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PROGRAM OVERVIEW

SECTION 1
PROGRAM OVERVIEW

INTRODUCTION

This report responds to provisions of the Fiscal Year 1990 Defense Authorization Act and
Fiscal Year 1993 Defense Authorization Conference report. The former requires that the
Secretary of Defense submit to the congressional defense committees an annual report on
the Balanced Technology Initiative (BTT). The latter instructs "...the Department of
Defense should report to the Committees on Armed Services of the Senate and the House
of Representatives not later than April 15, 1993, regarding the Department's future plans

for the balanced technology initiative.”

This is the final BTI annual report. The Department is discontinuing the centralized
management of BTI as a program. The President’s Defense Budget Request for Fiscal
Year 1994 includes no funding for BTI. Responsibility for individual BTI projects is now
assigned to a service or to the Advanced Research Projects Agency (ARPA). Funding for
some of the continuing projects is included in service or ARPA budget requests. This
report covers only BTI funded activity (FY 1993 and prior) and does not attempt to
explain or justify the services' or ARPA's FY 1994 programs.

This report contains the following:
e A summary of recent BTI accomplishments
e Management actions
¢ Project one-page summaries

e Project status reports.

SUMMARY OF RECENT ACCOMPLISHMENTS

Short Range Antitank Weapon

PREDATOR, formerly called SRAW, is a 20-1b guided missile that will provide the
individual Marine infantrymen the ability to destroy any tank on the battlefield. This
weapon is nearing the end of its advanced development test series. Over thirty missiles
have been flown against tank targets at ranges up to 700 meters and at target speeds up to
40 km per hour. Over 90 percent of these missiles have accurately guided to the target.
The warhead, essentially the same as the TOW 2B warhead, has been tested separately.
Difficulties with a safe/arm device caused several warhead no-fires, but now this device
has been replaced with a proven safe/arm device. Using this proven device, an all-up
round including the warhead has been tested successfully. The tank target, protected by
reactive armor to simulate a future advanced threat, was destroyed. Work is now
underway on a multi-purpose variant of PREDATOR to provide a means to destroy
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buildings and bunkers. The PREDATOR is scheduled to enter engineering and
manufacturing development (EMD) this year.

Autonomous Guidance for Conventional Weapons (AGCW).

The AGCW is a precision guidance system that uses an imaging infrared sensor. It works
by correlating the sensed image of the target area with characteristics of the target that
have been stored in the guidance system computer. It is particularly well suited to fixed
targets (airfield installations, bridges, command bunkers, etc.) for which good intelligence
information can be obtained before planning the strike mission. Three tests were
performed in which the AGCW seeker guided a 2,000-1b bomb by means of the GBU-24
control system. All three tests were successful, the bombs impacting the targets within a
few meters of the programmed aimpoint. AGCW could be applied to the Joint Direct
Attack Munition (JDAM) and the Joint Standoff Weapon (JSOW).!

Directed Infrared Countermeasures Systems

BTI developed and tested active countermeasures to defeat the infrared guided missiles
that threaten our helicopters and transport aircraft. Two directed infrared
countermeasures (DIRCM) systems were tested. Both used high intensity flash lamps as
the countermeasure source. The systems detect the heat of an incoming missile and point
the countermeasure source at the missile, confusing the missile seeker, and causing the
missile to miss its target. The DIRCM systems are superior to existing systems because of
their directional characteristic, which allows the countermeasure energy to be
concentrated where it can be most effective. Both DIRCM concepts completed testing
successfully. The helicopter DIRCM technology has been incorporated into the Army
Advanced Threat IRCM (ATIRCM) program, now in development. The Special
Operations Command (SOCOM) deferred plans to acquire the transport DIRCM while
evaluating a modular approach that would be done jointly with the Army. BTI also has a
DIRCM project that uses a laser for the countermeasure source. This project, far more
challenging than the others, will meet the more stringent requirements of fighter aircraft
and the largest transports.

Uncooled Focal Plane Array

‘This project is now referred to as the BTI Low Cost Uncooled Sensor Project (LOCUSP).
LOCUSP is developing and demonstrating true thermal sensors that operate at normal
room temperatures.2 Conventional thermal sensors must have their detectors cooled to

1 The AGCW seeker would be used in phase 3 of the JDAM and/or JSOW programs to develop a
precision capability. Both programs are joint between the Air Force and the Navy.

2 There are two basic types of night vision sensors. The type used in night vision goggles are image
intensifiers, i.c. they amplify very low levels of light reflected from the scene. The other type, used in
FLIRs (forward looking infrared), IRST's (infrared search and track), and some weapon sights (e.g. the
Javelin), are thermal viewers, i.c. they sense the thermal radiation that is emitted by all bodies even if
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cryogenic temperatures. The objective of LOCUSP is to achieve a sensitivity in a large
array to detect a 0.1° C difference in temperature of the target scene. Two contractors
developed detector and fabrication technologies, and both have achieved the required
sensitivity in arrays of about 120,000 detectors. One of the contractors has delivered
about two dozen systems that utilize these uncooled focal plane arrays. These deliveries
are weapon sights and surveillance systems.

‘The Army, the Air Force and the Immigration and Naturalization Service are all currently
engaged in evaluating these systems in a variety of military and civil applications. One
possible near term application is the Drivers' Vision Enhancer, an Army system to permit
vehicles to be driven without lights at night and through smoke, fog and dust. ARPA
plans to continue the LOCUSP project with the objectives of lowering the cost through
advanced manufacturing methods and simultaneously achieving a sensitivity of 0.05° C. If
successful, this will greatly expand the applications for these arrays. These uncooled focal
plane arrays are a good example of dual use technology. They ultimately can be applied to
a wide variety of products in the civilian as well as in the military world.

Navy Electro Thermal Gun

- The Navy Electro Thermal Gun project is being developed as a candidate system to
provide ship defense against the hypersonic, maneuvering, sea skimming missiles that will
soon pose a serious threat to our ships. The project has achieved milestones in several
areas during the past year. The project is developing a command guided projectile, a fire
control system, an electro thermal chemical (ETC) cartridge as propulsion for the
projectile, and an automatic gun to fire the ETC rounds. The project has obtained
consistent ETC cartridge performance, fired multiple ETC rounds from the gun, and
demonstrated a tracking system to be used for fire control. The guided projectile, a
critical part of the project, is in development and is scheduled for live tests at the end of
this calendar year.

Low Cost Anti Armor Submunition (LOCAAS)

LOCAAS is an attempt to prove that we can develop smart submunitions that will be both
very effective and affordable. Two concepts are being developed. One uses a laser radar
(ladar) to search for and track targets. The other uses a millimeter wave radar with
innovative signal processing. Both concepts are wide departures from submunitions
currently in development.

there is no ambient light. High performance thermal viewers have detectors that must operate at very
low temperatures, typically about minus 300 F. To achieve such temperatures these systems use
special cryogenic refrigerators or they use high pressure stored gas that can be expanded 1o provide
temporary cooling. Elaborate dewars and radiation shields are used to maintain the temperature. This
need 1o operate at cryogenic temperatures has several disadvantages. It adds expense; it requires extra
power, space and weight; and some of the systems also make noise.
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During the past year the LOCAAS submunition seekers have undergone extensive testing
both from a tower and in captive carry aboard a helicopter. They were tested against a
variety of intended targets in tactical deployments and in the vicinity of natural and man
made clutter. Preliminary test results are very encouraging, and test analysis is continuing
both to evaluate the seekers and to improve their algorithms. During 1993 the LOCAAS
submunitions will be tested in free flight.

There are potential applications for both the LOCAAS seckers and the complete
submunitions. One of the seekers is a strong candidate for incorporation into the ongoing
Brilliant Anti Tank (BAT) submunition. Both seekers are candidates for che Air
Force/Navy JDAM and JSOW weapons developments.3

Quiet Knight

Quiet Knight Phase I has successfully demonstrated an integrated avionics suite to provide
low level, undetected ingress and egress through enemy territory. Phase II is now in
progress to expand the capabilities to include off-board and on-board threat warmning and
real-time route replanning. USSOCOM has established a program office in their research,
development, and acquisition center (SORDAC) to transition Quiet Knight technologies
into both fixed and rotary wing special operations aircraft.

Ultra Wideband Radar

‘The Ultra Wideband (UWB) Radar project, a Congressional initiative, reached a milestone
during 1992 when an UWB synthetic array radar (SAR) in an aircraft successfully imaged
a forested region and proved that this radar, operating at frequencies below one gigahenz,
could penetrate foliage and reveal objects that are invisible to sight, infrared sensors, and
conventional radars. This dual use technology is being further developed by ARPA and
will become a key element in the S&T Thrust 2, Precision Strike. The UWB radar
technology also has potential civilian uses.

MANAGEMENT ACTIONS

‘When the decision was taken to disestablish the Balanced Technology Initiative, the BTI
program consisted of sixteen projects. Of the sixteen ongoing projects, three have since
been completed as planned.* The remaining thirteen projects are being transitioned to the
services or ARPA for management. The following table lists the current projects with the
receiving organization, the using services, the project management organization, and the
funding provided from the BTI program element (0603737D) in FY 1993.

3 The LOCAAS seckers are also candidates for the phase 3 of JDAM and JSOW when precision
capability is required.
4 HAWKEYE; Combat Vehicle Command & Control (CVC2); Millimeter Wave Seeker Demonstration
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BT1 Project Transition
FY 1993
Recelving Using Project BTI Funds
Projects Organization | Service Management ($ million)’
Navy ET Gun/ Target Navy Navy Naval Sea Systems 13.7
Acquisition for Ship Command
Defense (TASD) Radar
Enhanced Kinetic Energy ARPA Army Army Research, 203
Munition (X-ROD) Development &
Engineering Center
Short Range Antiarmor Marine Corps Marine Marine Corps 99
Weapon (PREDATOR) Corps Systems Command
Anti Helicopter Mine ARPA Army Army Research, 52
: Development &
Engineering Center
Imagery Exploitation ARPA ~ Army Army Topographic 78
System (IES/BTI) Engineering Center
Advanced Technology Air Force Air Force/ | Air Force Electronics 9.0
Tactical Radio Army/Navy Systems Center
(SPEAKEASY)
Directed Infrared Navy Navy/Army/ Naval Research 48
Countermeasures (DIRCM) SOCOM Laboratory
Multi-Mission Seeker Army Army/ Navy/ Army Missile - 12.0
Marine Command
Corps
Low-cost Antiarmor Army Army/ Army Missile 159
Submunition (LOCAAS) Air Force Command
Autonomous Intelligent ARPA Army Army Research, 13.7
Submunition (DAMOCLES) Development &
Engineering Center
Low-cost Uncooled Sensor ARPA Army/ Army Night Vision 19
Project (LOCUSP) Air Force Electro-optics
Division
Quiet Knight SOCOM Air Force/ Air Force 15.1
: SOCOM | Aeronautical Systems
Center
Ultra Wideband Radar ARPA Air Force Air Force 7.2
Aeronautical Systems
Center

3 Funds shown reflect SBIR taxes and other undistributed reductions as applicable.
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Several management actions have been taken to maximize the benefits derived from BTI
projects while minimizing the need for future funding. The Directional Infrared
Countermeasures program was replanned so that substantial segments of the project -- the
field testing of the threat warning system, the full power operation of the countermeasures
laser, and the operation of the frequency converter -- caa be completed with FY 1993
funds. In this way there will be a useful product, the threat warning system, and proven
technology even if there is no funding to integrate and test the complete system in FY
1994. The Low Cost Antiarmor Submunition project followed a similar strategy,
replanning the project so that the submunitions will be field tested in free flight using only
FY 1993 funds.

Quict Knight Phase II added new features in accordance with Congressional wishes to see
the special capabilities provided by this project expanded. The Ultra Wideband Radar
project, after completing the research funded by an FY 1991 Congressional initiative,
began a continuation of this valuable new technology to provide a means to locate hidden
targets.

There is no budget request for the overall BTI program in FY 1994. Any funds requested
for the individual projects in FY 1994 are included in the budget requests of the services
or ARPA. The FY 1992 and FY 1993 Defense appropriations conference reports asked

“that memoranda of agreement (MOAs) be concluded between the BTI office and the
services or agencies for any project that would require funds in FY 1993 and later. MOAs
were concluded for all such projects but one.$

§ The Army has not been able 1o certify that they will proceed with the X-ROD project even if it is fully
successful. X-ROD provides a capability for our tanks to defeat enemy tanks at long range, up 10 4
km. It does this with a guided kinetic energy projectile. The Army currently has in EMD
(engineering and manufacturing development) a round called STAFF. If successful, STAFF can
provide a capability similar to X-ROD though differing in lethality and susceptibility to
countermeasures.
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SECTION 2

SUMMARY OF BTI PROJECTS

This section presents tabular summaries of the current BTI projects. Additional information on
selected projects is provided in the BT! Project Status Reports in Section 3.

