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ADVANCED RESEARCH PROJECTS AGENCY 
 

Submission of Proposals 
  
The responsibility for carrying out ARPA's SBIR Program rests with the Office of Administration and Small Business.  
The ARPA Coordinator for SBIR is Ms. Connie Jacobs.  ARPA invites the small business community to send 
proposals directly to ARPA at the following address: 
 
ARPA/OASB/SBIR 
Attention:  Ms. Connie Jacobs 
3701 North Fairfax Drive 
Arlington, VA  22203-1714 
(703) 696-2448 
 
The proposals will be processed in the Office of Administration and Small Business and distributed to the appropriate 
technical office for evaluation and action. 
 
 
ARPA has identified 86 technical topics, numbered ARPA 94-001 through ARPA 94-086, to which small businesses 
may respond in the first fiscal year (FY) 94 solicitation (94.1).  Please note that these are the only topics for which 
proposals will be accepted at this time.  Proposals can no longer be accepted on those previously advertised 87 
technical topics which were numbered ARPA 93-033 through ARPA 93-119.  A list of the topics currently eligible for 
proposal submission is included below, followed by full topic descriptions.  The topics originated from ARPA technical 
offices. 
 
 
ARPA's charter is to help maintain U.S. technological superiority over, and to prevent technological surprise by, its 
potential adversaries.  Thus, the ARPA goal is to pursue as many highly imaginative and innovative research ideas and 
concepts with potential military and dual-use applicability as the budget and other factors will allow.  In the early years 
of the SBIR program most of the promising Phase I proposals could be funded, but as the program's popularity 
increased, this became more and more expensive.  ARPA therefore instituted program changes to fund more Phase Is.  
These included increasing the number of SBIR topics, and setting more funds aside for Phase I proposals.  In order to 
do this and still have a reasonable amount of funds available for the further development of promising Phase Is, the 
Phase II awards are limited to $375,000; however, additional funding may be available for optional tasks. 
 
 
ARPA selects proposals for funding based upon technical merit and the evaluation criteria contained in this solicitation 
document.  As funding is limited, ARPA reserves the right to select and fund only those proposals considered to be 
superior in overall technical quality and highly relevant to the ARPA mission.  As a result, ARPA may fund more than 
one proposal in a specific topic area if the technical quality of the proposals in question is deemed superior, or it may 
fund no proposals in a topic area.  Each proposal submitted to ARPA must have a topic number and can only respond 
to one topic. 
 
ARPA has prepared a checklist to assist small business activities in responding to ARPA topics.  Please use this 
checklist prior to mailing or hand-carrying your proposal(s) to ARPA.  Do not include the checklist with your proposal. 
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ARPA 1994 Phase I SBIR 
Checklist 

 
1)  Proposal Format 
 
 a. Cover Sheet - Appendix A (identify topic number)  ______  
 
 b. Project Summary - Appendix B  ______  
 
 c. Identification and Significance of Problem or Opportunity  ______  
 
 d.  Phase I Technical Objectives  ______  
 
 e. Phase I Work Plan  ______  
 
 f. Related Work  ______  
 
 g.  Relationship with Future Research and/or Development  ______  
 
 h. Potential Post Applications  ______  
 
 i. Key Personnel  ______  
 
 j. Facilities/Equipment  ______  
 
 k. Consultants  ______  
 
 l. Prior, Current, or Pending Support  ______  
 
 m. Cost Proposal - Appendix C  ______  
 
 n. Prior SBIR Awards  ______  
 
2)  Bindings 
 
 a. Staple proposals in upper left-hand corner.  ______  
 
 b. Do not use a cover.  ______  
 
 c. Do not use special bindings.  ______  
 
3)  Page Limitation 
 
 a.  Total for each proposal is 25 pages inclusive of cost proposal (Appendix C) and resumes.  ______  
 
 b. Beyond the 25 page limit do not send appendices, attachments and/or additional references.  ______  
 
4)  Submission Requirement for Each Proposal 
 
 a. Original proposal, including signed RED Appendices A and B.  ______  
 
 b. Four photocopies of original proposal, including signed Appendices A and B.  ______  
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 c. One additional photocopy of Appendices A and B only.  ______  
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ARPA 94-073 Airborne Surveillance Radar Detection, Tracking and Handover Concept Demonstrations 
 
ARPA 94-074 Real-Time Processor Packaging Concepts for Tactical Missiles 
 
ARPA 94-075 Verification and Validation of Distributed Artificial Intelligent 
 
ARPA 94-076 Application of Self-Referential Logics and Related Mathematics to Autonomous Systems and 

Interactive Environments 
 
ARPA 94-077 Planning and Decision Aids:  Decision Theory-Based Economic Analysis 
 
ARPA 94-078 Voice Recognition for Identity Monitoring and Validation 
 
ARPA 94-079 Spatial/Semantic Database 
 
ARPA 94-080 Image Understanding Architectures Suitable for Hybrid Neural Net/Conventional Computers  
 
ARPA 94-081 Common Automated Test Systems (ATS) for Factory and Field Use 
 
ARPA 94-082 Spoken Language for Hands-Free Applications in Health Care 
 
ARPA 94-083 Simulation Query Languages 
 
ARPA 94-084 Software to Acquire Remote Objects 
 
ARPA 94-085 Hand-Held Computing for Highly Mobile Use 
 
ARPA 94-086 Low-Cost Virtual-Reality Environments 
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 ARPA Topic Descriptions 
 
 
ARPA 94-001  TITLE:  High Information Rate High Frequency (HF) Radio Link as an Extension to ATM/SONET 

for Supporting Integrated Services Digital Network (ISDN) 
 
CATEGORY:  6.2 Exploratory Development; Telecommunications 
 
OBJECTIVE:  Develop, simulate, and test, in on-the-air real time, modulation, coding and beam forming algorithms, 
and protocols necessary to interoperate an HF radio link with an Asynchronous Transfer Mode/Synchronous Optical 
Network (ATM/SONET) backbone supporting ISDN or broadband ISDN (B-ISDN) applications. 
 
DESCRIPTION:  The HF band (2-30 MHZ) is of interest to military and commercial mobile users because it is one of 
the few propagation media, along with meteor burst and satellite, that, with modest equipment size and power, can 
support beyond line-of-sight (BLOS) communication over 1800 kilometers (km) without intermediate relays.  One of 
HF's unique characteristics is that it can propagate over hundreds of kilometers with little more than distance-squared 
spreading losses.  Although HF is generally used as a narrowband channel, it has been known for some years that HF 
can theoretically support information rates almost as high as an otherwise equivalent non-fading white Gaussian noise 
channel.  To realize high rates at HF, however, the energy from multiple paths must be efficiently used, and undesired 
directional signals or external noise must be reduced to near-thermal levels.  In order to support modern integrated 
voice and data services applications, the link must be automatically managed to cope with the ever-changing ionosphere 
and to efficiently control errors.  Interfaces with an ATM/SONET backbone network must be transparent to the user of 
the application.  The goal of this SBIR is to demonstrate at least an order of magnitude or greater information rate 
improvement over conventional HF radio using a path that is at least 1600 km long.  The goal rate is 64 Kbps.  Another 
goal is to demonstrate transportable BLOS HF radio extension to an ATM/SONET backbone network using ISDN or 
B-ISDN standards.  Applications for high rate HF include emergency long haul communication to support disaster 
relief to manage crises, and to link remote operations centers with a corporate network.  High rate HF also supports 
inter-echelon communication in a battlespace.  In all potential applications, remote sites can be on land or on ships at 
sea. 
 Phase I:  Identify the design approach, algorithms and signal processors, and radio frequency (RF) equipment 
needed to achieve reliable use of the HF channel at rates up to 64 Kbps and to support near-seamless ISDN/B-ISDN 
interfaces.  Analyze or simulate the performance of the proposed design over a variety of sunspot numbers, 
interference, and channel conditions.  Produce a final report on the approach and results of the analysis/simulations.  
Prepare a cost/performance trade-off study comparing the 5-year operating cost of a high rate HF link compared to 
commercial alternatives for linking remote or mobile stations with an ATM/SONET backbone. 
 Phase II:  Select and acquire the real time signal processing equipment.  Implement the signal processing and 
beam forming, and link and network algorithms in digital signal processors and/or general purpose computers to run in 
real time on a simulated channel.  The channel should be sufficiently complex so as to stress the performance limits of 
the system, but the channel need not be a general purpose channel simulator.  Prepare a final report on the test results, 
including an analysis of the performance of the system design in the simulated channel. Identify and analyze significant 
differences between predicted and actual performance, and identify corrective design actions. 
 
COMMERCIAL POTENTIAL:  The use of HF to link remote, mobile, or land-based nodes to an ATM/SONET 
network recognized for crisis management, emergency communications, or as a cost-effective and/or private alternative 
to existing commercial satellites. 
 
 
ARPA 94-002  TITLE:  Modulation and Coding Concepts to Achieve Jamming Suppression for High Data Rate 

Global Grid Communications 
 
CATEGORY:  6.2 Exploratory Development; Communications Networking 
 
OBJECTIVE:  Investigate and demonstrate innovative methods of modulation and coding for high data rate Global 
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Grid communications in jamming environments.  Evaluate the performance of these methods in suppressing various 
jammer effects. 
 
DESCRIPTION:  Global Grid is a concept for a future global communications infrastructure serving the full 
complement of DoD communications needs.  To satisfy this concept, Global Grid will encompass services for both 
fixed users, such as those provided by a fiber optic grid, and for mobile and tactical users.  These untethered mobile 
users must gain access to the fiber grid, primarily through radio and satellite links, to exchange data and function as a 
part of a joint operating force.  To achieve full operational effectiveness, high data rate service will be needed to 
exchange a variety of mission-related information.  Satellite links have a unique value in being able to interconnect 
isolated cells of forces with no restrictions on operating range.  However, satellite links can be vulnerable to a variety of 
jammer types and jammer power levels.  Of particular interest are tactical threat level jammers.  Modulation and coding 
techniques have been developed and implemented to enable operation of satellite links at low and medium data rates in 
the presence of jammers.  The evolving applications of untethered users to be served by Global Grid will require 
reliable communications at data rates greater than 1.544 Mbps.  This research is to investigate and develop innovative 
modulation and coding methods that are effective in permitting operation of satellite links with low bit error rates at 
data rates greater than 1.544 Mbps in a variety of jamming environments.  The investigator will evaluate proposed 
modulation and coding techniques for performance against a variety of jammer types and levels.  The investigator will 
also identify feasible data rates at selected jammer power levels.  Proposed methods that provide sufficient performance 
improvement over methods currently in use or currently being implemented will be considered for further development 
and implementation.  If this development is successful, opportunities will exist to incorporate implementations of these 
methods into the next generation of military satellite terminal equipment or upgrades of existing military equipment to 
support expanded capabilities of satellite communications in the Global Grid. 
 Phase I:  Identify and describe proposed modulation and coding methods and perform a theoretical analysis of 
the performance of those methods in a jamming environment.  Performance, in terms of the maximum feasible user link 
data rates, will be estimated for a representative sample of jamming signal types and power levels.  Satellite, earth 
terminal, and jammer capabilities and constraints used in the analysis will be identified.  The investigator will compare 
the results obtained with the results achievable using existing or planned modulation and coding methods. 
 Phase II:  If the performance improvement of the proposed method over existing methods is sufficient, 
determine the feasibility of implementing the proposed method and demonstrate a prototype capability.  This portion of 
the research will include development of functional algorithms and may include development or modification of 
equipment items or software.  The implementation should be developed to a sufficient level of prototyping to 
demonstrate the methods proposed and to verify that the methods can achieve the estimated performance levels. 
 
COMMERCIAL POTENTIAL:  This work may lead to modulation and coding techniques that could support multiple 
access protocols for commercial systems, analogous to the relationship of commercial CDMA techniques and military 
spread spectrum techniques. 
 
 
ARPA 94-003  TITLE:  Adaptive Intelligent Signal Processing Concepts for Identification and Exploitation of 

Spectral Signatures in Communications Systems 
 
CATEGORY:  6.2 Exploratory Development; Communications Networking 
 
OBJECTIVE:  Investigate and demonstrate concepts for using adaptive signal processing techniques to identify and 
exploit radio frequency (RF) spectral signatures used in communications systems. 
 
DESCRIPTION:  Modulation and coding techniques used for RF transmissions vary within and between frequency 
bands.  These differences prevent direct interoperability between users with different equipment or missions.  To 
overcome these differences, interoperability is traditionally established by using multiple sets of equipment, 
interchanging equipment modules, or routing traffic through gateways to translate protocols and signals.  Limited 
capability interoperable modes of operation are being introduced as new types of equipment are fielded.  These 
techniques generally will not provide acceptable levels of performance and capacity to future untethered users of the 
Global Grid communications infrastructure.  These users must be able to communicate, without prior knowledge of 
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local network capabilities and directly with other mobile users, as well as with fixed users accessed through fiber optic 
grid connections points.  To overcome the limitations of current interoperability techniques in a future Global Grid 
communications network, innovative new ways of adapting equipment to a variety of modulation and signal waveforms 
are required.  The use of digital signal processing techniques in RF communications equipment implementations 
provides an opportunity to develop adaptive systems.  With such a system, if the desired network signal waveform is 
known, the radio can be programmed to transmit and receive compatible signals for network interoperability.  Under 
the envisioned application, this concept would be expanded to enable a radio to identify RF networks of interest 
through spectral signature analysis and adapt itself to be interoperable with the desired signal.  The investigator should 
develop and evaluate methods of implementing this concept using intelligent signal processing techniques to identify 
spectral signatures and to adapt the radio to one or more signature waveforms of choice for network access and 
operation.  A further application may be to extract desired signals from other user signals, noise, or jamming signals by 
virtue of exploitable spectral properties of the desired signals. 
 Phase I:  Develop methods of analyzing spectral signatures of RF communications signals and define 
algorithms for implementing those methods using digital signal processing techniques.  In addition, a process for 
activating transmit and receive waveforms that are compatible with the selected spectral signature will be developed 
that can be implemented using digital processing techniques. 
 Phase II:  The methods developed in Phase I will be prototyped to a level that permits the functionality of 
spectral signature recognition and adaptive waveform processing to be demonstrated for several common waveform 
types used in military radio communications. 
 
COMMERCIAL POTENTIAL:  If this development is successful, opportunities will exist to incorporate 
implementations of these methods into both military and civil radio communications equipment. 
 
 
ARPA 94-004  TITLE:  Electric and Hybrid Vehicle Power Control 
 
CATEGORY:  6.2 Exploratory Development; Propulsion and Vehicular Systems 
 
OBJECTIVE:  Develop and prototype a full four-quadrant electric motor controller for use in electric passenger 
vehicles. 
 
DESCRIPTION:  The regulation and control of electric power within an electric vehicle (EV) or a hybrid electric 
vehicle (HEV) is key to the efficient and safe operation of the vehicle.  Advanced power controllers are sought with 
reduced cost, improved efficiency and increased capability to control onboard auxiliary power sources.  The controllers 
must provide full four-quadrant control of an AC induction, DC brushless or DC brush commutated electric motor in 
the 60 to 80 horsepower range.  Solid state power electronics such as Insulated-Gate Bipolar Transistors (IGBTs) or 
MOS Controlled Thyristors (MCTs) may be proposed provided that the completed design can be cost-effectively mass 
produced using devices that are likely to be commercially available within two years.  Control characteristics must 
include high starting torque, good efficiency over the full speed/torque envelope, and smooth control of both motor 
torque and output speed.  The combination of the motor and controller must be sufficient to provide a 4,200 pound 
vehicle with gradeability of at least 20 percent and a top speed of at least 55 mph.  If a multi-ratio gearbox is required, 
the power controller shall have the capability of controlling electric motor speed during the shift. 
 Phase I:  Design a full four-quadrant electric motor controller for use in electric passenger vehicles.  The 
controller shall be designed for an AC induction, DC brushless or DC brush commutated motor of 60 to 80 horsepower 
such that the controller/motor combination offers the greatest possible overall motor/controller efficiency over the full 
speed/torque envelope of the motor while concurrently providing a low cost design that can concurrently accept and 
control power input from an auxiliary power unit.  Define experiments and strategy to test the design. 
 Phase II:  Develop, prototype, and demonstrate the full four-quadrant electric motor controller.  Integrate into 
an electric or hybrid electric vehicle and demonstrate.  Extrapolate costs for production.  Deliver associated 
documentation and testing strategy to compare to predictions. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists with current and future commercial vehicles. 
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ARPA 94-005  TITLE:  Critical Process Modeling of Economic and Production Systems Supporting Development 

and Proliferation of Weapons of Mass Destruction (WMD) 
 
CATEGORY:  6.2 Exploratory Development; Industrial Production 
 
OBJECTIVE:  Demonstrate a proof-of-concept model of the economic/industrial infrastructure supporting the 
development and proliferation of WMD.  The model should simulate critical inputs, processes/procedures, internal and 
external relationships, and outputs in the WMD acquisition process as conducted by either national or extra-national 
entities (e.g., terrorist organizations). 
 
DESCRIPTION:  The pursuit of WMD by developing nations and extra-nationalist organizations (e.g., terrorist groups) 
has emerged as a critical national security issue.  In order to provide warning of an attempt by a country or organization 
to acquire nuclear, chemical, or biological weapons; conduct a successful diplomatic, economic, or military counter-
proliferation policy; or seek to interdict the flow of knowledge and technology, it is first necessary to understand the 
processes by which potential adversaries of any kind would acquire WMD or proliferate them to second and third 
parties.  Modeling the critical economic and industrial processes associated with WMD acquisition is the first step in 
determining (1) the potential threat caused by a proliferator and (2) the critical nodes and key weakness that could be 
exploited to halt, reverse, or neutralize the acquisition of WMD.  This SBIR solicitation calls for the development of a 
proof-of-concept critical processes model which will support investigations into the following areas with respect to the 
activities of potential proliferators:  (1) Intent to develop WMD:  Given the acquisition of certain materials, personnel, 
data, etc. and the current indigenous technological infrastructure in a given country, what is the likelihood that these 
activities point to an effort to acquire WMD?; (2) Type of WMD and/or delivery system(s) sought: What kind of WMD 
capability do the inputs indicate is being pursued?; and (3) What are the critical nodes in the acquisition path chosen by 
the potential adversary: How can the effort to acquire WMD be interdicted and neutralized, and precisely where are the 
critical nodes in the process? 
 Phase I:  Demonstrate a proof-of-concept capability to model the critical economic and production processes 
associated with the development and proliferation of WMD.  The model should be generic in that it is not "hard wired" 
to a certain type or family of WMD (e.g., nuclear weapons).  The demonstrated proof-of-concept can focus on a single 
type of WMD and/or delivery system; however, the accompanying technical report must discuss the model's capacity 
for incorporating other types of WMD and delivery systems and the methods by which such a scale-up will be achieved 
in Phase II.  The proof-of-concept model must demonstrate the potential to support the WMD proliferation warning, 
monitoring, interdiction, and elimination missions.  Thus, the model must involve a dynamic portrayal of the critical 
linkages within the economic and industrial processes that produce nuclear, chemical, and biological weapons and their 
associated delivery systems.  The model must demonstrate the capability to assimilate and display the consequences of 
varying key input parameters such as material, expertise, time, existing technical and military infrastructure, etc. 
 Phase II:  Develop an operational prototype, which can be evaluated by subject matter experts, with respect to 
historical proliferation cases.  The prototype will be robust enough to demonstrate the utility of this type of technology 
by operating against one or more WMD proliferation case studies.  The number of case studies targeted by the 
developer should vary inversely with the complexity of the given cases.  The operational prototype must be capable of 
demonstrating analytical value-added to the proliferation warning, monitoring, interdiction, and elimination missions 
within the context of a given case study.  The user interface for the Phase II model must support demonstrations for, 
and model evaluations by, subject matter experts in WMD proliferation who will have varying levels of computer 
literacy. 
 
COMMERCIAL POTENTIAL:  The commercial potential of critical economic and production process modeling is 
significant.  In the areas of market planning and quality control, this type of technology will allow commercial 
organizations to sharpen their competitive edge in international markets by understanding the ability of a target 
country's economy and industry to absorb and utilize a given product, as well as what type of customization is required 
to match a given product line to an overseas market niche. 
 
 
ARPA 94-006  TITLE:  Selective Area and Facility Denial Technologies 
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CATEGORY:  6.2 Exploratory Development; Sensors and Electronic Combat 
 
OBJECTIVE:  Develop and demonstrate a new method(s) that will allow U.S. commanders the capability from a 
standoff location to selectively deny an adversary access to facilities/areas that are nominally under adversary control. 
 
