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NOTICES
THIS DOCUMENT IS FOR INFORMATION AND GUIDANCE ONLY

This document is furnished for information and general quidance only; it
is not to be construed as a request for proposal, nor as a comaitment by
the Government to issue a contract, nor as authority from the undersigned
to incur expenses in anticipation of a Government contract; nor is it to
be wused as the basis of a claim against the Government. The furnishing
of this document by the Government is not to be construed to obligate
your company to furnish to the United States Government any experimental,
developrnental, research, or production articles, services, or bproposals,

or comment with respect to such document, the TOD program or any aspects
of either.

When US Government drawings, specifications, or other data are used for
any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have
formulated, furnished, or 1in any way supplied the said drawings,
specifications, or other data 1is not to be regarded by implication or
otherwise, as in any manner licensing the holder or any other person or
corperation, or conveying anv rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto.

PUBLISHED BY:
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Rome Air Development Center/XP
Griffiss Air Force Base, New York 13441-5700

Do not return copies of this report unless contractual obligations
or notices on specific document require that it be returned.
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INTRODUCTION

The Air Force Technical Objective Document (TOD) program is an integral
part of the process bv which the Air Force plans and formulates a
detailed technology program to support the development and acquisition of
Air Force weapon systems. Each Air Force laborateory annuallv oprepares a
Research and Technoloqy (R&T) Plan in response %o available gquidance
based on USAF requirements, the identification of scientific and
technological opportunities, and the needs of present and projected
systems. These plans include proposed efforts to achieve desired
capabilities, to resolve known technical problems, and to capitalize on
new technical opportunities. The proposed efforts undergo a lengthy
program formulation and review process. Generally, the criteria aorlied
during the formulation and review are responsiveness to stated obiectives
and known reguirements, scientific content and merit, orogram balance,
developmental and 1ife cycle costs, and consideration of payoff versus
risk.

It is fully recognized that the development and accomplishment of the Air
Force technical program is a product of the teamwork on the part of the
Air Fcrce 1laboratories, the industrial and academic research and
development community. The TOD program is designed to provide to the
industry and academic community, necessary information on the Air Force
Jaboratories' oplanned technology programs. Each laboratory's TOD is
extracted from its R&T Plan.

Specific objectives are:

a. To provide planning information for 1independent research and
development programs.

b. To improve the quality of the unsolicited proposals and R&D
procurements.

¢. To encourage face-to-fece discussions betw2en non-Government
scientists and engineers and their Air Force counterparts.

One or more TODs have been prepared by each Air Force laboratory that has
responsibility for a portion of the Air Force Technical Programs.
Classified TODs are availabie from the Defense Technical Information
Centev (DTIC) and unclassified/unlimited TODs are available from the
National Technical Information Service (NTIS).

As you read through the pages that follow, you may see a field of
endeavor where your organization can contribute to the achievement of a
specific technical goal. If such is the case, you are invited to discuss
the objective further with the scientist or engineer identified with that
objective. Further, you may have completely new ideas not considered in
this document which, 1if brought to the attention of the nonroper
organization, can make a significant contribution to our military
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technology. We will always maintain an apen mind in evaluating any new
concepts which, when successfully opursued, would improve our future
operational capability.

On behalf of the United States Air Force, you are invited to study the
objectives 1listed in this document and to discuss them with the
responsible Air Force personnel. Your i. _ and proposals, whether in
response to the TODs ar not, are most welcome.
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HOW TO YSE THTS DOCUMENT

Unsolicited proposals to conduct programs lecading to the attainment of
any of the objectives presented in this document may he submitted

directly to an Air Force lahboratory. However, before submitting a forma?
proposal, we encourage you to discuss your anprcach with the Tlaboratory
point of contact. After your discussion or corresnondence with the

laboratory personnel, you will be better prepared to write your proposal.

fs stated in the "AFSC Guide for Unsolicited Pronosals"” (conies of this
informative gquide on unsolicited prooosals are available by writing to
Air Torce Systems Command/PMPR, Andrews Air Force Base, Washington, DC
20334), elaborate brochures or presentations are definitely not desired.
The "ABCs" of successful proposals are accuracy, brevity, and clarity.
It is extremely imnortant that vour letter be prenared to encourage its
reading, to facilitate its understanding, and to impart an appreciation
of the ideas you desire to convey. Specifically, your letter should
include the following:

1. Name and address of your organization.
2. Type of Organization (Profit, Nonorofit).

3. Concise title and abstract of the proposed research and the statement
indicating that the submission is an unsolicited proposal.

4. An outline and discussion of the purpose of the research, the method
of attack upon the problem, and the na‘ure of the expected results.

5. Name and research experience of the princinal investigator.
6. A suggestion as to the proonosed starting and completion dates.

7. An outline of the proposed budget, dncluding information on
equipment, facility, and personnel raquiremerts.

8. Names of any other Federal agencies receiving the nrooosal (this is
extremely important).

9. Brief description of your facilities, particularly those which would
5e used in your pronosed research effort,

10. Brief outliine of your previous work and experience in the field.

11. If available, you shoul- dinclude a description brochure and a
financial statement.




CENTER MISSION

RADC plans and executes research, exploratory, and advanced development
and selected acquisition pregrams in support of Air Force Command,
Control, Communications and Intelligence (C3I). Technical support is
orovided to technology intensive (31 obprograms at the AFSC Product
Divisions and other Air Force and DOD acencies. The princinal technical
areas are communications, intelligence and reconnaissance, surveillance,
command and control, electromagnetic sciences, solid state sciences, and
clectronic reliability, maintainabilityv, and compatibility.

RADC is the AF laborato:y responsible for the development of a strong
technoloay base in support of AF C31. RADC has facilities and resources
to accomplish its mission at Griffiss AFB New Yok and at Hanscom AFB
Massachusetts. An establishment directly subordinate to the Electronic
Systems Division (ESD), RARC renorts directly throuagh 1its Commander,
RADC/CC to the Commander, £SD/CC for mission accomplishment.

The major responsibilities are to plan and manage comprehensive research,
exploratory development, and advanced development programs in  C31
technical areas consistent with the overall C3! technoloqy needs of the
AF and to promote the transition and application of technology in

conjunction with AFSC system acquisition divisions and other using
commands /acencies, :

The former responsibility is accomplished through the establishment and
maintenance of competent and ccmprehensive 1in-house capabilities and
through contractual sunport. The latter 1is accomplished by nproviding
technical expertise, consultation services and management support to AFSC
system acquisition divisions, primarily ESD, test centers and ranges and
other AF and DOD agencies as appropriate in regard to studies, analyses,
development »planning activities, acquisition, test, evaluation,
nodification, and operation of C31 systems and related equipment.
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INVESTMENT STRATEGY

The Laboratory 1is engaged 1in providing technical solutions to the Air
Force needs for improved Command, Control, Communications and
Intelligence. The work has traditionally been organized to conform,
where possible, with the AF mission aress of Strateaic Offense, Strateqic
Defense, (3, Recce/Intel and Technology. Within these categories there
are some 67 technical areas as shown on the Technical Planning Objectives
Tisting (Table 1). The investment strategy is developed using these 67
areas.

The resources that the Center controls (and have long term effect) are
the placement of manpower, the [xploratory Development (6.2) and tou a
more limited extent, Advanced Technology Development (6.3) dollars. The
Center has developed an Investmant Strategy for these resources.

In evolving this strategy, a process was developed tn:

1. Re-examine the requirements - from all sources with
VANGUARD bLeing a major one.

2. List other special interest areas - there are some areas
that are directed upon the Center

3. Through a "deiphi" process with the Center senior
managers, develop a "puts and takes" Tist for manpower
and 6.2 dollars.

4, Examine the effects of the "nuts and t:.es" on the
Center as a whole.

It is in this way, that the Center has developed the licst of programs for
emphasis and de-emphasis.

The sum of the gains when viewed together, show that new areas of
emphasis include Project Forecast 11, Air Defense Initiative (ADI) and
Strategic Defense Initiative (SDI).

Project Forecast II, an AFSC effort to identify the most promising
military technologies for the next twenty years, has yielded 1igeas that
are expected to revolutionize C31 technology. Project Forecast II
technologies for which RADC is OPR include areas such as Photonics,
Acoustic Charge Transport Devices, Knowludged-Based Systems, Survivable
Communications, Smart Built-In-Test, Distributed Information Processina
Software, and Smart Skins for C31 Applications. These capabilities
manifest themselves in RADC OPR Project Forecast Il System Concents sucn
as Airborne Surveillance System, Theatre Air Warfare C31 and Battie
Management Processing and Display  System. RADC  has  directed
approximately 69 percent of the RADC managed FY87 budget to kick off




development  of varicus Proiect Forecast 11 System  Concents and

Technologies. This nercentage is  expected to grow even larqger in the
future,
A continuing important area of emphasis at RADC is (SDi;. RADC is orne of

the lead AF organizations supporting SDI. RADC is involved in various
technolegies under the program elements of Surveillance, Acquisition,
Tracking, and K11l Assessment (SATKA), Direccted Energy Weapons (DEW) and
Battle Management (BM/C3).  Technoloqgy areas being addressed include
space  based 1larga array radars, signal oprocessing, large ontics,
adanative ootics, IR foral planes, monolithic microwave intearated
circuits, radiation  hardening, software, artifical intelligence,
distributed processing, communications, computer security and  T&W. The
SDI  funds being expended in these areas will also nave a definite immact
in extending the statc-of-the-art of technology for anplications to £31
in general. RADC will continue to support this nationsl initiative
within the C31 mission arees throughout its program deveionment.

Another important area of emphasis, which is complimentary to SDI, s
ADT . The objective of this nrogram is to develop the enahling
technologies to suppom t detection/track identification/engagement of air
breathing threats to the Continental YS. Thesc enabling technoingies are
required to arrive at informed Full Scale Development and P31 decisions
in  the early-to-mid 1990s for air defense hardwere acquisition programs.
RADC is the lead Air Force laboratorv in the areas of surveillance and
Battlc Managonont/C3. The technolony arcas being addresced by DADC

g Y [y -

include airborne radar, ruitistatics, sovace based radar, signal
processing, multi-media communications networks, intel-radar data fusion,
decision support processing, distributed infurmation orocessing, and
deception and countermeasures.
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RESEARCH PROGRAMS

The research rrogram of the Rome Air Development Center i5 desianed to
nrovide a sound scientific basis for exploratory and advanced development
programs in support of the Air Force's C31 mnission. Further, the
research programs are selected in order to match the Center's long range
needs and to spark innovative exploratory develonment to provide the
basis for future military systems.

Generally, the lahoratory's research requirenents, reflected in the AFSC
Research Planning Guide, are an outgrowth of deficiencies in the
laboratory's technology base. The research proqram which addresses these
deficiencies  integrates into the total 1laboratory program through
association with the Center's Technology TPO (TP0-4) where the research
program is depicted as an integral part of the technology roadmaps of
TPO-4. By this technique, the identity of rescarch supporting technology
is clearly established.

The major thrusts of the research program, directed toward supporting the
C31 technology base of the Center, are concentrated in electromaanetic
and solid state sciences kut also directly address the areas of signal
processing, computer processing, device reliability, and thermionics.
Specifically, the major thrusts of the research program follow:

Artificial Intelligence (AI) (University Consortium) Research Proqram
(7308357 - Avtificial InteTligence technology 15 rapicly heinqg recoonized
as having the potential to provide more responsive and flexible C31
systems. The availability of high quality Al canabilities 1is presently
manpower limited and localized in primarily three geographic areas of the
country, Palo Alto, Camhridge, and Pittsburgh, This effort was initiated
as a coonerative, integrated orogram among the Cowmand & Control
Cirectorate, Intelligence & PReconaissance Dirrctorate, Reliability &
Compatibility Directorate and the Communications Nirectorate to
strengthen the artificial intelligence technology base at RADC and
accelerate apnlication of the technoloqgy in C31 systems.

This effort has established a consortium of universities that are
develoning artificial intelligence technology aoplicable to C31 systems.
Seven specific (31 applications have heen identified which drive the
technical requirements for this program. These are: Knowledge Based
Mission Planner, 1Intelligent Analyst Systenr, Knowledge Based Software
Assistant, Expert Systems for Maintainability/Testability, Photo
Interpretation, Communications Network  #anagement, and  Speech
Applications. These applications are considered to be technically
interrelated and thc qoal is for the principal investigators of the
individual tasks to work jointly and cooperatively to achieve the broader
objective.

The conduct of a quality rescarch nreqram that adaresses (31 problems is
the primary objective of this »orogram. However, to insure that the
research  is  brought out of the laberatory and to provide necessary Al




resources to RADC a number of ancilliary objectives must be attained.
Therefore, the universities who are condiucting this research have
developed plans for expanding their own capabilities and developed a
program to support RADC in-house research, education and training needs.
As a by-product, it is envisioned that this effort will increase the
availability of sources and personnel canable of conducting research and
development of Al technology and in the application of that technology to
€31 and other military systems. Thus the objectives of this proaram are
two fold - a cooperative technical program among universities to advance
Al technology and a non-technical qoal which helps meet the long term,
broader needs for Al in the DOD as well as the RADC community.

Electronic Device and Circuit Research (2305J1) - This preogram explores
semiconductor device phenomena, device fabrication techniques and circuit
architectures with the goal of meeting future Air Force requirements for
signal sensing and processing. Advances in this area are supported
through the development of both new device designs and the application of
new device processing techniques. This effort provides the United States
a lead in silicide photodiode research.

Electromagnetic Wave Pronagation Studies (2305J2) - A major objective of
the research In electromagnetic wave propagation is to develoo and expand
mathematical techniques to predict signal strengths of waves prooagating
overr the surface of the earth, through the atmosphere, in the
earth-ionosphere wave guide, and through the ionosphere,

Areas of interest include longwave pronagation (ELF/VLF/LF/MF), and high
frequency-ionospheric propagation {(HM). The non-gconventional generation
of long waves by the interactions of particle beams in the ionosphere 1is
being investigated. Waves excited by modulating high current electron
beams in the ionosphere are being identified and quantified in a
theoretical research program, and plans are being developed for an
experiment in space to fnvestigate the feasibility of wusing modulated
particle beams to generate ELF/VLF radio waves.

An experimental program is being conducted to measure the propagation of
HF radio signals from a ground-based transmitter to a low-altitude
orbiting satellite, using Jfonuspherically ducted modes. These signals
can propagate to greal distances with relatively low losses, and offer
the possibility of being exploited for surveillance and communication
purposes. Research efforts are addressing a number of critical areas
involving such HF ducted modes, including the time/space availability of
the modes, propagation losses, duct bandwidths, and signal coherence
within the ducts.

Electromagnetic Radiators (2305J3) - RADC research on electromagnetic
radiators emphasizes the establishment of those hasic physical and
engineering principles governing antenna performance in ground-based,
airburne or spaceborne environments for diverse Air Force anplications.