Project Page
BTl Projects Funding Summary ($ millions) reveresssestesnersessesssesnesstensarseesasassessrensesaenn 8
Navy Electrothermal GUN (ET GUN).......cccceisrsicsnssnnssesassssssssssssosisscssssssnesssssssnsonssssssssasasssnss 9
Enhanced Kinetic Energy Munition (X-ROD).........cccceeeernivsrensncsnssunscssensensessanssesssssssessosasssense 10
PREDATOR (formerly SRAW/Short Range Antitank/Assault Weapon).........c.cccceeeeersunsnranennne 1"
Anti Helicopter Mine (AHM)..... tereessnessnressarsstessaessnerarasansret e taesasasssnaresnsersaearas 12
imagery Exploitation System (IES/BTI) .. teeesesseestessessressernesaneaeenreaeransansaesars 13
Advanced Technology Tactical Radio (SPEAKEASY) ........cccecvruicmmrmnnnncessisscssnrsrnsnsnsnssssosees 14
Directed Infrared Countermeasure System Prototype (DIRCM)...........c.coceecciicecrnrececnenecennn. 15
Multi-Mission Seeker (MMS) DEMONSIIAtIoN.........cccoruieeerenesssscsssransannssenssassssssssesssasssnsasanseseses 16
Low Cost Anti Armor Submuniticn (LOCAAS) Demonstration............c.c.ccceeecreiersenncrnnccssenns 17
Damocles Autonomous Intelligent SUDMUNIION.......c...ovmnrecresnesniininsisniissisessncnsesssnsncssnsesesses 18
Low Cost Uncooled Sensor Project (LOCUSP)......cccecrrercsenternsensensssnessessseressessrsasssenseseeses 19
OUIBL KNG ...c..ooeceecceceeeerecctssenneneeneseesnessstssessessessssesssasstsssensassasssasesstsssessesesssssessanasesesss 20
Ultra Wideband / High Power Microwave (UWB/HPM) Technology ...........cccceevvererenrcrseessunane 21
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BTI Funding Summary
($ millions)
FY 1992 ARPA
Project & Prior FY 1993 FY 1994
Navy ET Gun 28.1 13.7
Enhanced Kinetic Energy Munition (X-ROD) s 203
Short Range Anti-Tank Weapon (SRAW) 414 99
. Anti Helicopter Mines (AHM) , 375 5.2 20
- tmagery Exploitation System (IES/BTI) 164 78 54
Advanced Technology Tactical Radio (Speakeasy) 1.1 9.0 45
Directed IR Countermeasure System (DIRCM) 349 48
Multi-Mission Seeker (MMS) Deronstration 7.2 120
Low Cost Antiarmor Submunition (LOCAAS)- 28 159
Damocles (Phase Il) 327 13.7 86
Low Cost Uncooled Sensor Prototype 28 19 43
Quiet Knight 40.1 15.1
Uttrawide Band/High Power Microwave 19.2 72 85
Contingency Force Technologies! 3.7
Program Planning and Technical Assessment 71 15

Total 3928 141.7 333

1 piot previously part of BTI program.
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Project:
Project Objective:

Operational Utility:

Status:

Accomplishments:

BTl Funding
($ millions):

Project transition

plan:

Executive Agent:

Contractors:

NAvY ET Gun

Navy Electrothermal Gun (ET Gun)

The objective of the Navy ET Gun project is to accelerate
development of surface ship defense against supersonic, highly
maneuvsrable, sea skimming, cruise missiles.

ET guns will incroase the range of battlefield and shipboard gun
systems. Performance enhancements include increased muzzie
velocity, improved safety, reduced vulnerability, and the extended
utility of existing conventional gun systems. Because it includes the
development of guided projectiles, the ET gun project will increase the
ratio of kills per shot. The technology resulting from the ET gun
projects will be applicable to future Army znd Navy gun designs.

The Navy ET gun project includes the TASD radar project with the
expectation that the TASD radar will support ET gun testing. The
funded program includes seven major tasks that will be completed in
early FY 1994: -

e 60mm gun mount and autoloader development

o Electrothermal cartridge development

o Command guided projectile development

¢ Radar/electro-optical system integration

o Gun system effectiveness studies

¢ Ship integration studies

¢ Total system integration and demonstration

o The gun has been fired with conventional and ET ammunition,
and integration with the Navy Close-In Weapon System (CIWS)
gun mount is nearing completion

o ET cartridge design has been optimized

o EO tracker tests passed accuracy requirements

o Guided projectile completed basic aerodynamic testing, and
guidance component testing is underway

FY 1992 and prior: 28.iM
FY 1993: 13.7M

Project direction has transitioned from BT to the Navy. Further
testing of the system concept is being considered by the NAVSEA
Advanced Gun Weapons Technology Program, PE 0603795N, and an
FY 1994 Advanced Technology Demonstration, PE 0603792N, in
accordance with a Navy/BTI MOA .

The program is managed by NAVSEA, Arlington, VA., with technical
direction by the Naval Surface Warfare Center, Dahigren Division.

FMC, Minneapolis, MN; General Electric, Philadelphia, PA; General
Dynamics Corporation, Warren, Ml
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Project:

Operational Utilty:

BTI Funding
(S millions):

Transition plan:

Executive Agent:

X-ROD
Enhanced Kinetic Energy Munition (X-ROD)

The objective of the BTI X-ROD project is to accelerate the
development and demonstration of guided, boosted 120mm kinetic
energy projectiles that can defeat enemy armor at long range.

X-ROD will provide current tanks with:

< Extended lethal range

o Improved probability of hit with guided projectiles

o Improved probability of kill from inflight boost and long rod
penetrator

The project is in Phase IlIA of a three-phase effort leading to
engineering and manufacturing development. In the first phase, 3
concepts were developed. Two of these were selected to continue
into Phases Il and llIA. The command guided approach was
subsequently eliminated. The remaining concept uses an
autonomous millimeter wave seeker.

Critical components have been developed and tested. Simulations
have been updated. Efforts to characterize the brassboard seeker,
radome, maneuver mechanism, and high-g electronics packaging
development have been completed. Rocket motor case and
propellant development have been initiated.

FY 1992 and prior: 71.5M
FY 1993; 20.3M

ARPA is the executive agent for the BTl X-ROD project. Project
direction transitioned from BTl to ARPA in January 1993. Because
there is no funding for X-ROD beyond FY 1993 in the Army or ARPA
budgets, the project is being restructured to complete the guide-to-hit
demonstration and postpone indefinitely the propulsion technology
demonstration.

Overall program management for X-ROD is provided by ARPA Land
Systems Office. Technical management is provided by ARDEC,
Picatinny Arsenal, NJ.

Hercules Defense Electronics Systems, Inc., Clearwater, FL (Prime)

»
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Project:
Project Objective:

Operational Utility:

Status:

Accomplishments:

BTl Funding
($ millions):

Project transition
plan:

Executive Agent:

Contractors:

PREDATOR
PREDATOR (formerly SRAW/Short Range Antitank/Assault Weapon)

The objective of this BT project is to develop, fabricate, and demon-
strate a lightweight, proliferable, short range antitank weapon capable
of defeating both current and future enemy tanks. It will be used’by
Marine infantry and possibly by the Army and Special Operations
Command. The basic PREDATOR is a top-attack weapon with
modular warhead and airframe sections. The project also has started
development of a direct attack, bunker-buster warhead module
(multiple purpose variant, MPV). The Marine Corps is considering still
other, more specialized warhead variants, such as fuel-air explosives,
(FAE) to satisfy the service's Mission Needs Statements.

PREDATOR will meet the Marine Corps and others needs for a light
weight antitank and assault weapon.

¢ Modular design for multiple variants
¢ Lethal to bunkers and structures

o Lethal to all known tanks

o Fire from within enclosures

o No maintenance required, disposable

¢ High probability of hit

o Fire and forget

e 20-pound system weight
o 17-500 meters range

o No training required

The primary, top attack version of PREDATOR is about to complete
the flight test phase of demonstration/validation with a Milestone Il
scheduled for September 1993. USMC-funded EMD will commence
in FY 1993, and the variants will be demonstrated in paraliel with
EMD.

Over 40 flight tests substantially exceeding requirements.

Both top attack and direct attack profiles demonstrated.

Risk reduction activities to EMD are ongoing.

Two full-up missiles with warheads tested successfully against a
tank target.

FY 1992 and prior: 41.4M
FY 1993: 9.9M

The BTI project will produce and test pre-EMD prototype hardware.
The project is scheduled to transition to the Marine Corps to begin
EMD in FY 1893. A continuation of the R&D program by the Marine
Corps will demonstrate a direct attack warhead variant for use against
bunkers and other high priority non-tank targets. Other NATO
countries have expressed interest.

PREDATOR is managed for BTl by the Marine Corps Systems
Command (MARCORSYSCOM), Quantico, VA

Loral Aeronutronics, Newport Beach, CA (Prime); Aerojet, Azusa, CA;
Hercules, Rocket Center, WV; Systron Donner, Concord, CA;
Talley Defense, Mesa, AZ

1
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Operational Utility:

Accomplishments:

- BTl Funding

($ millions):
Project transition

Executive Agent:

AHM
Anti Helicopter Mine (AHM)
The purpose of the AHM project is to develop a mine system to deny

nap-of-the-earth flight and pop-up tactics to attack helicopters. The
program consists of minefield communications and control

(completed) and anti helicopter mines (in process). -, .

Employment of the AHM wilt:

» Eliminate the attack helicopter's primary survival technique

o Deny the enemy the use of airfields and forward area supply points
e Deny the use of landing zones in friendly territory

o Deny use of terrain and woods for obscuring approach

o Present obstacles to approach

o Provide flank security to friendly forces

o Provide security for outposts and isolated forces

e Attrit and disrupt enemy forces

AHM is in a 26-month second phase effort to demonstrate form, fit,
and function of two competing design concepts. Seven contractors
participated in the original concept definition effort. Demonstration of
prototypes will be completed with FY 93 funding. FY 94 funding by
ARPA will complete preparations for possible future transition to the
Army.

< System effectiveness was analyzed for a variety of threats,
scenarios, and conditions.

< Contractor developed brassboard systems were developed and
evaluated in tracker field trials. Technical approaches were
validated.

o Contracts have been awarded for the competitive prototype phase.

FY 1992 and prior: ' 37.5M
FY 1993: 5.2M

The minefield command and control part of this project is complete
and has transitioned to the Wide Area Mine program. Project
Direction for AHM transitioned to ARPA in accordance with a draft
MOA between BTI, ARPA, and the Army. The Army will address
command and control issues critical to the use of the wide area mine
concept in FY 1994 under the Intelligent Minefield program.

The AHM project is managed by the ARPA Land Systems Office.
Technical assistance is provided by ARDEC, Picatinny Arsenal, NJ.

Textron Defense Systems, Wilmington, MA (Prime)
Ferranti International Plc, UK (Prime)

12
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Project:
Project Objective:

Operational Utility:

Status:

Accomplishments:

BTl Funding
{$ millions):

Project transition
plan:

Executive Agent:

Contractors:

IES/BTI

Imagery Exploitation System (IES/BTI)

The purpose of the IES/BTI project is to apply advanced computer
hardware and software technologies to the problem of image analysis
to determine the tactical combat situation.

e Perform rapid initial screening of large amounts of sensor data and
allow analysts o concentrate on the high priority tasks.

* Improve both speed and accuracy of image analysis.

o Facilitate the indications and waming process.

* Real-time situation assessment, target development, & acquisition.

¢ Capable of exploiting multiple resolution imagery with emphasis on
low resolutiorvbroad area search.

Cycle 1 of a 3-cycle project has been completed. The project is now
in Cycle 2. During the period a technology assessment was
conducted using imagery obtained during Operation Desert Storm.
The assessment shows that IES/BTI improves performance by a
factor of 3 (accuracy) and 2.5 (speed) with a stand alone identification
accuracy of 83 percent for battalions.

o Successful laboratory demonstration completed in Cycle 1

e Prototype system achieved 83 percent accurate performance and
processed 10x10 nm area in less than the time required.

o identified by DoD Joint Precision Strike ATD as an important
technology to meet their requirement for automated exploitation of
IR and SAR imagery.

FY 1992 and prior: 16.4M
FY 1993: 7.8M

Project direction has transferred to ARPA. A demonstration of the
application of IES/BTI technology to the precision strike mission is
planned for FY 1994 under ARPA funding. A prototype system has
been deployed to the US Army Intelligence Center school for testing
against the baseline and user feedback.

IES/BTI has been managed by the U.S. Army Topographic
Engineering Center, Ft. Belvoir, VA.

Science Applications International Corporation, Tucson, AZ
Advanced Decision Systems of Booz-Allen, Mt. View, CA
MRJ, inc., Oakton, VA

Thinking Machines Corporation, Chevy Chase, MD

Pacific Sierra Research Corporation, Arlington, VA

Los Alamos National Laboratory, Los Alamos, NM
information Extraction and Transport, inc., Campbell, CA
Oasis Research, Tucson, AZ

13
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Project Objective:

Operational Utility:

Status:

Accomplishments:

BTl Funding
($ millions):

Project transition
plan:

Executive Agent:
Contractors:

SPEAKEASY
Advanced Technology Tactical Radio (SPEAKEASY)

A triservice program to accelerate development of a multi-band, multi-
platform, digital communications system using advanced micro-
electronics technologies. Provide mutti-band interoperable voice and”
data for a wide range of existing and planned tactical radio systems.

o Eliminates interoperability problems

o Reduces number of separate radios carried on missions

e Modular versions for installations, vehicles, and manpacks

o Reduces tri-service maintenance, training, and logistical support
e Provides low probability of intercept and detection waveforms

* Speakeasy project has been transitioned to ARPA

o Rack-mounted Advanced Development Model (ADM) prototype
development has been restructured. A reduced capability ADM will
be demonstrated during Phase 1.

« ADM system design is complete. Advanced technology hardware
module fabrication continues. Preliminary system software de-
velopment is complete; development will continue through Phase 1.

e Application software (waveforms) re-hosting is about 50% complete.
Modifications required to integrate waveforms with system software
will continue through Phase 1.

o Demonstrated an open digital radio signal processing architecture
design that permits replacement of radio functional modules with
advances in component technology.

o Fabrication of a multi-chip module signal processor that supports the
dual bus architecture has been started at Texas Instruments. This
key Speakeasy module will permit multi-band operation of up to 16
waveforms. :

e Motorola developing advanced Speakeasy Information Security
Module for a number of military digital processing systems.