DESCRIPTION:  An option available to policy makers in time of war (or pre war) is to declare "exclusionary zones," 
i.e., areas or regions that are not being occupied.  This is useful for halting the use of buildings/facilities that are 
determined to be producing weapons of mass destruction (WMD) and for countering infiltration across customs 
boundaries.  The methods currently available include passive measures such as mines and/or active surveillance 
coupled with detection-response measures.  The need exists for new methods to keep personnel out of areas and 
facilities that are selective to small regions (<1 km square), have minimum collateral damage, are easily detectable 
without special equipment, are difficult for targeted individuals to counter, are readily disabled by friendly forces or 
authorities, have long persistence (>1 month) and are affordable from both an initiation and maintenance perspective.  
The methods of employment to be considered may include aircraft-delivered agents, standoff irradiation, robotics 
(nano-, micro-, standard), and manual emplacement. 
 Phase I:  Design and analyze selected denial technologies/approaches.  The approach presented must be 
examined for its ability to deny access, its detectability, ease of countering, persistence, and cost.  A selected laboratory 
or prototype demonstration would also be useful. 
 Phase II:  Demonstrate the method's ability to provide the capabilities addressed in Phase I.  The 
demonstration could be either in the field or within a laboratory environment, and would show critical performance 
factors.  A design is also required that shows how the demonstrated approach would scale to operational values. 
 
COMMERCIAL POTENTIAL:  The ability to rapidly and selectively cordon off areas or buildings has commercial 
potential for law enforcement and security providers as aids in controlling access to protected areas. 
 
 
ARPA 94-007  TITLE:  Computational Models of Human Organization Dynamics 
 
CATEGORY:  6.2 Exploratory Development; Human-Systems Interfaces 
 
OBJECTIVE:  Develop a model that is both descriptive and predictive of the dynamic interactions within an 
organization and the input/output relationships of the organization.  Demonstrate the model's utility on selected case 
studies and extend the modeling capability to organizations in general. 
 
DESCRIPTION:  At the top level, the behavior of an organization is evidenced by the observed behaviors of the 
individual entities that compose it.  Taken separately, the individual behaviors often appear chaotic and/or random.  
Key to understanding and predicting the behaviors of adversaries and allies alike is the ability to place the point 
observations made about specific individuals within the context of their parent organization.  This is usually done by 
organization "experts" or analysts that are familiar with the context of the parent organization.  The resultant process is 
subject to bias and can be in itself subject to the same forces that made the initial observation set difficult to interpret.  
Models are required to give this analysis and interpretation activity structure and rigor.  The models must account for 
the evolution of strategies, behavior selective mechanisms, transactions between and among sub-organizations and the 
reinterpretation of external observables into internal constructs. 
 Phase I:  Demonstrate a selected approach to modeling organizational dynamics applied to either a case study 
of a particular organization or a simulated one.  The utility of the model to measuring behaviors at the aggregate and 
specific entity level must be shown.  Summaries of the behaviors that show intent and evolution of organizational 
strategies would also be useful. 
 Phase II:  This effort requires the in-depth modeling of an organization of specific interest to the problem of 
counter proliferation.  A specific organization (friendly or hostile) will be selected and the model will be developed 
using the principles established in Phase I.  Key parameters such as organizational efficiency, intent, and stability will 
be measures. 
 



 

 

 
 

ARPA 21

COMMERCIAL POTENTIAL:  The modeling product would be very useful in analyzing markets and predicting 
internal behaviors of companies from both the inside and outside. 
 
 
ARPA 94-008  TITLE:  Multi/Hyperspectral Image Characterization 
 
CATEGORY:  6.2 Exploratory Development; Software 
 
OBJECTIVE:  Identify/define innovative algorithms for pre-processing spectral sensor data to form quantitative 
representations of objects.  Automated spectral signature recognition of objects would facilitate direct use of 
multispectral data in civil and defense applications by a moderately trained operator. 
 
DESCRIPTION:  Multi/hyperspectral imagery has demonstrated value in a broad range of civil and defense 
applications.  Landsat Thematic Mapper data sets are perhaps the most widely used today, but advanced Landsat 7, 
HYDICE, and others promise superior performance in the near future.  A vital application of this data for both 
government and commercial applications is classification/characterization of the various components (materials 
composing objects and features) of the imaged scene.  Several algorithms have been developed and applied in the past 
using high level multipixel approaches.  ARPA wishes to examine the application of more innovative and capable 
approaches and algorithms, and prototype them into readily usable, quantifiable, and possibly automated products.  The 
algorithms should perform sub-pixel analysis using purely spectral characteristics, operate on a data processing system 
software platform capable of simultaneously handling images from hundreds of different spectral channels, and be 
hosted on a widely used open system.  These algorithms should produce a quantitative characterization of a scene, in 
terms of the materials creating the spectral signature, and the end product should be directly interpretable by a modestly 
trained user. 
 Phase I:  Identify and describe the necessary algorithms/approach to be developed, including a preliminary 
quantification of performance and identification of Phase l objectives.  The Phase I final report shall include a plan for 
development, description of the final product, and a description of the commercial product. 
 Phase II:  Develop/demonstrate a prototype software package, implementable in commercially available 
hardware.  Test and evaluate algorithms using example DoD and commercial applications. 
 
COMMERCIAL POTENTIAL:  Intelligent pre-processing of multispectral data for commercial applications could 
broaden its commercial appeal by reducing the analysis burden for the customer, thus making it more cost effective.  
Image processing algorithms developed for DoD could be applied directly to civilian problems by substituting the 
characteristic signatures which are of interest to the customer into the algorithm. 
 
 
ARPA 94-009  TITLE:  Virtual Air Combat Adversary 
 
CATEGORY:  6.2 Exploratory Development; Human-Systems Interface 
 
OBJECTIVE:  Develop and implement methodology to link high-performance airborne vehicle(s) with manned or 
unmanned ground-based air vehicle simulators to replicate close-in-combat conditions and evaluate tactics. 
 
DESCRIPTION:  Aircraft such as the X-31 Enhanced Fighter Maneuverability (EFM) demonstrator are designed for a 
high degree of agility to enhance effectiveness in close-in aerial combat.  Anticipated maneuver tactics of these types of 
vehicles involve rapid motions and excursions to large angles of attack, as well as extremely close proximity of 
combatants, thus creating a potentially hazardous flight environment.  The ability to electronically link a high-
performance airborne vehicle with a manned or unmanned ground-based air vehicle simulator to replicate an air battle 
would provide an invaluable aid for pilot training, close-in-combat tactics and evaluation, and cockpit display 
development.  Furthermore, this capability would provide a mechanism for evaluating advanced air vehicle concepts 
against available, contemporary hardware.  Combat scenarios could be created, played out, and re-enacted under 
relatively benign conditions.  The development of a network and real time methodology capable of linking single or 
multiple ground simulators (including domed facilities) with an inflight vehicle is desired.  Implementation should 
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consider such factors as simulated vehicle performance models and their limitations, vehicle tracking and orientation, 
pilot awareness (both airborne and simulator-bound), simulated weapons modeling, and availability of advanced 
hardware/software technologies. 
 Phase I:  Develop and refine several alternative network concepts and approaches to implementation, and/or 
investigate how elements of critical enabling technologies could be integrated into the overall hybrid environment 
architecture. 
 Phase II:  Develop a preliminary (top level) design for a selected concept, including an evaluation of 
development risk factors.  Demonstration of key technology elements and their integration may be required in this 
phase. 
 
COMMERCIAL POTENTIAL:  This technology could be expanded and tailored to provide traffic advisory 
information for collision avoidance.  It could also be employed for evaluation of commercial/civil design concepts.  
Moreover, it could be used as a primary, low-cost tool in civil aviation training. 
 
 
ARPA 94-010  TITLE:  Development of Affordable Reconfigurable Table-Top Maintenance Diagnostic and Test 

Equipment Emulators 
 
CATEGORY:  6.2 Exploratory Development; Software 
 
OBJECTIVE:  Develop a prototype table-top simulator that can be user reconfigured to emulate different military 
diagnostic and test equipment.  These simulators must also be capable of having embedded training exercises and 
performance recording/reporting loaded for use with the simulator. 
 
DESCRIPTION:  Army National Guard units and soldiers frequently do not have the equipment available to them that 
they would be expected to use in wartime to perform their jobs.  When equipment is available, it is frequently too far 
away to be used and requires another skilled individual present if training is to occur using the equipment.  
Additionally, equipment in these units changes frequently and single-use simulators are then obsolete, their single-use 
restricts the exploitation of modern technology.  This project will demonstrate the construction of relatively inexpensive 
table-top reconfigurable simulators that a soldier could feasibly sign-out from his/her unit and take home to train on.  
Further, the device should be relatively easily reconfigured so that different users can use it to emulate different 
equipment available in the unit.  In this way, soldiers will be able to train on their job skills individually as they have 
time or while in transit to a theater of operations (e.g., on board ship or plane).  The objective of this project will be to 
design a flexible, inexpensive, portable device, as described above, and to breadboard the critical components.  A full 
working prototype would be required in Phase II.  A wide variety of equipment is available for emulation including 
mechanical and electrical diagnostic and test equipment.   
 Phase I:  Develop the design for a reconfigurable simulator and build functional key components as agreed 
upon between the contractor and the government representative.  The components will demonstrate the ease and 
functionality of the software approach proposed and how analog requirements would be handled (e.g., alligator clip, 
probes).  The components would also function as a risk reduction measure for Phase II.   The key components and a 
detailed proposal of the functionality of the prototype, the approach and software methods to be used, and the hardware 
to be used would be the Phase I product. 
 Phase II:  Build a working prototype of the device as described in Phase I which would demonstrate the ability 
to emulate two or more target pieces of equipment identified by the government.  A final report would describe how 
these devices could be produced and modified to emulate a wide range of existing equipment and notional equipment. 
 
COMMERCIAL POTENTIAL:  The type of equipment to be emulated is widely used throughout the commercial 
sector by mechanics and technicians who face the same training constraints as those in the National Guard.  These 
devices could be readily used in vocational training programs. 
 
 
ARPA 94-011  TITLE:  Development of Affordable and Portable Defense Simulation Internet (DSI) 
 



 

 

 
 

ARPA 23

CATEGORY:  6.2 Exploratory Development; Communications Networking 
 
OBJECTIVE:  Design a low cost mobile DSI Node that will enable mobile modern Army Virtual Simulators to enter 
the DSI network from remote locations. 
 
DESCRIPTION:  ARPA currently operates a simulation network backbone that will utilize T-1 through T-3 bandwidth 
capabilities for simulators at disparate locations to internet into a virtual world in real time.  Army National Guard units 
cannot use this system in a cost effective way because it requires installing a dedicated high bandwidth telephone line.  
The using units have mobile simulators, therefore, a given line is used infrequently.  Instead, these mobile simulators 
need to have a mobile node that can travel with the simulator and access the network.  The node would need to be able 
to handle a bandwidth of between 13,500-16,200 kilobytes to enable dynamic vehicles to interact in real time in a 
shared virtual space.  The test bed for the technology will be a mobile version of the Army's Simulation Networking 
(SIMNET) simulator and its successor, the Close Combat Tactical Trainer.  Past solutions attempted have included the 
use of compression techniques on landlines or the use of satellites, which have both been unacceptable to date.  The 
compression techniques have either omitted data packets or slowed the simulations down to less than real time.  
Moreover, satellite links have had too much latency in transmission time to carry data packets fast enough to keep up 
with tank rounds fired in virtual battles.  Lower capacity solutions using high speed modems have worked, but do not 
currently carry the bandwidth necessary.  This project seeks innovative potential solutions to this problem and the 
development of a prototype. 
 Phase I:  Produce a workable breadboard prototype that will demonstrate the capabilities previously described. 
 Phase II:  Develop a prototype and report describing a manufacturing methodology.  The prototype will be 
more concerned with compactness, reliability when moved, overall operational reliability, and ease of manufacture and 
quality control. 
 
COMMERCIAL POTENTIAL:  This capability has wide commercial potential.  Internetted virtual simulation is 
rapidly expanding in the military, and is being actively explored for entertainment, training and teleconferencing. 
 
 
ARPA 94-012  TITLE:  Develop PC or Work Station Based One-on-One Interactive Simulation for 

Exercising/Training Army Battalion/Brigade Logistics Officers (S-4s) 
 
CATEGORY:  6.3 Advanced Development; Software 
 
OBJECTIVE:  Develop and demonstrate a prototype interactive simulation hosted on commercial off-the-shelf (COTS) 
hardware for exercising/training Logistics Officers.  The simulation must present realistic cues and stimulate realistic 
responses. 
 
DESCRIPTION:  Army National Guard Battalion/Brigade Logistics Officers are provided infrequent opportunities to 
practice their skills, except at lengthy training schools or as part of a full staff in an exercise.  Even then, the full array 
of skills are usually not able to be practiced.  This project seeks innovative approaches to exercise the logistics officers 
with hardware that is amenable for use at home.  The software technologies may use 3-D, virtual reality, spoken 
language, or other innovative approaches.  
 Phase I:  Produce a report and prototypes of key components of the proposed simulation.  The report will 
describe the array of tasks for training in a full-up simulator and the technical approach for developing such a training 
simulation.  The prototype in Phase I will demonstrate a sufficient sample of the array of tasks to adequately 
demonstrate the viability of the technology and its effects on training.  The tasks to be demonstrated will be selected by 
the contractor and the government representative. 
 Phase II:  This effort will result in a full capability simulator for the Battalion Logistics Officer and/or the 
Brigade Logistics Officer. 
 
COMMERCIAL POTENTIAL:  This technology is applicable to commercial logistics problems such as networks and 
transportation planning/decision making.  It is also usable in academic settings for teaching these skills. 
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ARPA 94-013  TITLE:  Extraction of Environmental Conditions from Radar Data/Imagery 
 
CATEGORY:  6.2 Exploratory Development; Environmental Effects 
 
OBJECTIVE:  Develop techniques to automatically extract environmental conditions from real-beam or synthetic 
aperture radar (SAR) imagery, including both conventional two-dimensional SAR and three-dimensional 
interferometric radars (IFSAR). 
 
DESCRIPTION:  Real-beam radars, conventional SARs and, more recently, IFSARs have often been used for sensing 
environmental conditions in both the atmosphere and on the surface of the ocean or land.  For example, real-beam 
radars produce clutter maps which reveal surface conditions, and weather or other type radars commonly monitor 
atmospheric conditions including turbulence, wind, and precipitation.  SARs and IFSARs produce two- or three- 
dimensional imagery which, obviously, yields surface or terrain features and, less obviously, conditions such as soil 
moisture, surface roughness, vegetation type, soil or geologic constituents, and subsurface conditions.  The emphasis in 
this topic is on the automatic extraction of such information regarding land surfaces from SAR or IFSAR imagery, 
though other types of radars or environmental conditions are not excluded. 
 Currently, extraction of environmental conditions from such imagery is limited in scope and/or accuracy, 
using algorithms based on limited data.  The exploitation of IFSAR data for this purpose is even less developed.  As 
ARPA is currently engaged in a significant development of SAR and IFSAR technology, innovative approaches to 
automatically exploiting high quality SAR/IFSAR imagery are required to efficiently produce the more complete 
picture of the battlefield that such radars are capable of supporting.  
 Phase I:  Develop techniques for automatically extracting environmental conditions from SAR imagery or 
real-beam radar returns, and performance prediction of those techniques using real or synthetic data.  However, it could 
also include laboratory demonstrations or field experiments in relation to critical technical issues, or for performance 
prediction. 
 Phase II:  Improve upon the techniques identified/developed during Phase I, with supporting laboratory or 
field experiments, validation of algorithm performance with real data, and the implementation of the extraction 
techniques in a workstation environment. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists for the extraction techniques developed under 
this topic in several industries and technology areas, including construction, flood and earthquake prediction, 
environmental monitoring, energy exploration, pollution control, sea ice charting, and the entire realm of cartographic 
mapping.  The automatic extraction of environmental conditions from radar data and imagery will vastly improve the 
quality, timeliness and cost of products currently used in the application areas listed above.  These improvements are 
due to both the day/night, all weather capability of radar and the automation of the extraction techniques. 
 
 
ARPA 94-014  TITLE: Technology for Improving the Anti-Jam and Convertness Characteristics of Projected 

Personal Communications Systems (PCS)   
 
CATEGORY:  6.2 Exploratory Development; Communications Networking  
 
OBJECTIVE:  Provide a hardware demonstration of a working hardened PCS in the presence of real or synthetic 
jamming with quantified performance against pre-established measures of effectiveness.  
 
DESCRIPTION:  The intent of this program is to explore and develop techniques for improving the anti-jam and 
convertible characteristics of PCS.  Preferably, techniques should be established which are compatible with unmodified 
existing or projected PCS infrastructure (example, Motorola's IRIDIUM system would include AT&T's EO systems, 
Apples Newtons systems, etc.); however, techniques for modifying the infrastructure will be considered if they can be 
easily implemented.  In either case, the relevant cellular system(s) should be identified.  Threats include both 
unintentional and deliberate jamming.  If modifications to the switching system or infrastructure are required, they must 
be identified.  Costs shall be defined for all items requiring modification.   
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 Phase I:  Provide a thorough assessment of the technique described, define measures of effectiveness and 
projected performance, and culminate in breadboard demonstrations of the system or critical subsystems.  If hardware 
demonstrations cannot be accomplished, detailed simulations may be employed. 
 Phase II:  Refine the measures of effectiveness and projected performance, and should develop and 
demonstrate one or more brassboard hardware units. 
 
COMMERCIAL POTENTIAL:  This has significant commercial potential for sensitive operations such as banks, 
financial markets, industrial development teams, and crisis situations. 
 
 
ARPA 94-015  TITLE:  Software Partitioning, Mapping, and Assessment for Distributed Processors 
 
CATEGORY:  6.2 Exploratory Development; Software 
 
OBJECTIVE:  Provide concept analysis and a preliminary design of an integrated software suite to assist with software 
partitioning, mapping, and performance assessment of distributed computer systems. 
 
DESCRIPTION:  Embedded multiprocessor architectures are now being developed for numerous military applications  
These powerful machines allow for real-time solutions of complex problems such as automatic target recognition, 
synthetic aperture radar image formation, and infrared search and track.  As the degree of parallelism in the system 
architecture increases, it becomes more challenging to efficiently partition and map the software to the hardware.  
Typical issues that must be considered include throughput and/or latency and the hardware constraints associated with 
memory and processors.  The three general categories of tasks are:  partitioning, mapping, and assessment.  Partitioning 
includes those activities necessary to identify the various elements of the algorithm chosen for implementation.  These 
elements must be structured to allow some tasks to be performed in parallel while other tasks are performed serially.  
Often this process is not intuitive and may require modification of the algorithm to achieve an elegant solution.  
Mapping of the partitioned algorithms to the hardware is the next sequential step.  A thorough knowledge of the system 
architecture is required to perform this function properly and optimally.  Once the software elements are mapped to the 
hardware, it must be possible to evaluate the results of the first two steps.  It is necessary that this assessment be 
performed quickly and iteratively to evaluate and modify a system design until a near optimal solution is reached based 
on user selected parameters and measures of effectiveness.   There is a critical need for automated links to exist between 
system analysis and design tools and the performance analysis tools.  Fundamental requirements are the ability to 
transfer information and results among all of the tools comprising the development environment, and the ability of all 
the tools to operate efficiently as elements of an integrated suite. 
 Phase I:  Develop and design an integrated tool suite that will provide:      (1) A user friendly interface for a 
distributed system definition; (2) an optimizer to assist with the partitioning of software elements and their mapping to 
distributed processors; and (3) an analyzer to provide system and software performance statistics.  The automated 
integration of components should also be addressed.  The conceptual design should result in a generic process, but 
focus can be placed on an interesting architecture to clarify principles. 
 Phase II:  Develop a prototype system from the design of the tool suite from Phase I.  This system will permit 
a design engineer to define system software and hardware components with the user interface, automatically port the 
descriptive data to the partitioning and mapping optimizer, and then demonstrate an iterative process between the 
optimizer and the performance analyzer with the intent of maximizing a selected measure of system effectiveness. 
 
COMMERCIAL POTENTIAL:  Commercial applications of multiprocessor systems are expanding and these systems 
are no longer confined to the research laboratory.  As this proliferation increases, inexpensive tools will be required to 
assist the user in the efficient operation of these systems. 
 
 
ARPA 94-016  TITLE:  Integrating Personal Digital Assistants (PDAs) into a Productivity Enhancing and Mobile 

Work Process 
 
CATEGORY:  6.2 Exploratory Development; Human-Systems Interfaces 
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OBJECTIVE:  Develop and implement a work process which maximizes the productivity of professionals and office 
workers using PDAs in conjunction with existing desktop, home, and notebook computers.  The process must improve 
productivity, be reliable, be easy to use, be easy to learn, and support a mobile office worker. 
 