Environmental effects on antenna performance are often of sufficient
strength to impact successful attainment of operational goals, or, when
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anticinated, can influence the design of the antenna system itself.
These interactions can invalve remote sources of electromagnetic
interference, such as atmospheric irreqularities, terrain
inhomogeneities, or hostile jamming signals. The interactions can also
involve nearby sources of elactromagnetic incompatihbility, such as other
antennias, coadutting nortions of the antenna's own support structure or
venicle, or the earth., The goal of this work 1is to discover those
principles that permit antenna designs that are hetter able to cope witn
those environmental threats expected to be encountered in anv  particular
apnlication.

This goal s accomlished in this research task by concentrating on the

following two sub-areas - printed circuit antennas and antenna pattern
control.

The printed circuit work concentrates on microstrin structures. By
virtue of 1ts low silhouette conformal construction, the microstrin
geometry  contributes to  highly cost-effective antennas for high
nerformance aircraft and missiles, resulting in minimal acrodynamic dragq,
los weight and small size for given antenna gain and resulting lower
susceptibility to jamming. Major emphasis is placed on new architectures
for feeding the radiating elements, consistent with broader bandwidth for
frequancy  hopping and  monolithic  microwave integrated circuit
compatihility. Use of substrates that are generally anisotronic
represents a new degree of freedom in the analvsis of such antennas.

The antenna pattern control werk focuses on determining the pro r shave
of the antenna radiation pattern, so that a particular Air Force military
objective can be met. 7This includes radar antenna systems with rapid
wide-angle scanning coverage and precise broadhand null steering with the
ahbility to adaot pattern requirements rapidly to changing mission
objectives, f.r enhanced anti-jam capability. A major emphasis here is
the analysis of very large arrays. Digital beamforming techniques are
considered as a means for making maximum use of the set of physical
signals associated with the ar ay radiatcrs, in contrast with the simple
summing of these signals as conventicnally done. The adaptive techniques
concentrate on simplifyiig the adaptive process and increasing its rate
of convergence tor large arrays, with special interest directed at main
beam iarmer cancellation canability for radar systems threatened by
jamting  from enemy self-screening and escort jammers, as well as from a
high angular density for stand-cff jarmers. The pattern control work
also establishes more cost-eftective and less complicated antenna
analysis techniques, and provides antenna pattern synthesis canability
fur  such new  prondagatior modes as  focused waves, for secure
satellite-to-satellite comunicatinns links, dispersionless pulsed energy
transfor, singte-pulse target dentification and enhanced clutter
penetration,
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Electromagnetic Signatures (2305J4) - Airborne and ground radars have
played important roles in both strateqgic and tactical warfare over three

decades. New radar concepts are needed to deal effectively with the ever

increasing complexity and sophistication of hostile threats and to
exnloit recent technological advances.

The primary goal of the electromagnetic sensor research at RADC is to
obtain incressed fundamental knowledge of the scattering phenomena on
which electromagnetic sensor systems are hased so that new
electromagnetic techniques can be developed to improve the sensors used
in surveillance, reconnaissance, and intelligerce. Recent increased use
of radar absorhing materials and shaning techniques for target radar
cross sections (RCS) reduction has made target detection much more
difficult. Since there is little theoretical knowledge or experimental
data from radar absorbing materials, a major effort is to exnand both the
theory and measured data hase of scattering from these materials. 1In th~
past the theoretical analysis and measurement program have concentrated
on monostatic geometries. OQwing to the recessity of finding new radar
concepts we are emphasizing investigation of bistatic scattering
phenomena. 1In order to facilitate measurements of comnlex objects we are

also devoting significant resources to near field measurement techniques
from which the scattered far field can be inferrec.

A second major need is an understanding of scattering of radiation from
antennas. There has been 1ittle study of the scattering phenomena
associated with antennas. As the cross sections of aircraft decrease,
those of the plane's antennas become increasingly significant. If the
antenna cross-section cannot bhe controlled effectively, the Tow
observable aircraft cannot be realized. Wie are therefore studying

scattering phenomena from antennas and the concept and realization of the
minimum scattering antenna.

A third major need is a prediction capability and mecasured data for
bistatic terrain clutter and multinath. Predictive models and data are
necessary to improve our ability to detect and tract low flying low
observable aircraft. There dis very 1little knowledge about bistatic
clutter behavior. We are therefore emphasizing this gap in our research.
Wie are also concerned with the polarization sensitivity of clutter.
These studies will 1lead to new techniques to reduce clutter effects on

radar systems and validate the performance of the AASR and SBR radar
systems being developed.

Microwave  Acoustics and Magnetics (230505) - Microwave acoustics,
magnetics, and circuits research 1S focused on deepening our fundamental
understanding of acoustic, magnetic, and microwave /mm-wave circuits to
meet needs in command, control, communications, and intelligence.
Research on integrating passive acoustic and magnetic devices with
circuits is required to meet the requirementy of Project Forecast 11,
"Wafer Level Union of Microwave, Digital, Electro-Optical, and
Microsensor Functions." A new concept for electronically variable time
aelay and  transversal equalization using a segmented-drain field effect
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transistor will be experimentally investigated. The backscattering of 94
GHz waves from magnetostatic waves will be investigated for ultimate
beam-steering avonlications. Brillouin scattering will be wused for
characterizina microwave magnetic  ophenomena and magnetostic wave
excitation and propagation in thin magnetic films. Continue research wun
theoretical modeling of new microwave magnetic components and investiqgate
coupling of field effect transducers fabricated directly onto the GaAs
substrate for generating and detecting maanetostatic waves. Investigate
optimum wafer for monolithic integration of magnetostatic and active
circuits at microwave frequencies. Perform research on phenomena and
techniques for new non-reciprocal mm-wave components comnatible with
monolithic integrated circuits on  GaAs. Experimentally confirm
theoretical predictions  of millimeter-wave transmission line
discontinuities for accurate computer-aided design of monolithic
integrated circuits.

Optical Signal Processing (2305J7) - The processing of information wusing
optical devices 1s an extremely rapid growing area with major
implications and impact on a lerge number of fields both civilian and
military where large amounts of data need to be rapidly processed.

Cptical processors typically wuse information impressed on a 1ight beam
(often a coherent laser beam) and perform complex ooerations on the
entire heam thereby processing all the information in parallel. The
processing may be for such diverse operations as correlation for target
identification and pattern recognition, 1image processing for feature
enhancement or deblurring, weight and phase determination for the rapnid
control  of phase array vadar, etc. The information encoded on the 1ight
beam and being processed mav be from a variety of sources such as actual
optical imagery, radar data, acoustical data etc. This technology will
fulfill many important roles 1in the C3 mission requirements. These
include rapid phase-array radar null determination jams pnroof radar to 50
db; rapid target identification based on optical and radar 1imaqe
correlation and matched filtering; spread spectrum acquisition based on
optical 2-dimensional correlation.

Fxperimental devices such as spatial 1light modulators and phase only
filters will be explored, fabricated and evaluated, and appropriate
processor algorithms and architectures will be develop2d and studied in
view of their applications to the C3 technology.

Thermionics Research (2305J9) - To meet projected Air Force system needs

for cTectromagretic transmissions, RADC is emphasizing the  basic
technology required to improve the performance of microwave and
millimeter wave high power thermionic devices. Major emnhasis is nplaced
on achieving wide bandwidth, enhanced efficiency, higher powers with
stable operation at millimeter wave frequencies, ctc. and on  techniques
compatible with long life. Part of the research is conducted under the
Air Force Thermionics Engineering and Research Program with the microwave
tube industry and the University of Utah.

12
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Other research includes development of techniques to analyze the
internals of tubes on a nonperturbing basis. Both of these thrusts help
maintain a strong technology base in this vital area. The results of the
research are applied to specific micrcwave and millimeter wave tubde
developments.

Advanced Electromagnetic Materials (2306J1) - Many electronic and
electro-optical device activities are currently materials Tlimited.
Effective Air Force C3 capability depends on the availability of key
electromagnetic materials. The objective of the udvanced electromagnetic
materials research nrogram is to prepare and evaluate such materials.

The approach involves the synthesis, growth and characterization of
electronic and optic2? waterials in bulk, thin film and fiber form, and
the identification and construction of structures that exhibit new or
improved semiconcductor, electro-ontical and other explcitable phenomena.
Primary emphasis 1is on militarily-distinctive, C3-oriented materials
generally unavail=ble from the nrivate sectur.

The direct materials activities underway is an important aspect of &snd
supportive to the time and frequency standards, fiber optic
communications, inteqgrated ontics, optical data storage, monolithic
integrated circuits and radiation hardening programs.

Optical Circuit Components Researzh (2306J2) - Recent advances in the
field oF ortics show promise of having a similar dramatic effect on
military technology to that resulting from the development of the
integrated circuit technology.

The optical circuit component research at RADC is designed to provide the
basis to develop electro-optical components and establish techniques fo-
military fiber optic communications. Optical communications systems,
providing jam-proof, secure, broadband capabilities, will fuifill
important roles in C3 mission requirements. Advanced communications
devices providing intrusion resistant, Jjam-proof, and highly secure
broadband capabilities will be dinvestigated as well as sophisticated
switching and signal maninultation devices. High bandwidth operational
capabilities of 1lasers and detectors will be developed. Necessary
research will be supported to estahlish a technology base for ontical
implementation of digital electronic systems in selected military
applictions.

Experimental devices will be explored and evaluated +r Tight of their
apnlication  to  control and communication requirements and their
practicality.



Physics of the Interaction of Radiation with Matter (2306J3) - Our
Strategic poTicy of maintaining an assured nuclear retaliatarv capahility
imposes a requirement for assessing the vulnerability cf conmand, control
and communications systems to the natural radiations encountered in
catellite orbits and the severe environments generated bv nuclear and
laser weapons. Where vulrerability levels are unacceptable, radiation
hardening measures must be applied.

The objective of this work is to insure the availability of fundamental
information required for identifying, characterizing, and modeling
radiation damage mechanisms in electronic, electro-optical and optical
devices, ccimginents, and systems so that accurate vuinerabilitv
assessments can be made and the desired level of hardening achieved.
This knowledge is then applied to the design of devices and the
evaluation of device characteristics during and after radiation. The
program provides the ‘asis for an extensive activity in develcping a

hardening technology anu hardenad electronics for a wide variety of Air
Force systems.

Device Reliability Research (2306J4) - The evolution of solid state
device technology in ~terms of complexity and speed will result in
significant advances in the performance capabilities of future electronic
systems. The device reliability research program seeks to develop the
fundamental physical information required to assure the reliability of

advanced solid state components and the resultant availability of Air
Force systems.

The research studies are divided into two areas. First, vrograms are
pursued which provide fundamental physicel information on the mechanisms
which cause failure of Very Large Scale Integrated Circuits and their
associated materials. The <current program i3  concentrating on
electromigration in thin film conductors, metal-semiconductor contact
degradation and the effects of moisture on interface layers found in
complex very large scale integrated circuits.

The secornd area involves developing analytical techniques required to
assess the surface microchemical properties of submicrometer geometry
devices and to determine the electrical operation of nodes located within
the complex monolithic circuit structures. These studices involve both
electron and laser beam analytical techniques.

Future efforts will also be directed toward evaluating the local thermal
properties affecting microcircuit reliability. These nhvsical and
electrical assessment techniques are essential for understanding the
Jimitations on reliability and performance of energing solid state device
technologies. Finally, the device reliability research studies form the
basis for future cxploratory davelopment programs pursuced under Project
2338, "Assurance Technoloqv for Electronics.”
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TITLE OF TPO: COMMAND, CONTROL AND COMMINICATIONS (C3)

This TPO articulates tie goois and appreazhes that the laboratory is
pursuing to make improvements in the Air Force's canahilities to verform
its command, contro' and communicatinn mission.

Within this TPO there are four major areas of concern; namely, Common C3,
Strategic (3, Tactical £3 ang Electronic Combat C3. Tne major objectives
within each of the missions are to provide the technologies that will
enhance the systems survivahility, capacity, connectivity and
availability.

COMMON C3 1is defined to include thosc areas that are nrot specifically
tactical or stratcoic in nature and provides the technologies that will
improve the survivabhility, connectivity and security of the long haul
common user communications. Although much of this work is in direct
support of the DCS, the technologies developed are frequently applicable
to the tactical and strategic missions.

In the switching and control of a node, the application of advanced
routing architectures and multi-net gateways are being pursued to enhance
the interoperability of communication systems. The wuse of endurable
cormunication 1links is vital to the DCS and & program to improve 1ink
availahility through the application of adantive antennas, signal
processing and  spread spectrum modulation techrologies is being
conducted. in addition to link survivability, the network must be

capabie  of  withstanding bolh  physical and electronic assault.
Improvements in both hardware and software for the control of a complete
network  are needed. Such issues as fault isolation, distributed

technical control, rapid net restoral /reconfiquration and the detection
and identification of £CM are being addressed.

Space communications 1is a much used and critical portion of the support
communications mission, hut it currently suffers from the lack of AJ,
mebility, flexibility and availability. These deficiencies are being
addressed by providing the capabilities to operate in the SHF /EHF  bands
with nes conformal beam forming antennas, RF generators, robust signal
formats and reducing the potential for self interference at these
critical frequencies. Both ground and airborne anplications are being
considered.

Comnunication security is an activity that is mandated by national
policy. Programs in  TEMPEST  gutomation, vocoders and  voice
intelligibility will add to the Air VForce capabilities to meet this
mandate.

The STRATEGIC C3 goals arc to develop the technologies which will lead to
a survivable and enduring C2 structure canable of positive control of the
strategic forces on a global basis cven in the hostile environment of
physical and electronic attack, disturbed propagacion and enemy SIGINT

activities. The endurance of the command authority throughout a full




spectrum conflict will also require the graceful adoption of new
technology, along with new procedures. The resulting imnrovement in
Strategic C3 is both mandated by the evolving threat and advances in
strategic weaponry.

The development of Signal Processing to support beam and null steering
and rapid retune capabilities, along with a variety of signal processing
techniques for both narrow and wide bandwidths, are the keystones to
future systems. The VLF antenna for ground and air locations remains a
major  technological 1issue, & does the need for low probability
exploitation transmissions across the band., Those technologies which
permit communications 1o bhe adaptive, wideband, and mabile will afford
Tow probability cxploitation transmissions across the band.

Tha Strategic C3 experiment is to investigate the technological issues
surrounding this endurance issue considering the use and loss of
distributeu/data bases and the communications interconnecting the data
hases. Understanding reconfiguration and reconstitution of the assets to

provide command continuity is critical to the system architecture and
doctrine,

TACTICAL  C3 contains all of the elements of Command, Controil,
Communications and Intelligence. The major technical deficiencies within
today's tactical (€31 systems are survivability, capability, timeliness
and mobility. It is these system characteristics that are being
addressed in the RADC nprogram for tactical C3. Four fundamental
functional areas of communications, surveillance and identification,
command and control and intelligence will be discussed in order.

COMMUNI CATIONS: The approach to meeting the goals of the tactical
communications mission is to solve some of the near term problems such as
getting fiber optic cables into the field at the earliest possible time
while taking a lTonger term look at systems vulnerabilities to determine
future needs. In the near term, for fiber optics there is the generation
of standards for connectors, sources and detectors. A little further in
the future is a family of <transceivers, optical multiplexing, RF
transmission, transmission over single mode fiber and intrusion
resistance. The goal of advanced survivable comunication technology is
to develop an enduring communicaticns base that will enable the future
TACS to survive the hostile ECM threat. Consideration will not onlv be

given to the growing jammer threat, but also to the need to reduce
vulnerability to intercept.