FY 1992 and prior: 11.1M
FY 1993: 9.0M

Early BTl participation in the advanced development phase
accelerated the application of selected functional module technologies
and supported early insertion into the design. Direction of the project
has transitioned from BTl to ARPA. ARPA funding will complete the
technology insertion begun by BTI.

Alir Force Rome Laboratory, Griffis AFB, NY.

Haseltine (Prime), Hughes, IBM, TRW, SCITEC Electronics, Inc.,
Texas Instruments, and ViaSat, Inc.
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DIRCM

Directed Infrared Countermeasure System Prototype (DIRCM)

The purpose of the BTI DIRCM project is to develop and demonstrate
directional, multiple wavelength, active source infrared countermea-
sures configured for helicopters, attack aircraft, and transport aircraft.

Enhanced survivability in the presence of advanced air-fo-air and
surface-to-air IR guided missiles

The countermeasure laser has been demonstrated at the fundamental
wavelength and operational power level. It will be demonstrated at all
wavelengths simultaneously in July 1993.

e A low false alarm rate, high probability of detection missile warning

" system was demonstrated.

o The Army transferred BTI helicopter DIRCM technology into the on-
going ATIRCM program under contract to Lockheed Sanders, Inc.

o Laboratory measurements have verified the design of a high power,
room temperature, IR solid state laser.

» Diodes for pumping IR lasers have been demonstrated at a
production cost of $10 per watt (reduced from $100 per watt).

¢ A full power demonstration of one of the four laser modules was
performed at the fundamental wavelength in May 1992.

FY 1992 and prior: 34.9M
FY 1993: 4.8M

The Navy assumed project direction responsibility for DIRCM with the
completion of the laser full power demonstration in August 1992. The
helicopter DIRCM project transitioned to the US Army CECOM
Advanced Threat IRCM program. The threat warning system was
previously transitioned to the A-12/A-X program. The FY 1993
funding will complete the demonstration of all major functions
individually. Previously planned integration and flight testing of a
complete IRCM system for attack aircraft has been deferred due to
budget priorities.

The DIRCM project is managed by Naval Research Laboratory,
Washington, oc

Loral Electro-Optical Systems Division, OH

Norhrop Corporation, Chicago, IL

Westinghouse Corporation, Baltimore, MD

Rockwell international Missile System Division, Duluth, GA
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MMS
Project: Muti-Mission Seeker (MMS) Demonstration

Project Objective: The MMS project is developing and demonstrating an advanced
imaging infrared seeker that integrates state-of-the-art image
processing and a classified "special signal processing” (SSP) for
target acquisition, tracking, and aimpoint selection. The objective of
MMS is to show that this seeker can provide a quantum jump in our
ability to acquire and track targets in heavy ground clutter, an ability
that is particularly important when attempting 1o engage fleeting and
partly obscured helicopters. The project is developing the seeker
head in tactical size, and will test this seeker in captive flight with
processors mounted in the carriage helicopter. The tests will be
conducted against a wide variety of ground targets, helicopters, and
fixed wing aircraft.

\

Operational Utility: The combination of conventional and unique classified IR processing
techniques will exploit two distinct characteristics of the target IR
signature in a single seeker. The MMS approach will engage a variety
of targets at long range, in heavy clutter, and in the presence of
countermeasures.

Status: MMS brassboard hardware development efforts are ongoing.
Delivery of the MMS hardware will be completed with FY 1993 project
funds and FY 1994 Army funds. MMS hardware and technology
performance will be evaluated by the Army in the Army Combined
Arms Weapon System (TACAWS) technology demonstration.

Accomplishments: Baseline phenomena have been investigated. Preliminary designs
have been developed. Infrared focal plane array detectors have been
selected. Demonstration processors and algorithms are in

development.
" BTI Funding FY 1992 and prior: 7.2M
($ millions). FY 1993: ' 12.0M
Project transition Management responsibility for MMS has transitioned to the Army in
plan: FY 1993. The Army, Marine Corps, and Air Force all have potential

applications for MMS technology. The first application expected is
TACAWS, a program to provide the advanced technology required for
the multi-service, multi-mission JAWS (Joint Advanced Weapon
System).

Executive Agent: Program management for MMS is provided for BT! by the U.S. Army
' Missile Command, Redstone Arsenal, AL.

Contractors: Texas instruments, Dallas, TX
Hughes Aircraft Company Missile Systems Division, Canoga Park, CA
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LOCAAS
Low Cost Anti Armor Submunition (LOCAAS) Demonstration

The objective of the BTI LOCAAS project is to develop, integrate, and
demonstrate prototypes of low cost advanced submunition concepts
having multiservice and multi-target applicability.

¢ Reduced system cost and cost per kill

o High etfectiveness against tanks and other armor in wide variety of
tactical deployments, air defense units, and surface-to-surface
missile systems

e Anti-armor submunition for Army TACMS and MLRS and for
potential use in air delivered weapons (JSOW).

‘In FY 1993 the program will focus on submunition fabrication and drop
. test demonstrations. LOCAAS seekers were highly successful in their

tower and captive flight tests and are candidates for the Army Brilliant
Anti Tank (BAT) systém and the Navy/Air Force Joint Stand Off
Weapon (JSOW) program. FY 1993 funding completes the BTI
project.

e Concept definition studies are complete

+ Submunition designs are complete

e Government and independent cost analyses are complete

o Tower tests of seekers and signal processors are complete

o Captive flight tests of seekers and signal processors are complete

FY 1992 and prior: 22.8M
FY 1993: 15.9M

LOCAAS technology will be available for potential system applications
in December 1993 following completion of flight demonstration and
data analyses. Transition to the joint service BAT and JSOW
programs is being considered.

This project was jointly managed for BTl by the U.S. Army Missile
Command, Redstone Arsenal, AL, and the Air Force Wright
Laboratories, Eglin AFB, FL.

Loral Vought Systems, Dallas, TX (Prime)
Martin-Marietta Corporation, Oriando, FL (Prime)
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Project Objective:

Operational Utility:

Accomplishments:

BTi Funding
($ millions):

plan:

Executive Agent:

Contractors:

DAMOCLES
Damocles Autonomous Intelligent Submunition

This project will demonstrate a fully autonomous submunition
designed to find and destroy sparsely positioned critical mobile targets
such as SCUDS, SS-21s and their support vehicles.

o Provides larger search area coverage than current submunitions
o Improves imaging and processing capability to enhance target
classification in open, camouflaged, and obscured positions

Damocles is in Phase 3, proof of concept demonstration. It is a
continuation of prior subsystem development efforts for IR sensor,
millimeter wave sensor, signal and control processor, and
aeromechanical subsystems

System tradeoff studies and designs were done in Phase 1.
Subsystems including a parachute and parachute steering
mechanism, an articulated housing, dual-mode sensors, signal
processor, and the warhead were designed, built, and tested in
Phase 2. Field data has been collected and algorithms have been
developed and tested.

FY 1992 and prior: 32.7M
FY 1993: 13.7M

Project direction transitioned to ARPA in FY 1993. ARPA funding will
complete Phase 3 in FY 1994. The technology will be available to
transition to the Army in accordance with an MOA between BTl and
the Army.

Program management support for Damocles has been provided by
ARPA, Arlington, VA.

Textron Defense Systems, Wilmington, MA

18




PROJECT SUMMARIES

Project:

Project Objective:

Operational Utility:

Status:

Accomplishments:

BTI Funding
($ millions):

Project transition
plan:

Executive Agent:

Contractors:

LOCUSP

Low Cost Uncooled Sensor Project (LOCUSP),also known as
Uncooled Focal Plane Array

The purpose of the LOCUSP project is to accelerate application and
demonstration of emerging uncooled infrared detector technologies 1o
near term tri-service sensor requirements.

Eliminating the need for costly cryogenic cooling of IR detector
materials will make it possible to proliferate IR seekers and viewing
devices. Power requirements are reduced, and reliability and
availability improved. This technology will permit the development of
imaging systems that are cheap esnough to be acquired in sufficient
numbers to make a difference.

Phase | is nearing completion. In addition to the 8 systems delivered
to BT, 15 systems were delivered to the services or other
government agencies. A total of 23 systems have been configured as
weapons sights, area security sensors, or driving aids.

Weapons sights were evaluated successtully in the Soldier Integrated
Protective Ensemble ATTD in 4Q92. Driving aids were integrated into
Border Patrol vehicles and tested in 1Q93. Surveillance systems
were integrated by Sandia Laboratory for US Air Force aircraft
protectioh on air bases. A system was delivered to the Navy for
integration into a fire fighter's heimet.

FY 1992 and prior: 22.8M
FY 1993: 1.9M

Project direction responsibility transitioned to ARPA following the
demonstration of the prototypes in September 1992. The first phase
of the development and demonstration project is essentially complete.
ARPA funding of Phase Il will develop seeker sensors with emphasis
on performance and producibility improvements.

Program management of the LOCUSP project is provided by the U.S.
éAg'nvy 'CEVCAOM Night Vision and Electronic Sensors Direclorate, Ft.
oir,

Texas Instruments, Dallas, TX
Alliant TechSystems, Minneapolis, MN
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Project:
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Operational Utiliy:

Accomplishments:

BT! Funding
($ millions):

Transition plan:

Executive Agent:

QUIET KNIGHT
Quiet Knight

The objective of Quiet Knight Phase Il is to demonstrate integrated
detection avoidance technology for special operations aircraft
requiring low level undetected ingress and egress through enemy air
defense systems. Phase |l will add off-board and on-board threat
waming capability integrated with a real time route replanning
capability as well as a laser radar system for improved obstacle
avoidance and secondary terrain following.

« Provide air crew with the best picture of the terrain, obstacles, and
threats; warning of unexpected threats beyond line-of-sight; and
::tal-time route replanning to take advantage of terrain and avoid

eats.

o Fast threat identification and high accuracy location

< Reduce emissions detectability

e Obstacle detection and avoidance capability

o Improve terrain masking capability

o Increase functional redundancy

Phase | was completed in March 1991. Phase Il is underway. As
directed by the FY 1993 Defense Appropriation, the Phase Il effort
has been modestly expanded. The Air Force SOCOM project has
been coordinated with the Army so that Quiet Knight technologies can
be applied to future helicopter programs.

Phase | demonstrated the following technologies:

< Low probability of detection (LPD) terrain following

< Digital terrain database

o System selection of best terrain following mode

o Integrated navigation (GPS. INS, LPD radar altimeter with stored
terrain database)

FY 1992 and prior: 40.1M
FY 1993: 15.1M

The project will provide integrated detection avoidance technology
applicable to a variety of platforms: including Combat Talon | & Il, AC-
130 gunships, Pave Low helicopters, B-1B and B-2 bombers, F-15 &
F-16, and others. Responsibility for Quiet Knight will transition from
BTl to the Special Operations Command (SORDAC) during the spring
of 1993 following the Phase |l critical design review.

Air Force Wright Laboratories, Wright-Patterson AFB, OH.

Lockheed Aircraft Service Corporation, Ontario, CA; Honeywell,
Albuguerque, NM; Raytheon, Tewksbury, MA; Litton Amecom,
College Park, MD; BTG Inc., Vienna, VA; and Teledyne Ryan, San
Diego, CA
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UWB/HPM
Ultra Wideband / High Power Microwave (UWB/HPM) Technology

This Congressionally mandated BTl project has two primary

objectives:

¢ Investigate UWB radar phenomenology, compare with conventional
radar designs for similar applications, and develop systems to
demonstrate advanced capabilities

o Establish the susceptibility of important classes of electronic
systems to UWB/HPM radiation and demonstrate an advanced
HPM source.

Potentially superior radar performance in applications such as
detection of vehicles in forests, short range air defense, and antiship
missile defense. Potential utility as a countermeasure to enemy
communications, sensors, and electronically guided weapons.

HPM project activity is compliete. An HPM testbed source was
designed and fabricated for field tests against electronic systems.
Seven radar design, test, and analysis tasks have been completed.

Analytical studies and laboratory field experiments related to the
design of UWB radar are complete. A two-day BTI UWB Radar
Technology Workshop was held at the Institute for Defense Analyses
in September 1992 to share the results of this program. The results of
analyses, experiments, and system point designs are being provided
to DoD and industry development agencies as they become available.
UWB/HPM laboratory effects tests have been completed against fuze,
radio, radar, and missile guidance electronics.

FY 1992 and prior: 19.2M
FY 1993: 7.2M

The UWB radar portion of the BT! project transitioned to ARPA where
it is a candidate sensor system in the DoD Precision Strike S&T
Thrust and as a system for detecting targets in woods and mines in
the ground. The HPM susceptibility technology program transitioned
to the Air Force for continued investigation of HPM susceptibility and
weapon potential. FY 1993 funding for HPM susceptibility was
provided by the Air Force.

The UWB radar project is managed by ARPA. The HPM project was
managed by the Air Force Phillips Laboratory, Kirtland AFB, NM.

Kaman Sciences Corporation, Abuquerque, NM

DOE Sandia National Laboratory, Albuquerque, NM
Georgia Tech Research Institute, Atlanta, GA

Naval Research Laboratory, Washington, DC

DOE Battelle Pacific Northwest Laboratory, Richland, WA
SR, International, Menlo Park, CA
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SECTION 3

BTI PROJECT STATUS REPORTS
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ELECTROTHERMAL GUN DEMONSTRATION

DEFENSE AGAINST THE SEA SKIMMER THREAT

The Navy's surface ship self defense ca-
pabilities are highly stressed by supersonic,
highly maneuverable, sea skimming cruise
missiles that will soon be readily available
to third world countries. Future threats
demand improvements in surface ship anti-
air warfare system detection, control,
engagement, and lethality.