DESCRIPTION:  Researcher will explore ways of integrating evolving Commercial Off The Shelf (COTS) PDAs, 
similar to the Apple Newton or Sharp PDA, into a productivity improving tool and process.  Researcher will review 
"how" professionals and office workers work, and then develop a process by which these users can maximize their 
productivity using a COTS PDA.  The process developed must take into account various user's ability and desire to 
incorporate a PDA into their work style.  The researcher must consider scenarios in which the office worker already has 
access to LAN and WAN connected desktop computers, and may or may not have access to a home computer and/or 
mobile "notebook" computer.  Researcher will provide a deliverable which includes their implementation plan, all 
assumptions and caveats made by the Researcher, and estimates of expected productivity gains and acceptance rates by 
all types of users identified as potential PDA users.  Specific functions desired of a PDA include, but are not limited to: 
 electronic mail (one way, two way, and offline deferred), forms routing, digital signatures, calendaring (scheduling, To 
Do's, load leveling, multi-user coordination), and voice/telephone.  Specific concerns arising from the mobile nature of 
PDAs include communication links which may be:  unreliable, low speed, two way, one way, local infrared, or 
deferred.  Other concerns include automatic data synchronization (to the user's other computers) at the file and record 
level, as well as achieving, backup, and integrity of PDA data.  Researcher will evaluate, procure, and field a prototype 
fleet of emerging PDAs, such as the Apple Newton, as part of the Phase I project.  The Phase I PDA fleet should 
include 15-20 units. 
 Phase I:  Study work patterns of professional office workers who already have a desktop computer, and who 
probably also have a home computer and/or notebook computer.  Determine how these workers could best use a PDA 
to improve their productivity.  Researcher must consider, identify, report, and explain those factors which may affect 
the successful implementation of PDAs into the office worker's environment.  As part of Phase I, 15-20% of the target 
workers should be provided with PDAs and the experiences of these workers used to develop and optimize the PDA 
implementation plan.  The final Phase I deliverable should be a report that details and summarizes the implementation 
plan, Phase I implementation, and other work performed by the Researcher. 
 Phase II:  Measure and document productivity gains of workers with and without Phase I PDAs.  Review 
second and third generation PDAs and COTS software for enhancements which might differ from Phase I.  Review and 
improve the Phase I implementation plan.  Acquire and deploy PDAs among all professional office workers at ARPA.  
Develop a training plan, and provide training according to that plan to all Phase II PDA recipients and interested office 
workers.  Measure and document productivity gains of workers with and without Phase II PDAs.  Solicit feedback and 
document comments and suggestions from users of Phase II PDAs. 
 
COMMERCIAL POTENTIAL:  PDAs will be widely available over the next two years.  Having a plan for effectively 
integrating them into a productivity enhancing work process should benefit office worker productivity and job 
satisfaction and reduce commuting and energy consumption. 
 
 
ARPA 94-017  TITLE:  Implementation of Novel Internet Services for Directories, Databases, Multi-Media, and 

Mobile Networking 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Conduct research leading to new services, algorithms, and systems which provide novel Internet 
services for directories, databases, multi-media, and mobile networking.  Distributed services capable of indefinite 
expansion and commercial application are sought. 
 
DESCRIPTION:  Existing Internet services in the subject areas have failed to achieve a wide implementation base 
and/or effective integration in the Internet reference model.  New services which overcome these deficiencies are 
sought.  The typical service will demonstrate an innovative approach, have immediate application, and be capable of 
exploiting scalable computing and networking infrastructure. 
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 Phase I:  Define in detail the service to be provided and demonstrate its feasibility through early prototypes, 
simulation, or thorough analysis.  Compare the new service to existing approaches and justify the costs of new service 
introduction in terms of new applications which are enabled. 
 Phase II:  Develop and demonstrate the service.  The service must be capable of operation over standard 
Internet infrastructure with nationwide capability.  Evidence of its ability to transition to a self-supporting basis must be 
provided.  Performance and scalability must be demonstrated. 
 
COMMERCIAL POTENTIAL:  New Services, as described, are an enabling technology for future dual-use of 
networking and the national information infrastructure (NII).  Phase III projects that employ the results will have direct 
commercial potential, as will as application to DoD future systems. 
 
 
ARPA 94-018  TITLE:  Development of Scalable High Performance Input/Output (I/O) Hardware and/or Systems 

Software for High Performance Computing (HPC) Systems 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Develop and prototype new ideas for I/O components usable in both networks of workstations and 
scalable parallel computers to achieve higher speed, greater capacity, and expanded functionality. 
 
DESCRIPTION:  Prototype implementations are sought for innovative ideas to advance I/O components applicable to 
both scalable parallel computers and networks of workstations.  This includes affordable devices and interfaces, 
enhancements to systems software, tools for analyzing the I/O components, etc.  The prototype must be scalable, have 
wide applicability, be system independent, and have clearly defined and open interfaces.  Collaboration with academia, 
government laboratories, or industry is encouraged. 
 Phase I:  Provide a detailed design, develop cost information, and devise a complete plan for implementation 
on networks of workstations and scalable parallel computers.  Describe the novel ideas and key features and how to use 
them.  Provide expected performance, comparative trends, and trade-offs. 
 Phase II:  Develop hardware and/or software which implements the new technology or concept.  Demonstrate 
and test its effectiveness.  Provide documentation that clearly describes the system interfaces, any external interfaces or 
requirements, any architectural impacts, and how to use the hardware and/or software.  For hardware, provide a 
working demonstration, test results, and drawings.  For software, provide a demonstration, test results, documentation, 
hardcopy, and a magnetic media copy of the code. 
 
COMMERCIAL POTENTIAL:  Phase I and Phase II results have excellent potential for Phase III commercial 
opportunity.  Higher processing capabilities, higher network speeds, and very high data rate needs occurring in wide 
commercial applications as well as future DoD systems are driving the need for significant advances in high 
performance I/O.  Resulting Phase III projects have outstanding direct dual-use potential in future computing systems.   
 
 
ARPA 94-019  TITLE:  Low-Energy Architectural, Circuit, and Signaling Techniques for General Purpose Scalable 

Computing 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Novel techniques are sought at the architectural, circuit, and/or integrated circuit (IC) process level that 
significantly reduce the energy consumed per megaflop by a general purpose scalable computer. 
 
DESCRIPTION:  Techniques have been developed to reduce the energy consumed by special purpose processors, such 
as signal processors and those found in watches.  Scalable general purpose processors also benefit from reduced energy 
consumption.  This effort should address techniques to be applied specifically to general purpose computers that scale 
in performance to teraflops and above. 
 Phase I:  Identify techniques to be applied; quantify effects on energy through simulations; identify how and 
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under what constraints techniques are to be applied.  Devise small-scale experiments to validate results. 
 Phase II:  Perform small-scale experiments to validate results.  Refine model and develop tools to aid in 
exploitation of techniques by others. 
COMMERCIAL POTENTIAL:  Higher computer performance per watt of consumed power is a critical goal across all 
of computing from miniature embedded systems in wrist watches to the largest supercomputer.  This problem is 
pervasive in both military as well as commercial applications.  Military computing systems of the future will leverage 
commercial architectures, and the computing performance goals of both military and commercial systems will be 
achieved only through increased power efficiency computers. 
 
 
ARPA 94-020  TITLE:  Novel Applications of Multi-Chip Module (MCM) Technology to Rapidly Prototype New 

Parallel System Architectures 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Devise techniques and approaches to exploit performance of MCMs to rapidly and inexpensively 
prototype new parallel computing system architectures. 
 
DESCRIPTION:  As computing system clock rates continue to increase, traditional prototyping technologies will no 
longer be adequate.  MCMs provide the performance required for packaging new generation systems but are too costly 
and too difficult to modify to be generally useful for system prototyping.  Rapid prototyping techniques are sought that 
address cost and ease of use; i.e., reconfigurable, reprogrammable, or even rapid full custom techniques. 
 Phase I:  Clearly define approach, quantify parameters, and verify techniques through simulation.  Define 
interfaces required and how techniques would be implemented.  Quantify what classes of applications will be served by 
the approach, and define limitations. 
 Phase II:  Perform experiments to develop a physical model of the proposed MCM techniques and validate 
capabilities against simulated results.  Develop user interfaces and supporting software and hardware.  Fabricate and 
demonstrate one or more prototyping models. 
 
COMMERCIAL POTENTIAL:  The costs and risks of prototyping new parallel computing architectures is 
dramatically increasing with the incorporation of advanced technology.  Techniques to facilitate cost-effective 
prototyping of new architectures are essential to both the military and commercial markets.  Computing architectures 
developed with these prototyping techniques will be used for dual-use applications since military computing needs of 
the future will be supported and leveraged off the commercial baseline. 
 
 
ARPA 94-021  TITLE:  Analysis and Performance Evaluation of Scalable Networking Protocols 
 
CATEGORY:  6.2 Exploratory Development; Telecommunications 
 
OBJECTIVE:  (1) Discover and analyze performance limitations inherent in the design of existing networking 
protocols, and (2) Develop new classes of protocols which will scale performance in gigabit and beyond networks. 
 
DESCRIPTION:  TCP and the entire range of ISO transport protocols (TP0-TP4) were designed with the then current 
64K Bit networks in mind.  They have some hard and fast design limitations which will prevent them from getting the 
most out of the high speed networks of the near future.  Analysis of those limitations (even in the face of the extensions 
to TCP for large windows) and limitations of other protocols (such as SMTP, FTP,etc) are sought, as are improvements 
or new protocols which will scale well in performance for gigabit and beyond networks. Approaches must either be 
compatible with existing internet protocols or provide convincing evidence that compatibility would adversely effect 
performance. 
 Phase I:  Deliver a detailed analysis, design for improvement, and cost information as well as complete plans 
for implementation.  Protocols demonstrating feasibility are desired. 
 Phase II:  Deliver a full implementation and demonstration of the new or improved protocol, as well as 
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specific information on the theoretical range of use and limitations.  Complete user documentation, source code, and 
system designs must be supplied. 
 
COMMERCIAL POTENTIAL:  Protocols as described must be continually evaluated and improved in the future to 
support the goals of the national information infrastructure (NII) and the evolution of high performance networking.  
Phase III projects may implement the results above, and have direct dual-use commercial potential. 
 
 
ARPA 94-022  TITLE:  System and Technology Computer Aided Design (CAD) on a Scalable Computing Base 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Conduct research leading to the development of new electronic technology CAD algorithms that have 
potential to execute on workstations and massively parallel computers. 
 
DESCRIPTION:  New algorithm families implemented in design tools are sought for approaches leading to innovations 
in systems level and technology computer aided design (TCAD).  These algorithms will be the basis of the next 
generation of design for advanced electronic devices, processes, packaging, or electromechanical subsystems, and must 
be capable of executing on computing systems ranging from certain workstations to massively parallel computers.  
Such algorithms should support the goals of the Federal High Performance Computing and Communications (HPCC) 
program. 
 Phase I:  In detail, define the application, algorithm(s), trade-offs, and comparisons to existing approaches, 
along with supporting evidence of success such as early prototyping experiments or simulation results. 
 Phase II:  Develop and demonstrate a tool, implementing the algorithm, along with supporting documentation 
and test cases, which clearly demonstrate its feasibility.  Evidence of its ability and performance running on scalable 
parallel computer or network of workstations must be delivered. 
 
COMMERCIAL POTENTIAL:  System and Technology CAD is an important area that has great potential for 
commercialization in Phase III.  Innovative results of Phase I and II may be incorporated in new categories of design 
tools needed by DoD and the commercial sector  This area extends capabilities of existing frameworks and systems, 
and provides the potential for incorporating results with standard interfaces. 
 
 
ARPA 94-023  TITLE:  Prototype Implementations of Scalable High Performance Computing (HPC) Software 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Explore novel ideas for advancing high performance computing environments.   
 
DESCRIPTION:  Innovative and novel concepts are sought for advancing high performance computing environments.  
These concepts include, but are not limited to, the following:  Compiling technology for scalable parallel computers; 
tools to support development of scalable parallel programs; tools for visualizing, measuring, profiling, analyzing, and 
debugging parallel programs; run-time system technology, tools, or libraries; scalable algorithms for application 
software library modules; and novel concepts for supporting scalability in libraries, either run time or application.  
Concepts must be described at a high enough level to be system independent and have clearly defined and open 
interfaces.  Focus should be on scalable computing systems.  Collaboration with ongoing research in academia, 
government laboratories, or industry is encouraged. 
 Phase I:  Provide a detailed specification of the proposed concept, principle, or algorithm.  Describe new or 
novel ideas or concepts.  Describe the concept's or idea's key features.  Demonstrate or describe how the new concept, 
principle, or algorithm would be used.  Finally, describe the path or process for implementation on advanced processors 
or scalable parallel systems. 
 Phase II:  Develop the software prototype, subsystem, or module which implements the new technology, 
concept, or idea.  Demonstrate the effectiveness of the new technology.  Provide documentation that clearly describes 
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any external interfaces or requirements, how to use the software module, and the system interface.  A hardcopy and a 
magnetic media copy of the code are required.  The magnetic media is to be delivered in ASCII form and must be in 
Unix Tar format. 
 
COMMERCIAL POTENTIAL:  Results demonstrated in Phase I and II have significant opportunity for dual-use 
commercial potential in Phase III.  Users of HPC systems are demanding new capabilities which can be incorporated in 
to the next generation software base.  Tools and environments supporting the scalable parallel technology base will be 
needed for a variety of platforms and incorporation in to existing systems, crating commercial potential for these 
results. 
 
 
ARPA 94-024  TITLE:  Smart Materials and Structures Technology for Hydrodynamic and Aerodynamic Vortex 

Control 
 
CATEGORY:  6.1 Basic Research; Materials and Processes 
 
OBJECTIVE:  Develop a combination of analytic models and experimental investigations to demonstrate the feasibility 
of hydrodynamic and aerodynamic vortex breakdown using smart materials and structures technology to control the 
location of vortex breakdown.   
 
DESCRIPTION:  Longitudinal vortex flows, often created by lifting surfaces, create undesirable noise sources for 
submarines and place limitations on commercial aircraft traffic control. Current theory supports the concept that the 
ultimate control of vortex breakdown can be addressed by controlling the relative axial and rotational content of the 
longitudinal vortex flow.  Spiral, or helical, breakdown is desirable rather than bubble, or axisymmetrical, breakdown 
because it involves far more mixing with the external flow and is more dissipative.  Control of vortex breakdown by 
excitation in the early stages may provide a mechanism to ensure a spiral breakdown as opposed to a bubble 
breakdown.  Integration of an excitation source into the structure near the structure-fluid interface could provide the 
necessary capability.  Development of flow sensors, appropriate excitation actuators, and control capability and their 
integration into the structure will allow aircraft to safely follow large transport planes at closer distances near airports.  
This will help relieve airport congestion and improve safety.  In submarine applications, the trailing longitudinal 
vortices are entrained in the propeller and subsequently generate considerable noise.  A successful control application 
will substantially reduce submarine noise signature. 
 Phase I:  Approaches that may be supported include: 1) Analytical models which delineate the location and 
nature of the excitation required to break up longitudinal flows; 2) Computational fluid dynamics simulations; 3) 
Experimental studies involving sensing and actuation of flow fields; 4) Materials optimization technologies; and 5) 
Control algorithms.   
 Phase II:  Demonstrations that may be supported include: 1) Integration of vortex control models with 
structural response requirements; 2) Integration of sensors, actuators, and control systems with the structural 
components; and 3) Experimental demonstrations of vortex control systems. 
 
COMMERCIAL POTENTIAL:  Technology has applications to commercial and military aircraft, submarines, and 
commercial and military surface ships. 
 
 
ARPA 94-025  TITLE:  Intelligent Low-Cost Processing of Titanium Based Continuous Filament Metal Matrix 

Composites for Propulsion Applications 
 
CATEGORY:  6.2 Exploratory Development; Propulsion and Vehicular Systems 
 
OBJECTIVE:  Develop innovative intelligent synthesis processes for titanium based continuous filament metal matrix 
composites for propulsion applications.  Process modeling and simulation of unit and sequential synthesis steps, process 
sensors, and real-time process control technology, are desired. 
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DESCRIPTION:  Titanium based continuous filament metal matrix composites have the potential to provide high-
strength, low-density components suitable for propulsion applications.  However, the current processes used to 
synthesize these materials are costly and lack reproducibility.  This hinders the introduction of the composites into 
propulsion applications.  One way to address the impediments is to apply intelligent materials processing technology to 
innovative low cost synthesis techniques.  Development of process models, sensors, and control schemes, as well as 
their application to low cost synthesis techniques, can provide the technology needed to overcome the barriers to their 
application. 
 Phase I:  Approaches that may be supported include: 1) modeling of unit metal matrix composite synthesis 
processes; 2) sensor development for monitoring and controlling synthesis processes; 3) technology to model sequential 
synthesis processes; and 4) innovative low cost synthesis processes. 
 Phase II:  Demonstrations that may be supported include: 1) integration of process modeling, sensors, and 
control for use in a low cost metal matrix composite pilot line; and 2) component synthesis for use in propulsion 
applications. 
 
COMMERCIAL POTENTIAL:  Applications to commercial and military jet engines and auxiliary turbine power 
plants are expected. 
 
 
ARPA 94-026  TITLE:  Affordable Manufacturing Processes for Ceramic Fibers 
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes 
 
OBJECTIVE:  Develop a manufacturing process for advanced structural ceramic fibers which have service temperature 
capability greater than 1500 degrees centigrade, and a selling price of less than $200 per pound at a volume of 100,000 
pounds per year.  
 
DESCRIPTION:  Ceramic fiber ceramic matrix composites (CMCs) are candidates for high temperature structural 
applications where cooled metal structures are impractical.  Such applications include gas turbine engines for man-rated 
and non-man-rated engines of interest to the DoD as well as a host of commercial applications including heat 
exchangers, reheat furnaces and radiant tube burners.  At present, the high cost of fibers, fiber coating, and component 
fabrication has prevented the commercial exploitation of these advanced materials.  High strength and creep resistance 
at temperatures up to 1500 degrees centigrade will be required of fibers used in CMC's.  In most cases, the textile grade 
fibers will be required for weavability which usually requires fiber diameters less than ~15 microns.  Innovative ideas 
for the fabrication of low cost (~$200 per pound) high performance fibers are sought.  Technical approaches may 
include, but are not limited to:  Eutectic growth in salt-oxide systems with post solidification removal of the salt phase;  
use of oriented seeds for secondary grain growth which will allow for the self-assembly of polycrystalline fibers into 
single crystal fibers;  use of displacive reactions [i.e., Ax+By = Ay+Bx] or phase transitions in the presence of a liquid 
phase giving rise to elongated faceted growth;  spinning of low cost polymer ceramic precursors;  or, Chemical Vapor 
Transport (CVT) in a thermal gradient combined with Vapor Liquid Solid (VLS) growth of whiskers.  Manufacturing 
approaches which integrate fiber coatings for debonding and chemical barrier layers are also of interest. 
 Phase I:  Demonstrate that the manufacturing method chosen is capable of producing fibers with a 1500 
degree centigrade capability.  Establish the key processing variables to achieve the fiber properties, and develop a 
cost-volume model for the manufacturing process. 
 Phase II:  Scale-up the process developed in Phase I to a capacity of greater than 200 pounds per week.  
Conduct factorial designed experiments to relate fiber cost and performance to manufacturing operating variables. 
 
COMMERCIAL POTENTIAL:  Commercial applications for the fibers include ceramic matrix composites for land-
based gas turbines, radiant tube burners, diesel particulate filters, and steel reheat furnaces. 
 
 
ARPA 94-027  TITLE:  In-Situ Composites for High Temperature Structural Applications 
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes 
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OBJECTIVE:  Develop in-situ composites for high temperature structural applications with high strength and fracture 
toughness, and low creep at temperatures up to 1500 degrees centigrade in air.  Strengths and fracture toughnesses 
comparable to commercially available silicon nitrides are desired with greatly reduced manufacturing costs. 
 
DESCRIPTION:  Silicon nitride is a model material for the type of in-situ composites desired.  An elongated grain 
shape results from the solution reprecipitation process associated with the alpha to beta phase transition.  The elongated 
grain structure and a thin intergranular grain boundary phase combine to give a material with high strength and fracture 
toughness.  It is also significant that the C-axis is the fast growth direction during liquid phase densification.  Liquid 
phase densified silicon carbides or alumina ceramics also show faceted grain growth during densification, but with the 
A-axis being the fast growth direction.  These ceramics have good fracture toughness; however, because the grain 
shape is plate like, the flaw size increases with the plate size, and the resulting strengths are less than observed for 
silicon nitrides.  In-situ composites are of interest because they offer the potential for both low cost and high 
performance.  The suggested technical approach for this topic is to combine theoretical modeling and exploratory 
composition work to develop controls for both grain shape and grain boundary chemistry during liquid phase 
densification.  Silicon nitride chemistries are NOT of interest for this topic. 
 Phase I:  Develop in-situ composites with bend strength and fracture toughness comparable to commercially 
available silicon nitrides. 
 Phase II:  Further develop and optimize the mechanical properties of the most promising materials developed 
in Phase I, and complete the thermophysical characterization needed for design purposes. 
 