For the longer term solutions, the Communications Vulnerability
Assessment (CVA) effort with the associated evaluation of network
facilities will provide electronically hardened communications system
developments in the future. From this, the desian arnd develonment of
robust distribvted and adaptive networks can be effectively done. Within
this overall framework 1is the need for specific advancements in
survivable multi-media channels. Low cost data links and associated
phased array antennas are key technical idssues for near real time
information fiow and wecapon control while being subjected to intensive
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jamming and SIGINT activity. Voice communications is an important part
of the tactical mission, but it must be secure and iam proof. Digital
techniques in the EHF band are being exploited to develop a low
probability of intercept and highly jam resistant voice channel for air
to air use.

SURVEILLANCE: The number, speed and turning capability of airbhreathing
vehicles within a theater continues to grow while the notential or radar
cross section reductions become more real. These target characteristics
along with an ever expanding and sophisticated EW threat plus an
increasing threat from a variety of weapons designed to destroy ground
and airborne surveillance/C3 assets presents a very challerging task for
the surveillance and ID systems. Since no single surveillance platform
or sensor type can deal with this threat, the Surveiilance program
includes the development and demonstration of <the technology for: a
highly mobile advanced ground based phased array radar; a multi-mode
ground based passive surveillance system; an advanced airborne conformal
phased array system with both active and passive modes; and the netted
surveillance technology required to integrate the outputs of these new
sensors to generate a single unambiguous air situation picture.

COMMAND AND CONTROL: The current methods of doing fcrce management is
largely a manual process and is far too slow for the dynamics of modern
tactical warfare. The near term introduction of automated aids and the
longer term systems design comprise the RADC nrogram. The three main
technical areas being pursued are modeling and simulation, functional
automation and man-machine interface. Kev features of this anoroach are
that it 1is evolutionary, relies heavily on user participation and will
pussess the nualities of interoperability with the current and other
evolving force management equipments and concepts. This program will
lead to a capability to perform Command & Control functions in a modular
and distributed manner. The solution to distributed and interacting data
bases is vital to implement the future survivable cormand and control
concepts derived in the recent Air Force 21st century Tactical €2 study.

A communication structure of fiber ontic and coax cables that form the
backbone of the Command and Control Laboratory has been installed at
RADC. This will create the environment for testing/evaluating many of
the concents of heterogenous distributed systems that one would exnect to
find in the real world. These tools and concepts provide nowerful new
approaches to tactical warfare management.

A program for the development of a Ground Attack Control Center (GACC)
will provide those technologies and strategies to bring together the
total system control of sensors, data processors, weapon selection and
control for the air dinterdiction mission. Both of these programs are
being conducted 1in close coordination with the ESD acquisition
directories.

INTELLIGENCC: The intelligence TP0O covers development of Comini and
Elint exploitation technologies and techniques and Combat  Sensor.
Management and Correlation. Command, Control, Communications and Counter

jond




Measures (C3CM) Deception is covered under the C3CM TPO. In modern
tactical warfare, intelligence must be an integral part of the command
and control structure and automated to the point that it is compatible
with that structure. The approach being pursued is one of both near term
and long term developments which will result in a highly automated
multi-sensor system capable of meeting the force management needs in a
highly dynamic air and ground war.

In the sensor area, work is ongoing to develop a wmulti spectrum
capability. An effort in the automation of SIGINT exploitation and
reporting will significantly contribute to the intelligence data process.
The Multi-Imagery Exploitation System will provide 2 9ear real time
capability for detection, identirication and nprecise loc 'oan of high
priority tactical targets. Technical areas applicable to S1 .nt includes
automatic signal detection, automatic signal recognition and near real
time information extraction.

The Penetration Analysis Support System 1is to aid in the process of
penetration analysis and decision through automating the mostly manual
process.  Within the tactical theater there are many diverse sensors and
support subsystems that have a wealth of capahility and information.
They must be brought together in a cohesive and organized manner to
prcduce the most effective results. The Combat Sensor Management and
Correlation program 1is intended to do this and make available tu the
force manager the best possible picture of the battlefield.

INFORMATION PROCESSING: As cited above, the current methods of doing
force management 15 largely manual and is far too slow and simplistic for
the dynamics of modern tactical air and ground warfare. The near term
introduction of automated aids and the longer term systems design
comprise the RADC program.

The three main technical areas being pursued are modeling and simulation,
functional automation and the man-machine interface. Key features of
this aporoach are that it is evolutionary, relies heavily on user
participation and must possess the qualities of interoperability with the
current end other evolving force management equipments and concepts.
This program will lead to a capability to perform Command & Control
functions in a modular and distributed manner. The solution to
distributed and interacting data bases is vital to tactical and strategic
activities if they are to survive in the future scenarios.

A communication structure of fiber optic and coax cables that form the
backbone of the Systems Design Development Environment has been installed
at RADC. This will create the environment for testing/evaluating many of
the concepts of hetrogenous distributed systems that one would expect to

find in the real world. These tools and concents provide npowerful
approaches to tactical warfare management.
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ELECTRONIC ~ COMBAT: Encompasses  Cormmand, Control  Communications
Countermeasures (C3CM), Electronic Warfare (EW), and Suppression of Enemy
Air Defenses (SEAD). Thnis TPO subthrust presently addresses C3CM  as
defined by DOD Directinn 4600.4 as the integrated use of OPSEC,
deception, jamming and destruction, supported by intelligence in order to
deny information to, influence, degrade or destroy adversary C3
capabilities. The countermeasure strategy addressed in the C3CM concent
has as its objective the countering of the enemy command and control (C2)
function, with the countering of the communication (C) function only a; a
means to the end.

As defined by JCS MOP 185, the goal of the C3CM is to deny enemy
commanders cffective command and control of <their own forces while
maintaining effective command and control of friendly forces. The RADC
Electronic Combat subthrust supports the ESD C3CM program designed to
develop and field capabilities so that the TAF can employ C3CM warfare
strategy effectively. The specific objectives are to: develop a target
recognition  capability for C3CM battle information management and
execution; develop and evaluate decision aids for use in the existing C3
structure  to support C3CM and control friendly emitters; develop

deception techniques; and to provide an integrated C3CM capability for
tactical use.

Inteqgration of intelligance and C3CM  will: improve real-time
intelligence support to C3CM, provide rapid assessment of enemy
intentions, provide intelligence target/EC/deception options to the 21st
century TAC's battie staff in ncar real-time, provide fused, correlated,
analyzed and assessed intelligence information regarding enemy courses of
action and suggested friendly responsive courses of action, and develop
techniques and tools for imitative, manipulative, and operational
decention of enemy C3.

These developments will provide the Air Force with the technologies
required for force enhancement through an integrated €3 system which
orchestrates the use of lethal and non-l1ethal weapons in a timelv manner
for Electronic Combat (LC).

POINT OF COMTACT

Mr. Fred Haritatos

RADC /XPX
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TITLE OF TPO: RECCE/INTEL

The objective of this Technology Planning Objective (TPO} is to
accomplish  Explanatory, Advanced and Engineering Development and
Acquisition in the areas of: Correlation/Fusion, Intelligence Data,
Imagery Exploitation Aids, Automatic Target Recognition and Precise
vocation, Scientific and Technical Intelligence, Analytical Carabilities
and Enhanced capabilities for operational Intelligence Centers. Their
objectives are addressed under The Reconnaissance and Intelligence
(RECCE/INTEL) TPO 2- Correlation anc Fusion which includes Data handling,
Imagery Exploitation, Precision Guidance and Study Products and Special
Intelligence. TPO 4E, RECCE/INTEL, covers the work in Wideband
Recording, Speech Processing, Knowledge Based 1Intelligence Systems and
C31 Data Base techniques. The Signal Intelligence, Sensor management and
Correlation and Intelligence C3CM Integration work has been previoucly
covered under TPO 1C4 Intelligence and 1DY C3CM respectively.

The SURVEILLANCE program will provide the technolcgy for detection,
tracking, identification and weapon control against slow moving and fixed
ground targets from standoff ranges under all weather conditions. The

PAVE MOVER radar is a key element to meeting these capabilities and is a
maturing ADM currently in acquisition.

CORRELATION and FUSION Intelligence Technology- The objective is to
provide the technology required to improve and automate the Air Force and
Agency capability to provide useful and timely intelligence informati
from al) sources. Emphasis is in the development of advanced daia
recording, speech  processing, image processing and intelligence

information processing techniques to satisfy tactical and strategic
intelligence needs.

Near real time digital target classification and multisensor correlation
techniques are developed to increase the quality and timelines of
military intelligence. MNew ard improved cartographic and photogrammetric
m:zthods and equipment are developed for utilizing reconnaissance/mapping
imagery in the timely production of digital data hases to support future
weapon system and Defense Mapping Agency (DMA) product centers. New
initiatives here include Artificial Intelligence application to
Cartographic assessment, High Resolution Stereo Shape discrimination and
Data Extraction, Multi-Source Feature Analysis and Inteliigent
Interactive, Mapping Charting and Geodsey, and Camouflage, Concealment
and Deception (C2D) intelligence analysis Techniques.

The Scientific and Technical (S&T) Data Base efforts develop analytical
and correlation capabilities for analysis of foreign weanpon systems.
Specific computer programs are prepared that address those unique
requirements of the Technical Intelligence analyst.




The Analysis and Correlation work is directed at augmenting conventional
S8T intelligence, long range launch detection and vehicle ldentification.
The technologies are directed at analysis and exnloitation of RF
externals and unintentional electromagnetic emissions.

DOD Indications and Warning (I1&W) efforts are concerned with the
modernization and improvement of our ability to monitor, manage and
exploit I&W intelligence information. Work in this area includes efforts
to demonstrate how a knowledqe base system can aid an 184 analyst
responsible for determining the threat potential of laurches before,
during, and after the launch occurs. The Space Foreign Launch Assessment
Knowledge Architecture/Demonstration nas bheen develoned on a Symbolic
3600 LISP machine using a Metalevel Representation System. Future nolans
call for expanding architecture and the knowledge base to allow
prediction of ASAT foreign 1launches. 62702F RADC funding has been
programmed to begin in FY87 to support development of new technology for
1&W applications.

Intelligence Data Handling Systems (IDHS) pull upon all of the above new
technology development areas for upgrade of IDHS capabilities to increase
the efficiency of Intelligence Production. IDHS Systems have been
developed and installed at Air rorce and DOD commands such as ADCOM,
CENTCOM, SAC, REDCOM, MAC, TAC, USAFE, PACAF and DIA.

A new Program Element has been established called the "Intelligence
Advanced Development". Objectives will be to reduce the technical, cost
and scheduie risk associated with development of Intelliqence DNata
Handling Systems. This will be accomplished by applying advanced
technolody concepts to prototype developments of IDHS capabilities for
evaluation of acceptability/usefuiness to operational oversonnel and
operational system intregration issues. Future Plans include Prototypes
for Situation assessment, Long Range Air, as well as continuation of
Space Foreign Launch Assescment, Mohile Launcher Location and Tracking
and Collection Requirements Management.

POINT OF CONTACT
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TITLE OF TPO:  STRATEGIC SYSTEMS.

The objective of this TPO is to pursue the technology related to
providing viable surveillance and warning sensors in support of the
Vanguard submissions of atmospheric Su-~veillance and Warning and of
Ballistic Missile Surveillance and Warning within the Strateaic Defense
Vanguard mission.

Although all of the national nceds are not considered here, the issues of
placing radar and large optical systems in space, the detection and
tracking of Cruise Missiles, Intel/Special Radars, Electro-Optical
sensors for tracking objects in space, and Ducted Ionospheric Propagation
technology for strategic detection are of nrimary concern.

These subjects are treated under two thrust areas of Atmospheric
Surveillance and Warning, and Space Surveillance and Warning. Generally,
the feasibility of a concept 1is proven through actual demonstration.
This calls for large amounts of funding and resource ccmmitment. 1In FY86
a new thrust was added to this TPQ to accormndate the technology being
developed under the Strategiz Defense Initiative (SDI).

ATMOSPHERIC SURVEILLANCE AMD WARNING addresses the cdifficult technology
issues of radar surveillance of atmospheric targets from a space
platform, Cruise Missite Surveillance, and unique sensors for specific
strategic or intelligence missions. The purpose of these efforts is to
explore the basic technology ngeded to demonstrate capabilities in  these
areas.

The Space Based Radar (SBR) subthrust, driven primarily by the CONUS air
defense mission, provides technology for a multimission, all weather,
global surveillance capability. Major technology emphasis is on large
phased array space deployable antennas, monolithic transmit/receive
moduies, and advanced on-board signal processing.

In the area of large phased array space deployable antennas,
analysis/simulation of a large aperture space-based array lens comprising
hundreds o< thousands of elements is a formidable problem. A first
approximation of clement cuirents from an infinite array analysis of the
piecewise sections 15 being performed with higher approximations
providing corrections to the currents on elcments in  the vicinity of
discontinuities. This detailed simulation of the lens has been combined
with simulations of other aspects of the SBR antenna (feed, scattering)
into an analytical capability for the total antenna. This simulation
capability is resident on RADC computers. A gereric SBR space-fed lens
array membrane was designed and test articles have been built and tested.

The Phased Array Lens Demonstration (PALDEM) <test article has
demonstrated the capability tn integrate monolithic transmit/receive
modules into a space-fed lcns array membrare. The PALDEM test article
will be placed in three feed configurations, horn, cornorate array and
transform, Fach configuration will be cvaluated for side lobhe
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cancellation performance. The results will be used in establishing
criteria for a full-sized SBR nhased array lens.

In the area of advanced on bcard signal processing (AOSP), a general
nurpose signal processor capable of supporting space missions of the late
16305 and the 1990s is being developed. The AOSP design is a hard-wired
array of mutually synchronous processing clements called Array Computing
Elenents (ACE), which are interconnected through a system of high speed
data busses and controlled through a two-level distributed operating
systenm.

A 9 ACE brasshoard has been developed to demanstrate the ANSP distributed
architecture, operating system and software. This technology  has
transitioned to the SD1 program and a full capability for a space-based
£-0 sensor will be built in FY86.

In the Low Observable (Cruise Missile) Surveillance subthrust, high
confidence warning and defense against Jow observable penetration is
being pursued through the exploitation of the whole penetration threat

scenario and observable multispectral oproperties to augment current
capabilities.

Threat measurement provides the data base for system/sensor design
analysis as well as for constructing test and evaluation programs. The
multispectral approach is supported by passive/active test programs to
evaluate system payoff and detailed design requirements. This activity
is supported by multistatic surveiliance programs being developed under
DARPA  funding and coordination activities of AFSC Low Observable
Interface Management Group. These 6.2 efforts are direct inouts to the
6.3 demonstratior program PE63716, Atmospheric Surveillanze Technology
(AST) which will 12ad to advanced Development Models for sensor products
by FY87. System products and integrated surveillance/engagement
technoloqy products shall be provided in FY88/89.