Upgrading existing systems to counter the
threat is necessary and desirable, but new
approaches and technologies that go well
beyond such upgrades are also needed.
The Balanced Technology Initiative (BTI)
Electrothermal Gun Project is applying ad-
vanced technologies to demonstrate one

potential solation to this requirement.
Electrothermal (ET) propulsion
technology, coupled with advanced.
command guidance and smart munitions
technologies, should enable small caliber
weapons to defeat the anti-ship cruise
missile threat. They also have potential for
the near term improvement of 76mm and
5-inch gun systems. Used in 5-inch and
larger caliber guns, electrothermal propel-
lant technology can enhance the perform-
ance and effectiveness of these weapons in
the Naval surface fire support, anti-ship
missile defense, anti-surface ship, and anti-
tactical ballistic missile mission areas.

Bl ET Gun Exploits Advanced Technology

SYSTEMS CONCEPT

The Navy ET Gun concept employs an
electrothermal gun and small caliber,
command guided smart munitions. A
dual-band tracking radar and an electro-
optic sensor will provide target and
projectile flight data to a fire control

system, which in tumn will generate
projectile guidance commands as well as
gun pointing and firing commands.
Guidance commands will bé transmitted to
the small caliber smart munitions via a
communications link.
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ET Gun Systems Concept

60mm Command Guided
Small Caliber Smart Munition

Steering commands, encoded by the provides both thermal characteristics and
communications link, are transmitted inthe  sufficient radar cross section to ensure
K-band of the RF spectrum. The smart compatibility with most electro-optical and
munition receives, decodes, and responds radar tracker systems.

to these commands. The projectile design

TECHNICAL APPROACH

‘This project was undertaken as a systems proof-of-principle and permit evaluation of
development. Hardware development is the gun/cartridge/projectile interfaces.
matched with analytical studies for design Each of the two propelling charge
definition, gun system effectiveness in the’ contractors will develop a suitable

anti-ship missile defense role, and ship energetic, combustible, exothermic
integration. The pnncnplc developmcnt ef- propellant and design an internal plasma
forts involve generating and
designing and testing injecting device to
an electrothermal ignite the propellant.
cartridge, a 60mm

gun/autoloader, and a The object is to
mu am,g gmded control propellant
60mm gun system is TASD Radar I Eleclro optlcal cymm ~ control of the shape

and magnitude of the
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electrical firing pulse. The gun, autoloader
and control assembly, have been integrated
with an existing Close-In Weapon System
(CIWS) gun mount to study the
technology issues associated with
weaponization of the electrothermal gun
concept. An existing electro-optical
tracking system and a commercially leased
pulse power supply complete the
demonstration package. A radar being
demonstrated under a separate BTI
project, the Target Acquisition for Ship
Defense (TASD) radar, has been added to
the system for simultaneous tracking of the
incoming target and the outbound
projectile.

The analytical aspects of the project ad-
dress requirements for surface ship defense
in the context of the evolving threat and
the resulting weapons system re-
quirements. These technical studies
address relevant parameters including
caliber, rate of fire, lethality, kinematic
performance, velocities, threat detection
range, tracker accuracy, reaction time, and
kill assessment.

Another effort is modeling, designing, and
scaling alternative pulse power

configurations that could be integrated
with existing surface ship main power
systems. These analyses will determine
power distribution layouts, identify critical
component technologies, investigate
alternate power generation concepts, and
examine the impact of weight and volume
changes on ship space and stability. Other
technical efforts assess systems
effectiveness and the technologies needed
to integrate the pulse power system for the
ET gun with existing ship power plants.

Integration of the major systems compo-
nents and subsequent progressive testing
will be conducted at facilities of the Naval
Surface Warfare Center in Dahlgren,
Virginia.

The final event of the currently funded
effort is a proof-of-principle demonstration
scheduled in December, 1993, using the
60mm gun and ET cartridge, a fire control
system and communications data link,
radar/EO trackers, and the hit-to-kill
guided projectile. This demonstration will
engage a subsonic maneuvering targetin a
live fire test.

DEVELOPMENT STATUS

The Navy ET Gun project began with the
ship integration studies in FY 1990, and
excellent progress has been made in the
design, fabrication, integration, and testing
of all system components. Development
contracts for the ET cartridges were
awarded to General Dynamics Land
Systems Division and to FMC
Corporation. The first phase of cartridge
development and testing has been
completed. In the second phase,
significant advances have been made in
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optimizing cartridge component designs,
materials, propellant formula, and
performance.

‘The rapid fire 60mm gun, designed and
built by FMC, is now undergoing
progressive testing. The gun includes a
10-round autoloader and a control
assembly. Gun, autoloader, and control
assembly were successfully integrated and
tested at the rate of 190 rounds per minute
with both conventional and ET cartridges
by using interchangeable breech blocks.
The goal is 240 rounds per minute. The

gun subsequently was mated with a CIWS
Phalanx gun mount and successfully tested
at a rapid firing rate using conventional
cartridges to verify the structural integrity
of the gun/gun mount integration. The
next steps are further integration of the
gun with the pulse power supply and
testing with ET cartridges. Thereafter, -
remaining gun system integration, testing,
and demonstration will be conducted at
NSWC, Dahlgren Division.

The General Electric Re-entry Systems
Department was awarded a contract for
projectile studies and analyses and for the
design of a projectile, a fire control system
(FCS), and a communications link to
provide steering commands from the FCS
to the projectile. Design studies
considered several terminal seeker
concepts as well as hit-to-kill and
fragmentation projectiles. General Electric
has completed the studies/design effort
and now is fabricating and conducting
incremental tests of projectile components
and the related FCS and communications
systems.

Small Caliber Smart Munition 60mm Projectile

s
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ET Gun Demonstration Schedule!
Fiscal Years 90 91 92 83 o4
iy
ET cartridge A_____.: 2 ¢ pocure .
0 om sssamtly and R Sy . 7
oot
Command guided ADGn/ Fob /Compolent test/Evaly
projectile and fire control o
system devolopmou_ Demo
mo | S
TASD radar / EO system PR S L. A Dpemo
prebminary & integrate
osls
System effectiveness
studies 3
Ship integration studies | A ko e il s —A
TRANSITION PLAN
The Navy plans to transition the technol- start in FY 1994 and complete in FY 1998
ogy developed in the BTI 60mm ETC gun with a shipboard system demonstration.
project to a coordinated Defense Nuclear The plan includes transition of the com-
Agency/Navy 5-inch electrothermal- mand guided projectile technology devel-
chemical gun system demonstration oped in the 60mm program to a S-inch
program. The program is scheduled to terminal defense round.
Funding Plan ($ Millions)
FY 1992
& Prior FY 1993

BT 28.1 137

1 The completion of FY 1993 funded activity has slipped into FY 1994.




. BTI PROJECT STATUS

INTEGRATION OF TASD

A separate BTI project, Target Acquisi-
tion for Ship Defense (TASD) radar, was
initiated to overcome the limitations of
conventional ship-board self defense radar
systems to provide fire control for
engaging high-speed, very low altitude,
low signature, maneuvering antiship
missiles. The TASD project was
undertaken to demonstrate the feasibility
of developing an integrated, dual-band,
millimeter wavelength (K, and W bands)
radar to provide precision differential
monopulse tracking for close-in weapons
systems in the presence of sea clutter and
multipath conditions over water.

Initial target detection and tracking is
achieved at about 10 km with the K;-band
radar. Target acquisition by the narrow
beam W-band radar is obtained at about 5
km. TASD is designed to track both the

incoming target and the outgoing
projectile, providing angular track
accuracies on the order of 0.1 milliradians
at4 to S km. The dual tracking capability
provides for ensuring the angular -
difference between the target and the
projectile and generation of a fire control
solution that permits the projectile to be
guided so as to reduce the angular
difference to zero, thereby achieving target
intercept. .

Identification of modifications to interface
the TASD radar with the 60 mm ETC Gun
system is ongoing. When the required
modifications are accomplished, TASD
will be integrated with the 60 mm gun
system and used as the target/projectile
tracking radar for the system
demonstration scheduled in December
1993,

Current as of February 1, 1993
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ENHANCED KINETIC ENERGY MUNITION

X-ROD IMPROVES EFFECTIVENESS OF ARMOR

The Balanced Technology Initiative (BTI)
X-ROD project objective is to develop
guided, boosted 120mm kinetic energy
projectiles that can defeat enemy armor at
long range. The proposed new munitions
will provide fielded tanks with:

"o Extended lethal range

e Improved probability of hit using
guided projectiles

o Improved probability of kill given a hit -

from inflight boost and long rod
penetrator

e Capability against helicopters

In 1985 the Defense Science Board con-
ducted a study of U.S. armor-antiarmor
capabilities. One of the conclusions was
that firing accurately at greater range in-
creases the defender to attacker kill ratio
advantage. This is supported by Army
Material Systems Analysis Activity studies.

This payoff is clearly indicated in the fig-
ure. The probability of kill given a shot
decreases with range for current tank am-
munition, but the curve is almost flat for
the guided X-ROD projectile. This
translates to a significant improvement in
the defender-to-attacker kill ratio at longer
engagement ranges.

Performance vs. Payoff

A
Kill Ratio
Advantage
P,
k X-ROD
urrent
-
Range

Firing first st greater range increases the
defender-to-attacker advantage ratio
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SYSTEMS CONCEPT

Initially, two different projectile concepts
were in competition in the BTI X-ROD
Phase IIA. The AAI Corporation concept
was a command guided projectile using the
MTAS millimeter wave (MMW) radar to
generate course correction commands.
The commands were to be transmitted to a
control unit mounted on the aft end of a
high velocity long rod penetrator. The
AAI concept was dropped because of the
lack of an Army program for a radar on
future tanks, as well as for technical and
funding constraints.

‘The other concept,being developed by
Hercules Defense Electronic Systems
Company, is a fire-and-forget projectile.
The Hercules X-ROD concept is a high

velocity, rocket boosted, long rod
penetrator projectile. An on-board MMW
secker affords self contained target ac-
quisition and terminal guidance. Divert
and divert cancellation thrusters provide
lateral motion toward the target as
commanded by the guidance algorithms.

The Hercules X-ROD requires no modifi-
cations to the tank and is compatible with
the existing fire control system. The tank
crew inserts the estimated range to the
target into the projectile before launch
either manually or through the tank fire
control system. Since the weapon is

_autonomous, the tank is free to maneuver
immediately after firing.

Autonomous Projectile System

1]
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TECHNICAL APPROACH
The Hercules autonomous projectile Immediately prior to impact, the projectile
incorporates a self-contained MMW radar case is discarded allowing the bare
secker and guidance electronics. All the penetrator to impact the target.

flight guidance components are carried on
the projectile. After being fired from the
gun, the projectile coasts toward the
target. During coast the seeker is
initialized and background clutter is
mapped to establish projectile spin rate
and vertical reference. Rocket boost is
provided as the projectile nears the target,
to maximize the impact velocity. After
rocket boost, the target is acquired and
tracked by the seeker, and divert
maneuvers are performed as required to
ensure a high probability of hit.

The millimeter wave guidance and control
is considered high risk. The cost and
complexity of this round is higher than the
current tank round because of the complex
guidance electronics package and the
rocket booster. The higher cost is
minimized by the use of a gimbal-less
secker, MIMIC and ASIC electronics
packaging, and single shot maneuver
thrusters. Existing systems provide target
acquisition and fire control and may not
always be adequate for maximum range
engagements.

Hercules Fire-and-Forget Projectile

COMPOSITE

ROCKET
PROPELLANT
FINS (8 EACH)
DEPLOYED

GUIDANCE
ELECTRONICS

MECHANISM

PENETRATOR

31
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DEVELOPMENT STATUS

The X-ROD project is presently in Phase
IIIA of a three phase effort which began in
September 1987. Three contracts were
awarded for detailed designs, simulations,
and trade studies of concept alternatives.
Two of the three concepts were chosen to
continue into Phase IL

During Phase 1, critical components were
demonstrated and the designs and simula-
tions were updated. Technical evaluations
and »n advanced tank automatic canr
(ATAC) system study were completec.
AAI demonstrated the feasibility of their
rocket motor case separation design.
Separation was achieved with no major
perturbation of the projectile trajectory.
Radar static track of the projectile was
demonstrated over short ranges. A
breadboard design of the transponder car-

ried in the projectile control unit was fab-
ricated and tested. A six-degree-of-free-
dom simulation of the partial system was
completed. Models were based on test
results, and performance and sensitivities
were predicted.

Hercules built and tested a breadboard
MMW seeker in Phase II. They builta
form, fit, and function MMW transceiver,
and tested critical MMW components for
their ability to withstand high gun-launch
accelerations. Seeker algorithms were de-
veloped, static and spin tests were per-
formed, and a six-degree-of-freedom
simulation of the total system was com-
pleted. Both contractors completed
structural and propulsion system designs
and analyses and performed wind tunnel
tests.