COMMERCIAL POTENTIAL:  High component costs greatly limit the applications of advanced ceramics.  A material 
with the desirable mechanical properties of silicon nitride, but much lower cost, will open up many new markets where 
advanced ceramics are not yet cost-effective. 
 
 
ARPA 94-028  TITLE:  Wavelet-Based Methods for Information Processing in Communications Systems 
 
CATEGORY:  6.2 Exploratory Development; Communications Networking 
 
OBJECTIVE:  Exploit recent developments in wavelets and multiresolution methods to provide adaptivity and efficient 
use of spectrum/bandwidth in communications. 
 
DESCRIPTION:  Wavelets combine several properties which may be exploited for communications, including 
time/frequency (scale) localization, orthogonality, and fast algorithms.  In addition, several approaches, such as 
multiresolution and best-basis methods, offer the promise of providing adaptivity to communications.  ARPA seeks 
methods to maximize data rates in a given bandwidth with robust performance and computationally efficient methods.  
Application of wavelets to coding, modulation, orthogonal signalling, and efficient filtering are among the areas to be 
exploited with these methods.  A desirable outcome is improved methods which can deliver high data rates with 
adaptivity to channel characteristics, and can provide compression as required, and low probability of intercept 
transmission upon demand.  The purpose of this effort is to investigate a general approach to the design of 
communications systems based upon wavelets and multiresolution methods to achieve some subset of the desired 
outcomes listed above.  
 Phase I:  Define methods and derive algorithms.  Perform simulations to demonstrate benefits of this approach 
to design multi-user communications systems.  Provide a theoretical justification for anticipated benefits of this 
approach. 
 Phase II:  Complete development of theoretical foundations and algorithms.  Derive a general approach to the 
design of multi-user communications systems based upon wavelet or multiresolution methods.  Demonstrate 
applicability of approach and improvements in performance to realistic scenarios of interest to ARPA.  Perform 
preliminary design studies for implementation. 
 
COMMERCIAL POTENTIAL:  These methods have applications to many areas of commercial communications where 
current data rates and bandwidth use capabilities are limited. 
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ARPA 94-029  TITLE:  Novel Methods for Automatic Target Detection and Recognition  
 
CATEGORY:  6.2 Exploratory Development; Human-System Interfaces 
 
OBJECTIVE:  Develop novel multi-scale/multi-resolution signal processing methods for detecting and recognizing 
objects from sensor data, and demonstrate computationally feasible methods on real data. 
 
DESCRIPTION:  Many applications which require automatic detection and recognition of objects from sensor data 
share common signal processing problems. These include: removal of clutter/noise from signal; dealing with variations 
in background, object, and viewing aspect; as well as the computational complexity associated with standard 
algorithmic approaches. Wavelets and associated multi-scale methods offer the potential to overcome some of these 
problems by exploiting natural scales inherent in the problem, as well as offering computationally efficient methods by 
processing information at coarse-to-fine resolutions.  This effort seeks novel algorithmic approaches to automatic 
detection and recognition of objects using wavelet and/or multi-resolution approaches.  A diverse range of applications 
is of interest, including automatic detection and recognition of targets which may be partially obscured and/or 
embedded in ground clutter, and detection and recognition of objects in medical imagery for diagnostic assistance.  Of 
interest is the development of computationally efficient methods for extracting features at scales which may be relevant 
to detection and recognition of objects, and doing so in a manner which exploits both the nature of the sensor/imaging 
system itself as well as a multi-resolution/multi-scale framework for processing the information.  Proposals should 
address a specific application of interest to ARPA, along with a specific set of sensors/imaging techniques, as the 
context for development and validation of algorithms and for application of results. 
 Phase I:  Develop an approach based upon wavelet/multi-resolution methods, as well as a set of algorithms for 
detection and/or recognition of objects.  Show, using synthetic or real data, along with a theoretical justification, that 
this approach has significant potential for enhancing the ability to automatically detect and/or recognize objects in 
situations of practical interest to ARPA. 
 Phase II:  Refine algorithms from Phase I and complete theoretical foundation for analysis of performance 
bounds.  Develop software based upon algorithms and approach defined in Phase I.  Demonstrate results on real data of 
interest to ARPA to validate method across a range of scenarios.  Develop a design for practical implementation in 
hardware or software, as appropriate for the application. 
 
COMMERCIAL POTENTIAL:  This technology has applications that could assist in medical diagnosis for 
pre-screening and other situations where one needs fast algorithms for processing sensor data and for automatic 
recognition of objects. 
 
 
ARPA 94-030  TITLE:  Laser Applications in Medicine 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop new therapeutic and diagnostic applications of lasers in medicine. 
 
DESCRIPTION:  Lasers have been used in medicine as scalpels and welders.  Many laser procedures are done outside 
the body.  The most challenging use of lasers for surgery is for procedures done inside the body.  The critical issues are 
the ideal laser wavelength and optimum delivery system.  Optical fibers can deliver the laser energy through the body's 
natural passages, or can be inserted through needles.  The focus of this effort is to develop flexible fiber optic laser 
delivery systems for surgical and optical tissue diagnostic applications.  Optimum delivery systems can be developed 
with collaboration between clinicians and the laser industry. 
 Phase I:  Develop concepts and perform proof-of-principle demonstration of an optimum fiber optic laser 
delivery system for surgical and diagnostic applications, working with clinicians in research hospitals. 
 Phase II:  Demonstrate a prototype fiber optic delivery system and conduct clinical trials. 
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COMMERCIAL POTENTIAL:  Fiber optic delivery of laser energy for surgical and diagnostic applications will have a 
beneficial impact on general medicine and health care costs by reducing the time and expense involved with many 
medical procedures. 
 
 
ARPA 94-031  TITLE:  New Concepts and Applications of Binary Optics 
 
CATEGORY:  6.2 Exploratory Development; Sensors and Electronic Devices 
 
OBJECTIVE:  Develop high volume applications for binary optics and establish affordable fabrication processes.  
 
DESCRIPTION:  The optical properties of binary optics are based on the surface profile of the optical element.  Passive 
optical elements with surface structures are fabricated using semiconductor processing technology.  Binary optics is 
used in applications such as in optical sensors, optical communications, displays, and beam steering, to name a few.  
Each of these applications uses binary optics to improve their performance and reduce weight.  These binary optics 
products have unique fabrication requirements.  The fabrication process should match the accuracy of the optical 
designs, and be able to handle many designs and substrates.  In addition, the fabrication process must be reliable and 
affordable.  Future applications will depend on innovation in optical design and improvements in the fabrication 
process.  
 Phase I:  Develop new concepts for applications of binary optics, and establish the fabrication process. 
 Phase II:  Demonstrate the concepts developed in Phase I and establish the proof-of-principle fabrication 
procedures. 
 
COMMERCIAL POTENTIAL:  Binary optics will have many applications in medicine, optical communications, data 
storage, entertainment, displays, and electronic imaging systems. 
 
 
ARPA 94-032  TITLE:  Plasma Processing of Materials in Microelectronics and Photonics 
 
CATEGORY:  6.2 Exploratory Development; Materials and Processing 
 
OBJECTIVE:  Develop and characterize the performance of advanced plasma etching techniques for sub-micron 
structures. 
 
DESCRIPTION:  Future microelectronic and photonic device fabrication demands high anisotrophy, line width loss 
less than 10%, and line width dimension approaching atomic scale.  Conventional processing, such as wet and chemical 
etching techniques cannot accomplish the necessary pattern transfer fidelity.  Plasma etching techniques for sub-micron 
structures which can fulfill the requirements of anisotrophy, selectivity, and uniformity are solicited.  Emphasis will be 
on, but not limited to, electron cyclotron resonance techniques.  Initial phase of the research should be devoted to the 
basic understanding of the process using computer simulation and analytical scalings.  Individual codes, such as 
chemistry and transport codes, should be integrated to simulate the etching process self-consistently. 
 Phase I:  Perform simulation and analysis on multi-dimensional plasma etching techniques.  Perform initial 
design of proof-of-principle experiment. 
 Phase II:  Finalize the design of proof-of-principle experiment.  Construct and perform experiment with 
appropriate diagnostics. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the semiconductor industry. 
 
 
ARPA 94-033  TITLE:  Advanced Battery Technology 
 
CATEGORY:  6.2 Exploratory Development; Energy Storage 
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OBJECTIVE:  Demonstrate novel battery technology for dual-use, portable electronics applications. 
 
DESCRIPTION:  ARPA is interested in receiving innovative proposals for exploratory R&D on novel battery concepts 
such as organic batteries, and rechargeable metal/air and Ni/Zn batteries for dual-use portable electronics applications.  
Innovative approaches are sought for one or more of the following exampled list: 1) new or improved electrolyte 
chemistries which will provide a wide range of battery operating temperatures and interface stabilities; 2) new anode, 
cathode, and current collector materials which offer high-energy, high-power density and the opportunity for high cycle 
life and storageability; 3) the exploration of reactions occurring at electrolyte/electrode interfaces, and the identification 
and modification of failure, aging and life limiting mechanisms; and, 4) the construction and evaluation of prototype 
cells and batteries, including methods for fabricating and manufacturing high energy/power density batteries with 
highly reproducible charge/discharge capabilities, and the production and testing of same.   
 Phase I:  Define, in detail, candidate battery technology, technical approach, trade-offs and risks for portable 
electronics applications.  Support this effort with early prototyping and experimental data which demonstrates the 
feasibility of the technology. 
 Phase II:  Develop and deliver prototype batteries with associated documentation and testing to compare to 
predictions.  Demonstrate strategy and technical approach for the rapid prototyping of batteries of various shapes, sizes 
and capacities. 
 
COMMERCIAL POTENTIAL:  Commercial potential exists in portable electronics, cellular phones, laptop computers, 
communications equipment, and law enforcement technology. 
 
 
ARPA 94-034  TITLE:  Development of Non-Invasive Sensors of Biomedical Vital Signs and Body Chemistry 

Based Upon High-Temperature Superconducting Devices 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop and characterize the performance of non-invasive sensors for biomedical vital signs and body 
chemistry, based upon high-temperature superconductor (HTS) materials, for introduction into biomedical detection 
and imaging equipment. 
 
DESCRIPTION:  HTSs can be fashioned into a variety of highly sensitive detectors of electromagnetic radiation or 
static fields.  Examples of such configurations are loop antennas, superconducting quantum interference devices 
(SQUIDs), and bolometers, which are responsive to radio frequency (RF) signals, small magnetic fields, and thermal 
radiation, respectively.  Biomedical instrumentation can benefit from the introduction of such sensors, resulting in 
enhanced ability to understand biochemical function and/or image body structures.  
 Phase I:  Construct and characterize the performance of a non-invasive sensor fashioned from HTS materials.  
Analyze its potential for the detection of biochemical activity or for enhanced imaging of body structures. 
 Phase II:  Analyze the performance of a complete diagnostic system incorporating the non-invasive sensor, 
including trade-offs affecting the utilization of practical equipment. Construct, as far as is practicable, equipment for 
such a diagnostic procedure. 
 
COMMERCIAL POTENTIAL:  Hospital (both Veterans and civilian) utilization of biomedical sensor equipment (such 
as ultrasound, magnetic resonance imaging (MRI), etc.) is widespread and increasing in importance.  Enhanced 
sensitivity, such as that afforded by HTS sensors, is of great commercial potential. 
 
 
ARPA 94-035  TITLE:  Exploitation of Novel Thin-Film Materials Such as Ferroelectronics, Ferrites, and High- 

Temperature Superconductors (HTS), for Microelectronic Circuitry 
 
CATEGORY:  6.2 Exploratory Development; Electronic Devices 
 
OBJECTIVE:  Develop a process for incorporating new thin-film materials, such as ferroelectrics, ferrites, and HTS, 
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into miniature cost-effective configurations with integrated circuit (IC) devices, extendable to a monolithic fabrication 
which would eliminate conventional bulky electronics. 
 
DESCRIPTION:  Electronics equipment and systems presently are the result of utilizing IC chips, packaged in different 
forms onto boards, with other discrete components needed to complete the system.  For radio frequency (RF) 
communications equipment, discrete components might include circulators, isolators, filters, delay lines, etc., which 
consume space and power.  This effort should examine the methods to apply thin-film materials for accomplishing 
these functions, not necessarily limited to the case given for RF communications, resulting in a monolithic process for 
obtaining microelectronics with extended applicability. 
 Phase I:  Assess the appropriate film growth technology for monolithic circuit applications.  Develop 
innovative designs for configurations which replace the current hybrid technology with low-cost, small-size, 
high-performance alternatives. 
 Phase II:  Develop accurate computer assisted design tools which represent the operation of the various 
devices in a monolithic configuration.  Apply these tools to a specific system function, and develop a procedure for 
manufacturing an improved version of the system. 
 
COMMERCIAL POTENTIAL:  This technology can improve both military and commercial microelectronics by 
extending monolithic fabrication to more of the discrete components in the circuitry.  A low-cost procedure for 
accomplishing this would be very valuable. 
 
 
ARPA 94-036  TITLE:  Development of Sensors for High-Resolution Imaging Systems with Applicability to 

Medical and Nonmedical Structural Issues 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop novel sensors with improved sensitivity and/or resolution for imaging applications, either for 
existing modalities or for other detection regimes. 
 
DESCRIPTION:  High resolution imaging systems generally are dependent upon the detection of x-rays, radio 
frequency (RF) radiation, or sound waves for the operation of such equipment as computed tomography (C-T), 
magnetic resonance imaging (MRI) or ultrasound imaging, respectively.  Improvements in image quality will depend 
upon the development of better sensors, as well as the concurrent improvement in processing capability.  However, new 
imaging modes will require the introduction of novel sensors. 
 Phase I:  Present an analysis of the performance of a sensor of novel design, based upon physical principles 
which were delineated in the proposal.  Design and build such a sensor, and compare its performance with the previous 
analysis. 
 Phase II:  Present an analysis of the system performance using such a sensor, based upon the application and 
its required instrumentation which were given in the proposal. Design and build, as far as is practicable, the 
instrumentation for the demonstration of the performance enhancement with the novel sensor. 
 
COMMERCIAL POTENTIAL:  The potential of utilizing novel sensors in medical imaging applications is very great, 
in conjunction with other modalities such as MRI and C-T scan. Nonmedical structural applications also have great 
potential. 
 
 
ARPA 94-037  TITLE:  Biomedical Technology 
 
CATEGORY:  6.3 Advanced Development; Materials 
 
OBJECTIVE:  Develop and further exploit the defense technology and knowledge base in an effort to revolutionize the 
accessibility and quality of health care delivery while reducing national aggregate health care costs. 
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DESCRIPTION:  Advances in key DoD technology base areas (e.g., biotechnology, computer graphics, computational 
and synthetic chemistry, and imaging technology) offer a unique opportunity to significantly improve the quality and 
delivery of health care to military and civilian populations.  Proposals are invited that would improve national 
capabilities in:  (1) the rapid treatment of distributed shock (systemic inflammatory response syndrome) - to prolong the 
"golden hour" of trauma care and to reduce mortality/morbidity associated with intensive/critical care; (2) the 
non-invasive monitoring of blood analytes and blood gases; and (3) non or minimally invasive (digital) imaging of the 
skeletal system and tissue/vital organ function.  Work on the development of novel "contrast" reagents that can be 
exploited for functional analysis may also be included under item (3) above.  Offerors may submit in response to any of 
the three identified areas shown above.  
 Phase I:  Develop proposals which identify novel methodological and technological concepts and focus efforts 
on central research issues with reasonable proof of technical progress. 
 Phase II:  Provide initial proof-of-concept demonstrations. 
 
COMMERCIAL POTENTIAL:  Progress in this area impacts both military battlefield and peacetime health care, and is 
broadly applicable to civilian needs in preventive medicine, advanced diagnostics, trauma care, and remote care 
delivery. 
 
 
ARPA 94-038  TITLE:  Computer Aided Modeling of Millimeter-Wave Frequency Monolithic Integrated Circuits 

(ICs) 
 
CATEGORY:  6.3 Advanced Development; Electronics 
 
OBJECTIVE:  Provide models for millimeter-wave monolithic integrated circuits.  Emphasis should be placed upon the 
development of models that accurately predict device/circuit performance from processing parameters. 
DESCRIPTION:  Solid state millimeter-wave devices and integrated circuits are expected to be used in a wide range of 
military and commercial applications.  However, to accurately and inexpensively develop more effective integrated 
circuits, models of both active devices and passive components that accurately reflect millimeter-wave performance are 
needed.  This program focuses upon the development of those models.  Of particular interest are models which can be 
used to relate processing parameters to circuit design parameters. 
 Phase I:  Select one or more solid-state devices or integrated circuit configurations which operate at 
frequencies between 20 and 100 GHz.  Develop models which result in accurate prediction of device and/or circuit 
performance.  Provide a clear indication of accuracy and needed improvements for the model.  Consideration should be 
given to how proposed models will extend computer aided design (CAD) capabilities beyond those afforded by use of 
existing models and the compatibility of the models with existing commercially supported software packages and 
workstations.  
 Phase II:  Complete model development and write appropriate software descriptions that can be used in 
conjunction with commercially supported software and workstations.  A goal should be to produce commercial 
software products for sale by an established microwave CAD vendor so that they can be used by the widest possible 
number of people. 
 
COMMERCIAL POTENTIAL:  Accurate models will greatly help in lowering production costs of millimeter wave 
circuits.  Commercial applications for these circuits include automotive radar, communications, and "vision" through 
smoke, fog, and other adverse weather conditions. 
 
 
ARPA 94-039  TITLE:  3-D Electromagnetic Simulation of Microwave & Millimeter Wave Multi-Chip Packages & 

Sub-Arrays 
 
CATEGORY:  6.3 Advanced Development; Electronics 
 
OBJECTIVE:  Accurately simulate the effects of interconnections and packages on the performance of combinations of 
microwave and/or millimeter wave monolithic integrated circuits (MMICs), associated digital circuits, and photonic 
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circuits.  Three dimensional electromagnetic simulation techniques are of particular interest. 
 
DESCRIPTION:  Combinations of MMICs, digital circuits, and possibly photonic circuits are expected to be used to 
implement radar transmit/receive (T/R) module and sub-array functions at microwave and millimeter wave frequencies. 
 However, the ability to accurately simulate the performance effects of interconnections between integrated circuit 
chips, as well as the effects of the enclosures (packages) upon the performance of the circuits is of critical importance to 
reducing the cost of these implementations and achieve necessary performance characteristics.  This program seeks to 
develop computer-aided design (CAD) programs, particularly using three-dimensional electromagnetic simulation 
techniques, that accurately simulate performance, at microwave and millimeter wave frequencies, of these enclosed 
(packaged) interconnections of several integrated circuits. 
 Phase I:  Select one or more integrated circuit configurations that are intended to perform radar T/R module or 
sub-array functions.  Develop an approach that will use three-dimensional electro-magnetic simulation techniques to 
provide accurate models of the performance of the interconnections between circuits, the enclosures (packages), and 
needed improvements for the simulator.  Consideration should be given to how the proposed simulation approach(es) 
will extend capabilities beyond those afforded by use of currently existing techniques and software programs and the 
compatibility of the approach with existing commercially supported software packages and workstations. 
 Phase II:  Complete simulator development and write appropriate software descriptions that can be used in 
conjunction with commercially supported software and workstations.  A goal should be to produce commercial 
software products for sale by an established microwave CAD vendor so that they can be used by the widest possible 
number of people. 
 
COMMERCIAL POTENTIAL:  Accurate models will greatly help in lowering production costs of T/R modules and 
sub-arrays.  Commercial uses of T/R modules include automotive collision avoidance radar, communication systems, 
and identification and tracking of trucks, buses or automobiles. 
 
 
ARPA 94-040  TITLE:  Development of Quasi-Optical Circuits for Millimeter-Wave Frequency Operation 
 
CATEGORY:  6.2 Exploratory Development; Telecommunications 
 
OBJECTIVE:  Develop quasi-optical millimeter wave frequency circuits which have superior performance 
characteristics compared to those of conventional millimeter-wave monolithic integrated circuits. 
 