Unique sensors for the surveillance of satellites, missiles and aircraft
have been and continue to bo developed and improved to meet requirements
for space track, attack warning, intelligence and air defense. There are
no 6.2 funds expended in this Intel/Special Radars subthrust since all of
the work performed is in support of external agencies who reimburse RAGC
for the technical effort expended to effect technoiogy transfer to the
North Warning Program, BMEWS upgrade, CONUS OTH-D, the E-3A Enhancement
Program and COBRA SHOE.

SPACE  SURVEILLANCE AND WARNING provides methods <o conduct Mission
PayToad Assessment (MPRT of ‘spacc objects, and trackint, targeting and
kill assessment for ASAT and attack warning by electro-optical concepts.
High frequency ducted ionospheric concepts are investigited to provide
advanced HI" communications and surveillance techniaucs.

Major areas in the Electro-Optical Surveillance subthrust are Spaceborns
Optical Surveillance Technoloay and 5Space Befense Surveillance Technuiogy
for strategic surveillance applications,
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Major hreak*rrovchs have hzen achieved 1in large adaptive ootics for
snace,  ultra lightueight passive mirrors, active control of space
ctructures and adaptive compensation for atmnspheric deqradation of
optical signals for imaging and laser communications. Substantial
progress has been achieved in the design and analysis of aroundbased and
airborne sensors for near real-time £-0 satellite tracking and targeting
and in the design and develooment of adantive optics for spacehorne laser
weapons. The breakthroughs in atmnsoheric compensation, LWIR imaqing and
multi spectral data fusion have resulted in the ability to achieve
real-tine threat assessment and targeting.

Efforts 1in space ontics are aimed at the Spnace Surveillance and Tracking
System requirements end other far term  advanced strateqic surveillance
system requirements where major advances have been made in both active
and nassive telescope optics in the areas of Adaptive, WUltra-lightweiqht
mirrors, advanced lightweight passive mirrors, sensors, and actuators.
However, at the integrated systems level, the control of these comnonents
is beyond the current s*ate-of-the-art. In order to achieve the
nerformance required for an integrated telescope for space awplications,
FYB6 6.2 funds will be used to design a complex lahoratorv exneriment to
evaluate the integrated control technalogy optics.

The enhancement of our Space Surveillance goals through real-time ontical
satellite assessment has been realized with the installation of the
Compenzated Imaging System and infrared cameras on a 1.6 meter diameter
telescope at the Air [Force Maui Optical Station (AMOS). 62702F funds
have been used to develon and analvze an analytical model of an  infrared
airborne tracking system for satellite targeting in near real-time.

The Ducted Tlonospheric Propagation subthrust is aimed at increased
understanding of ducted modes and their usefulness in surveillance and
comnunications appliciatiorn. Recent theoretical research has indicated
the possibility of achieving reliable lona-range (10,000 km) HF (3-39MHz)
radiowvave prcepagation by  exploiting ducted modes in the ionosphare at
altitudes in the 150-250 km range. Natural as well as artificial
modification of the donosphere by means of intense radio freaquency
heating near the duct injection noint have been investigated as a
promising means of achieving coupling.

A sateliite exneriment i35 wulanned to place a unique wideband HF {A-30
Miiz) rocoivor system at altitudes within the exnected ducting regions.
Several ground transmitters will be used to inject radio signals into the
ionosnheric  ducts utilizing both natural and man-made  jonosnheric
irreqularities. These  ducted transmissions will he received at the
satellite at distances greater than 10,000 km, Several signal parameters
will b¢ measurcd to establish the characteristics of the ducted modes.
The satellita receiver system is completed and has  successfully passed
tne required environmental tests and is now fully space qualified.




The SDI is a comprehensive research and teshnnlogy proaram to develon and
demoynstrate the technologies necessary for effective ballistic missile .
defense. K

RADC is a Lead Technnlogy Center within the SDI frganization and has
overall resnonsibility for executing assigned SDI  technical efforts in
Surveillance, Acquisition, Tracking, Kill Assessment (SATKA), Directed
Enerqgy Weapons (DEW) and Battle Management/C3 (BM/C3).

Technoleogy in the suppart cof SATKA includes the develooment of large

lightweight  radar/ontical operatives and advanced on-hoard signal

processors. DFW requirements sunport technoloqgy deveiopment programs for R
Targe lightweight adaptive ontics and rapid optical fabrication

techniques. In the area of Battle Management for SDI, RADC is develoning

new computer architectures, software  engineerina  techniques,

communications, networks and algorithms.

The Air Defense Initiative (ADI) was added to the TPO-3 subthrust (39). .
The initiative addresses the "atmospheric threat" created by the
introduction of low observable (Cruise Missile and Stealth) technnlogy
and compliments the layered defense strategy started under the Space
Defense Initiative.

The system concept emphasizes an evolutionary process that first
addresscs  near-term  imnrovements  to the nresent surveillance systems
while initiating programs to develop technologies required to support
Tong-term oojectives. New sensors, as well as added uses of fused data,
are driving the Surveillance and Command and Control functions. Proqrams
related to0 the ADI Surveillance will be found under TPO sub-subthrst 301
| while the ADI Command and Control programs will be found under 3D2.
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Mr. Donald Tarazano 3
k RADC /XPXM :

Griffiss AFB NY 13441-5700
(315) 330-3046

B AN i

o Tk

Do N8 oot AN

20




LATAZR IR e R

Peiacs EM-L AU

R LR 1. < vy Tl AR WSS . ot o

Lot A

8 0 NI

3 TR =

ALl

_A_‘ - -

3
§

v VL

TITLE OF TP0: TECHNOLOGY

The objective of this TPO is to form the foundation for future solutions
t9 technological problems within the Air Force C3T mission. Though the
"ilities" may have direct system application, they are revorted in this
TPO because of the breadth of their usage. There is concerted ~ffort on
the part of management to dinsure that there 1is continual cross
fertilization between these thrusts and the other TP0s and that as
technologies renorted here mature, they will transition into the
operationally oriented TP0Os. In this way there 1is minimum duplication
and ciear direction given to the efforts.

There are seven thrusts within this TPO, representative of the technical
fields of the Center mission directorates. The majority of the funds
identified in this TPO are 6.2 furds used to perform studies, experiments
and demonstrations to further the bodv of technical knowledge.

SURVEILLANCE thrust contains two basic technology subthrusts; Thermionics
and Signal Frocnssing. These technolcgy subthrusts form the foundation
for future capabilities.

The Thermionic sut thrust is aimed at deveioning technoloqgies for
microwave tube/transmitters and solid state transmit/receive modules with

improved levels of performance in signal fidelity, bandwith, and
efficiency. They must also be Tlightweight, low cost and easily
manufiaciured Lo meetl the reauirements of next genaration C31 systems.

For apniications requiring very wide bandwidth and/or very high averace
powers, tubes will he used for at least ten years in the microwave
frequency bands and fifteen years in the millimeter wave freauency bands.
High Average Power Tube/Transmitter Development provides for tube and
transmitter techniques capahle of operating at multi-kilowatt averaae
powers and peak powers between 100 KW and 2 megawatts. FYB7 emphasis is
on the development of 100 to 200 kilowatt pecak power coupled cavitv
traveling wave tubes with efficiencies over 50%. Transition cfforts
include improved klystron for BMEWS and tho  AN/TPS-43 Padar and High
Efficiency Wideband Klystron for Tropo Comm Tube/Transmitter developments
and E3A. Underlying the thermionics area is the Air Force Thermionics
Engineering Research program which is a coopurative arogram among the Air
Force, the tubn industry and the University of Utah in which new tube
concepts and circuits are researched and students are educated to hecome
compctent tube technologists.

Adaptive Solid State T/R Module Circuit Technology is heing develoned
including improved concepts, control techniques and validation test
procedures to meet ground and airborne surveillance systems. Emphasis in
FYB6 was on development of efficient variablce output ampiifiers and MMIC
module circuit concepts whose system performance 1is not sensitive to
variations 1in the wmanufacturing process. Transmitter efforts include
development of the Conformal Array Module and the C-Band Module for
tactical environments.
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A second subthrust contained in this thrust is Signal Processing which
has the primary objective of oroviding the highest probability of
detection in a time varying environment containing natural and man made
interference while simultaneously minimizing false alarms. Signal
processing techniques are made adaptive so that they are self ontimizing
in this type environment. With the recent advances in device technonlngy
and real time processing algorithms, the signal processing nrogram is
oriented heavily toward the actual reduction to nractice and experimental
evaluation in an actual RF environment, Polarization
Aigorithm/Experiments will nrovide an extensive evaluation of several
potential discrimination algorithms and will also provide much needed
experimental data on the polarization signature on a variety of target
types as well as ground clutter, weather clutter and chaff. The co.imum
modulation/filter will be determined from an assessment of nolarimetric
processing for the optimum transmit/receive response for target detection
and estimation over a two channel redar system.

Performarce Limitation Studies have been initiated to update the
diagnostic tools to determine the figure of merit tor advanced radar
systems as affected by the errors and 1imitations of a system's onerating
parameters. A wide range 9t system factors such as synchronization, time
and frequency instability, A/D conversion, dynamic range and netting are
some ¢f the more immediate issues.

The recent  develooweails in o aistributed processing, device technnlogy
(VHSIC) and high order languages have heen used 1in the desiqgn of the
Signal Processor for E3A/AASR to acnieve high throughput, increased
reliability, reduced raintenance and lite cycle costs. Brasshcard
fabrication was initiated in FY-85.

The extremely successful Advanced Onboard Signal Processor (AQSP)
development nrogram continued with a contractual effort in FY-85 to
develop a 20 ACE Brasshoard Processor. The ANSP  architecture s
currently heing designed to acceot VHSIC devices with follow-on nrograms
to dnsert and test VHSIC in the architecture. Joint surveillance and
communications Systolic Array Apnlications Studies will lcad to the
develonment of algorithms and architectures for radar/communications
signal processing that exploit highly parallel computing such as Svstolic
Arrays and VLSI/VHSIC technologies suitable for implementation nrojected
for the 1985-1990 period. The fabrication and testing of a systolic
array precessor has been initiated with testing nlanned hased on these
studies.

COMMUNICATIONS technology ensures effective execution of (2 functions
through adequate responsive communications in the presence of current and
projected C31 LCM threats. (Communications techniques that provide high
jam resistance, exploitation resistance and improved wverformance in
perturbed channels are heing developed. Performance, cost, reliability
and physical parameters of comunications processing systems will be
improved through the application of advances in digital VLSI/VHSIC,
optical, Gads and MMIC circuit technologics in conjunction with new
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advanced signal processing alqorithms and architectures. The develoned
technology base will fulfill present and future Air Force needs in
Satellite Communications, HF Communications, Tronaspheric Scatter

Communications, Tactical Voicz/Data Links, and Air-to-Air Communications
Systems.

The Communications Signal Processing Sub-Thrust contains develonments in
spatial, temporal, and integrated nmulti-domain signal processing,
Specific objectives are to advance the developments of new and J{mproved
signal processing techniques to counter a dynamic escalating threat; high
performance signal processors exploiting new processing algorithms,
architectures and high payoff analeg/digital/optical technologies for
cost, size, power and performance improvements; antenna and waveform
techniques for improved LPE Comm; and improved methodologies and
facilities for real-time experimentation and validation.

The exploratory development program in communications 1is supnorted hy
basi¢ research programs investigating advanced algorithms for siqnal
processing, algorithms compatible with VLSI/VHSIC implementations and
optimal multi-domain spatial/temporal processing structures. Exploratory
development emphasizes advanced communications ECCM nrocessors and
advanced communications signal processing techniques.

The development of Advanced Adaptive Communications ECCM processors
exploiting newly emerging analog/digital/optical  technologies and
advanced signal processing alqgorithms and architectures are heing pursued
for appiications in spatial signal oprocessing, chaninel equalization,
matched filtering and snread spectrum,

Advanced Adaptive processors are being developed for extreme jammer
environments wnere very deep wideband nulis are required. The
development of an extremely wideband high dynamic range processor hased
on Acoustic Charge Transport (ACT) technology is on-going for application
to spread spectrum/ LFE Communications.,

Devices have been designed, fabricated and tested to show that efficient
devices with great bandwidth and large dynamic ranges can be built using
the acoustic charge transfer principle. The effoirt develoned the initial
device concepts from theory into operating intcgrated circuit chips.

Improved Communication Signal Processing techniques for advanced SATCOM
adaptive arrays are being develoned for application to large thinned
spaceborne adaptive arrays for Satellite Communications.

An Adaptive Spatial Processing Laboratory Testbed 1is being develoned
which will provide the Air Force with a unique state-of-the-art real-time
experimental facility to support in-housc investigation and comparative
evaluation of eristing and newly proposed adaptive spatisl processing
concepts using actual adaptive hardware and interference signals. A key
element of the testbed was the development and integration in FY84 of g
high pertormance Flexible Adaptive Spatial Sienal Processor (FASSP) which
can implement o wide variety of adantive processing algorithms and
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architectures, Exnerimental capabilities to support evaluation of s
advanced digital and ontical adaptive nprocessors were developed in S
FY86-87.

Studies of sub-micron  VHSIC anac  GaAs MMIC  technologies  into
Communications system applications were initiated in FY86 and FY87,

ELECTROMAGNETICS improve the performance of AF C3I systems by advancing
and improving electromagnetic technology for antennas, RF components, the
electromagnetics of targets and environments, and pronagation.

|
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The Antenna subthrust i35 divided intc two major areas: Antenna Pattern
Control, and Conformal and Hemisnherical Coverage Antennas.

The prcgram in Antenna Pattern Control addresses primarily ground and
airborne radars and cormunications antennas. Support to ground-based
surveiilance Radar programs and the Advanced Airborne Surveillance Radar
program forms the core of the antenna nattern control effort and includes
efforts that address a wide range of technical issues pertinent to future
radar systc . Continuing studies address the 1limits of achievable
antenna nattern control, in terms of sidelobes and wideband null denth,
and the potential of digital beamforming systems for tactical radar.
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The procoram in Conformal and Hemisnherical Coveraage Antennas has the goal
of developing antenna technolngv for airborne SATCOM terminals.  Present
emnhasis is on EHF and the MILSTAR system. The nprogram includes
monolithic receive-array development at 20  GHz and monolithic
transnit-array development at 44 GHz. These nrograms represent, nerhaps,
the most acdvanced antennra development work anywhere in the qovernment.
As a result, the work has attracted Navy, Air Force and ESD/MILSTAR VY
interest and support. Also included in the task, 1is the preliminary
study and partial development of a 44 GHz hybrid component antenna array.
This work serves as a backup, lower risk technology in the event of
delays in the fully monolithic development program. Other antenna
technology includes the development of an SHF 16-element, ultra low loss,
lightweight demonstration avray for aircraft SATCOM.

