smart skins and conformal electronic structures.

DESCRIPTION: Organic and polymeric based transistors have been fabricated. These devices can be
processed on flexible substrates and at temperature much lower than conventional transistors. These
features make this technology ideal for integration with other complex functionalities such as flexible
memory, flexible waveguides and flexible photovoltaics to form conformal smart skins and multifunctional
structures with built in signal processing and functional control circuitry for Air and Space applications.
The performance of these transistors however is not high, mainly because of low charge mobility in the
organic and polymeric materials in comparison with conventional semiconducting materials. Current state-
of-the-art mobility figures for polymers are typically below 10-2 cm2/Vs, and 0.01 to 0.1 cm2/Vs for well
ordered small molecules. This research topic will seek to improve the performance of the mobility of these
materials by 2 orders of magnitudes, (polymers to 1 cm2/Vs and small molecules to 10 cm2/Vs). Such
improvement will enable high external efficiency Light Emitting Diodes with 10-20% external efficiency
and pro-longed service life, thin film transistors with expanded bandwidth and performance level suitable
for logic and memory applications for medium to large density ICs.

The research should include innovative approaches to improve the charge mobility of the organic phase to
enhance the performance of the transistors. In addition to electronic transistors, other electronic devices
can be included. Issues relating to balanced charge (electron and hole) mobility in devices should be
considered. Device design and fabrication techniques appropriate for the material technology should be
implemented to fabricate devices for performance testing. Testing should be conducted to compare with
published performance level of polymer and organic transistors and relevant devices, and with devices
based on amorphous silicon technology.

PHASE I: Assess approaches to improve charge mobility, and to address charge-balancing issues, if
necessary, in organic and polymeric phases. Simple device structure will be fabricated to give indication of
device performance.

PHASE 1II: Continue development of the concept and demonstrate the improvement of performance over
current polymer transistor technology and devices based on amorphous silicon technology.

PHASE III DUAL USE APPLICATION: Successful demonstration of the concept will lead to many
applications of the technology in civilian markets. These can include flexible displays, low cost electronic
papers, smart membranes and textiles, and smart structures in automotive and transportation industry.

REFERENCES:

1. Babel, S.A. Jenekhe, Adv. Mater. 14, 371, (2002)

2. J. M. Nunzi, Comptes Rendus Physique 3, 523-541 (2002)
3. M. D’lorio, Can. J. Phys. 78, 231-241 (2000)

KEYWORDS: Polymer based transistors, polymer electronic devices

AF04-T011 TITLE: Cooperative Tracking of Moving Targets by Teams of Autonomous
Unmanned Air Vehicles

TECHNOLOGY AREAS: Information Systems, Ground/Sea Vehicles, Sensors, Electronics, Battlespace
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OBJECTIVE: Demonstrate the capability of small autonomous Unmanned Air Vehicles (UAVs) to
cooperatively find, acquire and track multiple moving ground or sea-based targets.

DESCRIPTION: Many proposed concepts of operation involving teams of UAVs include cooperative
autonomous behavior to execute distributed sensing functions. Use of teams of low cost UAVs would
allow inexpensive, persistent Intelligence, Surveillance & Reconnaissance (ISR) and Battle Damage
Assessment (BDA) under cloud layers. Cooperative operation of multiple UAVs using various payloads
(video Electro-Optic (EO), Infrared (IR), laser designators, etc) further extends the potential mission
scenarios. Of interest in many applications is the potential to use teams of UAVs to find, acquire and track
moving ground targets in a stealthy manner. Current state-of-the-art for small ground launched UAVs
allows extended semi-autonomous operations with visual and IR cameras for ground surveillance. The
avionics packages for these vehicles are sufficiently mature to support reasonably sophisticated mission
profiles. Algorithms that lock onto the pixels or targets of objects specified by the user will need to be
adaptively tracked as the perspective, light, and motion of the target(s) vary. On-going research in
cooperative, coordinated path and mission planning for multiple UAVs will produce the necessary flight
path control algorithms to enable the UAVs to execute the distributed sensing functions while adapting in
real time to changing, uncertain conditions. The range and endurance capabilities of small UAVs now
allow operations of up to 24 hours and several thousand miles. Even though these capabilities are now
feasible in UAVs at low enough cost to make the vehicles selectively attritable, thus extending the potential
utility in high exposure scenarios, realistic applications will still require that the tracking be conducted at
stand-off distances to increase the stealth of the surveillance. Thus, in order to execute Cooperative Search,
Acquisition and Tracking (CSAT) missions, a major technology challenge will be to integrate stand-off line
of sight trajectory following with the cooperative path and mission planning capabilities. This integration
will need to account for the characteristics of the sensors to be used as well as the required inter-vehicle
communications.  Since it is expected that the moving targets will employ terrain masking to escape
surveillance, real time estimation algorithms to construct likely target paths will need to be incorporated.
Tracking targets from multiple UAVs requires that trajectories be expressed in a common geographical
coordinate system. Therefore, in order for UAVs to cooperate, tracking must not only be in sensor
coordinates, but also in geographical coordinates. Geo-referenced target trajectories and descriptions based
on multiple sensors and UAVs are stored in a common database, which can either reside in a ground
station, or onboard the UAVs. The database serves as a data fusion system, and provides the data necessary
for UAV flight planning. The estimated movement of the targets then will have to be integrated into the
UAV intra-team task allocation and associated path planning algorithms. Integration of the payload
processor hosting the CSAT algorithms with the primary UAV flight control and communications
processor will be required.

PHASE I: Identify suitable UAV platforms and ground targets for concept demonstration to focus
development activities. Assess candidate target tracking algorithms that are robust enough for the candidate
sensor suites. Develop an architecture for tracking onboard the UAV or with ground station control.
Assess sensors, guidance and control methodologies for the autonomous search, acquisition and tracking
mission. Develop an approach for modeling typical scenarios. Develop an integration plan for
incorporating on-board dynamic cooperative path and task planning algorithms with path following for
constant line of sight constraints and the communications requirements. Define the integration interface
with primary UAV flight avionics. Develop an implementation and test plan for Phase II including
hardware-in-the-loop simulation.

PHASE II: Improve target tracking algorithms and code in real-time for either ground-station or on-board
implementation. Refine models and control laws developed in Phase I. Perform a physical demonstratio