X-ROD Program Schedule

Fiscal Years

87

88| 89|90 | 91| 92| 93 | 94

PHASE 1(3 concepts)
Detalied designs
Simulstions
Trade studies

PHASE 11 (2 concepts)
Criticsl component demos
Update design & simulations
Technical evalustions
ATAC system study

Phase llIA (2 concepts)
Critical system demos
Propuision system development
Down select to one concept
Guide-to-hit demo

=
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X-ROD

Phase ITI began in June 1990. Because of
uncertainties remaining after the comple-
tion of Phase I1, the decision was made to
restructure Phase III into two subphases.
Phase ITIA is a system characterization,
projectile demonstration, and propulsion
system development effort. During this
phase projectile and guidance system
characterization tests will be conducted
and guide-to-hit experiments will be
performed with guide-to-hit (GTH)
projectiles. Completion of the GTH
experiments culminates Phase IIIA as
originally planned. Both Hercules and
AAI began Phase IIIA, but the
downselect decision in favor of Hercules
was made earlier than originally intended
for the reasons stated.

Significant progress was made over the
past year to resolve the remaining techni-
cal issues associated with the Hercules
concept. A brassboard seeker was fabri-
cated, integrated, and tested successfully
in Hercules' penthouse test facility. The
seeker has been installed in the contractor's
hardware-in-the-loop test facility where
integration and characterization with the
GTH algorithms are underway. High
-speed sled testing of a composite GTH
radome, duplicating the conditions
expected during projectile flight, were
completed successfully. Maneuver

reule nd Forget Technical lssues

Seeker pedormance in a real
environment - i
Acquisition and trackmg algonthms

Body motion compensation .

mechanism development has resulted in
successful high-g tests of the GTH
thrusters. Projectile characterization flight
tests have verified the required
acrodynamic properties of the GTH
projectile. Progress in developing high-g
electronics packaging techniques and ma-
terials produced an improved design con-
figuration for the GTH electronics. A ro-
bust qualification test program has been
established to ensure the electronics as-
sembly's survival under gun launch
loading.

TRANSITION PLAN

BTI support of the X-ROD project ends in
FY 1993. There is no funding in either the
ARPA budget or the Army budget for
X-ROD in FY 1994 or the outyears. In
the absence of funding, the plan is to
minimize expenditures on the propulsion
effort and use the funds saved to complete

the GTH demonstration. This would
demonstrate the guidance and flight
control functions. If the Army decides to
complete X-ROD development at some
future time, the seeker will then have to be
miniaturized, and the propulsion work will
have to be completed.
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Funding Plan ($ Millions)

FY 1992
& Prior FY 1993
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PREDATOR

PREDATOR

PROJECT DESCRIPTION

The PREDATOR, formerly called the
Short Range Antitank Weapon (SRAW),
is designed to replace the U.S. Marine
Corps' AT-4 Antitank Weapon. The
PREDATOR concept stems from in-depth
studies of 30 alternative configurations. It
is a man-portable, fire-and-forget, top-
attack weapon with the capability of
penetrating current and future armor well
beyond the year 2000. PREDATOR will
operate on the conventional battlefield or
from within small, confined enclosures

within urban areas with greater lethality, at
increased range, and with improved hit
probability than currently fielded light
systems. A significant advantage of the
PREDATOR is its modular design that
incorporates the option for direct or top

- attack warheads. This option enables

PREDATOR to be used against main
battle tanks or against reinforced concrete
structures, light armored vehicles, and
fortified bunkers.

OPERATIONAL CONCEPT

The Marine Corps has identified an
operational shortfall in the ability of
currently fielded man-portable weapons to
counter the proliferating threat of
advanced composite and reactive armors.
.PREDATOR's characteristics are designed
to allow the individual infantryman to
defeat advanced armored threats into the
next century. The weapon's inertial
guidance system and two-stage soft launch
propulsion provide the gunner with the
ability to fire and forget from within an
enclosure. He can then successfully fight
in an urban environment while limiting his
exposure to the enemy and protecting
himself from the backblast and noise.
Considering the accuracy of PREDATOR
and the time it takes to hit the target, the
gunner is assured of hitting even a
maneuvering tank or one that stops

abruptly from high speed.

PREDATOR employs a trajectory/flight
control system and a downward firing EFP

warhead to achieve accurate over-the-top
kill of the target. Attacking the target's
lightly armored top area increases the
probability of kill. The short time of flight
improves accuracy against moving targets.
With a system weight under 20 pounds
and a length under 40 inches, soft launch
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and delayed motor ignition permit
engaging stationary or moving targets
from 17 meters to 750 meters away from
inside bunkers and buildings.
PREDATOR requires minimum training
and is simple to operate. The skills

required by the gunner are the same as
required to fire the M-16rifle. Gunner
survivability is enhanced by the
PREDATOR point/shoot, low firing
signature, and fire and forget capabilities.

Weapon Characteristics
Guidance: Directional autopilot

Warhead: EFP/Top attack

Dugl sensor,

optical/magnetic
Propuision: Two-stage, solid rocket

Flight control:  Jet reaction control

Size: 140mm diameter
859mm length
19 pounds

Velocity: Launch: 25m/s
Maximum: 300 mvs

Time of Flight: 2.25secto 500 m

Dispersion: 1.5 milliradians

Launch Noise: 173 dB (enclosure)




PREDATOR

TECHNICAL APPROACH

The technical approach to PREDATOR is
to integrate proven component hardware
into a system that satisfies the operational
requirements. Previous development of
the AAWS-M warhead and continuing de-
velopment of the TOW-2B warhead have
contributed greatly to the PREDATOR
warhead design. The ¢ :ctional autopilot
automatically adjusts for variaticas in the
firing conditions and makes the system
simple to operate. This approach retains a
capability for direct attack. Althcugh the
technical risk associated with the
PREDATOR hardware components is

corsidered low, the project is structured to
reduce these risks further.

ontrol of trajectory he:ght above (arget
 optimum top attack effectiveness g

; ' mpensahon lor temperature eﬂects on
. focket motor performance :

Modular Design = Multi-role

Fly over / Shoot down

Advanced

tanks

Common
flight module

Direct attack

Bunkers
Structures
Light armor
Incendiary
illumination
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DEMONSTRATION/VALIDATION PERFORMANCE

‘The characteristics of PREDATOR were
determined by Marine Corps requirements
for weapons to allow individual Marines to
destroy tanks in close combat. Antiarmor
weapons should be designed to emphasize
high lethality at minimum ranges. Light
weapons must be man-portable, lethal,
fire-and-forget, and available in large
numbers. PREDATOR not only meets the
requirement, but in several cases exceeds

the requirements established by the Marine
Corps.

As of mid-January 1993, there were 42
tests of the PREDATOR hardware. The
overall success rate to date is 83 percent.
Three Marine gunners and one contractor
gunner were used for the tests. The
breakdown of firings, target types, and
success rate is shown in the following
table.

Demonstration/Validation Test Results

Londitions Eirings
Stationary
Fly-over/Shoot-down x2
125 meters - 1000 meters
Stationary
Direct 2
333 meters - 500 meters
Moving target
10, 15, 22 MPH 18

Total 42

Percent
Successful Successful
17 77
2 100
16 89
35 83
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Program Schedule
SRAW-MPY
Fiscal Years 3 94 95
Target environment studies e
Warhead design p———————
Downsslect A
Fuzing E——
Technical data package A
- | Tactical interface oE———
All-up technical A
demonstration flights - A
Critical design reviews ) A
TRANSITION PLAN

The BTI project will produce and test pre- the R&D program will demonstrate direct
EMD prototype weapon systems. Follow- attack warhead variants for use against
ing successful completion, the project will bunkers and other high priority, non-tank
transition to the Marine Corps to begin targets. These variants are of interest to
Engineering and Manufacturing the U.S. and other NATO countries.
development in FY 1993. Continuation of

Funding ($ millions)

FY 1992
& Prior FY 1993

BTl - 414 9.9

Current as of January 25, 1993
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ANTI HELICOPTER MINES

MINE WARFARE IN THE THIRD DIMENSION

The military utility of mine warfare has
been demonstrated countless times in nu-
merous conflicts since the Civil War. The
doctrine governing the employment of
antiarmor and antipersonnel mines has
proven successful in combat. Now
technology is making it possible to extend
the military utility of mine warfare to the
third dimension through the advent of the
smart anti-helicopter mine.

‘The BTI Anti-helicopter Mine Project
(AHM) is the ongoing phase of the Ad-
vanced Mines Project managed for BTI by
the ARPA Land Systems Office. Previ-
ously, the project demonstrated two-way
radio remote control of wide area mines.

The two-way controllers are small, low -
cost, low power encrypted radio control
units which will allow mines to receive on
and off commands, pass target detection
information back to an intelligence net-
work, and permit mine-to-mine communi-
cation for attack coordination and im-
proved control. The brassboard phase of
development and testing of the mine con-
trol system was completed in FY 1991,
and the results were transitioned to the
Army Program Manager for Mines,
Countermine, and Demolitions for further
development and eventual insertion into
the Army antiarmor Wide Area Mine

program.

AHM SYSTEM CONCEPT

The purpose of the AHM system is to
deny nap-of-the-carth flight and pop-up

" tactics to attack helicopters, thus eliminat-
ing their principal survival mechanism in

an air defense missile environment. Se-

. lectively deployed, the AHM will be ca-

pable of engaging low flying helicopters at
altitudes up to a few hundred meters over

Textron AHM Concept




ANTI HELICOPTER MINE

Ferranti AHM Concept

L A

a large engagement arca. They can be
used to erect a lethal screen to defend an
approach path and to deny enemy flight
‘operations over ground areas such as
forward area resupply points or airfields.
The mines remain passive until airborne
helicopters enter their zone of authority.
Sensors detect, lor ate, and identify
approaching helicopters by their acoustic
signature.

Because AHM will be controllable using
the two-way radio control system
developed previously, the mines can be
turned on and off as required to permit
friendly operations and can be recovered
and redeployed as needed. Intelligence

collection is a matter of secondary interest.

The 2-way communications capability can
be used to provide intelligence and early

waming information about the presence of

enemy helicopters. This capability is

D-
i
.
s .
o
.
o
B
’

100m

5 ZONE ANGLE
=48 DEGREES

considered a by-product and will not be
achieved at the cost of extensive modifi-
cation of the mine.

41
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TECHNICAL APPROACH

‘The major technical issue is determining
the optimal trade between altitude/radius

of engagement, IFF capability, operation in

forest and cities, and cost. Operational
and administrative issues include the
definition of the most appropriate user
proponents and their requirements for the
employment of the system. This is being
addressed through various Army Training
and Doctrine Command elements.

Two different technical approaches are
under investigation in the form-fit-and
function phase of the AHM development.
Textron Defense Systems is developing a
variant of their Wide Area Mine (WAM)
system. Ferranti International has devised
a direct fire system. Both technical ap-
proaches must satisfy common system
functional requirements and share common
basic properties.

nd, WAM commonamy :
Cylmder 7-rn dla. 1 5 -in bng

4 hrs (1 hr preferred)
with 99% oonfldence

DEVELOPMENT STATUS

The 26-month second phase of the AHM
development began in September 1991.
The purpose of this phase is to demon-
strate the form, fit, and function of two

competing AHM concepts.

Seven contractors participated in the
original concept definition efforts to define
optimal system concepts. System

effectiveness was analyzed for a variety of
threats, scenarios, and conditions. This
phase was followed by separately
contracted brassboard and prototype
development. The efforts will culminate in
competitive testing at Sandia National
Laboratory.
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The brassboard/prototype solicitation re-
sulted in the selection of three contractors:
Textron, Ferranti, and Texas Instruments.
Contracts were awarded in June 1989.
Preliminary testing of the contractor
brassboard systems in the Fall and Winter
of 1990-91 led to the selection of Textron
and Ferranti for the competitive prototype
phase.

‘The competitive test and evaluation is
scheduled to start in June 1993 and be

" completed by August 1993, One critical
measure of effectiveness will be the

guish friend from foe. The systems will
also be evaluated on acoustic tracking
accuracy, aim miss vector, false alarm rate,
and warhead parameters.

Mission analyses, requirements definition,
technology assessment, effectiveness
quantification, system concept definition,
subsystem fabrication, and test planning
are complete. Several high leverage tech-
nologies applicable to this program have
been identified.

Both concepts are designed to cost

capability of the AHM to reliably distin- $10,000 or less in production.
Advanced Mines Project Schedule
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TRANSITION PLAN

Project direction for AHM transitioned to
ARPA in accordance with a draft MOA
between BTI, ARPA, and the Army. The
Army will address command and control
issues critical to the use of the wide area
mine concept in FY 1994 under the

Intelligent Minefield program. ARPA
plans to continue the AHM program in FY
1994 by testing the intelligent,
communicating minefield capabilities of
the AHM concept.

Funding Plan ($ Millions)

FY 1992
& Prior

BN 375

ARPA 143

FY 1993 FY 1994
. 5.2
00 20

Current as of January 26, 1993
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IMAGERY EXPLOITATION SYSTEM

SYSTEM DESCRIPTION
The BTI Imagery Exploitation System hardware achieve a substantial increase in
(IES/BTI) project applies advanced speed, accuracy, and volume of sensor
hardware and software technologiesto the  data processed in an operational setting
critical problem of tactical combat that supports considerably improved

situation analysis. The objective is to
demonstrate automated, real-time, first
phase image exploitation that quickly
detects, recognizes, locates, monitors, and
tracks any enemy forces that appear in low
resolution/broad area coverage synthetic
aperture radar, or infrared sensor data.
The IES/BTI advanced algorithms and

battlefield management. The goal is to
reduce the time to develop an intelligence
assessment of the forces in a 10 by 10
nautical mile area to 5 minutes with an
accuracy of 90 percent. Recent
improvements in off-the-shelf hardware
will enable IES/BTI processing rates to
approach 1-2 minutes.