4%

The RF Compcnents subthrust furthers technoloqgy development in the areas s
of Monolithic Microwave Integrated Circuits (MMIC) and RF, magneto '
static, and acoustic devices to provide miniature components critical to
a wide variety of C31 systems. Arcas of emphasis include phase shifters
for nhased  array antenna heam steering applications, frequency
synthesizers, stahble oscillator development, mir:ature variable delay
Tines, and low loss RF switches.
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MMIC phase shifters are required for reliable, affordable phased array

H antennas in both surveillance and communication systems. These nhase
3 shifters offer small size and zero insertion loss independoent of phase
setting. Frequency synthesizers capable of rapidly hopping over a wide
range  of microwave frequencies are heing develoned using advances in Tow )

loss bulk overtone acoustic resonator technologv, A cormpact, hiqgh !
technology  EHF synthesizer is  beina developed. A rapidly tunable or
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agile SAW filter can provide anti-jam for ICMIA. A stablized MMIC 1lccal
oscillator was develioped at EHF using a dielectric resonator to eliminate
the oscillator oven presently required in MM WAVE radivs.

Electrically variable time delay units are required for steering nhased
arrays with the wide instantaneous bandwidths required for ECCM and
tactical target ideatification. A continuously variable time delay wunit
with 3 volume 1lcss than one cubic inch is being developed using
magnetostatic wave technology. A stepwise variable microwave acoustic
delay 1line 1is bheing developed for both phased array heam steering and
wideband direction finding. Low 1loss diode switche; with a power
handling capacity of one KW are being develoned to enable phased array
surveillance radars to achicve ECCM with 1long coded waveforms. SAW
oscillators at UHF are needed as multiple use freauency standards to

reduce the present cost of acquiring and maintaining a senarate clock on
each system,

The Electromagnetic of Targets and Environment subthrust, which is in the
field of electromagnetic scattering, is divided into Electromaanetics of
Targets and Electromagnetics of the Sensor Environment.

Targets are defined primarily as aircraft and missiles and the sensor
environment is defined as the physical terrain in which a qround radar is
located and in which a target is to be detected. The main emphasis is on
scattering phenomena from  shaped targets made of 1055y absorbers
designated as low observables on scattering from both airborne and qround
hased antennas, on problems of the physical environment, and on the
implications of these phenomena for radar detection.

In the electromagnetics of scattering from lossy dielectric materials,
analytic and numerical calculations, plus exnerimental measurements are
applied to the problem of detection of low observables. A data base of
monostatic and biostatic scattering properties 1is urgently needed for
radar system detection and tracking of low cbservable missiles. An
analytical effort to develop models of scattering from rough surfaces for
a variety of terrain types, to make measurements to provide calibrated
clutter data for a data base to use in detection, and to verify model
predictions addresses the degradation of radar performance in detecting
and tracking low observable, Tow altitude targets due to both clutter and
multipath. A program to recduce antenna cross sections while nreserving
antenna performance is continuing. The characterization of physical
terrain permits the calculation of multipath reflections ard their
effects on radar performance and allows scattering models and prediction
of multipath and clutter ia real time to be achieved. Earlier work to
predict the ontimum site for best ULSA performance is now being annlied
to siting of the AN/TRC-170.
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The Spatially Adaptive Propagation Program is exploring Tlimitations
imposed by the ionospheric pronagation mediun of HF adantive beam
control. Research is continuing to study techniaues for altering the
ionaspheric structure over a 1imited area, using nowerfuyl RF
transmitters, for improved control of communication and surveillance
systems.

The Propagation subthrust s divided into two areas of pronagation
technology relating to communications and to surveillance. Efforts in
communications exploit characteristics of wave oropagation for new
comunication techniques and to improve the nperformance of existing
systems from VLF through EHF with major emphasis on survivable
propagation, HF technology, and SHF/EHF communications.

The survivable Communication Programs address the LF, HF and VHF
frequency bands. Low Frequency efforts assess propagation during
disturbed ionospheric conditions and include an investigation of the
survivability and jamming vulnerability of LF signals radiated from
aircraft. Previcusly specified high-altitude propagation parameters are
being applied to propagation models for the evaluation of communication
reliability and survivahility. WF Survivable Comnunications is receiving
increased emphasis with efforts addressing high-altitude survivabilitv
and wideband availability. In the VHF spectrum, the survivability and
availahility of meteor burst propagation is being investigated. SHF/EHF
Propagation Programs are being conducted to determine the Timitations
imposed by the troposphere on microwave and millimeter wave C3 systems.
Theoretical and experimental work is proceeding to improve troposcatter
models and to investigate frequency dependency troposcatter.

Propagation for Surveillance involves the detection of targets by means
of EM radiation in the radio portion of the spectrum from VLF through
microwave  frequencies with  emphasis in HF. Characterizatinn of
jonospheric clutter and its suppression for dincreased effectiveness of
OTH radar systems are being pursued. Spatial and temporal statistical

. properties of auroral radar scatter are being measured with the aim of

developing adaptive clutter rejection techniques.

SOL.ID STATE DEVICES provide for the develonment of advanced devices for
present and future electronic C31 systems by improving knowledge and
techniques necessary to develop system timing components, signal
processing devices, electro-cptical devices, electromagnetic device
materials, and electromagnetic radiation hardening of devices.

The Systems Timing Components subthrust addcesses precision frequency
standards and clocks to ensure precise time interval and accurate time
keeping are available for AF systems. Technical emphasis is nlaced cn
quartz oscillators ard atomic frequency standards,

The Quartz Oscillator Program is directed toward vroviding quality quartz
materials, resonators and oscillators. Improved over all performance is
sought by minimizing aging and temperature effects on stability while
reducing cost and increasing reliability. Atomic Frequency Stardards
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rescar-h and development embodies development of 1improved rubidium and
cesium standards. A comprehensive Time and Freaquencv Test Facility is
operated and maintained for measurerents under ambient and simulated
overating conditions.

The  Signal  Processing Devices subthrust is directed towards the
development of advanced infrared imaging sensors for C31 systems,
Emphasis 1s given to devices which are based upon silicon VLSI circuit
technology and devices which are used for signal sensing and signal
pracessing. Device concepts that originate in a companion 6.1 task are
carried through design to fabricalion and test at breadboard/brasshoard
levels wunder this eoffort. Earlier, charge ccupled device processing
devices with throughput equivalent to 10 to the 9th nower 8-bit operation
ner secona were demaanstrated. At present, a CCD for two-dimensional
image processing is under develooment in a joint PRADC/AFATL orogram.
Phototype VLSI-scale infrared focal plane arrays based upnon silicide
photoainde technoliogy have recently heen completed. These devices are
now being characterized. At the same time, they are heing incorporated
into specialized tactical and strategic sensors urder cooperative efforts
with RADC/GC, other Air Force organizations, the Army Missile Command and
the Naval Weapons Center. RADC Sensor desians have now been adopted by
several Dol vendors and the Army directed energy program. These efforts

are expected to provide major support to RADC, Air Force and SDI
surveillance programs.

The Electro-Optical Devices <cubthrust arovides for the develonment of
electro-optic devices and techriques involviny tiber obtics as a new
approach to date transmission and optical processing to achieve higher
speeds and decreased component cost and size, while achieving better
reliability to adverse environments. Multimode <omnonents, 1long
wavelength sources and  detectors, planar couplers, waveiength
multinlexers and demultiplexers, and £-0 switches will provide a modular
approack for high performance, Jiow cost fiber ontics military
transmission systems.

Opticel fihers and cables are being characterized to assure performance
of general, as well as intrusion recistant fiber ontic 1inks. Notical
time domain reflectometry, vrefractive index orofiling, exhaustive
measurements and analysis, and optical fiber cable connectors are
additional device areas being addressed.

Electrical characteristics to correlate electro-ootical performance of
photorefractive materills for spatial light modulatcors are also bheing
pursued for optical signal processing.

The Electromagnetic Device  Materials subthrust  involves  the
identitication, synthesis, characterization, and growth of materials for
effective C31 capability. The synthesis and single crystal growth of InP
and the epitaxial growth of InP and its ternary and quaternary alloys are
being irvestigated for the fabrication of source ana detector devices for
fiber ontic systems operating in the 1.2-1.6 micrometer wavelength range.
The development of  dimproved techniques foar the hydrothermal arowth of
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high purity, low defect quartz for time and frequency devices s
continuing. A new family of vitreous materials, the heavv metal flouride
glasses (HMFG), are beina investigated as potential radiation hard, Tlow
loss optical wave quides. In bulk form, the HMFG have potential as

multispectral, low loss, optical components such as lenses, windows,
prisms, etc.

The Electromagnetic Radiation  Hardening  subthrust  supports the
development of a radiation-hardened electronic technoloqy base and
provides technology assessments to AF system offices.

The program in this subthrust is centered around LSI memories and digital
logic circuits. Radiation induced failure modes are identified to
support the hardening program and to provide data on advanced technclogy
to SPOs. MESFET and POSFET technologies offer great potential for
hardened VLSI. Demonstration circuits hardened to satellite radiation
specification levels will be fabricated and tested to show progress and
prove the compatibility of hardening techniques used with standard
circuit fabrication methods.

RECCE/IMTEL provides technology for improved automatic, real-time
techniques and equipment to record, process and analyze intelligence
information by pursuing developments 1in wideband recording, speech
processing, expert system dintelligence analytical methodology, ana C31
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Improved recording and data handiing techniques are reauired for the

timely processing, storage and dissemination of extremely high rate data,
large volume digital information.

In the Wideband Recording subthrust, the successful integration of the
first optical disk "Jukeboxes", "10 terrabit" memories have stimulated an
even greater desire to now place this versatile concept into operational
scenar.os and finally into the Space Station, During FY86-87,
exploratory development will reduce the risk factors in placing optical
disk  technology 1into operational shelters, vans and eventually
reconnaissance airborne environments. The 6.3 Tactical Optical Disk
{TODS) program will be initiated in FY87 to develoon and deliver a family
of optical disk capabilities for these applications During FY 86.87,
this concept will also be exploited to develoo an "Erasable Disk Buffer
System" for Fifth Generation, Strategic Computing Applications. Goals
include 10/12 storage capacity, extremely high performance buffer systems
for super computers at 1.6 Gigabit per second throughput rate. FY 87-90
will extend this technology for Space Station applications. A1l Programs
will include the <capability of read/write and erase and include
investigation dinto radiation hardening and electromaanetic Pulse
Protection of mass storage devices.

For SIGINT applicaticns, Bragg Cell Optical Recording technology will bhe
evaluated in an airborne envirgnment. A 200 MHz analog recorder has been
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delivoered in the sccond quarter of FY86. Fy 86-90 critical component

technology will be exploited to extend recording information bandwidths
to 1000 MH:.

Magnetic Perpendicular Recording will also be exploited to demonstrate
extended data rate and packing density capnabilities for this discipline.

Research in Acoustic Phonetics investiguting connected speech work
segmenitation, intra/inter speaker variability, and coart.culation effects
and  exploratory develooment  in  Narrowband Speech Transmission,
Speaker-Indepandent Connected-Speech Recognition, Voice Data Entry, and
Interference-Reduction techniques for cockpit voice control constitute
the technslogy base in the Speech Processing area. Additionally, sprech
processing technol- 3y in the SIGINT area supporting COMINT exploitation
uvevelops on-line, real-time, multiple-channel and miniaturized speech

processing technology as automated capabilities for analysts exploiting
voice traffic.

In the knowledge-based intelliyence systems subthrust, developments will
study, demonstrate, ard prove application feasibility of knowledge-based
cystems to aid the intelligence analytical process. In the area of
artificial intelligence, techniques such as knowledge acquisition,
knowledge representation, and knowledge engiaeering will be applied to
specific 1ntelligence Jdomains. Knowledge-based systems are being applied
to operavional functions such as space missile foreign launch assessment,
coiiection requiremencs management, and mobile targets. The intelldigent
Analyst System concept/technology development wiil continue through FY90.
The Anti-Satellite (ASAT) knowledge base will have expanded to allow
predicting of ASAT for all space foreign launches. Work will continue in
the develonment of modeling aids for Indications and Warning (1&W), Key
new staits include; Knowledge Engineering for Mobile Targets, Collection
Planning Aids and Knowledge Engineering for Space Situation Assessment.

The (31 Data Base Techniques provides technology to increase utiiity and
responsiveness of data basc management systems to C31 problems. Concepts
and techniques for survivable data bases, data base machines, active data
bases, automatic data basc generation and distributed data bases are
being expanded. New activities include: Source Data Acquisition and
Validation, Automatic Data Base Update for Message Handling, Knowledge

Representaticn for Intelligence, and Data Architecture Concepts for Data
Base Utilities.

RELIABILITY, MAINTAINABILITY AMD COMPATIBILITY encompasses the technology
base devioTopment oF solid state device reliability, equipment/system
reliability and maintainability, and electromagnetic compatibility to
improve the operational readiness of AF electronic systems. In addition,
the DOD VHSIC program support is associated with this thrust, as well as
the electrical test and on chip testability technoloqy with emphasis on

test structures essential for characterizing and evaluating compiex
devices.

Research foundations in the Solid State Device Reliability subthrust are
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being established in advanced nhysical analysis techniques and in the
fundamentai mechanisms of device failure. Reliability physics technology
and failure mechanism analysis which buiid on the research foundation,
are being continued under exploratory development. Studies concentrate
in reliability asscssments of technologies, analysic of mechanisms, and
assessment of methcds required to understand and reduce the frequency of
failures in submicr 7 and VHSIC devices. Independent studies will
concentrate on reliubility assessment of the failure mechanisms found in
Very Large Scale Integration (VLSI) devices, such as electromigration,
contact resistance, time denendent dielectrics failures, hot carrier

effects and package related problems of solderability, die attachment and
lead honding.

The ability to control interface chemistry will lead to packaging and
passivation technoiogy for satisfactory 1life-times for VLSI and ULST
devices tn the late 1980s and 1990s. The Quality & Reliability Assurance
(QRA) techniques work will concentrate on methods for assessing and
controlling the quality, electrical performance and reliahility of custom
devices, Gallium Arsenide Logic and the application of reliability test
elements for accomnlishing complex device qualification. Electrical
characterization will include VLSI, RAMs, EEPROMS and Advanced Signal
Processing Devices to fill the needs of C3I systems now being develoned.
The Electrical 7lest Techniques and Testability effort utilizes an
in-house computer timulation capability to develop techniques that will
reduce the time and ost associated with microcircuit test development
and improve the ove: 11 fault detection coverage.

The technology base for assuring the reliability of VHSIC devices is
covered under Advance Testing Software, Test Technology, Qualification
Precedures, Interim and Advanced Test Capability. The object of this
thrust is to provide he methods, procedures and test equioments that

will assure the r¢ iable performance of VHSIC Phase I wmicrocircuits in
DOD systems.

Finally, a test progr m for the monolithic microwave integrated circuit
(MMIC)  Conformal A.ray Module (CAM) will be dnitiated to assess
mechanisms that coniribute to reducing operational performance and
development of spec:fications, quality control procedures and test
technology for the effective insertion of MMICs into military systems.

The EM Compatibility subthrust addresses the technology base necessary to
provide a high assurance of EMC for AF electronic equinment, suhsvstems
and systems in addition to provide EMC support to RADC, ESD and other AF
agencies. Programs are pursued in EMC analysis, prediction, and
measurements and in EMC interference control with the overall philosophy
of developing techniques and methodologies to assess and control EM
interference within AF electronic systems.