DESCRIPTION:  Quasi-optical components have been developed that have the potential for low-cost production and 
promising performance at millimeter-wave frequencies.  However, additional work must be performed to achieve 
higher power output and efficiency, greater levels of integration, and develop techniques and capabilities for low-cost 
production. 
 Phase I:  Identify promising approaches for producing quasi-optical components such as millimeter-wave 
power sources, power amplifiers, mixers, low noise amplifiers, or combinations of these circuits.  Focus upon 
approaches that will result in batch fabrication capabilities leading to low-cost manufacturing.  If possible, produce 
initial circuit samples and evaluate them for millimeter-wave performance characteristics. 
 Phase II:  Continue development of quasi-optical millimeter-wave frequency circuits with emphasis on low-
cost production.  Evaluate yield and millimeter-wave performance of components that are produced. 
COMMERCIAL POTENTIAL:  These devices are expected to be used at millimeter wave frequencies to perform 
functions that cannot be readily accomplished using older technologies.  Millimeter wave circuits have commercial 
application to communications systems and "vision" through fog and smoke. 
 
 
ARPA 94-041  TITLE:  Cost-Effective Multi-Chip Integration Technologies 
 
CATEGORY:  6.3 Advanced Development; Electronic Devices 
 
OBJECTIVE:  Accelerate the emergence of a viable, domestic merchant multi-chip module (MCM) infrastructure.  In 
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particular, we are interested in efforts which will lower the cost of designing, manufacturing, and testing MCMs 
through the application of new software tools, equipments, materials, and processes. 
 
DESCRIPTION:  Despite doubling of integrated circuit (IC) density roughly every 18 months, we see a continuing 
need to cost-effectively interconnect multiple die without adding substantial overhead in terms of performance, volume, 
weight, or reliability.  Conventional single chip packages and printed circuit board technology have not kept pace with 
advances in IC performance and density making it difficult or expensive to implement many next-generation products 
in the computing, communications, automotive, and defense markets.  As a result, alternative approaches such as 
MCMs have emerged as a way to close the gap.  While the potential for these technologies has been demonstrated, 
widespread acceptance by systems users has not taken place due to perceived risks and high costs.  The purpose of this 
effort is to produce an order-of-magnitude reduction in MCM cost, develop a domestic supplier infrastructure, and 
accelerate the acceptance and insertion of advanced multi-chip integration technologies.  In particular, we hope to 
develop the software to produce error-free, manufacturable, and testable designs as well as the key manufacturing 
equipment, materials, and processes necessary to manufacture, assemble, and test modules that meet the needs of the 
aforementioned markets in a cost-effective and environmentally responsible manner.  Areas of particular interest 
include techniques for die and wafer level burn-in; large format (>400x400mm) manufacturing equipment for thin-film 
processes; cost-effective large format substrate materials; equipment, processes, and materials for significantly 
increasing the wiring and via densities of thin, low-cost, laminate substrates; design tools for digital and analog 
modules; test strategies and software tools for testing completed modules; and computer-integrated manufacturing 
(CIM) systems. 
 Phase I:  Define market requirements for new software tool, equipment, material, or process to be developed 
under a Phase II effort.  Establish performance and cost matrices, identify major risk factors, develop customer and 
supplier relationships, and prepare business plan.  Perform top-level design.  Demonstrate feasibility of approach 
through risk reduction experiments or early prototypes. 
 Phase II:  Complete detailed design.  Develop and prototype product in collaboration with suppliers and 
customers.  Demonstrate performance against matrices defined in Phase I. 
 
COMMERCIAL POTENTIAL:  MCMs are a generic dual-use technology required by a broad range of military and 
commercial electronic systems.  Products (software, equipment, materials, processes, etc.) resulting from this effort 
would be sold to merchant manufactures of MCMs. 
 
 
ARPA 94-042  TITLE:  Multi-Chip Module (MCM) Application Development 
 
CATEGORY:  6.3 Advanced Development; Communications Networking 
 
OBJECTIVE:  Accelerate the emergence of a viable, domestic merchant MCM infrastructure.  In particular, to 
stimulate market demand by demonstrating exciting new dual-use products which leverage, or are enabled by, MCM 
technology. 
 
DESCRIPTION:  Despite doubling of integrated circuit (IC) density roughly every 18 months, we see a continuing 
need to cost-effectively interconnect multiple die without adding substantial overhead in terms of performance, volume, 
weight, or reliability.  Conventional single chip packages and printed circuit board technology have not kept pace with 
advances in IC performance and density, making it difficult or expensive to implement many next-generation products 
in the computing, communications, automotive, and defense markets.  As a result, alternative approaches such as 
MCMs have emerged as a way to close the gap.  While the potential for these technologies has been demonstrated, 
widespread acceptance by systems users has not taken place due to perceived risks and high costs.  The purpose of this 
effort is to encourage systems designers to become early users of MCM technology by funding the design and 
prototyping of dual-use products which leverage the emerging technology.  Other ARPA programs may co-fund pilot-
production of selected MCMs.  The success of this effort will lower perceived risk by demonstrating successful 
insertions and lower MCM cost by generating high-volume applications.  Example motivations for using MCM 
technologies include:  (1) implementing high performance systems which cannot be implemented using conventional 
packaging technologies due to signal propagation delays; (2) reducing the size and weight of existing subsystems to 
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enable them to be inserted into new applications; (3) increasing the functionality of systems now limited by size/weight 
through higher levels of integration; (4) enabling the integration of multiple IC technologies into a single component; 
(5) integration of sensors, actuators, and displays with information processing components; (6) reducing system cost or 
increasing system reliability through the elimination of multiple expensive single-chip packages; (7) early 
implementation of next-generation Ultra-Large Scale Integration (ULSI) components before monolithic IC solutions 
become feasible; (8) exploitation of very high MCM interconnect and chip input/output densities to realize radical new 
computer architectures.  Example high-volume, dual-use MCM products include:  (1) high performance general 
purpose or special purpose processors that combine microprocessors with memory and interface logic; (2) PCMCIA 
card-based computing, memory, communication, or positioning systems; (3) personal navigation systems combining 
micro-mechanical sensors with global positioning and computing electronics; (4) integrated flat-panel display products 
which incorporate processor and drive electronics; (5) scalable computing elements which exploit MCM technology; 
(6) ubiquitous, personal wireless communicators; and (7) automotive or aerospace products exploiting MCM 
performance and reliability to enable real-time engine control. 
 Phase I:  Define market requirements for the new product.  Establish performance and cost matrices; identify 
major risk factors; develop customer and supplier relationships; estimate market size; and develop business plan.  
Perform top-level MCM design.  Select MCM technology and suppliers. 
 Phase II:  Complete detailed design.  Develop and prototype product in collaboration with suppliers and 
customers.  Demonstrate performance against metrics defined in Phase I. 
 
COMMERCIAL POTENTIAL:  Electronics is a $600 billion world market.  Demand for smaller, lighter, more 
portable systems means that MCM technology could become a pervasive enabling technology as well as a product 
differentiator in many key markets. 
 
 
ARPA 94-043  TITLE:  Real Time Printing of Fine Line Patterns on Printed Wiring Boards 
 
CATEGORY:  6.3 Advanced Development; Materials and Processes 
 
OBJECTIVE:  Investigate innovative methods for high speed direct writing of circuit patterns on printed wiring board 
photoresists.   
 
DESCRIPTION:  Printing of fine line patterns onto photographic masters has been possible for several years.  
Photoplotters capable of imaging fine lines on film are available from several manufacturers.  Transfer of the image 
from the master to the photoresist on the printed wiring board (PWB) is difficult when conventional phototools and 
photoresists are used.  A possible solution is to image fine line patterns directly on the photoresist to avoid the problems 
inherent in the contact printing approach used to transfer images from the phototool.  Several companies have 
developed laser direct imaging systems, similar to laser photoplotters.  These imaging systems have two inherent 
problems:  1) The lasers used in these systems are inefficient and unreliable; and 2) laser replacement is expensive.  The 
systems are very slow (compared to conventional contact printing) due to the large number of pixels required in the 
generation of a fine line pattern.  To make direct imaging systems compatible with conventional PWB lines, it will be 
necessary to print patterns at a rate of 5 to 6 sq. ft. per minute with a .2 mil resolution.    
 Phase I:  Evaluate various methods of achieving the speed required for real time imaging of circuit patterns on 
PWB photoresists.  Determine applicability to multi-chip module substrate patterning.  Evaluate the preferred approach 
in a breadboard assembly.  Develop cost comparison with standard PWB processing.  Complete a design concept for a 
full-scale real-time imaging system.   
 Phase II:  Complete the detailed design and build a prototype system capable of real time printing of fine line 
patterns on PWBs.  Test the system to determine capabilities, areas needing improvement, and applicability and 
modifications needed for multi-chip module (MCM) applications.  Develop concept for a "factory hardened" version of 
the prototype machine.  
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the electronic manufacturing industry. 
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ARPA 94-044  TITLE:  Sensor Fusion Using Neural Networks, Fuzzy Logic Systems and Parallel Processing 
Techniques 

 
CATEGORY:  6.2 Exploratory Development; Materials and Processes 
 
OBJECTIVE:  Develop a robust, efficient, and transportable methodology for performing real-time data/sensor fusion 
in the air defense environment.     
 
DESCRIPTION:  In the modern battlefield, threat information can come from a number of sources, each with its own 
particular strengths and weaknesses.  This can lead to ambiguities in threat assessment and location information.  As a 
result, the efficiency and efficacy of the fire unit operator is degraded.  It follows that any efforts to improve the fire 
unit operator's comprehension of the battlefield situation will produce corresponding reductions in fatalities due to 
friendly fire.  A system or methodology is desired, processor-based or microprocessor-based, which can take data with 
an associated degree of uncertainty from multiple sources and combine it to produce a target identification and location 
solution with a significantly higher degree of accuracy and, when unable to do so, put bounds on the uncertainty of the 
result.    
 Phase I:  Define a set of targeting information data sources with which the fusion system will work.  Based 
upon that set, choose several neural and fuzzy logic-based paradigms which appear promising, and develop the 
associated networks and rule bases required to implement the problem solution using them.   
 Phase II:  Evaluate the various paradigms selected under Phase I using computer generated threat laydowns 
based upon the statistical parameters of the data sources.   The best of these shall be selected for examination for 
potential use on air defense weapon systems.  
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the manufacturing controls industry. 
 
 
ARPA 94-045  TITLE:  Low-Cost, Real-Time Image Processing 
CATEGORY:  6.2 Exploratory Development; Computers  
 
OBJECTIVE:  Digitize, image process, and compress full-screen, high-resolution video in real time at frame rates of at 
least 30 frames per second, using a low cost, single board approach.   
 
DESCRIPTION:  A requirement exists for a programmable board or board set for a personal computer that would 
digitize and process video images in real time at a minimum of 30 frames per second.  An approach which emphasizes 
low-cost, high-performance, and selectable image processing is desired.  The system should be able to handle 8-bit 
color or 256 shades of grey, or better.  It should also be able to apply a variety of commonly needed image processing 
methods such as shadowing, sharpening, noise removal, contrast optimization, and convolutions.  Moreover, it should 
be able to compress spatially and/or temporally to achieve at least a 100 to 1 reduction in storage space requirements as 
compared to uncompressed video. 
   Phase I:  Consists of system conceptual design, hardware specification, algorithm selection, and hardware 
design.  This phase should result in a prototype that can at least perform the video digitizing and compression, and can 
be demonstrated using video data supplied by the government.   
 Phase II:  Implement the required image processing methods and algorithms, and proving operation of the 
system in a real time, live environment in government test labs.  
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the area of communication and the 
entertainment industry. 
 
 
ARPA 94-046  TITLE:  Noise Abatement 
 
CATEGORY:  6.2 Exploratory Development; Propulsion and Vehicular Systems 
 
OBJECTIVE:  Explore the possibilities for a noise abatement system for internal combustion engines.   
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DESCRIPTION:  There is a requirement in both the military and the commercial arenas for noise abatement.  The 
elimination of the muffler and various resonators from automobiles would have a dramatic increase on engine 
performance and efficiency.  In the military this is important for cost and efficiency reasons.  In addition, the military 
has requirements to silence equipment associated with forward area operations.  This requirement takes on new 
significance with the development of acoustic sensors which are being implemented in the bat smart submunition.  
Some successful work has been done in the commercial sector toward this end, suggesting that such silencing may be 
possible.    
 Phase I:  Investigate and perform a study to determine the feasibility of such a concept for military 
applications. 
 Phase II:  Develop and fabricate a prototype for evaluation. 
 
COMMERCIAL POTENTIAL:  Advances in engine performance and efficiency have significant commercial potential 
in the automotive industry. 
 
 
ARPA 94-047  TITLE:  Advanced Fiber Winding and Design Techniques 
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes  
 
OBJECTIVE:  Advance the development and fabrication of ultra-miniature fiber sensing coils for fiber gyroscopes that 
result in improved performance for ultra-miniature sizes.   
 
DESCRIPTION:  Optical Fiber Sensing Coils wound with polarization-maintaining (PM) fibers tend to degrade 
gyroscope performance as the coils become smaller and smaller.  New winding and design techniques need to be 
developed before ultra-miniature fiber optic gyroscopes can be inserted into high accuracy systems which require the 
performance of the PM fibers.  There is a need for very small fiber sensing coils which maintain the performance levels 
of the larger sensing coils being utilized now. 
 Phase I:  Develop an approach for fabricating ultra-miniature fiber sensing coils (outer coil diameter <1 inch) 
that leads to improved performance for fiber gyroscopes.   
 Phase II:  Design and fabricate prototype ultra-miniature sensing coils.  Evaluate the performance 
characteristics of the coils.  Evaluate the performance of the coils within fiber gyroscope systems.  Provide a detailed 
set of the procedures, including a description of the necessary equipment and facilities, for producing ultra-miniature 
fiber sensing coils.  
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the transportation industry. 
 
 
ARPA 94-048  TITLE:  Development of Ultra-Miniature Fiber Sensing Coils for High Accuracy Fiber Optic 

Gyroscopes 
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes 
 
OBJECTIVE:  Advance the development and fabrication of ultra-miniature (outer diameter less than 1 inch) fiber 
sensing coils for high accuracy (< 1 deg/hr) fiber optic gyroscopes.   
 
DESCRIPTION:  The type of material selected for the fiber sensing coil is a critical factor which determines how the 
gyroscope will perform over a given temperature range.  Elimination of the core material can eliminate the thermal 
expansion problems experienced in high accuracy applications.  A formless coil or freestanding fiber optic coil held 
together with adhesives could lead to high accuracy gyroscopes which are insensitive to material expansion problems.    
 Phase I:  Develop an approach for fabricating formless fiber optic sensing coils for high accuracy applications. 
 The approach should take into consideration the minimization of thermal gradient effects.   
 Phase II:  Fabricate prototype formless coils and evaluate the performance characteristics.  The solicitor will 
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provide a detailed set of the procedures, including a description of the necessary equipment and facilities for producing 
the high accuracy, formless fiber sensing coils. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists with commercial navigation equipment. 
 
 
ARPA 94-049  TITLE:  Lateral Storage and Loss Moduli of Optical Fibers Under Line Contact Loads 
 
CATEGORY:  6.2 Exploratory Development; Communications Networking 
 
OBJECTIVE:  Develop the methodology, software, and equipment required to characterize the lateral storage and loss 
moduli of parallel optical fibers under line contact load as a function of time and temperature.  
 
DESCRIPTION:  The optical fiber data link is a critical component of Fiber Optic Guided Vehicle (FOG-V) dispensers 
designed for high speed payout.  During dispenser fabrication, layers of fiber are wound onto a bobbin at precise 
tensions.  After winding, the residual tension profile of the fiber layers decreases with time due to viscoelastic 
processes.   The purpose of this research is to use this information to obtain a better understanding of the lateral 
deflection of the fibers due to contact pressure.  A system is needed to measure the storage and loss moduli of parallel 
fibers under a lateral contact pressure. The system must be able to perform reliable measurements of optical fiber 
deflections due to lateral contact pressures of between 10 grams to 2000 grams, over a temperature range of -80 C to 
+80 C and a minimum frequency range of 0 Hz (static load) to 10 Hz.  The system must have a 0.5 micrometer 
repeatability and resolution for deflection measurements between adjacent fiber turns.    
 Phase I:  Perform analysis and design/fabricate a breadboard system.  Demonstrate the system by measuring 
the lateral deflection of adjacent fibers in a parallel array of optical fibers under ambient conditions with the resolution 
and repeatability shown above for static loads between 10 grams and 2000 grams.   
 Phase II:  Complete development of the system.  Perform studies to determine the curves for storage and loss 
moduli for the fiber buffer coatings in contact as a function of buffer diameter, distance between fiber turns on the same 
layer, frequency, and temperature.  Perform modelling of optical fiber properties under static and dynamic conditions to 
determine the effects of the properties investigated.  Make recommendations for an optimum optical fiber for high 
speed payout applications. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the communications industry. 
 
 
ARPA 94-050  TITLE:  Development of Magneto-Optical Spatial Light Modulator Using Rewritable Optical Disk 

Technology 
 
CATEGORY:  6.2 Exploratory Development; Electronic Devices 
 
OBJECTIVE:  Develop a device that will spatially encode and store magneto-optical material (i.e. a rewritable optical 
disk) with an image, and also be capable of encoding a laser beam with that stored image.   
 
DESCRIPTION:  Rewritable optical disks store digital information by taking advantage of the magneto-optical Kerr 
effect.  A laser beam is used to heat a particular spot on the optical disk above its Currie point in the presence of a 
magnetic field.  The molecules of the optical disk in the heated spot will align themselves with the magnetic field.  The 
laser is then turned off and the disk is allowed to cool while still in the magnetic field.  This causes the spot that was 
heated to have a grouping of molecules that have aligned magnetic moments.  When an unpolarized light beam is 
incident on this group of aligned molecules, that beam will be polarized a given amount.  It should be possible to create 
a spatial light modulator from this technology which can adjust magnetic field strength and direction in order to achieve 
a large number of grey scales.  Also, pixel sizes could be as small as the focal spot size of the laser beam, enabling a 
large number of pixels to be placed in a small area.    
 Phase I:  Create a method of spatially encoding and reading optically rewritable material.  A prototype device 
that encodes the optical material and uses that material to encode a laser beam should be constructed.   
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 Phase II:  Refine the design of Phase I such that the device can display real-time video signals (such as NTSC 
video output from a video camera or recorder) on the spatial light modulator.  This device should be constructed with 
the intent of being utilized in an optical processing system such as an optical correlator.  
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the electro-optical communications 
industry. 
 
 
ARPA 94-051  TITLE:  Covert Ultra-Wideband Radio Frequency (RF) Data Link 
 
CATEGORY:  6.2 Exploratory Development; Telecommunications 
 
OBJECTIVE:  Develop a covert, ultra-wideband (UWB), radio frequency (RF) data link for the transmission of digital 
data.   
DESCRIPTION:  UWB is defined as having an instantaneous bandwidth greater than 25% of the center frequency.  
UWB signals are generated by use of a short-duration pulse.  The advantages of UWB include:  (1) minimal multipath 
distortion, (2) immunity to EW jammers, and (3) the ability to transmit through foliage and obstacles.  Innovative ideas 
are sought for the design and implementation of a UWB RF data link with the following attributes:  (1) digital data rate 
of at least 100 kb/s (desired of 100 Mb/s), (2) instantaneous bandwidth greater than 25% of center frequency, and (3) 
center frequency between the values of 4 to 30 GHz.  The UWB RF data link should include an interface for digital 
data, modulator, transmitter, transmit antenna, receive antenna, receiver, and demodulator, as well as any other 
hardware to make a complete and operational system for evaluation.  Proposal should contain detailed description of 
the design of the UWB RF data link as well as the implementation.  Designs which show innovation in the areas of 
modulation techniques, pulse generation, receiver technology, and digital data rate will be given priority.    
 Phase I:  Provide detailed analysis of the proposed design including experimental evaluation plan.   
 Phase II:  Develop hardware and perform laboratory and field demonstrations to verify the technical approach.  
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the communications industry. 
 
 
ARPA 94-052  TITLE:  Moving Signal for Highway Safety Under Obscured Conditions (Sensor/Beacon) 
 
CATEGORY:  6.2 Exploratory Development; Navigation, Guidance, and Vehicle Control  
 
OBJECTIVE:  Build and demonstrate prototype sensor/beacon devices to pace traffic when fog or smoke obscures 
roadways.   
DESCRIPTION:  Roadway embedded units similar to lane reflectors would sense the passage of individual vehicles 
and turn on a self-contained Light Emitting Diode (LED) beacon for a period after vehicle passage. This produces an 
effective light tail which extends behind the vehicle and acts to provide a visible distance buffer to the following driver, 
who cannot see the leading vehicle itself.  More complex functions of traffic control could also be executed if the 
individual sensor/beacons are netted and centrally controlled.    
 Phase I:  Analyze requirements for visibility and safety parameters. Negotiate nominal requirements with 
National Highway Transportation Safety Agency (NHTSA) or other authority in the transportation field.  Build a small 
number of prototypes and conduct a parking-lot-scale demonstration.   
 Phase II:  Build a large number of prototypes and place them in a roadway known to be afflicted with 
obscurations, such as a mountain highway or industrial zone.  Conduct testing.  
  Phase III:  Analyze the requirements for a netted system and design a system having multiple functions of 
traffic control.  For example, pacing of traffic in tunnels and on bridges. 
 