{ES System Concept
Automated Display &
exploitation reporting

IES/BT Analyst
Technology Workstation
Real-tme images & Intelligence
images exploitation products
results
SYSTEM CONCEPT
The IES/BTI concept improves the ment, and deception and to the continuous

performance of current methods of
exploiting tactical intelligence information.
The concept addresses major shortcomings
in the exploitation of collected tactical
intelligence information. The volume of
synthetic aperture radar and infrared
sensor data exceeds our current capability
to exploit the information effectively.
Real-time assessment of sensor imagery is
critical to the defeat of cover, conceal-

tracking of enemy forces. IES/BTI
automates the real-time analyses of multi-
sensor images that are currently performed
by image, order-of-battle, and intelligence
analysts. The system performs an initial
screening of large amounts of image data,
permitting the analysts to concentrate on
high priority areas and detailed evaluations
of objects of interest. During peacetime,
IES/BTI will facilitate indications and
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waming assessments and the treaty
verification process. During wartime, the
IES/BTI mission will expand to provide
real-time input for situation assessments,
target development and acquisition,
maneuver support, and the defeat of
concealment and deception techniques.

TECHNICAL APPROACH

Automated image exploitation using only
image processing techniques independent
of other supporting information is
extremely difficult. High false alarm rates
are experienced using synthetic aperture
radar and infrared sensor data.

The IES/BTI project inserts advanced
technology by applying knowledge-based
systems technology to image and signals
intelligence and using this in conjunction
with SIGINT, other collateral intelligence
sources, terrain, weather, and military
context data. Image and signal processing
are accomplished using an open, scalable,
parallel computing architecture that
maximizes the use of commercial off-the-

Advanced Technology Insertion

shelf software such as the UNIX operating
system and C-based language. Artificial
intelligence knowledge-based reasoning is
used for detection, classification, terrain
analysis, and correlation of collateral
information.

This robust process removes most false
alarms and increases confidence in the
validity of detections and unit types.
Terrain and military context data are
applied in a generic design that supports
Defense Mapping Agency standard
products. Terrain and military doctrine
incorporated into IES/BTI is reviewed and
approved by the Army Intelligence

Agency.

The modular architecture of the IES/BTI
software is an important feature which en-
ables changes to be made in processing
modules associated with sensor input,
theater of operation parameters, and topo-
graphic data types without disturbing the
operation of the remainder of the system.
Imagery processing is affected in only one
module. If automated target recognition
capability is required, one other module
may need modification.
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DEVELOPMENT STATUS

A laboratory demonstration of IES/BTI
capability was conducted successfully
during September 1990. Second echelon
Soviet units deployed in a 10 nautical mile
square area were identified and located in
less than 15 minutes with an accuracy of
75 percent.

During late December 1990, the Com-
mander-in-Chief for U.S. Forces Central
Command requested IES/BTI technology
for use in Operation Desert Shield/Storm.
Due to the brevity of the conflict, IES/BTI
was not able to participate; however, a
Southwest Asia scenario and an additional
sensor were added to the IES/BTI
capabilities.

IES/BTI conducted a user technology
assessment using operational data from
Operation Desert Storm during FY 1992.
The performance of this configuration was
83 percent accuracy with processing speed
of 13 minutes for the 10x10 nautical mile
area. This exceeded system performance
requirements. The IES/BTI project has
been identified by the OSD DDR&E
Science and Technology Precision Strike

thrust area panel as a critical technology to
provide a capability of near-real-time
exploitation of multi-resolution SAR
imagery. The completion of the entire
IES/BT!I program is crucial to a precision
strike requirement for a fully functional
automated exploitation technology.

IES/BTI technology is currently planned
for insertion into the intelligence and
planning (I&P) component of War Breaker
and the Joint Precision Strike
Demonstration. These facts, along with
the changing military focus on time critical
targets, has placed additional requirements
on IES/BTI reasoning functionality. To
this end, new technology thrusts extending
IES/BTT's use of SIGINT and MTI data
are being pursued. In addition, IES/BTI is
moving decisively towards the addition of
temporal reasoning functionality to
improve image based situational
assessment and targeting missions.
Finally, IES/BTI is currently developing
and evaluating IR detection algorithms
supporting system extension to that class
of sensor.
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IES/BTI Processing Concept
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TRANSITION PLAN

IES/BTI will provide near real-time
exploitation capability to Precision Strike
and Global Surveillance. This
technolugy/system, in support of a force
projection military and the Army's
requirement for a "seamless” intelligence

architecture, is targeted for both the Joint
and Army Corps Intelligence
Architectures. IES/BTI will be
demonstrated and evaluated atthe .
EUCOM Joint Analysis Center,
USAREUR's Combat Intelligence Analysis
Facility, the Joint Services Imagery
Processing System (JSIPS), the Imagery
Processing and Dissemination System
(IPDS), the JSTARS Ground Station
Module, and the Army Tactical Radar
Correlator (TRAC).

Project direction was transferred to ARPA
in FY 1992. FY 1994 ARPA funding of
IES/BTI will support the S&T Precision
Strike Thrust. In the classic indications
and early waming (IEW) scenario,
IES/BTI is expected to support the Corps
Commander's IEW needs for target
development, target acquisition, and
tactical analysis of the battlefield situation.
A prototype system has been deployed to
the U.S. Army Intelligence Center School
for user testing and feedback.

Fdnding Plan ($ Millions)

FY 1992
& Prior

BTI 164
ARPA

FY 1993 FY 1994
78

54

Current as of October 25, 1991




SPEAKEASY

SPEAKEASY
ADVANCED TECHNOLOGY TACTICAL RADIO

CONCEPT AND OBJECTIVES

Speakeasy is a joint service program to
develop a multi-platform, multi-band
digital communications radio. Advanced
technologies will be exploited to provide
reliable, interoperable voice and data
interchange for a wide range of existing
and planned tactical radio systems.
Greatly reduced life cycle costs are
expected from the modular digital
processing architecture. This cost
advantage arises from reduced training,
maintenance and management costs,
reduced major modification costs through
programmability, reduced number of
inventory radios, and common "spares”
inventory. Achievement of common
software and hardware module design and
development is crucial to successful low
cost implementation of the Speakeasy
concept.

MuLTI-SERVICE REQUIREMENTS DRIVE DESIGN

The Speakeasy system design is driven by
future DoD communications needs as
expressed in multi-service requirements
documents. The design is also taking
advantage of lessons learned in Operation
Desert Storm which highlight the
requirement for interoperable, multi-fre-
quency, multi-platform communications
that provide resistance to interference and
interception. U.S. forces experienced
difficulty communicating between ser-
vices and with allied forces during the
conflict because of different tactical radio
frequencies and waveforms, susceptibility
to mutual interference, and
countermeasures.
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i

‘The modular Speakeasy design addresses
this incompatibility through a common
multi-band digital radio signal and data
processing architecture with various

waveform options and menu-driven re-
configurability. The same suite of
modules will be used for all platforms.
The adaptability needed to provide
physically dispersed and functionally
distributed command and control net-
works is inherent in Speakeasy functional
modularity.

Waveform compatibility will be provided
for HF, VHF, UHF frequencies up
through L-band. This will support the
integration of communications equipment
such as SINCGARS, GPS, PLRS,
EPLRS, JTIDS, Link 11, and others.
Provisions will be inade for later incor-
poration of SHF SATCOM, MILSTAR,
and Navy UHF SATCOM into the
Speakeasy architecture.

A single piece of equipment for multiband

operation with one or more multiband an-
tenna types is being designed around a
core modular communications processing
architecture. This "open" dual bus
architecture builds on joint Service avi-

onics concepts, software developed for the

YF-22/23 Advanced Tactical Fighter, and
Integrated Communications Navigation
Identification Avionics programs. More

than 25,000 lines of Speakeasy's Ada code

DESIGN AND DEVELOPMENT APPROACH

is being adopted from these other
programs. Reuse of completed and
documented radio waveform software
substantially reduces the time and cost to
design appropriate modules and
demonstrate a prototype Speakeasy
advanced development model. In
addition, software code developed and
documented under Speakeasy will be
available tor the YF-22/23 and other
programs as a cost saving measure.
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The latest communications component
and subsystem hardware and software will
be incorporated into the Speakeasy
modular design. Speakeasy architecture is
“open" in the same sense as the IBM
personal computer. Hardware and
software modules can be replaced to
change functionality and to accommodate
advances in processing technologies.
Greater dedicated functionality can be
obtained by paralleling modules or scaling
up for faster processing to meet unusual
communication demands.

Speakeasy development will proceed in
two phases. A prime contract for Phase I
was awarded to Hazeltine Corporation,
Greenlawn, NY, in August 1990.
Hazeltine is the system developer for the
Phase I ADM architecture. As aresult, a
series of subcontracts have been awarded
in particular areas of the system for
software and hardware develcpment.

This first phase effort is focused on
demonstration of a modular processing

architecture. Various subsystem modules
are being designed and fabricated, to
include: a digital signal processing
module, radio frequency (RF) subsystems
and a multiband antenna subsystem.
Selected advanced technology
miniaturized components will be fabri-
cated and evaluated for potential insertion
into an advanced development model
(ADM) prototype. A rack-mounted
Speakeasy ADM prototype radio will be
fabricated and evaluated in the Phase 1
development effort. The ADM will
demonstrate the baseline capability of
simultaneous communications with dif-
ferent fielded radio and data link
equipment.

Miniaturization of selected Speakeasy
hardware subsystems, necessary for im-
plementation of a manpack version, will
also be demonstrated following Phase 1.
Many of the technologies being developed
in Phase I are supported by BTI.

BTI CONTRIBUTION TO SPEAKEASY DEVELOPMENT

The DoD Balanced Technology Initiative
( BTI ) is participating in Speakeasy first
phase development by enabling design of
an advanced, miniaturized ADM
architecture and supporting design studies
for a number of key Speakeasy modules
and components intended to implement a
miniaturized architecture. Successful -
demonstration of this higher risk ad-
vanced architecture in the first phase will
significantly accelerate Phase II de-
velopment and enable fabrication of full
capability Speakeasy manpack commu-
nications equipment.

The RF front end development will be
completed during Phase II and advanced
technologies, successfully miniaturized

and demonstrated during Phase I, will be
integrated into the ADM. The RF con-
version module design will be finalized
and custom ASIC design of Speakeasy
hardware will be accomplished. FSED

chnol

d antenna designs

cad battery concepts

51
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specifications will be produced as a result
of Phase II effort. The ADM delivered at
the end of Phase II will be a miniaturized

prototype version of Phase I hardware
configured to support test and evaluation
in the user environment.

BT1 ADVANCED TECHNOLOGY INITIATIVES

L 4

Project Description Contractor

RF Conversion investigation and fabrication of low temperature cofired Hughes or

Module ceramic packaging technology to integrate digital, analog, Rockwell-
RF components, and four miniaturized band-independent  Collins
transmit/receive chains operating from 2 MHz to 2 GHz

Direct Digital investigate the application of a state-of-the-art direct digi- SCITEQ

Synthesizer tal synthesizer using combined modulation and carrier Electronics,
generation inc

Advanced Wafer Fabricate and investigate the benefits of using AP TRW and

Scale Digital Sig- modules to meet the performance requirements .:: tias Texas

nal Processor Speakeasy radio Instruments

Software Rehost  investigate and develop software code 1o rehost the TRW

- Port o Advanced Speakeasy software to the new ADSPs

Development

Model

infrosec Module  tnvestigate and develop a Comsec/Transec capabiltyio  Motorola
support imbedded cryptographic functions for the
Speakeasy system. The eventual development will
incorporate multichip module technology.

Muttband investigation and prototype of HF Helix and VHF-UHF GSinc., ITT

Antenna antennas

Muttiband investigation and prototype of two log spiral antennas for  Ball

Antenna omnidirectional coverage from 2-30 MHz and 30-3000 Aerospace
MHz

Multband Investigation of fiber optic control of solid-state radio Southwest

Antenna frequency spaced at intervals on the antenna structure. Research
Could provide optimum radiation efficiency at any Institute
frequency in the full HF band.

Multiband Investigation and prototype of exitation approach Harris

Antenna
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TECHNICAL APPROACH

‘The Speakeasy concept is based on a
highly advanced microprocessor that relies
on software for signal processing. The
system will be compatible with 15
currently ficlded radios, spanning HF
through X-band and comprising skywave,
line-of-sight, tropospheric scatter, and
satellite communications media.
Speakeasy will be able to communicate
simultaneously with any four of these

‘radios.

Speakeasy stores much of the software in

memory as parametric functional modules. _

The modules can be accessed via menu to
reconfigure the radio, and specific
waveforms are processed by specifying
parametric values. The parametric
composition drastically reduces the cost
and time required to add new waveforms.

Waveforms are generated by a direct
digital synthesizer and converted to analog
form at the proper carrier frequency by the

RF conversion module. The same module

converts received waveforms to digital
form and, with few exceptions, delivers the
product to the digital signal processor.

The exceptions are relatively wideband
waveforms that need special purpose
digital preprocessing for operations too
fast for the processor. The advanced anti-
jam/low probability of intercept waveform
designed expressly for improved interfer-
ence and intercept resistance is a notable

example.

The preprocessor also benefits existing
waveforms by adaptively suppressing non-
Gaussian wideband and multiple
narrowband interference and by combating
fading propagation via adaptive channel
matching/equalization.

A terminal control function incorporates a
variety of techniques to overcome in-
terference from collocated radios. This
function also enhances the man/machine
interface, aids the operator in the selection
of waveforms and modes, and
automatically reconfigures the radio in
accordance with the selections.
Reconfiguration is achieved by selecting
the appropriate set of modules to match
the performance of one or more of the
fielded systems.