Major emphasis over the next several vyears in the EMC analysis,
prediction, and measurements sub-thrust will be the development of
analytical and experimental techniques to assess the susceptibility of
high-speed, high-density integrated circuits to EM noise.




The wupper bound of potential EMI problems has increased with th
introduction of super high and extremely high frequency (SHF/EHF
equipment on C31 platforms. In the EHF Coupling Models area we wil
develop the analysis tools to model (3 systems and accurately nredic.
complex nropagation losses due to clectromagnetic effects and geometric
constrains in the 8 GHz to 45 GHz range.

The Equipment/Systems Reliahility and Maintainability subthrust addresses
techniques for predicting, demonstrating and improving reliahility and

maintainability for increased operational readiness and Tow life cvcle
costs of AF systems.

Nonoperating failure data was collected and models were developed for all
environmental conditions under which the nonoperating periods may occur.
In addition, a technique was developed for modeling the reliahility of a
system taking into account all periods of operation and nonoperation
during its 1life. Techniques were developed for allocating diagnostic
resources among automated types, support equinment, and manual types.

Diagnostic errors are able to be reduced improving operational readiness.

Development of practical design concepts for improving system diagnostics
by wusing Smart Built-in-Test (BIT) was investigated. Artificial
Intelligence (Al) programming methods epplicable to the BIT problem were
designed which identified and reduced the incidence of BIT false alarms
and intermittents. New thrusts being initiated address the dimnact of
fau"t tol“' ance on sy rotom |\\,1| :ab-:'|1-"\/ /Mn1n+:1n:xh111+\l /Ta"”‘ah'!'l'if‘\l us'in'q
Computer Aided Design for BIT in developing BRIT software modu]es and
developing Al techniques to reduce false alarms.

Emphasis will continue on the reliability assessment of advanced
technolcgies and cost effective methods of designing in reliability and
maintainability. Application of Artificial Intelligence techniques will
enhance testability design. VHSIC dimpacts on system reliahility and
maintainability will be determined. A concentrated effort to computerize
the aeneration of test specifications will be continued.

COMMAND ANC CONTRNL TECHNOLOGY - is responsive to the data nrocessing
needs of Air Force command and control (C2). Inadequate software
technology advancement is the main deterrent to realizing the full
potential of automation in C2. Furtiher, the decentralization of computer
resources for survivability and increased effectiveness, trusted systems
for classified information, and computer assistance in human decision
waking have all been hampered by inadequate software technology. To
combat these problems, software, system architecture, and decision
aids/artificial intelligence are being explored.

The software subthrust addresses Software Lngineerirg, High Order
Languages and Computer Security. In the Software Engineering area,
improved C31 and system periormance, gquality, and reliability are
achieved by addressing the C31 Environment, System Definition Technology,
and Software and System Quality. Avtonated software  tools  and
methodologies are under development in the C3] software environment area.
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A C31 Support Environument will provide inteqrated develonment, support,
and management tools for the entire 1ife cycle. In addition, test and
verification techniques for the Ada language is being developed. The Ada
oriented products will be available to Ada based environments and the C21
Support Environment. An approach to Ada software test and verification
was completed in FY85 and is being followed by an implementetion effort.
One key attribute of the C31 Ernvironment will be to establisn life cycle
traceability and management. Life Cycle Impact Analysis Techniques will
enable software developers to determine the impact of changing
requirements and other 1life cycle nhase modifications on software.
Qut-year activities will further refine and enhance the (31 environment
by providing user support documentation, new tools and techniques for
software development, and management visibility and control for the
software development process. A C31 Support Environment User's Guide
will enable software developers and acquisition personnel to effectively
utilize the environment. Enhancements to the baseline configuration are
being developed, as required, to support C31 mission-critical software
and 1is being systematically integrated with the baseline. It s
anticipated that an instance or subset of the environment will be
transitioned to the ESD Software Center of Excellence or Software
Technolcgy Transfer Center for use by ESD program offices and/or their
contractors., Thus, the environment will meet Air Force objectives for
both software technology transfer and insertion.

System Definition Technology 1is being developed to address critical
issues in the early phases of the life cycie. Two technniojy ihrustis ir
this area are directed at establishing user requirements and  assuring
users that all mission-critical nceds will be met bv full scale
development nrograms. Automated tools are currentlv available for
requirements analysis. In FY&5 an effort was completed which will
provide quidance to develoners in the proper selection of teculs and
techniques that represent state-of-art solutions. An effort bequn in
FY84 will enhance the Software Requirements Enginecring Methodology
(SREM) wuser interface to provide a graphics oriented view of software
requirements and to produce SREM outputs which are more compatible with
Air Force Standaras for specifying software requirements. The sccond
thrust in this area will provide a rapid prototyping capability to enable
the user to more clearly define software requirements prior to full scale
development and will complerent automated requirements techniques. A C31
Ranid Prototyping Investigation is being continued in FYB7 which will
specify a baseline capability for prototyping C31 software and will lead
to the reusability of C31 specifications and designs. A Very High Level
Language prototyping tocl was initiated to more c¢losely match mission
oriented problem and requirements analyses with automated techniques.
Dermonstrations will be conducted to validate the prototyping anpnroach and
interactions between software develoners and users. The out-ycar nroqram
in this area will further dirmprove prohlem and requirements statement
languages by addressing Natural Lanquage Requirements Translation to
imrove overall resnonse time and coverage. This work will also mesh
with artificial software assistance and Automated (31 Software Synthesis.

In the Software and System Quality area, emphasis is being nlaced on the
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specification, prediction, and assessment of software quality. Software
Quality Measurements are being develoved to facilitate this process.
Guidance for software acquisition personnel to obtain vequired/desired
software quality attributes and the development of scftware quality
baselines for use in comparing existing and planned develorments are
being pursued. These assessments will enhance the Air Force's capahility
to more accurately determine the degree of confidence in delivered
software and to what extent system requirements are being met. Work
initiated in FY84 to improve Methodology for Software Reliability
Prediction will continue. The products from this task are being meraed
with those from cooperative programs in system reliability combining
hardware and software contributions to  system reliahility,
maintainability, and supportability. 1In FY86 work was comnleted on the
Specification of Software Quality Attributes. The guidance produced
under this effort is being disseminated to all Air Force software
acquisition project offices and agencies. An effort initiated in FY85
will assist in metric data collection and analysis by developing an
Automated Measurement System to reduce the manual and error prone
techniques applied in the past. Another effort will augment the (31
Support Environment described above by instrumenting software quality
measurerents cver the 1life cycle and thus contribute to management
visibility in the nrocess. Experiments and demonstrations are continuing
in FY87 to validate the current metric set and tc promote the development
of system software baselines. The out-year program in this area will
focus on refining baselines, further automation of data collection and
analysis, Ada specific quality metrics, and testbed capabilities for
improved software quality assessment. The Data and Analysis Center for
Software (DACS), now an official DOD Information Analysis Center, will
expand its role in this area to servz the scftware engineering research

comunity as well as a wide range of customers with application specific
needs.

In the High Order Language area, the Ada Integrated Environment (AIE) s
the focus for development of Ada compilcrs and programming support

environment that will provide initial capabhility for Ada <oftware
development in the AF.

In FY85, functional designs for a comprehensive Ada test and veritication
tool were initiated for incorporating state-of-art techniques for testing
Ada software. Actual development of the tool were initiated in FY436
under the Ada Test Tool Development and NDemonstration Program.

In the Computer Sccuriiy area, the emphasis i< on  technolongy
demnstration and on verification technclogy. The Trusted System
Development and Domonstration task is demonstrating maturing technoiogy
in  trusted system development via a sccurity interface between
multi-national intelligence processing systems withia the KALS for PACAF,
and a trusted multi-luvel dinformation management within the KAIS for
PACAF, and a trusted rmulti-level information management system for MAC.
Tools and procedures for the formal specification and verification of
trusted hardware and software for AF multi-level security applications
and requirements will be developed and documented in guidebooks.
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Generic computer security research and development will empnasize the
areas of secure distributed processing, secure datehase management and
formal verification technology 1in support of survivable, strategic C3I
technology.

A new generation of security rmodels, methods, and formal languages wiil
lead to the implementation of a Second Generation Formal Security
Sonecification/Verification Methodology for C31. In addition, several
technological developments are being pursued which address secure data
hase management systems, securc relational datahase manaqement systems,
and secure distributed systems with 1ulti-Tavel security.

Finally. the AF is coonerating with the Army in the develonment of a
Multi-leval Secure Qperating System for Nebula (MIL-STD-1862) computers.

The System Architecture subthrust addresses one of the oprime attributes
of future C31 systems; namely, dispersion of physical resources to
enhance survivability, in particular, decentralization of computer
resources and data. Since within a C31 system, the primary obiective is
to accent, process and present data to a decision maker, both svstem
attributes, as well as data dependent attributes must be considered.

The efforts within this subthrust encompass all data processing
components within the (€2 system as well as the linkages between
components.

The Distributed System Control Structures area represents a group of
efforts addressing basic issues of resource control in a distributed
system and will provide basic guidelines for the design of various
classes of distributed system control structures. Successful development
of basic control strategies will lead to more advanced and adaptive
control structures in FY36 and beyond.

A Distributed Operating System (DNS) prototype effort is providing for
definition, design, implementation and evaluation of a prototype DOS and
is also providing a demonstration facility. Technical issues related to
Distributed System Interoperability are being addressed, in particular,
the issue of communication gateways hetween the local area nets as well
as the interoperability of the high levels of nrotocol. The goal is to
support distributed applications spread among several nodes  of
internatted systems. The result should be a set of Intra-System Protocol
Modules. Development of survivable C2 System Elements must provide for a
winimum  level of performance, that is, graceful degradation and
reconfiquration of processing resources to accommodate losses ir data
processing nodes and/or communication links. During FY85 a Distributed
Operating System Testbed was implemented at RADC to support  the
integration and evaiuation of several technology products.

The Intelligence Information Systems Concepts work secks to adapt the
distributed system technology to intelligence application to support
concepts such as inferential processing, deductive reasoning and
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knowledge based processing. Using this analysis and System Architecture
Evaluation, an Intelligence Metwork Architecture will be implemented and
evaluated. Distributed  Systems  Moueling/Simulatinn, critical to
development of distributed processing, provides Performance Models and
Survivability /Reliability Models which simulate nartial outage modes and
communication lirks within the system and determines the effect on system
performance. To provide a vehicle to integrate the various technologics
anplicable to C2, the imnlementation of a £31 System Evaluation Facility
has been undertaken. The nucleus for the svstem is a C2 Facility which

nas  been constructed and was nopulated with necessarv hardware and
software for 10C during FY85.

Allied with the comyuter security sub-subthrust is the  computer
architecture technical area consisting of investigation of advanced
highly fault-tolerant comouter architectures and investiqgation of 32-bit
computer environments suitahble for AF svstems. The standard environments
for 32-bit computer effort are to define and qualify sets of environments
that will satisfy Air Force needs; then develop benchmark nrograms and
procedures which would test various manufacturers' comouter systems to
determine how well they <upport the specific environments. The benchmark
programs will first be checkad out on the MIL-STD-1862 brassboard which
was delivered in the first quarter of Y85,

Finally, Advanced Computer Architecture Technology for C2 addresses
post-1990 AF requirvements and matches these to the technology that can be
expected 1o be in place in that timeframe. The activity tends to 100k
for revclutionary rather than evolutionary annroaches To  impiement
commuter systems, such that orders of magnitude improvements can he
realized in hotn rperformance and fault tolerance. The 1longer term
activities anticinate the increased use of VHSIC technoloqgy in embedded
computers and the increased use of artificial intelligence and decision
aids to manage the computing rescurce itself.

The Decicion  Aids/Artificial Intelligence subthrust addresses the
development of  functionally flexible, responsive and user adaptable
decision aids using advanced computer information processing and display

tecinology and Artificial Intelligence (Al) technology to assist the (31
decision maker.

The C2 Decision Aids Develooment Program emphasizes tactical decision
aiding, critical strategic functions, and transition of decision aid
technology into operational €2. The Tactical Decision Aiding Program is
developing a complement of Decision Aids to  imvrove  information
utilization to achieve more timely ana effective command and control.
The Integrated TACC will provide more cffective horizontal information

flow within a TACC, and establish the basis for an advanced concept for
the future TACS.

At higher command level, Senior Battlestaff Decision Aids will assist
battle commanders to assess apportionment of resources and the immact of
action and counteraction of various hattiefield ontions. The initiation
cf a narallel development program in Strateqic Targeting/Reconstitution
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Decision Aids is being pursued. Basic analysis and technology-problem
domain matching techniques are being applied to defining, designing and
complementing Strategic C2 Decision Aids.

Option Generation Aids will produce the tools and environment to aid
military decision makers in formulating and evaluating options for
courses of action and then selecting the best action. Means of
transitioning decision aids technology to a diverse set of end comnuter
support C2 systems and a diverse set of users is being addressed through
development of a Decision Aid Development Tools Environment, which when
integrated with standard C2 development environments allow develoners to
build decisijon aids under competitive procurement constraints; through
evaluation  techniques for decision aids which nrovides for
pre-operational test and evaluation of decision aids; and throuagh user
integrated aids which will provide for greater user acceptahility of
decision aids in addition to greater ease nf learning and effectiveness.

An advanced development effort, Tactical Exnert Mission Planner, using
knowledge based mission planning concents from the exnloratory
develooment KNOB program will expand the mission areas from Offensive
Counter Air to include Defense Counter Air, Battlefield Air Interdiction,
Combat Air Patrol and Close Air Support and develoo an advanced
tachnology aid compatible with field application, Additional advanced
cevelopment work has been continuing to extend programs dealing with the
identification of Command and Control to support a C3CHM planner.

The multinle objec*ives of the Artificial Intelligence (.I) nrogram are
directed toward the solution of Air Force problems found in command,
control, and intelligence. Expert Systems are one Al technique for
providing intelligent and  automated support. The research and
development program in this area of Al is attempting to make this
particular technique more readily available to systems develupers by
providing a development guide, a standard f.amework, and an engincering
environment, as well as demonstrating the aoplicahility of this
technoloqgy in several space related applications. These products will
facilitate the development of expert systems by individuals who are nnt
experts in Al, Intelligent man/machine interfaces which place a greater
burden on the computer for communicating ideas and commands will reduce
specialized training commonly required to use and maintain comnlex Air
Force computerized systems. The benefits of this type of interface have
been shown as part of the demonstration of knowledge-based mission

planning. Research in natural language/intelligent interfaces will
provide an advanced capahbility for generating such intelligent system
interfaces. These may  then  economically become a part of any system

development. Research in planning technology will eventually provide
automation to the presently labor intensive nroblem of missions. Dynamic
planning (renlanning) and distributed planning will also be investigated
using the tactical mission application. This technology may be directly
applied to other mission applications as has heen shown by both NASA and
the US Navy. A major thrust of the Al program is directed toward the
ultimate automation of the software life cycle, This technology may bhe
directly applied to all software system developments with a resultant
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dramatic improvement in cost effectiveness, Initial products will be
individual knowledge-based assistants for nparticular programming
languages such as Ada, and will be used in conjunction with standard
programming enviro.ments, The development of an integrated
Knowledge -Based Software Assistant will eventually revolutionize the
software paradigm by nroviding an intelligent environment supporting the
total software life cycle. Underlying these major thrusts in applying Al
technology to Air Force problems is the need to advance the
state-of-the-art of Al. Efforts in 1logic orogramming, knowledge base
management, and logic prograrming scek to provide improvements in both
usability and performance of the tools used in Al develooments.