COMMERCIAL POTENTIAL:  Significant commercial potential exists in the transportation industry. 
 
 
ARPA 94-053  TITLE:  Reconfigurable Ocean Structures, Including Materials, Joinery, Propulsion, Generators, 
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Automation, and Robotics   
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes 
 
OBJECTIVE:  Develop concepts for advanced open-system, modular, reconfigurable, and rapidly deployable ocean 
platforms and crafts, including high-risk, high-value, scalable components, such as advanced materials, 
joinery/connectors, engines, motors, generators, automated control systems, and robotic assembly fixtures and 
machines. 
 
DESCRIPTION:  The focus of this program will be on modular components that can be reconfigured into multiple 
mission-specific configurations.  The program will examine scalable systems and high value components that can be 
tailored to meet multiple defense missions and are applicable for commercial uses.  The systems and high value 
components must be "open" in nature, i.e., composed of standard primitive elements that can be joined and integrated 
into more complex high value components and systems.  This "open systems" approach will facilitate more affordable 
initial development and operations, diminish the possibility of long development cycles after technological surprise, and 
support the mission specific tailoring of components and systems for future distributed war fighting scenarios.  This 
program is divided into three main areas: families of large modular systems; families of small modular systems; and 
high value components.  Large modular systems include Mobile Offshore Bases (MOBs) and portable ports.  MOBs 
are extremely large floating structures that have the potential to reduce the amount of strategic sea lift required in 
support of contingency operations.  Substantial forces and supplies could be pre-positioned near the theater in 
international waters, obviating the need for host country support.  Portable ports provide the ability to rapidly discharge 
cargo at coastal locations having limited or no port facilities.  At the other end of the size spectrum are the small 
modular systems deployed in constellations to perform their mission.  For example, families of reconfigurable small 
craft with multi-mission capabilities could be deployed in support of operations such as surveillance, mine warfare, 
strike warfare, or counternarcotics.  The patrol class size vessels would be rapidly deployable by air or ship and quickly 
assembled and configured near or in theater for specific missions.  The third area of the program is the high-value 
components that make up each module.  Such high-value components typically account for approximately one third of 
the acquisition and life cycle costs of maritime platforms.  High-value components include advanced engines and 
propulsion, electric motors, generators, and cranes.  Advanced engines and propulsion with high-efficiency, modular 
construction, and multi-fuel capability at low emissions and noise levels would be applicable in all ocean structures, 
platforms, and ships.  Advanced motors, generators, and controllers with high power densities, compact modular 
designs, and low noise would also be applicable to all ocean structures, platforms, and ships.  Advanced integrated 
electric drive and power distribution systems represent reduction in weight, volume, and acquisition and life cycle costs, 
while improving performance.  Cranes with robotic capabilities would allow automated construction and repair of 
ocean platforms, facilitate rapid cargo handling, and compensate for relative motion between large structures at sea.  
 Phase I:  Develop concept designs, subscale demonstrations, and proof-of-concepts in high-risk mitigation 
areas for modular systems and components.  Conduct laboratory investigations and perform a laboratory demonstration 
which furnishes proof-of-principle for the proposed solution. 
 Phase II:  Develop refined preliminary design documentation and additional subscale demonstrations in high 
risk mitigation areas and full scale prototypes, as appropriate. 
 
COMMERCIAL POTENTIAL:  If successful, this program would have tremendous impact across multiple disciplines. 
 The design and manufacturing technologies for modular systems would be brought to state-of-the-art levels, driven by 
the need for reduced cost.  Quality and performance improvements to high-value components would increase U.S. 
competitiveness in the worldwide maritime industry.  For example, MOBs have tremendous dual-use potential in 
commercial structures such as floating airports, large industrial processing plants, and ocean power generation systems. 
 Even missile and satellite launch sites could be built economically.  Portable ports and causeway construction have 
dual-use potential in commercial structures such as piers, bridges, port facilities, and traveling bridges for highway 
bypasses during road repair and construction operations.  For reconfigurable small craft, open systems design and 
modular construction would allow rapid deployment by air or sea and rapid mission specific reconfiguration near or in 
theater.  Local law enforcement agencies, as well as the entire maritime industry, would be the recipients of this 
technology.  Selective and effective infusion of technology into high-value components would have significant payoff 
for the maritime industry. 
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ARPA 94-054  TITLE:  Acoustic Lenses for Affordability in Sonar and Biomedical Applications 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop compact and relatively low cost acoustic lenses for application to hand-held sonar systems, 
unmanned vehicle sonar systems, and medical ultrasound systems. 
 
DESCRIPTION:  Sonars are critical tools for underwater obstacle avoidance, bathymetry, acoustic imaging, and search 
and navigation.  In general, one wants the sonar to sense a surface or volume with high resolution within a large field or 
view and have the interrogations updated as frequently as possible.  Acoustic lenses provide a relatively compact and 
inexpensive sensor that can transmit, then receive multiple conical or rectangular beams using no beamforming 
electronics.  Acoustic lenses have the potential for widespread applications including hand-held sonar systems, 
unmanned vehicle sonar systems, and medical ultrasound systems.  Reduction in size and cost of acoustic lenses can 
lead to increased affordability of underwater survey and navigation equipment and reduction in cost of medical 
ultrasound equipment.  Development of acoustic lens technology is not desired, but application of acoustic lens 
technology toward reduction of sonar size and cost is desirable.  Also, applications for use of acoustic lens technology 
in commercial and medical devices is sought. 
 Phase I:  Demonstrate the application of acoustic lens technology and its effectiveness in reducing overall 
system size and cost, compared to existing systems. 
 Phase II:  Perform laboratory testing of a prototype system. 
 
COMMERCIAL POTENTIAL:  Acoustic lens technology has applicability to medical ultrasound devices, underwater 
survey, underwater searches, and marine salvage. 
 
 
ARPA 94-055  TITLE:  Novel Actuation Schemes to Convert Various Forms of Energy into Proportional 

Mechanical Outputs for Servo-Controlled Applications 
 
CATEGORY:  6.2 Exploratory Development; Propulsion and Energy Conversion 
 
OBJECTIVE:  Develop computer controllable actuation schemes to convert alternative energy sources into 
proportional mechanical outputs usable for device drivers. 
 
DESCRIPTION:  ARPA is investigating innovative techniques to control the movement of robot components, 
machines that move control vanes, ducts, ducting mechanisms, blocking devices, passages, control surfaces, and flow 
control devices, etc.  There are many types of energy sources, i.e., chemical, mechanical, biological, etc., some of which 
have high energy densities.  ARPA is seeking those sources whose actuation can be finely controlled by computer.  The 
actuated movements that are required have vastly different quantities, such as speed, torque, bandwidth (large 
bandwidth desired), stiffness/softness, reliability, weight, force (high force per unit weight), etc.  The entire required 
system support in any potential actuation schemes - energy source, power take off, conversion, control, etc., and 
emissions produced from such schemes, e.g., sound, vibration, radiation, etc. -  must be considered.  These systems 
should be made as small as possible, and therefore, macro (array) application of micro systems should be considered.  
Consider any new manufacturing technology required to develop these energy conversion schemes. 
 Phase I: Define and develop innovative alternative energy sources, conversion techniques, actuators, control 
systems, and manufacturing techniques applicable to finely controllable devices that lend themselves to computer 
control.  The key technologies or components should be demonstrated. 
 Phase II:  Test and demonstrate a complete system in the laboratory and the field.  Develop production 
techniques and cost estimates for proposed systems. 
 
COMMERCIAL POTENTIAL:  Anticipated products are personal generators, devices for controlling flow in aircraft 
engines and on flight control components, and actuation devices in automobile engines for control of engine functions 
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or within the interior for personal comfort, etc. 
 
 
ARPA 94-056  TITLE:  Use of Advanced Compression Techniques to Transmit Video-Based Products Via Very 

Small Bandwidth Satellites and Twisted-Pair Circuits 
 
CATEGORY:  6.3 Advanced Development; Communications Networking  
 
OBJECTIVE:  Develop advanced hardware and/or software, including data compression techniques, which will allow 
real-time video transmissions for virtual boardroom applications between remote or mobile sites via Navy UHF 
satellites, twisted-pair wiring, or other limited-bandwidth media. 
 
DESCRIPTION:  Many recent advances in data compression techniques are applicable to increasing the capabilities or 
lowering the costs of communications networks commonly used for data and still picture transmission.  The 
development of commercial real-time teleconferencing (including videophones) is driving the need for developing 
techniques/technologies with special applicability to real-time video transmissions.  Video transmissions are inherently 
different from normal data transmissions due to two factors:  the large amount of data required for full screen updating 
of real-time transmissions; and, the (often) large degree of correlation from one video frame to the next.  This 
correlation makes video a particularly attractive target for data compression, where improvements on the order of 50:1 
may be achievable. 
 
Widespread commercial acceptance of video-based services will rely on the development of low-cost technologies for 
transmission.  In turn, the utility of these transmissions will be based on the development of new and innovative data 
compression techniques to support the real-time interchange of video information.  The development and 
implementation of these advanced data compression techniques is the goal of this SBIR. 
 
There is a large potential for dual use in this project.  Specific applications include advanced/lower cost video 
telephones (including mobile video or "cellular videophones"), video teleconferencing, distributed video incorporated 
in industrial training and new, smart-road video display systems.  The development of advanced data compression 
envisioned in this project is for use with relaying a variety of video-based services.  These services include primary 
imagery dissemination, mission planning data, video teleconferencing, telemedicine images, television programming, 
and training video images.  The anticipated communications path includes a 48 KHz UHF satellite system with 
potential expansion to twisted-pair circuits.  
 Phase I:  Investigate the data compression required for video-based services.  Determine the required data 
transmission rates to support primary imagery dissemination, mission planning data, video teleconferencing, 
telemedicine images, television programming, and training situational images and compare to the bandwidth available 
with a 48 KHz UHF satellite system and with twisted-pair circuits.  Propose specific software and/or hardware 
technologies to perform compression for each transmission regime.  Conduct laboratory investigations and perform a 
laboratory demonstration which furnishes proof-of-principle for the proposed solution. 
 Phase II:  Perform laboratory testing and preliminary builds of solution hardware and software technologies.  
Conduct a demonstration of the proposed compression techniques in a fixed-base to fixed-base setting.  Conduct a 
demonstration of the proposed compression techniques in a fixed-base to mobile (e.g., ship or airborne) platform. 
 
COMMERCIAL POTENTIAL:  Data compression for video services can be used in any current commercial video 
teleconferencing system, video phones, airline pilot trainers, and smart-road systems utilizing video displays of maps 
with environmental and situational overlays.  
 
 
ARPA 94-057  TITLE:  Non-Evasive Communication with Embedded Sensors in Composites 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop systems for communicating non-evasively with various embedded sensor systems in 
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composites.    
 
DESCRIPTION:  Various sensors have been successfully embedded in thick composites during fabrication.  
Algorithms are being developed to convert sensor signals into engineering data, all of which is communicated via fiber 
optic links.  The next step is to remotely interrogate the embedded sensors during fabrication and service life to acquire 
real-time information on the health of the structure.  Many parameters can be evaluated, such as temperature, pressure, 
stress, strain, etc., and combined into meaningful information. 
 Phase I:  Demonstrate ability to remotely interrogate sensors embedded in thick composites, and obtain useful 
engineering data.  Identify system requirements and constraints for use in thick composite structures. 
 Phase II:  Demonstrate system functionality by loading a thick composite embedded sensor structure.  Subject 
it to varying loads and environmental stresses while interrogating internal sensors for its structural integrity. 
 
COMMERCIAL POTENTIAL:  Commercial potential exists in the monitoring of the fabrication processes, assessment 
of structural health of composites during service, and an indicator when service/repair/replacement is required.   This 
technology will provide confidence in using composites in "hard to inspect applications" as well as provide feedback 
information on the adequacy of the design such as bridges, dams, buildings, and transportation structures. 
 
 
 
ARPA 94-058  TITLE:  Automatic System Identification Techniques and Micromechanical Sensors and Actuators 

for Active Vibration and Noise Control in Precision Fabrication 
 
CATEGORY:  6.3 Advanced Development; Sensors 
 
OBJECTIVE:  Develop the capability to perform on-line real-time automatic system identification for general purpose 
active noise and vibration control systems targeted for precision fabrication applications, and develop scalable families 
of micromechanical sensors and actuators for use in these active vibration control systems.  
 
DESCRIPTION:  Many precision fabrication applications require precise control of very small structures (e.g., the 
emitter tip of an electron gun used for integrated circuit exposure mask production and repair).  This, in turn, requires 
sensors that can accurately and practically measure very small forces, accelerations, and displacements, and demands 
mechanical actuators that can apply the required control forces with the required accuracy, authority, stroke, and delay. 
 Such sensors and actuators must be scalable (within bounds) from a common design and be practical to produce in 
quantity.  Recent advances in construction of micromechanical sensors and actuators have opened new doors in the area 
of active vibration and noise control in Precision Fabrication Systems.  This has created a need to develop new and 
innovative approaches to performing and automating the traditional System Identification process.  System 
Identification involves the determination of system properties from designed inputs and observed outputs.  Its 
application in the active control of vibration is to the maintenance of a predictive model for the dynamics of the system 
to be controlled.  Such a predictive model (and the means to adaptively estimate it) is an important element of every 
control system that must maintain the desired physical condition.  A necessary feature of any real-world active control 
system is the ability to perform System Identification both efficiently and on-line.  The efficiency requirement is critical 
in applications involving manufacturing processes.  Gains in precision levels and/or overall throughput which are 
realized by the use of an active control system will be rapidly lost if the time and expense of recalibrating the control 
system is prohibitive.  This is especially true if the particular manufacturing activity must be shut down while the 
recalibration takes place.  Thus the requirement to perform recalibrations on-line.  The most desirable version of such 
processes is an automated on-line System Identification capability which requires little or no operator intervention 
beyond initial set-up and occasional maintenance.   The ability to automate the System Identification process for an 
active vibration control system is essential to its commercial feasibility. 
 Phase I:  Automatic System Identification modules of active control systems must have four major functions:  
Data Preconditioning, System Monitoring, Test Signal Generation, and Model Estimation.  These four functions will be 
present in some form in virtually every self-tuning control system.  A successful Phase I proposal will focus on the 
design and implementation of key aspects of each of these four functions and a representative simulation environment 
of interest to ARPA.  A successful Phase I proposal will build on and extend the existing ARPA technology base and 
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demonstrate its applicability to actual System Identification design problems related to active vibration control and the 
use of micromechanical sensors and actuators in Precision Fabrication Systems. 
 Phase II:  If Phase I is deemed successful, Phase II work will focus on extending the results of Phase I work in 
a real-world implementation of an Automatic System Identification module with one or more functioning active control 
system(s).  The active control system(s) will be chosen from those related to Precision Fabrication Systems of the type 
ARPA is building now and is likely to design in the near future. 
 
COMMERCIAL POTENTIAL:  Technology could result in major reductions in production cost, and major increases 
in product quality, reliability, and service life for industries that produce or use precision machine tools, optics 
fabrication equipment, or microelectronic/flat panel display production tools. 
 
 
ARPA 94-059  TITLE:  Chaotic Modeling for Supply and Inventory Management and Command Center Message 

Traffic Management (Chaos in Distributed Systems) 
 
CATEGORY:  6.3 Advanced Development; Software 
 
OBJECTIVE:  Determine if tools for the analysis of chaotic data are applicable to distributed systems in 
communications or logistics networks.   
 
DESCRIPTION:  Analysis tools developed to study chaotic systems are showing great potential for improved methods 
in many areas.  One of the great surprises is the prevalence of chaos in both nature and man-made systems.  Another 
surprise is that the tools developed to study chaos also provide novel and powerful methods for studying systems that 
are not necessarily chaotic.  Distributed systems are natural candidates for study and exploitation with chaotic tools 
because the technical conditions for the existence of chaos are met.  Many distributed systems, such as communications 
and computer networks, and intermediate and end-provider inventory depots, can be modeled as local agents with 
feedback.  For example, a logistics depot (or auto wholesaler) makes decisions locally based on little data --perhaps last 
week's deliveries to customers.  Simple systems with nonlinear rules are classically candidates for chaotic behavior.  It 
is possible that messages in a queue or logistics depot inventory levels are chaotic.  If so, several issues can be 
addressed:  Is chaos present?  It may not be, even if the prerequisite conditions exist.  Is chaos contextually good or 
bad?  Nature teaches us that chaos is good because it is robust.  With this knowledge can we better design distributed 
systems to either take advantage of, or avoid, chaos?  Is it possible to force a hostile system into an undesirable mode 
with very little effort (i.e., little cost to the friendly forces)?  The purpose of the project is to answer these questions and 
develop methods using existing chaotic data analysis tools. 
 Phase I:  Use existing chaotic data analysis tools to study representative real data from one or more distributed 
systems.  Determine if these data are chaotic and if the observed mode of operations is desirable.  Describe the systems 
architecture of an end-user system to exploit these data.   
 Phase II:  Develop a local end-user system for exploitation of the chaotic conditions. 
 
COMMERCIAL POTENTIAL:  Commercial applications include optimum control of distributed processing and 
communications networks and inventory control.  These methods may be used to better control routing and queuing in 
communications, data, and computing networks.  They may be useful in the control of manufacturing, wholesale, and 
retail inventory levels. 
 
 
ARPA 94-060  TITLE:  Sensors and Control Systems for Intelligent, Flexible Manufacturing of Electronics   
 
CATEGORY:  6.1 Basic Research; Materials and Processes  
 
OBJECTIVE:  Develop sensors and control systems for flexible, intelligent manufacturing of electronic and photonic 
components.   
 
DESCRIPTION:  Future electronic and photonic components will demand more accurate processing capabilities.  In 
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addition, the capability to produce multiple components on the same manufacturing line will require the ability to 
rapidly adjust processes.  In-situ monitoring and process control are needed for such flexible, intelligent manufacturing 
of electronics.   These sensors and control systems must be low cost, non-invasive, and reliable. 
 Phase I:  Identify crucial parameters for semiconductor wafer processing.  Develop concepts for appropriate 
sensors and control systems.   
 Phase II:  Develop sensors and control systems for crucial processing parameters identified in Phase I.  
Demonstrate effectiveness of the system. 
 
COMMERCIAL POTENTIAL:  Sensors and control systems for flexible, intelligent manufacturing will enable low 
cost, high yield production of future electronic parts for the civilian and military markets. 
 
 
ARPA 94-061  TITLE:  Etching of Complex Oxide Thin-Films    
 
CATEGORY:  6.1 Basic Research; Materials and Processes  
 
OBJECTIVE:  Develop processes and equipment for etching of thin-film, multi-component oxide materials.   
 
DESCRIPTION:  Many complex oxide materials are of interest for thin-film, monolithic electronic applications.   
Among these materials are high dielectrics, ferroelectrics, pyroelectrics, piezoelectrics, and high temperature 
superconductors.  Etching equipment needs to be developed which will be low cost, reliable, environmentally benign, 
and uniform over large area wafers, have a rapid etch rate, and cause little or no damage to remaining nearby structures. 
 Phase I:  Develop and demonstrate the etching process.   
 Phase II:  Optimize the etching process.  Explore breadth of applicability to multiple classes of 
multi-component oxide thin films.  Design and develop prototype etching equipment. 
 
COMMERCIAL POTENTIAL:  Thin-film, multi-component oxides have many uses in electronics, photonics, sensors, 
and micro-electro-mechanical systems (MEMS) for both civilian and military applications. 
 
 
ARPA 94-062  TITLE:  Focused Ion-Beam Deposition of Nano Structures    
 
CATEGORY:  6.1 Basic Research; Materials and Processes  
 
OBJECTIVE:  Develop focused ion beam deposition equipment suitable for the direct deposition in ultra-high vacuum 
of multi-layered, multi-element metallic electronic components upon semiconductor substrates.   
 