LIFE-CYCLE COST IMPLICATIONS

Each different configuration of a Speak-
casy radio is constructed by selecting the
appropriate set of modules from a library
of standardized modules. Parametric
composition of the software drastically
reduces the time required to add new
waveforms. Support costs are further
reduced by the use of extensive built-in
testing, together with self healing made
possible by reconfigurability and

programmability. These features extend
the average time between critical failures
and reduce the number of maintenance
levels to two. If Speakeasy were to
cventually replace all the radios with which
it is compatible, dramatic savings would
result from the consolidation of multiple
training, maintenance, and management
costs of the different systems.

e |
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SCHEDULE

Phase 1 of the Speakeasy program which
began in August 1990 has been
restructured. A reduced capability ADM
will be demonstrated in FY 1994 as
previously scheduled. Phase I will focus
on the design and fabrication of essential
subsystems of the radio, including the

digital signal processor module, RF

subsystems, and an imbedded INFOSEC
subsystem. The advanced development
models developed in Phase I will
demonstrate the feasibility of a
programmable multi-waveform capability.
Following Phase I, the miniaturization of
various subsystems will be integrated into
a miniaturized ADM.

Speakeasy Project Schedule

Fiscal Years | 80

92 93 94

Contract award A

Advanced Cevelopment
Model (ADM) analysis
and design

BTiadvanced
architecture design

Complete hardware and
software ADM system

ADM gystem test and
evaluation

Muiti-service demo

BTl Advanced
Technology Module
development kick-off
meetings

design and integration A

TRANSITION PLAN

Speakeasy is a tri-Service development -

program. BTI participation in the early
advanced development model phase has
accelerated the application of emerging
technologies and supported the early
evaluation and insertion of advanced

technologies. The services will realize the
improvements offered by Speakeasy --
joint/combined interoperability, enhanced
survivability, and drastically reduced costs
for tactical battlefield communications --
much sooner due to BTI participation.




SPEAKEASY

Direction of the project transitioned from activity will be completed in FY 1994 with
BTI to ARPA during FY 1993 following ARPA funding.
the disestablishment of BT1. The Phase 1

Funding Plan ($ millions)

FY 1992

&Prior FY 1993 FY 1994
BN 119 . 90
ARPA : 45

Current as of February 26, 1993
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DIRECTED INFRARED COUNTERMEASURE SYSTEM
PROTOTYPE DEVELOPMENT

IR-GUIDED MISSILES A SERIOUS THREAT TO AIRCRAFT

Existing airborne countermeasures no
longer provide an adequate margin of
protection for U.S. tactical aircraft against
the increasingly more sophisticated infra-
red (IR) air-to-air missiles available to our
potential adversaries. The Balanced Tech-
nology Initiative (BTI) began a triservice
Directed IR Countermeasure (DIRCM)
system development during 1989 with the
objective of demonstrating prototype di-
rectional, active source jamming systems
configured for helicopters, transport air-
craft, and attack aircraft. The typical flight
regimes and the volume and weight limita-
tions of these distinct classes of aircraft are
sufficiently dissimilar to require different
DIRCM configurations. However, the
basic functional designs and operational
concepts are the same for the three con-
figurations. The concept is illustrated in
the attack aircraft design which has four
main functional elements:

o High resolution missile waming system

e High speed digital signal and data
processor

e Precision pointing/tracking subsystem

e Active laser countermeasure source

Automated DIRCM system response is
initiated by detection of a threat missile
launch within the surveillance volume of
the missile warning system (MWS). The
sensor data are processed in real time and
translated into precise pointing parameters
which are input into a pointing and track-
ing subsystem. The tracker acquires the
missile and maintains a precise pointing
reference for the active, modulated flash-
lamp or laser countermeasure source. The
modulated, high intensity energy illumi-
nates the missile seeker with sufficient
jamming power to break the guidance lock
or possibly damage the seeker.

Pointing and Tracking
: (PT) Pod

Countermeasure
(CM) Laser

Jamming or
~Sensor Damage

Attack Alrcraft DIRCM System Concept




DIRCM

TECHNICAL APPROACH

Development and flight test of the three
DIRCM system prototype configurations
was initiated concurrently by Army, Air
Force Special Operations, and Navy de-
velopment agencies. Existing or near term
technologies were applied to the helicopter
and transport aircraft configurations,
which were developed on a quick reaction
capability (QRC) basis. As a result, di-
rected, incoherent IR sources were used.
The attack aircraft missile warning, proc-
essing, and pointing/tracking components
were also developed using existing, but
modified, technologies. However, strin-
gent attack aircraft form factor, opera-
tional limitations, and the need for effec-
tiveness against current and projected
threats, resulted in a decision to develop
and demonstrate an advanced, high power,
solid state laser countermeasure source.

Three principal design issues were ad-
dressed and resolved for each DIRCM
application, namely: (1) high resolution,
low false alarm rate, and moderately long
range threat missile detection; (2) formu-
lation of effective, generic modulation
waveforms, and; (3) design of a multiple
wavelength active source. Pointing and
tracking hardware, capable of being modi-
fied to achieve the desired accuracy, is
available. Key capabilities demonstrated in
the BTI DIRCM project include:

o Threat missile acquisition at appropri-
ate range for countermeasures

e High resolution threat missile tracking
e Precision beam pointing

o High intensity jamming

e Near real time automated operation.

MODULATOR UNIT

Helicopter DIRCM Components
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DEVELOPMENT STATUS

‘The helicopter DIRCM development and
testing is complete. Helicopter DIRCM
techniques have been incorporated into the
follow-on Army Advanced Threat IRCM
(ATIRCM) system development. The
following operational capabilities have
been demonstrated:
< Significantly higher jammer-to-signal
Tatios were generated than is possible
with current omni-directional coun-
termeasure devices

e The MWS achieved precise location
and tracking of the threat

e Accurate pointing of the countermea-
sure source was achieved using infor-
mation provided by the MWS

Development and testing of the transport
DIRCM is complete. Expedited flight
testing of the transport version was ac-

complished using modified off-the-shelf
DIRCM components. The prime contrac-
tor, LORAL Electro-Optical Systems Di-
vision, modified an Air Force missile
warning receiver and a Navy countermea®
sure pod, integrated these using a digital
software architecture, and achieved an en-
hanced jammer-to-signal ratio to effec-
tively counter current IR missile threats.
Flight tests of the transport version were
successful. The countermeasure source
modulation effectiveness was evaluated at
the Air Force Electronic Warfare Evalu-
ation Simulator facility. Follow-on engi-
neering development of the transport
DIRCM may incorporate a higher power
multiple frequency laser source, such as
the laser under development for the attack
aircraft DIRCM.

Critical attack aircraft DIRCM compo-
nents are being fabricated and tested prior

DIRCM Laser Dovelopament Schedule

Fiscal Years 90

92 93 94

Contract award A

Advanced Development
Model (ADM) analysis
and design

BTi advanced
architecture design

Compiste hardware and
software ADM system

design and integration

ADM system test and
svaluation

Muftl-service demo

BTl Advanced
Technology Module
development kick-off
meetings




DIRCM

to integration into a prototype system. A
staring focal plane array for the MWS has
been demonstrated to obtain longer detec-
tion range with a low false alarm rate.
Computer simulations have verified the
performance of a countermeasure modula-
tion scheme against a variety of threat
missile types. A feasibility demonstration
of the countermeasure laser was
conducted at operational power and
fundamental wavelength in March 1993,

It will be demonstrated at all planned
wavelengths in July 1993. The attack
aircraft DIRCM is obtaining pointing and
tracking hardware from the Army
ATIRCM program. The FY 1993 funding
will complete the demonstration of all
major functions individually. Previously
planned integration and testing of 8~
complete IRCM system for attack aircraft
has been deferred due to budget priorities.

SoLID STATE LASER COST REDUCTION

The utility of solid state lasers has been
limited by the high cost of diode arrays
used to pump the solid state lasers. The
BTI project was structured to include a
demonstration of cost reduction. Before
the BTI and tri-service cost reduction
activity, a diode array putting out one
joule of laser energy per pulse would cost

approximately $1.5 million. Now such a
diode array can be manufactured for only
$150,000 -- a tenfold reduction. Costs
have dropped from about $100 per watt to
less than $10 per watt and could drop to
$1 per watt at higher production rates.

Funding Plan ($ Millions)

FY 1992
& Prior

8T! 349

FY 1993
48

Current as of April 15, 1992
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MULTI-MISSION SEEKER DEMONSTRATION

SYSTEM DESCRIPTION

‘The Multi-Mission Seeker project will de-
velop and demonstrate an advanced infra-
red secker for Tri-Service application to
missile systems required to acquire, clas-
sify, identify, track, and terminally guide
on targets. The concept incorporates

advanced infrared imaging techniques and
a unique processing approach to provide
lock-on-before-launch, lock-on-after-
launch, and target reacquisition capabili-
ties. The combination of different tech-
niques in a single seeker design makes it
possible to engage ground targets, and
helicopters at long range in heavy clutter
and the presence of countermeasures.
Improved target discrimination and
positive identification capabilities will
reduce the probability of fratricide. The
concept can be applied to the upgrade of
existing systems and will support improved
capabilities in future weapon systems.

MMS ApDs SIGNIFICANT CAPABILITY TO IR SEEKERS

Finds Targets in Clutter
and Has LOBL/ILOAL
Top Attack Capability




MMS

REQUIREMENT

Present weapons systems, both in the field

Launch Platforms
- HMMVs/ IFVs
== —
< Heficopters

s —

and under development, are designed for
specific missions and targets. This limits
the broader utility of the weapons, in-
creases their costs, and results in hardware
that cannot readily be adapted to other
missions and systems. Missiles that can be
launched from either surface or airborne
platforms against both ground and
airborne targets will reduce the need for
dedicated weapons, increase responsive-
ness to unexpected targets and targets of
opportunity, and enhance overall battle-
ficld effectiveness. A common seeker for
multiple applications will reduce costs
through commonality in logistics support.

Single '
Munition Option Target Options

r )

MMS
RESULTS

* Simplicity

* Flexibility

« Commonality
« Cost Reduction

- y

Launch and Target Options

61
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OPERATIONAL UTILITY

The application of the Multi-Mission
Seeker concept to selected battlefield sys-
tems will greatly improve performance,
robustness of operation, and combat
utility and versatility. The concept will”
support new capabilities and provide
target acquisition, reacquisition, and
discrimination in heavy clutter
environments to an extent currently
unavailable. The secker has potential for
employment against a wide array of
ground and aerial targets.

TECHNICAL APPROACH

The primary mode of operation will be to
apply special processing techniques to the
infrared signal. The sceker senses and
integrates two unique target aspects.
‘When this cannot be done, the seeker will
revert to basic infrared guidance. The

in excess of current capability. The
project takes advantage of recent imaging
technology developments, such as infrared
focal plane array technology, large
throughput compact digital signal process-
ing hardware, and specialized algorithms.

special processing capability permits Modularity will permit multi-mission,
acquisition and engagement of certain multi-user applications.
targets in clutter at standoff ranges greatly
Fiscal Years 92 93 o4
Contract start A
planning
Hardware/Software
developmant .
Preliminary design review A
Critica! design review A
System delivery A
Test and evalustion EEEEEEEESS——
MICOM lab testing -
Stationary seeker testing -
Captive flight teste e




MMS

TRANSITION PLAN
The Army, Marine Corps, and Air Force applied to the multi-service, multi-mission
all have potential applications for the JAWS missile program in FY 1997.
Multi-Mission Secker technology. The Project direction responsibility for MMS
secker and associated technologies will be has been assumed by the Army. The Army
transitioned to user applications as they Missile Command provides project
are identified. The first application is management. Funding to complete the

expected to be to the TACAWS technolgy =~ MMS demonstration in FY 1994 is
program in FY 1994. Through TACAWS, included in the Army TACAWS program
the MMS technology is expected to be element.

Funding Plan ($ millions)

FY 1992
& Prior FY 1993
BTl 72 120

Current as of February 22, 1993
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Low CosT ANTI ARMOR SUBMUNITION

SYSTEM DESCRIPTION

‘The objective of the BTI low cost anti
armor submunition project (LOCAAS) is
to develop, integrate, and demonstrate
prototypes of low cost advanced
submunition concepts having multi-service
and multi target applicability. The
technologies involved include submunition
sensor, target detection and acquisition,
target classification, tracking, maneuvering
devices, lethal mechanisms, and fuzing.
Combinations of these technologies will

improvement in cost effectiveness over
current submunitions. Both hit-to-kill and
shoot-to-kill submunition concepts are ~

being developed.

The BTI LOCAAS project focuses on low
cost per kill and low unit cost. From the
beginning the project has emphasized
lethality and design-to-production-unit-
cost. The objective is to demonstrate the
desired performance with a system that

enable the development of submunition will cost less than $15,000 per
concepts and prototypes with a significant submunition.
REQUIREMENT

LOCAAS addresses several approved
operational requirements for systems to
attack armor, surface-to-air and surface-
to-surface missile launchers. This target
set is categorized as Critical Mobile
Targets (CMT). The combined
requirements of the Army Tactical Missile
* System Block II Required Operational
Capabilities statement and the Air Force
Wide Area Antiarmo: Munition General
Operating Requirement result in a joint

w

EA
OPERATIONAL CONCEPT

Potentlal Carrlers

NmYMLRS L
Navy/Air Force JSOW
target set composed of moviné and

stationary armored vehicle formations and
other high value targets.