The approach taken in pursuing expert systems technology is to develon
guidelines for matching problems to technigues, to develop a framework
vhich is sufficiently commor to support nroblems with varying
characteristics, and to develop an environment {tools) for engineering
expert systems. In addition, efforts will be funded by DARPA which will
focus on achieving advances in the following areas: explanation and
presentation capability; ability to handle uncertain and missing
knowledge and data; fusion of information from several sources; flexible
control mechanisms; knowledge acquisition and reoresentation; expansion
of knowledge capacity and extent, enhanced inference canability;
exploitation of expert systems on multiprocessors architectures; and
development of cooperative, distributed expert systems.

Current research assessing the present state-of-the-art will serve as the
basis for development of t05)s for the generation of intelligent  svstems

interfaces and the ability to provide natural language explanations from

facts and inferences. These generic tools will then be available to
buil ‘ers of Al systems.

The Knowledge-Based Software Assistant program consists of a numher of
individual efforts directed at developing automated intelligent
assistance for particular facets of the software 1ife cvcle by
formalizing the processes of each facet. These components will then be

integrated to create a totally integrated environment supportive of the
total sofitware life cycle.

Efforts focused on advancing Al technology will include basic research to
develop techniques for acquisition of knowledge from multinle distributed
sources and efficient virtual storage and knowledye base management, and
development of high performance logic programming systems.

POINT OF CONTACT

Mr. Dennis Nawoj

RADC /XPX

Griffiss AFE NY 13441-5700
(315) 330-3046
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TITLE OF TPO: SPECIAL PROJECTS

As the name implies, the projects reported in this TPO are special in
nature in that logic does not permit their inclusion in the other TPOs.
The rprojects reported are every bit as important to the Air Force as any
other but are of a general test and evaluation or support nature,

SYSTEMS /EQUIPMENT EVALUATION provides for highly instrumented, unique and
cost-effective facilities for systems/equipment evaluation. These
facilities, which include the Electromagnetic Compatibility test annexes,
provide for test and evaluation in support of the improvement of weapon

system performance and for the reduction of test, evaluation and
modi fication costs.

The HAVE NOTE subthrust is the Air Force continuation of the DOD Special
Electromagnetic Interference Program and provides the Air Force with the
capability to determine the electromagnetic susceptibility/vulnerahility
(EMS/V) of air-launched weapon systems to ensure deployment without
mission failure from system degradation caused by radiated
electromagnetic energy. It provides the Air Force with an improved test
and evaluation (T&E) capability to perform EMS/V assessments on selected
weapon systems by integrating an environmental threat analysis, high
poWwer radiation measurements, and analysis of special electromagnetic

interference, utilizing telemetry, instrumentation and computer
simulaticn.

Ultimately it will provide the Air Force with improved EMR wethodologv,
analytical tools and modeling techniques to insure that the latest
lessons learned during HAVE NOTE and other appropriate EMR related Té&E
are transitioned to weapon systems.

The C3 and Protective Systems subthrust provides for highly instrumented
antenna evaluation facilities capable of providing extremely accurate

cost effective fine grairn data for use in the design and development of
C3 and electronic warfare antenna systems.

RADC's highly instrumented antenna facilities include dynamic measurement
capabilities on the Precision Antenna Measurement System (PAMS) located

at the Verona test Annex and static measurcment canabilities at the
Newport and Stockbridge Test Facilities.

The PAMS facility accommodates a11 aircraft tvypes since dynamic antenna
measurements are performed through flight testing. The F-4C, D, and E;
EF-111A; A-10; F-15; and F-16 airframes are currently available at
Newport for antenna evaluation programs. 1In addition, C3 antennas and
aircraft sections are accommodated. A B-52G airframe is mounted at the
Stockbridge Facility and a KC-135 airframe dis also available for
measurements.

The Techniques and Systems Evaluation subthrust provides for expertise
for development and  implementation of  facilities, techniques,
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instrumentation and procedures for test and evaluation through all phases
of system definition, development, acquisition and deplovment.

RADC possesses specific test expertise and highly instrumented off-hase
test facilities to support AFSC directed Center managed programs.  These
capabilities are integrated into matrix management of Center programs
which require test and evaluation.

PHYSICAL SECHPITY SYSTEMS (PSS) has the basic mission of detection,
identification, and location of unauthorized or potentially hostile

personnel and vehicle intrusions into controlled, secure, or protected
areas.

Three subsystems visualized to accomplish this mission are a detection
subsystem, an imaging subsystem and an entry control subsystem. The
overal) program objective is to perform technical feasibility
(exploratory develonment) and system validation (advanced development)
and provide Type B product specifications and support data tor electronic
equipment and system segments which are to constitute a DOD standard
Physical Security System. The functioral role is to provide en adjunct
to man-oriented security and defense methods through surveillance and
detection as well as identification and control of entry to secure areas.

Efforts under the 1imaging and entry control subsystem were completed
durine FYE85. No future work under these subsystems are anticipated.

The detection subsystem encompasses Defense Nuclear Agency (DNA)  funded
exploratory develonment of concepts to enhance the detection capability
and reliability of ported coaxial cable sensor systems by the audition of
an antennals), and the development of RF sensor concepts to provide a
Tightweight all-weather intrusion detection sensor. Additionally the
detection subsystem encompasses Physical Security Systems Directorate
(PSSD) funded advanced development involving technical support to the
Waterways F periment Station for ported coaxial cable sensor test and
evaluation und the analysis of vulnerabilities of developing RF sensors
with future cfforts involving recommendations to PSSD on RF advanced
develonment work and cffective transition to olher agencies.

POINT OF CONTACT

Mr. Robert Polce

RADC/XPX

Griffiss AFB NY 13441-5700
(315) 330-3046
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FACILITIES

Summary: Over the years, RADC has acquired a number of unique research
and development facilities. These facilities, located on Griffiss and
Hanscom Air Force Bases and throughout Mew York State and Massachusetts
represent a significant investment and as new programs and technologies
emerge, they are updated, replaced, and expanded. The major existing
facilities are discussed below.

GAFB: (ON-BASE

Cartogranhic Research Facility - This facility has been created to
determine the effects and interplay of new prototypre equipment introduced
into the automatic cartographic bprocess. This facility, in fact,
simulated a major portion of the cartographic functions, permitting
realistic evaluation and improvement through advanced automation,
equioments and techniques.

RADC Surveillance Laboratory (RADSL)

The primary objective of the RADSL 1is to provide a multi-domain
programmable adaptive surveillance radar environment to experimentally
and analytically evaluate how the performance of radar systems and
processing concepts vary as a function of pavametric variation of
frequency, polarization, waveform, signal bandwidth, etc. The RADSL
presently contains two transmitter-antenna- receiver systems covering the
L and S frequency bands 1200 to 3700 MHz. The L-Band is a surveillance
system and the S-Barnd is a dual Polarized Tracking system. An additional
system, a Phased Array, operating at C-Band (frequency range from 5.5 to
5.9 GHz) will be installed in carly 86. The simulation, analytical and
data processing capabilitie: presently consist of two VAX-11/780 PUs
with 4.5 megabyte memory, and a Hewlett Packard 1000 series mini-computer
which controls the programmable radar hardware and software.

RADC High Power Laboratory -~ This facility, a national one-of-a-kind
facility, provides for the design, fabrication and evaluation of
extremely high power switching devices; pulsers and entire RF
transmitters for application to radar and other technologies. A
transmit /receive module evaluation facility incornorates the Tlatest
state-or-the-art for measurement of module parameters.

Digital Communications Experimental Facility (DICEF) - Tnis is a highly
flexible and unique system evaluation facility to conduct experimentation
in digital communications network technology. DICEF wuses simulated
multiple media paths for real time testing of equipments and networks,
with subsequent indepth anmalysis. Voice packet and message switching is
integrated with DICEF transmission networks to provide a system level
experimentation capability. In addition to simulated paths, real
comnunication paths originated at off-base sites are used by connecting
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DICEF to the RADC Satellite Terminal, the Ava/Stockhridge HF Test Sites,
Autovon Terminals, the RADC Tropo Range, and the GAFB Verona-Stockbridge
EHF Microwave Range.

Reliability Analysis Center - This facility, used in conjunctinn with the
Equipment/System Reliability and Maintainability orogram staffed by
personnel under contract from the I1linois Institute of Tecnnoloay
Research, 1is the D0OD focal ooint for the <coilectior, analysis and
dissemination of vreliability experience informztion on solid state
devices, non-electronic  narts  and  systems/equipment. This DD
Information Analysis Center is funded by the Nefense Lngistics Agency.

Solid State Device Reliability Laboratory - This complex consists of
specialized facilities, each unique in their capability for reliability
testing of solid state devizes.

The Produzt Evaluation Laboratory provides for the development and
application of the chemical and structural product evaluatian methodologv

required to assess the factors affecting the quality and reliabilitv of
solid state devices.

The Failure Analysis Facility 1is the focus of detailed analysis of
microcircuits which have failed during systems acquisition or field
operation., In addition, new methods of analysis are developed to permit
accurate assessment of the failure mechanisms affecting emerging device
technologies.,

Facilities are also avaiiable for Environmental Stress Testing and
Automated Electrical Testing of a wide variety of developmontal ana
mature technology microcircuits. Data generated in these test facilities
is used to develop more effective accelerated stress reliability tests,
identify device overating 1limits, evaluate inspection and aquality
assurance procedures and provide direct quidance to various military
electronic system designers and users.

The Microcircuit Testability Laboratory provides RADC with the capabilitv
for simulating, testing and analyzing the <electrical oproperties of
complex devices. In addition to hardware testing equipment, software
tools are used to model device architectures and thereby establish
effective reliability testing procedures.

Electromagnetic Compatibility Laboratory - This facility is equipped with
a complete Tine of State of the Art microwave and millimeter wave RF
instrumentation equipment and anechoic and reverberation type chambers
necessary to support both the exploratory and advanced development and
support activities within the Compatibility and Measurement Division.
The Electromagnetic Compatibility Analysis Facility (EMCAF) provides a
simulated high power electromagnetic radiation environment to support
susceptibility/vulnerability testing and analysis of Air Force C3 and
weapon systems. The EMCAF consists of a iarge anechoic chamber and two
shielded rooms which house the high power RF sources and signal
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monitoring equipment. 1In FY87, a newly developed reverberation (or mode
stirred) chamber capability will be added to the facility. The EMCAF is
capable cf testing weapon systems up to 20 feet long over a freauency
range of 50 MHz to 18 GHz. A1l functions including RF sources,
instrumentation, and data reduction are under computer control. The EMC
laboratory also supports EM effects measurement and analysis of advanced
digital (VLSI/VHSIC) and RF (MIC/MMIC) type microcircuit technologies.

RADC OPTICAL ENGINEERING LABORATORY

The OCS Optical Systems Engineering Lab (0SELab) is an applied research
facility which nerforms advanced electro-optical surveillance technology
development, and provides technical program  support  for  the
Electro-Ontical Surveillance Directorate and other government agencies.
The lab supports inveéstigation of basic technolcgy design, fabrication,
and testing of optical surveillance subsystems. The current techrology
thrusts include control of wide field-of-view (WFQV) adantive optical
surveillance devices, opticai phased arrays and advanced passive
conventional and unconventional imaging systems including spare arrays.
Other thrusts include technology for spare optical arrays, large optics
polishing and surface measurements and demonstrations of adaptive optical
systems technology. The lab provides 2000 square feet of space divided
into functional areas and interfaces with a VAX/780 miniccmputer,
Fewlett-Packard $836-6944 data acquisition microcomputer, a Masscomp
MS-5E0 computer, and single board computers. IMSL, optical design and
optimization, optical analysis and interferometric analysis, optical
system scattering, system optical quatity, and qeneric and specialized
electro-ontical system modeling comnuter codes are available.

Lommand and Control Technology Laboratory (CCTL)

RADC's C nand and Control Tecnnology Laboratory brings together a
distributed C31 laboratory environment into a test and demonstration
capability unequalled at any other Air Force fecility. Netited together
are specialized laboratories in the Center's Surveillance, Inteliigence
and Reconnaissance, Command and Control, Communications, and Reliability
ond Compatibifity Directorates.

In the buttlefield envionment of today and the future, the ability of
military commanders to make effective use of centinually and rapidiv
changing information is a critical requirement. At RaDC, vresearch 1s
underway to develop artificial intelligence and decision aid techniques
to facilitate the information sorting and data manipulation nrocedures
supporting the commander's decision process. This technolcyy is also
being integrated into and transitioned through the Comand and Control

Technology Laboratory in supnort of strategic, tactical and space battle
information management.

The Conmand and Control Technology Laboratory is a showcase of high-speed
comnuter hardware, including several main-frame  processors,
high-resotution color graphics, and large-screen displays.
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Symbolic processors are used to incorporate artificial intelligence into
the demonstration/test and evaluation process. Decision aids iumnlemented
on various personal computers are also key ingredients to the process.

Research at RADC will vncus on demonstrating technology tonls in  the
Command and Control Technoloay Laboratory, with the intent of rapidly
transitioning these capabilities to potential users for development of,
and deployment in, operational systems. Vital to the overall technology
develonment and transition process is effective interaction tetween the
user and the develoner in foccusing technology directly on onerational
requirements. The goal and ultimate worth of the CCTL is nredicated on
this accomplishment.

MOBILE COMMAND AND CONTROL TECHNOLOGY LABORATORY:

|
!
!
5
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!
!

A mobile extension to the facility, the Mobile Command and Control
Technology Laboratory, is equipped with militarized computers, color
graphic displays and support equipment. Deployed with this mobile unit
is a satellite communications terminal to provide the communications with
the Command and Control Technology Laboratory.

The Mobile Command and Control Technology Laboratory can provide an
interactive 1ink to operational forces around the globe. The operational
user can obtain firsthana experience in state-of-the-art C31 devalopments
available through the laboratory environment. This mobile capability
significantiy enhdances the opportiunity for wuser invoivement in the
research and developmen® process.
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GAFB: OFF-RASE

Forestport Research Site - This facility contains the VLF Experimental

o L RLYTA T RSIND: i P PTG 1 AL A

»

o
i

< i

by

B

|

Site which 1s a unique facility for pursuing survivable communics .ions
techniques of vital importance to MEECN.

Newport Research Site - This facility is a truly one-of-a-kind facility
which provides for versatile and accurate measurement of free space
antenna characteristics. The facility is a combination of several ranges
in a relatively quiet radio frequency (RF) environment and in an isolated
area away from traveled roads and industrial complexes. RADC has full
sized shells of an F-4, F-111, A-190, F-16, F-15, and B-h2 sections
available for mounting on 3-axis positioners with their associated
antenna systems. A fully qualified evaluation facility at 500 MHz and
helow for communications countermeasures, satellite communications,
communicatinns ECCM and UHF location systems is also available. A second
range for antenna pattern measurements of tactical aircraft F-4, F-15,

F-111, F-16 and  tre 4-10 allows RADC to nerform simultaneous
measurements.