DESCRIPTION:  Current focused ion beam technology is becoming widely used in the United States for point cutting 
and metallization in integrated circuit fabrication, in order to salvage or modify a complicated chip needing a few 
alterations.  Recent Japanese work has shown that simple electronic circuit elements themselves may be directly 
fabricated using this same technology.  Although the Japanese work was carried out to demonstrate direct deposition of 
electrical contacts and leads onto semiconductor substrates, recent developments in the U.S. and Europe indicate that 
new classes of all-metal electronic devices may be directly fabricated using focused ion beam deposition.  These 
devices are composed of overlapping layers of magnetic and non-magnetic metals, and depend for their operation upon 
magnetic manipulation of spin-polarized current through their elements.  The performance of these devices improves as 
their dimensions decrease, hence they require small scale fabrication (< 1 micron critical feature size).  Current research 
on these devices is hampered by the complexity and time-consuming process in which metallic multi-layered films are 
deposited and then lithographically patterned, etched, masked, re-deposited with additional metal components, 
repatterned, etc., before simple prototype research devices may be tested.  Direct fabrication of these devices using 
focused ion beam deposition from a multi-element liquid metal source would reduce this research time dramatically and 
prove a major impetus to device development. 
 Phase I:  Prepare and provide a complete design of an ultra-high-vacuum focused ion beam deposition system 
capable of depositing from liquid metal sources the elements:  Al, Ag, Au, Co, Cr, Cu, Fe, Ni, and Mn.  This system 
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must be capable of rapidly (less than 1 millisecond) changing from element to element during a single deposition run, 
and providing complete computer control and secondary electron imaging of the patterning process.  Spot size should 
be less than 0.050 microns, and the sticking coefficient of the deposit should be maximized to permit greater than 0.005 
micron/minute deposition rates.  The substrate stage should permit rapid turnaround through a vacuum load-lock, 
computer control of stage motion to 0.005 microns, and liquid nitrogen cooling of the substrate.   
 Phase II:  Fabrication of a successful Phase I design and delivery to a designated DoD laboratory (Naval 
Research Laboratory (NRL)) for testing. 
 
COMMERCIAL POTENTIAL:  Successful completion of this project will provide U.S. industry with equipment to 
develop new, high-density, all metallic electronic components at a significant reduction in research costs. 
 
 
ARPA 94-063  TITLE:  On-Chip Processing for Multi-Spectral Imaging Sensors    
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop concepts for the utilization of integrated multi-spectral infrared detector arrays for military 
systems, environmental monitoring, and manufacturing process control.  The concepts will be supported by analytical 
models and test devices validating the concept. 
 
DESCRIPTION:  Multi-spectral infrared devices are utilized for many system applications requiring spectroscopic 
information.  The detectors are usually discrete devices physically assembled into multi-spectral detector arrays.  The 
spectral sensitivity ranges from 0.4 micrometers to greater than 20 micrometers.  The information from the sensor array 
is read off the sensor chip for further processing.  The data rates are usually high, which increases the cost of the system 
and limits the amount of information that can be processed.  This program is directed toward concepts which improve 
the effectiveness of multi-spectral sensor use.  New concepts for sensor architecture and for pre-processing the sensor 
information are being sought.  The sensor system applications range from concepts for environmental monitoring, 
controlling manufacturing processes, and guidance and target acquisition for military systems.  The scope of the project 
is to define a model which describes the benefit to be derived from the utilization of multi-spectral sensor data, design 
and/or simulation of a test device, and validation of the benefits to be derived from the new configuration of 
multi-spectral sensors.     
 Phase I:  Define the application base for the multi-spectral sensors.  A specific application will be selected and 
the current utilization of multi-spectral devices will be described.  The contractor will also define a model which 
describes the benefit of improvements to be made in the multi-spectral sensor system.  The model shall document the 
benefits, such as reduction in sensor cost, speed of system integration, and product performance improvement and/or 
yield to be derived from use of the integrated multi-spectral sensor.  A design concept will be established for 
development of the multi-spectral/pre-processor system, and if feasible, the prototype components will be 
demonstrated. 
   Phase II:  Further develop the concept for multi-spectral sensor integration.  The sensor concept will be 
"bread-boarded" and evaluated.  A system integrator will be involved in the program to facilitate the plans for 
integration into a system. 
 
COMMERCIAL POTENTIAL:  Multi-spectral imaging sensors are currently used in commercial applications for 
environmental monitoring and pollution detection.  Cost reduction of the sensor package will open doors for utilization 
of multi-spectral sensors in manufacturing and process control. 
 
 
ARPA 94-064  TITLE:  Process Control for Lithography    
 
CATEGORY:  6.3 Advanced Development; Materials and Processes 
 
OBJECTIVE:  Improve pattern placement and size control of small features (nominally 0.25 microns and below) in the 
fabrication of semiconductor devices.   
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DESCRIPTION:  The fabrication of advanced semiconductor devices requires the patterning of small features (0.25 
microns and below) on the semiconductor wafer.  Further, several layers ( > 10) of these patterns are required during 
the sequence of processing steps to form the transistors, and each of these layers must register to previous layers to 
within 10-20% of these line widths.  The lithographic tools used to print these patterns must have improved control in 
placement and line width control over increasingly larger print fields.  New approaches that will address any of these 
issues are being sought.  In-situ sensing and control is ideal, but off-line approaches may be considered.  Potential areas 
for consideration include dosimetry, vibration and temperature control, reduced charging, modeling, alignment 
schemes, metrology, new materials, and appropriate feedback systems.  All approaches will be evaluated for 
effectiveness when implemented into the production line.  A path to eventual implementation through a commercial 
product will be outlined.  Lithography exposure sources of interest include deep ultraviolet, x-ray, e-beam, and 
ion-beam. 
 Phase I:  Fully define the plan, outline the detailed design, and begin initial experimentation that will provide 
the required improvement. 
 Phase II:  Develop and build a breadboard unit to demonstrate successful achievement of the goals.  Provide a 
detailed plan for implementation into tooling commercially available to the industry. 
 
COMMERCIAL POTENTIAL:  All these developments lead to improved manufacturing of integrated circuits such as 
memory chips, micro processors, and micro electronics in general.  These serve both military and commercial 
applications in electronics. 
 
 
ARPA 94-065  TITLE:  Lattice Matched Substrates of Long Life, Reliable Semiconductor Diode Lasers   
 
CATEGORY:  6.2 Exploratory Development; Materials and Processes  
 
OBJECTIVE:  Grow and fabricate epi-ready substrates for use in the manufacturing of visible light emitting diodes 
(LEDs) and laser diodes.   
 
DESCRIPTION:  LEDs and laser diodes require efficient radiative recombination of carriers.  These minority carrier 
devices need to have-high quality pn-junction without dislocations, defects, and excessive strain in order to achieve 
long lifetimes.  Lattice matched substrates are necessary for perfect epitaxial growth.  Low differential thermal 
coefficient between the epitaxial growth and the substrate is also important to minimize strain.  Lattice matched 
substrates are not available for blue and green LEDs and laser diodes at the present time.  A developmental effort 
leading to their availability is sought. 
 Phase I:  Fully define the approach; design the growth equipment; and experimentally verify the concept. 
 Phase II:  Grow and characterize substrate crystals.  Provide detailed plan for scalable implementation.  
Deliver epi-ready, 2-inch substrates to device houses for experimental proofing. 
 
COMMERCIAL POTENTIAL:  Visible diodes will have dual-use potential in displays and optical storage. 
 
 
ARPA 94-066  TITLE:  Design of Hybrid Neural Network/Digital Computer Architectures    
 
CATEGORY:  6.1 Basic Research; Computers  
 
OBJECTIVE:  Design and develop a hybrid neural network/digital computer architecture suitable for implementing 
image understanding algorithms.  This solicitation is coordinated with a companion topic entitled, "Image 
Understanding Algorithms Suitable for Hybrid Neural Network/Digital Computer Systems."  (ARPA 94-080) 
 
DESCRIPTION:  Highly capable hybrid neural network/digital computing architectures are sought to provide a 
development environment for image understanding algorithms.  The proposed system should make appropriate use of 
emerging high-speed neural network chips in the design.  The systems proposed should enable development of 
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end-to-end vision architectures capable of analyzing high-resolution images at video rates.  The system design should 
account for the interfaces between the neural network and digital components.  It should also describe the data flow 
between these components. 
 Phase I:  Develop a detailed design for the hybrid system.  This should include specification of hardware 
components and descriptions of interfaces, software support, and databases.  The system description should also specify 
the functionality offered and should clearly delineate the cost and speed advantages of the proposed system over 
existing conventional computing architectures. 
 Phase II:  Build a small-scale version of the designed system. 
 
COMMERCIAL POTENTIAL:  This hardware could enable a number of industrial applications, including quality 
control diagnosis and monitoring in factories, medical image interpretation, intelligent teleconferencing and human-
computer interfaces. 
 
 
ARPA 94-067  TITLE: Compact, Mobile, Air Sampling Equipment for Rapid Deployment as an Air Pollution or 

Weapons of Mass Destruction (WMD) Monitoring System   
 
CATEGORY:  6.3 Advanced Development; Environmental Effects 
 
OBJECTIVE:  Develop for deployment an air pollution or WMD proliferation monitoring system that collects and 
analyzes particles or gases. 
 
DESCRIPTION:  The proliferation of WMD (nuclear, chemical, and biological) and air pollution are of considerable 
interest to world leaders.  Although both seem to be exclusive, the technology for monitoring portions of both exists.  
For this topic, the envisioned compact, mobile air sampling system would serve the monitoring purpose.  The  system 
would be portable for deployment to any worldwide location where power would be provided by portable generator or 
utility connection.  The sensors would include radiation, chemical, and biological agent detectors for sensing the 
presence of particulates or gases.  Once the particulates, or gases of interest are detected, measurements of intensity or 
concentration would be recorded by the data acquisition system for storage or transmission by satellite or land line back 
to a municipal, state, national, or international data center.  Sample handling and measurements would be conducted 
automatically with a minimum of on-site attention. 
 Phase I:  Evaluate technologies for incorporation into a compact system.  Examine size, weight, detector 
resolution, transportability, cost, air sampling capacity, sensitivity, power requirements, and data handling.   Provide 
conceptual designs of the system. 
 Phase II:  From the conceptual design, develop a laboratory prototype functioning as a compact monitoring 
system. 
 
COMMERCIAL POTENTIAL:  The commercial potential from this project is an affordable air monitoring system for 
quick setup in almost any location for use by a commercial industry or government entity interested in monitoring air 
pollution or possible WMD production beyond its borders. 
 
 
ARPA 94-068  TITLE:  Multi-Dimensional Visualization of Data to Identify Seismic Events or for Other Complex, 

Multi-Dimensional Data Problems 
 
CATEGORY:  6.3 Advanced Development; Sensors 
 
OBJECTIVE:  Develop a visualization subsystem for the discrimination of different types of detected seismic events; 
test the visualization subsystem with the ARPA Intelligent Monitoring System; and demonstrate its potential 
application to other multi-dimensional data problems. 
 
DESCRIPTION:  ARPA is developing a global system for monitoring nuclear proliferation activities and for potential 
use in verifying compliance with a Comprehensive Test Ban Treaty.  The system will collect data from a worldwide 
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network of seismic stations and arrays, as well as sensors deployed for air, particulate, and other types of environmental 
sampling.  The seismic system alone will have to process data from several hundred monitoring stations for tens of 
thousands of detected earthquakes and explosions per year.   Results of final analysis must be available within 24-48 
hours of the occurrence of the events.  Achieving this goal within the available resources will require automated data 
processing, and ARPA is exploring technologies such as machine learning, machine discovery and visualization 
methods to aid in the data interpretation.  For this topic, the contractor is to develop novel visualization techniques to 
aid in interpreting the results of multi-variate seismic discrimination analysis, particularly for small seismic events 
detected at regional distances out to 2,000 km.  The techniques are to be tested with data being acquired at the ARPA 
Center for Seismic Studies and processed by the Intelligent Monitoring System at the facility.  The contractor is to 
demonstrate how the visualization techniques can be applied to the general problem of monitoring the proliferation of 
weapons of mass destruction with multi-dimensional data.  The contractor will also demonstrate how the techniques 
may be used for the solution of other problems involving such data. 
 Phase I:  Develop concepts for a visualization subsystem to be used for seismic event discrimination, and 
define the techniques and components that would be included within such a subsystem. 
 Phase II:  Develop the visualization subsystem, install it on the Intelligent Monitoring System at the ARPA 
Center for Seismic Studies in Rosslyn, Virginia, and demonstrate that it is capable of aiding human analysts in 
interpreting data from the global seismic monitoring system. 
 
COMMERCIAL POTENTIAL:  The commercial potential for this project is the development of a visualization 
subsystem to aid in the solution of generic multi-dimensional or multi-variate problems.  This could include topics 
ranging from environmental monitoring to air traffic control. 
 
 
ARPA 94-069  TITLE:  Innovative Techniques for Delivering Power Via Fiber Optical Links for Cooling, Signal 

Conditioning, and Signal Processing Devices 
 
CATEGORY:  6.2 Exploratory Development; Electronic Devices 
 
OBJECTIVE:  Develop an optical fiber power delivery system capable of providing 5-10 watts of electrical power at a 
remote location.  The system should demonstrate compact packaging, robust performance, and long life in severe 
environments, as well as the potential for low cost production. 
 
DESCRIPTION:  While some fiber optic links for remote sensing, and antenna remoting applications have the potential 
to be all passive (no electrical power at the sensing end), many such links require ancillary power at the sensing device 
to provide heating/cooling, signal conditioning, signal processing, and control functions.  In the case of thermo-electric 
cooling, the power requirements relative to that required by the photonic components in the link, are large, and usually 
require a conventional copper power line to meet them.  In the case of a directly modulated link, power is also required 
to bias the laser or light emitting diode (LED).  The goal of this research is to develop novel means for delivering 
significant electrical power via fiber optic lines to eliminate the need for copper power wires.  The use of wires or free 
space methods for delivering power defeats many of the advantages of using optical fiber in the sensor data 
transmission link, i.e., the dielectric nature of optical fiber, operation in harsh environments, and immunity from 
electromagnetic interference.  Therefore, it is highly desirable to use optical fibers to deliver the power as well.  In most 
cases, only a modest amount of power (5-10 watts) is required per sensor head.  This is within the present capability of 
a single laser diode, and perhaps achievable using LEDs.  However, some applications require many sensor heads, so 
that more powerful sources and a corporate architecture may be cost effective.  Compact size and high efficiency at the 
sensor head is required.  
 Phase I:  Design, develop and build a prototype fiber optic power delivery link at least 2 km long.  Special 
attention will be given to component reliability, power handling capability, efficiency, size, and cost.  Analysis will also 
be conducted to address the scalability of the concept to arrays of sensors, and longer links. 
 Phase II:  Develop/refine the design, components, and associated packaging and build at least five (5) form-
factored optical fiber power delivery links.  These will be subjected to environmental and accelerated life testing.  A 
low cost producibility plan will also be developed. 
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COMMERCIAL POTENTIAL:  The resulting technology will greatly expand the design options for fiber optic 
applications in remote sensing, environmental monitoring, materials testing, fly-by-light systems, and 
telecommunications.  Present externally modulated links are the only option because of their low (even zero) power 
requirements.  With the capability developed here, directly modulated links as well as a wider range of externally 
modulated links can be used. 
 
 
ARPA 94-070  TITLE:  Small, Compact, Highly Linear Analog-to-Digital (A/D) Converters with Power Supplies 
 
CATEGORY:  6.3 Advanced Development; Electronic Devices 
 
OBJECTIVE:  Develop 14-Bit A/D converter with 5 MHz sample rate (minimum), with integral power supply and 
necessary digital interfaces.  Size objective is 10 cubic inches. 
 
DESCRIPTION:  Present A/D converter technology has been pushed to the point that A/D converters are now available 
in single integrated circuit chips.  This is a significant achievement, but the technology must be pushed further to 
include all the necessary components for a complete A/D -- e.g., power supply, digital interface hardware, and timing 
and control hardware.  The size goal for this effort should be about 10 cubic inches. 
 Phase I:  Develop a prototype A/D converter which demonstrates size and performance goals.  The 
performance goal is to show a minimum of 85 dB spurious free dynamic range at sample rates from 1 to 5 MHz 
(minimum) without external linearization hardware. 
 Phase II:  Develop manufacturing techniques for the prototype converter so that automated manufacturing 
techniques can be employed with minimal manual intervention to assemble, test, and calibrate each unit. 
 
COMMERCIAL POTENTIAL:  The successful converter will have applications in the cellular telephone and wireless 
communication technology arenas, where it can be employed in inexpensive base stations which use adaptive 
processing techniques to eliminate interference among many base station users. 
 
 
ARPA 94-071  TITLE:  Analysis of Low Grazing-Angle Forward Scatter Data from the Mountain-Top Propagation 

Experiment 
 
CATEGORY:  6.3 Advanced Development; Telecommunications 
 
OBJECTIVE:  Develop new ideas for processing the VHF/UHF scatter data collected at the Pacific Missile Range 
Facility under the Air Defense Initiative (ADI) Mountain-Top Program.  Develop processing techniques and apply 
them to the data with the ultimate objective of developing or validating forward scatter models. 
 
DESCRIPTION:  Under the ARPA-sponsored ADI Mountain-Top program, data was collected over a calibrated 
communications link between the ocean surface and a mountaintop site.  This data has been reduced under Rome 
Laboratories contract F3062-90-D-0105 by Science Applications International Corporation to the extent that the data 
has been logged, calibrated and stored in an easily readable MATLAB format.  This solicitation seeks novel ways to 
further analyze this data, with the objective of correlating the measured forward scatter with the VHF/UHF scatter 
environment measured by a wave-rider buoy and atmospheric instruments.  
 Phase I:  Develop a detailed processing plan to reduce a selected subset of the mountain-top database in such a 
way as to bring out the unique features of the data (e.g., spectral content, isolating scatterers in range).  The processing 
algorithm will be coded and integrated with the Mountain-Top data format. 
 Phase II:  Reduce the selected subset of the database according to the algorithm developed during Phase I.  
The reduced data will be collected into a database that allows for correlation of the signal feature space with the 
environment.  Reduced data will be delivered to the Mountain-Top Program in the Mountain-Top data format.  A 
statistical analysis will be performed on the features under study to determine their distributions and correlation with 
independent parameters.  A report will be generated detailing the solicitor's findings.  The solicitor will review the 
available scatter models to determine if any of the models fit the trends observed.  A study will be made of how well 
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each model fits the data.  Where discrepancies exist, a new model will be developed to describe the impact of the 
environment on radio frequency (RF) scattering at the frequencies under study. 
 
COMMERCIAL POTENTIAL:  The ability to communicate from transmitters near the ocean to distant receivers has 
application in the maritime communications field.  Emergency beacons and search and rescue systems would benefit 
from an understanding of long-range radio-frequency communications over the water. 
 
 
ARPA 94-072  TITLE:  Techniques to Reduce Fiber-to-Fiber Optical Insertion Loss in Gallium Arsenide (GaAs) 
 
CATEGORY:  6.2 Exploratory Development; Electronic Devices 
 
OBJECTIVE:  Develop a highly reliable, very low loss method of coupling single mode optical fibers to GaAs devices. 
 
DESCRIPTION:  GaAs semiconductors have a number of desirable properties for applications to photonics, including 
low optical waveguide loss, a favorable match between electrical and optical wave propagation velocities, and perhaps 
most importantly, ease of integration with GaAs microwave and millimeter wave monolithic integrated circuits.  
However, the mode field mismatch between single mode waveguides in GaAs and single mode optical fiber at typical 
wavelengths used for optical communication make it difficult to achieve low loss coupling.  This problem is especially 
difficult over extremes in temperature and vibration. 
 Phase I:  Develop a novel technique for maintaining very low coupling losses from single mode optical 
waveguides in GaAs and single mode optical fibers under vibration and over wide temperature extremes.  This 
technique is to be demonstrated and tested in Phase I. 
 Phase II:  Consideration will be given to automation of the technique developed in Phase I.  This will result in 
the preliminary design of an automated assembly station for attaching optical fibers to GaAs semiconductor devices of 
various types. 
 
COMMERCIAL POTENTIAL:  The technique has civilian applications in advanced computing, antenna, and 
communications systems. 
 
 
ARPA 94-073  TITLE:  Airborne Surveillance Radar Detection, Tracking and Handover Concept Demonstrations 
 
CATEGORY:  6.2 Exploratory Development; Sensors 
 
OBJECTIVE:  Develop and test advanced airborne surveillance radar concepts from a mountain-top site in Kauai, 
Hawaii. 
 
DESCRIPTION:  The Mountain-Top Program (MTP) is an ARPA-sponsored effort under the Air Defense Initiative 
aimed at testing advanced airborne surveillance radar concepts from a cliff-top location, thereby avoiding the cost and 
risk inherent in airborne test programs.  Mountain-Top is an umbrella program with five major thrusts:  Sensor 
technology; adaptive signal processing architecture development; adaptive signal processing algorithm development; 
phenomenology; and, joint testing with other surface-based or airborne assets.  This solicitation seeks to develop and 
test new radar sensor or processing concepts consistent with the Air Defense Initiative goal of long-range detection, 
tracking and handover of advanced targets. 
 Phase I:  Identify a concept with application to airborne surveillance radar that meets a current DoD need.  
This concept should be testable from a mountain-top site and the results should extrapolate to an airborne scenario.  The 
solicitor may test out the concept on the UHF multi-channel radar that will be installed on a 1500 ft. cliff on the Pacific 
Missile Range Facility in Kauai, Hawaii.  Information on this radar can be found in the reference cited below.  The 
solicitor will develop a detailed test plan for the proposed experiment.  If the experiment involves validating an 
algorithm, the algorithm and its utility should be explained in detail in the test plan. 
 Phase II:  Conduct the test defined in Phase I.  The Mountain-Top facility staff will provide assistance, if 
required.  Following the experiment, a report will be prepared describing the results of the test and the implications for 
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airborne application.  Data collected from the experiment will be stored under the MTP database in the MTP format. 
 Phase III:  The Phase III effort is anticipated to transition the Phase II results to demonstration aboard an 
airborne platform. 
 
COMMERCIAL POTENTIAL:  Adaptive processing algorithms tested at the Mountain-Top site have wide application 
in such fields as medical imaging and cellular communications. 
 
 
ARPA 94-074  TITLE:  Real-Time Processor Packaging Concepts for Tactical Missiles 
 
CATEGORY:  6.2 Exploratory Development; Computers 
 
OBJECTIVE:  Develop new ideas and approaches for repackaging current digital signal and data processors, applicable 
to Surface-to-Air (SA), Air-to-Air (AA), and Air-to-Ground (AG) missiles using active, passive, or multi-mode 
guidance seekers. 
 
DESCRIPTION:  Advanced missiles detect and guide themselves to targets in land or sea clutter, against electronic 
jamming and other countermeasures.  This environment increases waveform complexity and requires signal processing 
algorithms and guidance logic.  The resulting digital computational speed and storage requirements can become very 
demanding, especially given missile volume, weight, power, heating, and environment constraints.  This solicitation 
seeks to explore the range of possible missile digital processor capabilities and how to repackage the missile processors 
to fit within existing SA, AA, and AG missiles.  
 Phase I:  Determine the physical and environmental requirement constraints on future SA, AA and AG missile 
processors using current missiles as a baseline.  For each class of missile, create a representative set of requirements, 
i.e., volume, power, weight, heating, vibration, acoustics, etc., which will constrain the repackaged processors proposed 
in Phase II.  Perform an initial assessment of potential processors for each missile class.  The government will supply 
representative missile processor computational requirements, for each missile class, that are a blend of serial and 
parallel processing. 
 Phase II:  Select the most promising processor(s) for each missile class and propose a repackaging of the 
processor(s) to meet the constraints developed in Phase I.  The government will then select a specific, existing missile 
for further integration work.  The solicitor will then develop detailed integration requirements, build and demonstrate 
selected, critical repackaging elements, and deliver a technology demonstration plan for Government evaluation. 
 Phase III:  The Phase III effort is anticipated to transition the Phase II products to a specific demonstration of a 
repackaged processor. 
 
COMMERCIAL POTENTIAL:  The repackaging of a current processor to meet the physical and environmental 
demands of a missile would be readily usable by any commercial application where volume is limited and/or the 
environment is hostile, e.g., spacecraft, aircraft, or robotic machinery operating in an arctic region or underwater. 
 
 
ARPA 94-075  TITLE:  Verification and Validation of Distributed Artificial Intelligence 
 
CATEGORY:  6.1 Basic Research; Software 
 
OBJECTIVE:  Provide tools for the verification and validation of distributed systems that are being introduced into 
military and commercial environments. 
 
DESCRIPTION:  Most large-scale, distributed environments combine a variety of information sources and types of 
processing (e.g., text, graphics, simulations, analytic methods, knowledge bases, databases, and so forth).  One of the 
critical hurdles in making use of these diverse resources is the ability to verify, validate, and integrate the different types 
of information and processes.  Over the last 10 years, new methods have been developed in verifying and validating 
knowledge-based systems.  These now need to be integrated with conventional software testing and analysis methods to 
create the appropriate development and evaluation methods for the hybrid and distributed environments currently being 
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built. 
 Phase I:  Projects would focus on key problems in combining methods for testing conventional and artificial 
intelligence software. 
 Phase II:  First-year results would be applied to the large-scale, distributed engineering, manufacturing, and 
educational environments currently being developed for several ARPA and National Information Infrastructure (NII) 
programs. 
 
COMMERCIAL POTENTIAL:  This technology has dual-use application.  It can enhance the reliability of military and 
commercial software products. 
 
 
ARPA 94-076  TITLE:  Application of Self-Referential Logics and Related Mathematics to Autonomous Systems 

and Interactive Environments 
 
CATEGORY:  6.1 Basic Research; Computers 
 
OBJECTIVE:  Enhance autonomous system and interactive environments in military and commercial products. 
 
DESCRIPTION:  The basic mathematics underlying the computational sciences is out of step with many requirements 
of modern programs and processes.  The ability to have formalisms powerful enough to represent and process upon 
themselves would greatly enhance the processing necessary both for autonomous systems and for the monitoring and 
integration services for large-scale, distributed systems, such as those envisioned in the National Information 
Infrastructure (NII). 
 Phase I:  A number of recent lines of work in mathematics and logic would be brought together (including 
work on self-referential logic, "situated" logics, and non-well-founded sets) through workshops and small projects 
designed to identify the critical outstanding research questions in these areas. 
 Phase II:  These new formalisms would be applied to two application areas:  (1) the integrative and monitoring 
services necessary for manufacturing and educational environments, and (2) autonomous systems for robots. 
 
COMMERCIAL POTENTIAL:  This technology will enhance autonomous systems. 
 
 
ARPA 94-077  TITLE:  Planning and Decision Aids: Decision Theory-Based Economic Analysis 
 
CATEGORY:  6.2 Exploratory Development; Computer 
 
OBJECTIVE:  Investigate the potential for use of increasingly accessible software-based network services to enable 
remote access to a library of composable modelling tools. 
DESCRIPTION:  A library of influence diagrams  (or other decision theory representations) could be readily tailored 
and integrated to form the basis for a more powerful economic analysis capability, which in turn could support DoD 
budget related decision making. 
 Phase I:  Describe at least three use scenarios and develop the specifications for a model library and model 
composition tools.  The model composition tools and the resultant models must utilize techniques from artificial 
intelligence to provide visibility and understanding of model results and to support the automated construction of 
decision rationale. 
 Phase II:  Construct a prototype (based on the Phase I results) and a demonstration of the prototype on two or 
more test cases that will be developed in consultation with the program manager. 
 
COMMERCIAL POTENTIAL:  The project could form the basis for more powerful strategic planning tools which 
would have wide commercial applicability. 
 
 
ARPA 94-078  TITLE:  Voice Recognition for Identity Monitoring and Validation 
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CATEGORY:  6.2 Exploratory Development; Human-Systems Interfaces 
 
OBJECTIVE:  Create a technology able to support reliable and automatic identification and tracking of individuals in 
on-line processing of field speech data and in off-line processing of archived speech data.  This technology is required 
to improve the security in accessing classified data and to support acquisition of intelligence information. 
 
DESCRIPTION:  The project is a speech technology development effort for voice identification and tracking 
technology, using ARPA's successful R&D paradigm of directing the effort with an application task focus, existing 
corpus support, and periodic formal evaluation. 
 Phase I:  Develop a successful technology to identify and track voices using the Switchboard telephone speech 
corpus.  This corpus is available through the Linguistic Data Consortium, 441 Williams Hall, University of 
Pennsylvania, Philadelphia, PA 19104-6305. Telephone (215) 898-0464, FAX (215) 573-2175; Email: 
ehodas@unagi.cis.upenn.edu.  
 Phase II:  Develop a successful demonstration of voice recognition technology to identify and track voices in a 
specific application context. 
 
COMMERCIAL POTENTIAL:  Many of the same security needs experienced by DoD are also experienced by 
industry.  In particular, the need for broad-based access to information will dictate spoken language interaction.  Note:  
ARPA's Air Travel Information Service (ATIS) program is an example.  Along with the emergence of such information 
services will come the need to control access to data by voice, for a variety of reasons. 
 
 
 
 
ARPA 94-079  TITLE:  Spatial/Semantic Database 
 
CATEGORY:  6.1 Basic Research; Software 
 
OBJECTIVE:  (1) Develop systems capable of searching a large image database using an "image snippet" (a piece of 
another image) as the input query or (2) Organize an image database and an associated semantic database so that 
reasoning operations related to images can be carried out. 
 
DESCRIPTION:  Large databases of images are currently being accumulated both in military and civilian applications. 
 There are two problems that arise when trying to use these databases: (1) It is difficult to locate desired images, and (2) 
it is difficult to reason about the images.  Methods are sought for organizing a spatial database related to images and a 
semantic (knowledge) database so that reasoning operations involving imagery and related to tactical data fusion can be 
carried out.  Also of interest are techniques for retrieving images from a large image database (that is either unindexed 
or has an automatically produced index) using "image snippets" as the search request. 
 Phase I:  Develop either a retrieval approach based on image snippets or a method for an image database to 
interact with a semantic database to allow reasoning about images.  In either case, any indexing required must be 
automatic and not manual.  Although the approach can be demonstrated using a small database (say 200 images), the 
approach must be scalable to large databases containing tens of thousands of images. 
 Phase II:  Using the approach of Phase I, make the system "user-friendly."  Extend the system so that it can 
work on a large database.  Demonstrate the user-friendly system on a large database. 
 
COMMERCIAL POTENTIAL:  Image retrieval from a video tape archive using an image snippet is of interest to TV 
and cable networks.  Reasoning about images is of interest to decision-making systems in which images play a large 
role. 
 
 
ARPA 94-080  TITLE:  Image Understanding Architectures Suitable for Hybrid Neural Net/Conventional 

Computers 
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CATEGORY:  6.1 Basic Research; Software 
 
OBJECTIVE:  Exploit the combine the advantages of neural networks and conventional computers to obtain an 
improved system for image understanding (IU) by developing a hybrid architecture and the associated IU algorithms. 
 
DESCRIPTION:  Neural networks have the advantage of being able to solve classification and categorization problems 
at very high speeds.  They cannot, however, effectively deal with symbolic manipulation; this is the domain of the 
conventional digital computer.  It is of interest to combine neural networks and digital computers for IU and automatic 
target recognition applications.  The goal of this effort is to develop and test a suitable architecture and the 
corresponding image understanding algorithms for this architecture that would utilize a hybrid neural net/digital 
computer combination. 
 Phase I:  Design a hybrid architecture , and the corresponding algorithms, that addresses an IU problem, e.g. 
target recognition. 
 Phase II:  Develop, implement, and test the designed system. 
 
COMMERCIAL POTENTIAL:  This effort will have significant impact on military and commercial systems in such 
areas as autonomous systems. 
 
 
ARPA 94-081  TITLE:  Common Automated Test Systems (ATS) for Factory and Field Use 
 
CATEGORY:  6.3 Advanced Development; Computers 
 
OBJECTIVE:  Investigate the feasibility of using common ATS hardware and software architecture/interfaces to meet 
both production and field maintenance needs with the objective of reducing system life cycle cost.  The production 
activities encompassed in this research and development (R&D) are design, manufacturing, and acceptance testing. 
 
DESCRIPTION:  Factory test equipment and production tests are significant cost drivers in defense system 
manufacturing.  Field maintenance covers all echelons at which testing, diagnostics, removal, and replacement occur, 
from line replaceable units at the organizational level to board components at the depot or intermediate levels.  DoD 
now pays for duplicative development of software and hardware to perform production and field maintenance testing 
and diagnostics.  The proposed research will investigate the feasibility of increased commonality to reduce both 
production and field maintenance cost. 
 Phase I:  The R&D will determine the most appropriate ATS design and support elements to standardize for 
the development of common ATS hardware and software which meet production and field maintenance needs.  
Offerors will use emerging industry standards as their baseline for the definition of ATS architectures and interfaces.  
For example, the Institute for Electrical & Electronics Engineers (IEEE) A Broad Based Environment for Test 
(ABBET) Committee 1226 document set defines the concept and sketches a multiple layer architecture and interfaces 
for interfacing production and field testing/diagnostic processes.  Offerors will identify modifications to activities and 
documentation in the ATS acquisition process which would meet the requirements of both manufacturing and field test 
needs while reducing life cycle cost.  Investigations will focus on determining what limitations or opportunities might 
exist for the use of commercial automatic test hardware and software. 
 Phase II: Based on successful completion of Phase I, Phase II efforts would prototype the key hardware and 
software interfaces to demonstrate the feasibility of common hardware or software modules for factory and field use. 
 
COMMERCIAL POTENTIAL:  Automated test systems are applicable to a wide range of commercial, as well as 
military, products in electronics, aerospace and automotive sectors. 
 
 
ARPA 94-082  TITLE:  Spoken Language for Hands-Free Applications in Health Care 
 
CATEGORY:  6.2 Exploratory Development; Human-Systems Interfaces 
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OBJECTIVE:  Create a component technology able to support reliable speaker independent spoken language 
recognition of medical phrases and user interface commands in noisy environments (such as the battlefield, accident 
scene, or emergency room).  This technology supports hands-free data entry and interface commands from healthcare 
providers during the delivery of care. 
 
DESCRIPTION:  The project is a speech technology development effort to develop voice recognition technology 
suitable for use in noisy, hands-free medical environments.  This project will leverage ARPA's Human Language 
Technology and Domain Specific Software Architecture context to produce a voice recognition component for 
associate systems. 
 Phase I:  Identify successful technologies to recognize interface commands and selected medical phrases in 
noisy environments. 
 Phase II: Develop a successful demonstration of voice recognition technology to recognize medical phrases 
and user interface commands in a trauma/combat casualty application context.  Integrate the voice recognition 
component into an associate system application for trauma/combat casualty care. 
 
COMMERCIAL POTENTIAL:  Numerous noisy environment application domains (crew stations, cockpits, 
emergency response systems, medical) require hands-free operation.  The need for ready and ubiquitous access to 
information will dictate easy-to-use intelligent "front ends" that use spoken language interaction. 
 
 
ARPA 94-083  TITLE:  Simulation Query Languages    
 
CATEGORY:  6.1 Basic Research; Software 
 
OBJECTIVE:  Reduce the time and cost of composition, maintenance, and evolution of software systems involving 
simulations.  An underlying assumption is that these systems will operate on a High Performance Computer and 
Communication (HPCC) Network.  Systems for composing simulations may require new programming environments. 
 
DESCRIPTION:  There is a need for a query language to obtain results from simulation programs.  Such language 
should allow access to simulation services in a manner that mirrors database access via SQL (ANSI X3H2) or 
knowledge base access via Knowledge Query and Manipulation Language (KQML) and KIF (ref. Neches).  Simulation 
is important in planning and decision making.  However, most simulation programs are executed under direct control of 
a user, who provides input data and inspects the results.  The results are combined by the user with other information, 
including results of other simulations.  The language should be algebraically sound and complete, so that multiple 
simulations could be combined in parallel, hierarchically, or sequentially.  Inter-operation with other service systems is 
desirable.  Proposals can be domain-specific, i.e., focus on specific applications of simulations and incorporate 
assumptions about the domain, or be generic.  Such domains can range from financial and budget planning, now 
commonly using spreadsheets, to engineering and war-gaming. 
 Phase I:  Define the scope, the approach to method, or language design and validation, a demonstration 
scenario, and the milestones of progress that can be applied to measure progress in this field.  Planning of linkages to 
realistic experiments in Phase 2 of a possible award will be important. 
 Phase II:  Build and bring to an alpha-test phase a compiler for the language and its linkages to programs 
performing simulations.  The simulation themselves should either be pre-existing or adequately model useful 
simulations. 
 
COMMERCIAL POTENTIAL:  Simulation is an essential tool in business and military planning.  Developing the 
means to integrate simulation into planning systems will benefit both communities. 
 
 
ARPA 94-084  TITLE:  Software to Acquire Remote Objects    
 
CATEGORY:  6.2 Exploratory Development; Software 
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OBJECTIVE:  Develop examples and methods to enable interoperation of diverse applications through sharable object 
information.  Adherence to existing, proposed and/or emerging standards for object-oriented data will be important, 
since the objective is not to develop new representations, but rather to broaden the access to existing ones.  Flexibility 
and evolvability, as these standards develop, will be important. 
 
DESCRIPTION:  Data-storage in object oriented form is becoming common for many engineering and manufacturing 
applications.  However, software systems dealing with such data typically provide only local storage and only interact 
with data they have stored.  We also require software to access information from remote sites.  Remote in this sense 
means any or all of the following: on other computer systems; on other operating systems; using other programming 
languages; using other standards for object-representation; and, other aspects of heterogeneity.  Since in heterogeneous 
systems the object-oriented data is typically removed from its original context, such access must also provide access to 
descriptive meta-data, such as the object model, the class definition, and to methods attached to the class definition.   
 Phase I:  Define the scope, the approach, and methods proposed to access remote object-oriented data and 
meta-data.  The choices should be justifiable.  Also state the limits of the approach clearly.  Provide a demonstration 
scenario, an example, and the milestone of progress that can be applied.   
 Phase II:  Build and demonstrate application interfaces for one or more aspects of heterogenous object-
oriented data access.  The data themselves should be realistic in scope and magnitude. 
 
COMMERCIAL POTENTIAL:  Software development for DoD and private sector systems occurs primarily in the 
commercial sector.  The envisioned interoperation will not only benefit both communities, but enable interoperation 
among them. 
 
 
ARPA 94-085  TITLE:  Hand-Held Computing for Highly Mobile Use 
 
CATEGORY:  6.3 Advanced Development; Human-Systems Interfaces 
 
OBJECTIVE:  Develop and deploy new communication mechanisms including (but not limited to) speech, language, 
and gesture (both verbal and physical pointing, with a finger or a pointing device), for use with highly portable, 
keyboardless, personal digital assistants (PDAs). 
 
DESCRIPTION:  Highly portable PDAs require the development and deployment of new ways of using computers.  
Since there is no room for keyboards, interaction with the devices must be mediated through alternative input 
mechanisms including, but not limited to, speech, language, and gesture (either verbal or physical pointing, with a 
finger or a pointing device).  These media must be integrated to provide robust system interaction under real-world 
conditions of use.  Application software must be easily tailored to use these media for interaction.  Moreover, the 
resultant system must provide easy access to various communication pathways and distributed information sources 
(e.g., networks, modems, wireless links).  Proposed solutions may be primarily software, hardware, or a combination. 
 Phase I:  Submit detailed proposals for technology development and productization, with demonstration of 
feasibility of proposed technology. 
 Phase II:  Achieve productization of the proposed technology with demonstration of significant, real-world 
deployment/use under conditions consistent with its proposed usage. 
COMMERCIAL POTENTIAL:  These communication mechanisms have a broad array of commercial/industrial 
applications requiring portability and/or hands-free operation. They are applicable to the education sector and the 
military. 
 
 
ARPA 94-086  TITLE:  Low-Cost Virtual-Reality Environments 
 
CATEGORY:  6.3 Advanced Development; Human-Systems Interfaces 
 
OBJECTIVE:  Field products in consumer and educational markets based on virtual-reality technologies at a cost that 



 

 

 
 

ARPA 63

will greatly accelerate virtual-reality application development and deployment. 
 
DESCRIPTION:  Virtual-reality or augmented-reality environments allow users to partially immerse themselves in 
computer-supported artificial contexts which may be based on real-world scenarios or imagined worlds.  In either case, 
as tools for learning and entertainment, the technology offers great potential for new educational and commercial 
applications.  The current high costs for the software and hardware necessary to develop and deploy these environments 
are a barrier to their evaluation and potential use in a broad array of application areas.  The technology proposed may be 
either software or hardware, or a deployment of virtual- or augmented-reality environments.  Proposals for hardware 
development should represent technologies that offer substantial increments in price-performance over immediately 
forthcoming (1993) devices for the game market (e.g., Sega, Nintendo, etc.). 
 Phase I:  Submit detailed proposals for technology development and productization, with demonstration of 
feasibility of proposed technology. 
 Phase II:  Achieve productization of the proposed technology with demonstration of significant, real-world 
deployment/use under conditions consistent with its proposed usage. 
 
COMMERCIAL POTENTIAL:  This technology can be used in education, entertainment, and military and industrial 
training. 