Stockbridga Research Site - This facility provides the environment for
evaluation of antenna systems installed or large airframes. A full size
B-52 airframe is mounted on a single axis positioner with vertical
measurement capabilities bheing obtained by positioning vertically an
elevator with receivers on a tower located 200' away. FElevation coveraqe
up to +90 ant myltinle interroaator capability for evaluation of
electronically steerable and phased arrav antenna systems are inherent
capabilities of the range. KC-135% C-130 Air Frames are also availahle
for antenna measurements.

The Northeast Test Area (METAY is also located at Stockbridge and
nrovides a capability to evaluate Reconnisaince, Seekers, etc. in a
Northeast environment. Tactical and Strategic, both Dynamic and Static
targets are provided on the range.

Verona Research Site - This 1is a highly instrumented facility which
supports engineering evaluation of C3 techniques, equipment and systems
in the areas of ECCM, radar, communications, miliimeter wave research,
optical surveillance, eiectromagnetic vu' =-ability and airborne
antennas. Major capebilities include search, height finder, and tracking
radar systems; an advanced optical facility; a precision antenna
measurement facility; an experimental troposcatter facility, and a data
reduction center.

Ava Research Site -~ This facility housas a wunique, higrh power HF
transmitting facility capable of transmitting un to 300 KW (GO0 KW peak)
through fixed Rhombic antennas, and up to 20 KW (40 KW peak) through both
fixed and rotatable antennas 1in the 4 - 30 MHz band with a variety of
radar waveforms. A companion wideband/narrowband receiver system s
currently installed at the Verona Test Annex. 1t operales with bnth an
in-house fabricated 12 «¢lement Beverage antenna and rotatable log
periodic antenna. The Ava/Verona HF complex supports a wide variety of
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HF radar surveillance and communications testing as well as ionospheric
nropajation research,

HAFB:  ON BASE
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Materials Synthesis and Develcpment Facility - This facilitv contains the
; most up-to-date equinment, and auxiliary anparatus in the Air Force for
: the preparation of electromagnetic materials. These include conventional
3 Bridgman, Czochralski, and other well-known techniques, as well as new ¥
X methods heing develoned, such as skulling, automated Czochralski, hot 5
: forging, CVD, Hydro-Thermal, etc. These equipments, which operate over £y
E extensive temperature and pressure ranges, are sited in three special
= buildings designed with gas leak detectors, blow-out walls, and other
;é safety features. This facility, located at Hanscom AFB MA is devoted to
B the synthesis and growth of new and/or improved electromagnetic materials g
Eg for C3 applications and directlvy supports the device activities of the e
'?3 Directorate. .

b+ 1+

Radiation Effects Facility - This facility is a modern, fully equipped ;
Taboratory containing major irradiation sources used for the test and

evaluation of electronic materials and new prototype devices. This J

facility consists of a collection of powerful and sophisticated <
instruments for irradiating materials and devices for the purpose of :
evaluating the effects of radiation on these devices and their ability to _QG
perform to satisfactory military standards during and after such =

irradiation.

The facility includes a 23 MEV Tinear accelerator, a 40 kilocurie gamma
ray source, a flash X-ray machine, a 3 MEV Van de Graaff accelerator, a 2
MEV  high current dynamitron accelerator and other miscellaneous scurces.
The facility is unique within the Air Force and is involved in a wide
variety of studies for systems offices within the Air Force (ARBES, MX,
SATIN IV, MEECH, ctc.).

HAFC: OFF BASE

Ipswich Electromagnetic Measurement Facility - This facility 1is located
approximately forty miles northeast of Hanscom AFB and consists of 65 :
acres and three buildings. B

Its mission 1is threefold: first, to investigate electromagnetic
techniques that promise to yield novel anteninas and antenna scanning
systems of potential value to Air Force communications and radar systems;
second, tn experimentally investigate the radar reflecting properties of
model vehicles and aircraft in order to evaluate their electromagnetic
signatures for didentification purposes and to experimentally evaluate
clutter properties; and third, to nprovide +ftield test/support for

evaluating new clzctromagnetic sensor concepts. *;
1
. The site contasins an excellent half-mile range for the measurement of
3 microwave antenna patterns. The facility includes an anechoic chamber

with a gqround screen for precise impedance and antenna counling
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measurements and for investigations of radar reflectivity and signatures
of scaled vehicles., The Inswich Site is excellent for field measurements
as it provides a wide range of sea and land clutter environments. The
facility has low sidelobe antenna evaluation capability.

Prospect Hill Millimeter Wave Facility - This facility, a sophisticated
tropospheric nropagation facility, is located approximately five miles
south of Hanscom AFB MA. 1t supports the R&D program on the limitations
imposed by the troposphere on Air Force svstems operating at microwave
anc millimeter wavelengths. The effects of the troposphere on
propagation are studied so that <“he performance of millimeter wave
earth-to-space wideband data Tinks and terminal quidance systems can be
addressed. Prosnect Kill is one of the few facilities in the world with
a capability tou conduct accurate refractive bending, tronoscatter and
millimeter wave attenuation and emission measurements at elevation angles
cown to the horizon.

Remote Site:

Air Force Maui Optical Station

The Air Force Maui Optical Station (AMOS) is an Air Force Syctems Ccmmand
resource managed by RADC and provides measurement support to various
government agencies and to the scientific community. The AMOS compiex
includes the Maui Optical Tracking and Identification Facility (MOTIF)
and the Ground Based Electiro-0Optical Deep Space Surveillance Svstem
{GEODSS) which are .sensors of the USAF  SPACETRACK network., AMOS and
MOTIF shere rcsources and are vart of a state-of-the-art electro-ontical
facility which combines 1large tracking optics with wvisible and
Long-wavelength Infrared (LWIR) sensors to collect data on sub-orbital,
near earth and deep space objects. Equipment at AMOSMOTIF includes 1.2
m telescopes; a 1.6 m telescope; a 0.6 m laser beam dircctor; two 56 cm
acquisition telescopes; infrared senscrs; a ruby laser; conventional and
contrast mode photometers; compensated and uncompensated imaging systems;
IR imaging camera; Low Light Level TV  (LLLTV) svstems; video,
alphanumeric, and graphic display equipment; and data processing systems.
AMOS unique measurement capabilities and geogravhical location wmakes it
ar  excellent site for observing ot t-orbital vehicles and rocket
experiments launched ‘rom Vandenberg Air Force Base (VAFB).

The following other existing facilitics complement the major RADC
facilities:

A0S has been instrumental 1in several successrul Strategic Defense
Initiative demonstration experiments. The complex continues to expand
its sensor suite and support to DOLU agencies.

GAFB

Reconnaissance Explcitation Facitity, CO[xporimental Photogrammaetric
Facility, SIGINT Support Facility, Advanced S¢nsor Exploitation Facilityv,
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Sgeech Processing Lahboratory, Advanced Optical Test Facility, Inteqgrated
RF Comunications Laboratory, Command and Control Guidance Test Facility,
Digital Communications Switching and System Control Facility, Adaptive
Array Laboratory, Satellite Communications Experimental Facility, Digital
Microwave LOS Transmission Range, Erxperimental Tropo Scatter Range, RA&D
Computer Facility.

HAFB

Radiaticn  Hardened LSI/Micronrocessor Characterization Facility,
Experimental Device Fabrication Facility, FElectro-Optical Facility,
Materials and Devices Characterization and Evaluation Facility,
Frequency-Time Test Facility, Microwave Acoustics and Magnetics
Fabrication Facility, ‘Antenna Test Ranae, Speech PResearch Facility,
COMSEC RDT and E Facility.
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TABLE 1

INTEGRATOR- F. HARITATOS/XPX/3046
A. Common C3

1. Communications
Long Haul Comm. Hetworks
Satellite Communications

2. Communication Security

B. Strategic C3

Enduring Strategic Communiceations
2. Survivable C3

Tactical C3

Communications

3 A.

% B.
i C.

D.

Optical Communications
Advanced Survivable Comm Technology
Distributed C3

C3 System Design & Analysis

2. Surveillance

Advanced Tactical Radar (ATR)

Advanced Airborne Surveillance Radar
{ AASR)

Surveillance Internetting/ID

System Support

3. Command and Control (C2)

Constant Watch
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RADC Technoloyy Planning Objectives (TPOs)

. Griffith/COAA /4494

. Crowley/DC/3401

. Crowley/DC/3401

. Pape/DCLD /7751

. Messineo/DCCR/3091

. Vetrano/EEV/478-F411

. Doubledav /0CC /3171

. Spector/GCCL /3077

. Metzger/COTD/2066

. Snyder/COA/4175

. Keliy/DCL/7667

. Headrickson/DCLW /4092

M. Weir/DCCD /3224

. Griffith/COAA /4494
. McAuliffe/LCLF /4567 *
. Rehm/0C /7703

. Massoud/0CDR /7684

. Clancy /0CDE /7559 E
. McNamara/0CDS /4441 o
. Tippie/0COR/7684 )

. Snyder/COA/7978




R, Ground Attack Control Center (GACC) J. Dussault/COAA/4361
INTEGRATOR - M. DIFQNDI/XPX /3046

4. Intelligence R. Cwirko/IRAP /3207
A. COMINT Exploitation J. Loughnev/IRAA/7672
3. ELINT E£xnloitation W. Ziesenitz/IRAP/4581
C. Combat Sensor Management & L. Converse/IRRP/2217
Correlation
. Elactronic Combat J. Cruskie/COAA/4361
1. C3CH J. Cruskie/CCAA/4361

A, Battle Information Management
and Execution M. Marples/COAA/4361

B. Intelligence C3CM Integration

w

. Rydelek /IRAA/7672
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TPO 2 RECCE/INTEL
A.

B.

INTEGRATOR- N. DiFONDI/XPX/3046

Surveillance

Correlation/Fusion

1.

Data Handling

A.

3.

C.
D.

S and T Data Base
Analysis and Correlation
DOD I and W

IDHS

Imagery Exploitation

Precision Guidance and Strike Products

Special Intelligence
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L.

J.

. Clark/IRAE /3037

Clark /IRAE /3037

Camera/IRAE /3037

. Kessler/IRAE /7151

. Barringer/IRD1 /3628
. Emlen/IRDE/7791

. 0'Del1/IPRE /7787

. Palmero/IRRP /7090




TPO 3 STRATEGIC SYSTEMS INTEGRATOR- D. TARAZANO/XPX/3046

A. Atmospheric Surveillance & Warning R. Schneible/0CSA/2814
1. Space Based Radar R. Schneible/0CSA/2814
2. Low Observable (Cruise Missile) W. Wolf/0CTM/4431
Surveillance
3. Intel/Special Radars V. Coyne/0CS/4157
B. Space Surveillance ana Warning T. Pitts/0CSE /4157
1. Electro-9ptical Strveillance T. Pitts/0CSE /4157
2. Ducted Ionospheric Propagation R. Cormier/EEPI/478-2968
. SDI
1. SATKA T. Pitts/0CSE/4157
2. OLW T. Pitts/0CSE/4157
3. BM/C3 Lt Col Andersun/C0/7285
D. ADI
1. Surveillance D. Schneible/0CD/7126
2. Command & Control 0. Griffith/COAA/4361
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TPO 4 TECHNOLOGY INTEGRATOR -~ D. NAW0J/XPX/3046

A. Surveillance F. Demma/CCT /4016
1. Thermionics F. Welker/0CTP /4381
2. Signal Processing J. Graniero/0OCTS /4437

B. Cormunications W. Richard/DCCR/3224
1. Adaptive Processing for Comm W. Richara/DCCR /3224

C. Electromagnetics LTC P. Fairbanks/EE/478-3705
1. Antennas Dr. P. Mailloux/EEAA/478-3710
2. RF Components Dr. P. Carr/EFAC/478-3686
3. EM of Targets and Environment Dr. R. Mewburgh/EECT /478-3723
4. Propagation Nr. T. Elkins/EEP/478-29N00

D. Solid State Devices Dr. F. Shepherd/ESE/478-2224
1. System Timing Components Dr. M. Yannoni /ESES/478-2224
2. Signal Processing Devices Dr. F. Shepherd/ESE/478-2224
3. Electro-Ontical Devices Dr. A. Yang/ESO/478-581N
4. EBlcctrumaqgnetic Device Materials J. ¥ennedy /ESM/478-4034
5. Device Radiation Hardening B. Buchanan/ESR/478-4051

IMTEGRATOR - N. DiFONDI/XPX /3046

E. RECCE/INTEL R. Vonusa/IRRA/2263
1. Widehand Recording A. Jamberdino/IRAP /4581
2. Speech Processing E. Cunples/IRAA/AO24
3. Knowledge Dased Intelligence Svstems 1. Plonisch/IRDT /3678
4. (31 Data Base Techniques P. Langendorf/IRDA/7105

INTEGRATOP - D. MAWOJ /YPY /3044

F. PReliahility Mgintainahility and Compatibility J. Bart/RE /3064

1. Solid State Device Peliahility J. Brauer/RBR /72045
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3.

4.

Equipment /Systems Reliability
and Maintainability

EM Compatibility

VHSIC Technology

Command and Control Technology

1.
2.

4. Command and Control Technology Laboratory J.

Software

System Architecture

Decision Aids/Artifical Intelligence
A. Decision Aids

B. Artificial Irtelligence

Y.

D.

. Caonvola/RBET /4726

. Frank /RBCT /2519

. DiNitto/COL /7507
. DiNitto/COE /7507
. Metzger/COTD /2066

. Smith/C0OAD/7978

Smith/COADN/7978
Roherts /COES /3851

Tremlett/C0/7285
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TPO 5 SPECIAL PROJECTS  INTEGRATOR - J. LIPA/XPX/3046

kR, ¢ WY 8 L ScR T, b LT o BRI Al A P A

A. Systems/Equipment Evaluation R. McGregor /RBC /3076
1. HAVE MNOTE W. Frank /RBCA/2841
2. C3 and Protective Systems R. McGregor /RBC /3076
3. Techriques and Systems Evaluation R. McGregor /RBC /3076

INTEGRATOR - R. POLCE/XPX/3046

B. Physical Security N. Karas/EECS/478-3193
C. Computer Support L. Comito/ACD/7009
D. Office Automation (LONEX) J. McNamara/ACM/7204
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MISSION
of

Rome Avr Development Center

RADC plans and executes research, development, test
and sefecded acqudaiidon programs 4in surponi o4
Comdand, Controlf, Communications and Intefligence
(C31) activities. Technical and engineening
bupport within creas of competence A5 wrovided %o
ESD Program Offices (P0s) and othen EST elements
Lo penform effective acquisiticn of C31 systems.
The axreas of technical competence include
commundcalions, cemmand and control, batitie
management, Anformation processing, surveillance
bensons, Antelligence data collection and handfing,
sclid stazte scdences, electromagnetics, and
prepagation, and electrondic, maintainability,

and compatibility.
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