>




LOCAAS

OPERATIONAL CONCEPT

The operational concept of LOCAAS is
illustrated in the preceeding figure. Low
cost, highly effective submunitions are
dxspcrsed in the target area by munitions
carriers that were initialized prior to
launch. The submunitions search the area
within their programmed footprint, guide
to the targets, and execute a top attack

against the least protected parts. Lethality
is provided by either a shaped charge
warhead or an explosively formed
projectile. Adaptability with Army
TACMS, MLRS, and ihe Air Force
Medium Range Standoff Weapon is a
contractual part of the LOCAAS project.

TECHNICAL APPROACH

‘The basic technical issues are related to:
"How to achieve CMT lethality at low
cost?” Design-to-unit-prodection-cost
technologies are being used to meet the
cost goals.

‘There are two competing technical
approaches to satisfying the LOCAAS
requirements. The Loral Vought Systems
(LVS) concept uses a laser radar seeker
which is highly resistant to
countermeasures, a highly maneuverable
airframe, and a shoot-to-kill explosively

formed projectile warhead. Martin
Marietta's design is based on the more
traditional terminally guided submunition
airframe. Martin uses a millimeter wave
seeker with a steerable beam antenna and
mature guidance and control algorithms.
The warhead is a hit-to-kill shaped charge.
Both seckers provide target classification
capability and aimpoint selection which
provide the potential for very high kill
probability. Both seekers reject objects
that could be falsc: targets.

Competitive Concepts
LvVS

Seeker LADAR
Counter-measure robustness
Airframe Innovative, highly maneuverable

Warhead EFP

MMC

S awe)i U4

‘ “'Mllf'!#:l -

MMW Steerable antenna
Mature G&C algorithm

Traditional,
TGSM variant

Shaped charge
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DEVELOPMENT STATUS
Accomplishments to date include tower testing and captive flight testing.
completion of the concept definition, This enabled the seeker technology to
design of the submunitions, and compete in the seeker preplanned product
completion of independent cost analyses. improvement development for the Army
Brassboard secker hardware has been Brilliant Antitank (BAT) system and the

tested from the tower and in captive camry
flight tests against arrays of armor in
operationally representative scenarios.

In FY 1992, development focused on a
secker-only demonstration which included

Air Force/Navy Joint Direct Attack
Munition (JDAM) and Joint Standoff
Weapon (JSOW) programs. Submunition
design demonstrations will be completed in
FY 1994 as part of the FY 1993 funded
effort.

Project Schedule
Fiscal Years 91 92 3 94
Program structure
Concept definition -
Design N
Subsystem fabrication/test ]
Submunition fabricationy
demonstration C———
MW - MW MWV MWV
Technologies  gviome pan 0] LOAR LADAR
W
TRANSITION PLAN

‘The intent of the LOCAAS project was to
demonstrate prototype submunitions that
can be used in multiple mission
applications against multiple target types.
The most promising component

technologies and system concepts resulting
from the project will be competitive
candidates for JDAM and JSOW. The
LOCASS submunition could also meet
currently unfunded requirements such as a




LOCAAS

smart submunition for the extended range product improvement (P3]) of the secker
MLRS and as part of a pre-planned for another antiarmor submunition.

Funding ($ millions)

FY 1992
& Prior FY 1993
BTl 228 . 159

Current as of February 1, 1993




DAMOCLES

DAMOCLES
AUTONOMOUS INTELLIGENT SUBMUNITION

SYSTEM DESCRIPTION

‘The Damocles Autonomous Intelligent
Submunition is a8 smart submunition that
has been designed specifically to provide
the greatest effectiveness against mobile
launchers for surface-to-surface missiles
such as SCUDS. This target was the
primary reason for the present Damocles
system concept, choice of sensors and
algorithms for finding the target, and
warhead. Damocles will also operate
against mobile command posts, sta-
tionary and mobile air defense units, and
arrays of light armor tactical vehicles.
‘With a change of its modular warhead, it
could also be effective against heavy
armored vehicles. The submunition will
be deliverable by current and emerging
weapons platforms including the
Autonomous Air Vehicle, the Army
Tactical Missile System, the Army
Multiple Launch Rocket System, and the
Air Force Tactical Munition Dispenser,
and the Navy/Air Force Joint Standoff
Weapon (JSOW).

S(TEGRATED PACKAGE
(COMPATIBLE WITH ~=

STANDARD DISPENSERS)

» Effective 7.5 inch fantalum multiple

PIVOTING SENSONW
KEEPS TARGET N ViEw

riwarhead aiming mechanism " i

_explosively formed penetrator warhead.

STEERABLE, HIGH-GLIDE
AERO PLATFORM

SPIN VANES
GENERATE SEARCH
MOTION

LETMAL WARMEAD

LEZ3ETT] Detense Sysiems
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REQUIREMENT

Damocles supports AirLand Operations
Doctrines. The concept overcomes
several munitions deficiencies identified in
U.S. Army Battlefield Development Plans
including munitions lethality, system range,
and target acquisition.

Current autonomous munitions are limited
in their ability to detect partially obscured
targets. The scenario is technically very
challenging. The surface-to-surface mis-
sile launchers, components of the air
defense missile units, and support elements

that comprise the target set are typically
deployed in small groups over a large area.
Visibility can be limited by darkness,
adverse weather, smoke, dust, and other
obscurants. Targets can be camouflaged,
positioned in defilade, partially occluded,
and protected by active and passive
countermeasures. The munitions must be
able to perform a broad area search,
acquire and classify the target, and destroy
it under all conditions of the modern
battlefield.

amocles Satisfies Army Needs for T
f SSM and SAM Site

Against stationary

targets - High resolution
, advanced signal processing 5

 multiple look




DAMOCLES

: OPERATIONAL CONCEPT

Damocles places sensors and a warhead on
a rotating, maneuvering platform coupled
to a high-glide parachute. The platform
provides a search footprint in excess of one
square kilometer to compensate for both
target location and carrier delivery errors.
‘The steep look-down aspect, relatively
slow rate of descent, robust dual mode
sensor, and fuzed data signal processing
overcome the limitations of current
systems and increase the probability of

target detection and identification. During
the terminal phase, the sensor examines the
target in multiple scans from different
aspects. The processor improves
classification and false target rejection
performance and controls the terminal
mancuvers and submunition aim point.
Lethality is provided by a tantalum explo-
sively formed penetrator aimed and fired at
short range and steep target entry angles,
increasing the probability of kill.

$ SEARCH ALONG SIRCULAR GLIDE PATM
¢ DETECT TARGET. CLASSIFY AND TRACK
7 MAMUEVER INTD LETHAL SHOT RANGE
0 PAE WARNEAD KOLL TARGET

Damocles searches for, detects, classifies,
and tracks the target and maneuvers to take the best shot

70
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PROJECT PLAN

The Damocles project is a continuation of
.previous subsystem development efforts
for the prototype IR sensor, millimeter
wave sensor, signal and control processor,
and acromechanical subsystems. The
current effort, Phase 3, is structured to
form-factor the subsystems, integrate them
into a fully autonomous submunition, and
demonstrate performance in live fire tests
against realistic targets.

During Phase 3, the subsystems developed
previously will be packaged to fit the
demonstration test articles. The
reconfigured warhead will be tested,
evaluated, and redesigned as required to
retain demonstrated performance. A
production ready safe and arm device will
be incorporated. The fabrication of
sufficient subsystems to support the

engineering evaluation and live fire tests is
also included.

The submunitions will be assembled and
tested at progressively higher levels of
integration. Completed submunitions will
be subjected to baseline performance tests,
workmanship environmental screening,
and acceptance tests prior to release for
system evaluation and demonstration
testing.

Engineering evaluation tests will also be
conducted in Phase 3. They will begin
with captive flight evaluation of the
sensors and data collection to support
evaluation of the targeting algorithms.
Captive carry tests of the integrated
hardware and software will be conducted
to verify performance in a variety of

n




DAMOCLES

operational environments. Free flighttests  tests will verify end-to-end function except
of an inert Damocles will verify the closed for deployment from a missile and
loop performance of the target warhead activation. Aimpoint will be

engagement functions including detection, proved by an on-board camera or
steering, and aim point control. The final telemetry.

Damocles Master Milestone Schedule

Fiscal Years 92 23 94 95
Subsystem development A A

PmcuremonilFabrlcatlon A .\

System integration A A

Components A
Radar

Antenna

iR sensor

Processor

> > > P p
>

Parachute - low speed

" Parachute - high speed A A

Test and evaluation A A

Demonstrations AA
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TRANSITION PLAN

The BTI funding plan for the Damocles
project is shown below. Concept
development and subsystem development
were funded by BTI and ARPA and
constitute the basis for the current proof-
of-principle phase of the development.
Upon completion, the project will
transition to the Army. The US Armmy
Field Artillery School is the designated
User Agency for Damocles. The Artillery
School submitted a Memorandum of
Support for the project to ARDEC, the
development agency, in July 1991,

A Memorandum of Agreement between
the Army and BTIO was concluded to

support the BTI request for FY 1993
funding. A Mission Element Needs
Statement is required. To transition
responsibility for the project to the Army
and establish an outyear funding com-
mitment, the Damocles must be added to
the Long Range Army Materiel Require-
ments Plan. The Required Operational
Capability statement should be approved
by the end of the current 24-month pro-
ject, prior to the Army-funded EMD
program and follow-on low rate initial
production.

Funding Plan
FY 1992
& Prior FY 1993 FY 1994
BTl 327 137
ARPA 8.6

Current as of January 27, 1992
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Low CoST UNCOOLED SENSOR PROJECT

WHATIS LOCUSP?

‘The Low Cost Uncooled Sensor Project to in other BTIO reports as the Uncooled
(LOCUSP) began as a joint ARPA/ Army Focal Plane Array project.
investigation of infrared detector materials

»

that function at significantly higher The first uncooled IR sensor to demon-
temperatures than photoconductive or strate performance comparable to cooled
photoelectric materials such as mercury- IR detector equipment was the Short

cadmium-telluride (MCT). A number of Range Thermal Sight developed by the
thermally sensitive ferroclectric materials, ~ Army Night Vision Laboratory in 1986.

such as strontium-barium-titanate, and Subsequently, the Balanced Technology
bolometric materials, such as vanadium Initiative office joined with ARPA and the
oxide, have demonstrated uncooled Army to increase sensitivity by 50 percent,
infrared detector sensitivity suitable for reduce the size of individual detector
low and medium performance IR sensor elements by one-third, and increase the
applications. LOCUSP has been referred number of detectors in the array by a
factor of eight.
LOCUSP Schedule
Fiscal Years
90 81 92 93 94 85
PHASE |

Contract award A

Prelim Design Review A

Critical Design Review A

Design o—

Fabrication ———

Assembly [

Test (R

Training A

Delivery

User Evaluations I — L

Deployment (USAF & INS) —

PHASE Nl

Contract award A

Critical Design Review A

Fabrication & Assembly S

T‘ﬂ ——)

D.lm _

User Evaluations (]

—a
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LOCUSP

The first phase of the BTI project includes
the fabrication of multiple prototype
applications of the LOCUSP technology: a
rifle sight (similar to the Short Range
Thermal Sight developed earlier) and a re-
motely operated perimeter surveillance
sensor. The rifle sight has also been
reconfigured as a wide field of view sensor
for a driving aid and for potential use in a
fire fighter helmet. ‘The first phase met its
performance goals, and the systems are
now undergoing user evaluations. The
second phase will improve sensitivity and

producibility. The project is attempting to
solve three key technical problems:

¢ How to achieve the sensitivity needed
for medium range applications using
uncooled materials.

e How to make large detector arrays
reproducibly with uniform response
and few dead elements.

e How to develop small, low cost, low
power electronics packages that will
work in an operational environment.

"Survelllance System Operational Concepts
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PROJECT ACCOMPLISHMENTS

‘The project has explored two different
technical approaches to uncooled focal
plane arrays. The project has dem-
onstrated the performance of uncooled
devices for driving aids, individual
weapon sights, and short range area
surveillance devices. Medium range
capability will be demonstrated in the
second phase by man-in-the-loop and au-
tonomous munitions seekers and sensors.
Current performance is adequate for the

short range applications, but higher per-
formance will be required to meet the
medium range objectives. The systems
were hardened sufficiently for initial
fielding by the US Air Forceandthe ~
Immigration and Naturalization Service in
1993. All 23 units from the first phase
were delivered by Texas Instruments
between September 1992 and February
1993.

Medium-Range Thermal Sight Performance

Range 50 percent probability of
detection of a man at 1000
meters

Compatibility With M16, M203, M4, M249,
M60, M136, M24

Weight 4.5 pounds

Size (inches) 4 high, 4 wide, 13 long

Operating time 10 hours at 25 degrees C

{one battery pack)

Start-up time 20 seconds

instantaneous field 0.5 milliradians

- of view

Total fieldot view 7 degrees by 9 degrees

Eye relief 30 millimeters

Exit pupil 10 millimeters

Diopter adjustment +210-6

Magnification 3x
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Survelllance System Performance
Range (narrow field 50 percent probability of

of view) detection of a man at 1,500
meters WEAD
Weight System: 88 bs :
Sensor: 9bs
Power System: 50 watts PAN AND TR HEAD
Sensor: 4 watts —
Start-up time System: 20 sec  Tom H
. Sensor: 20 sec "
DISPLAY AND
" Voltage 1007120 VAC 50/60 Hz = CONTROL WeerT
Sensor field of view Instantaneous: 0.33 mr& 1.0 mr 0

Wide: 13 x 18 deg
Narrow: 4 x 6 deg

MILITARY UTILITY OF INFRARED DETECTOR TECHNOLOGY

One lesson learned during Operation De-
sert Storm was the major advantage of
continuous day and night operations.
American high technology systems such as
night vision goggles, infrared targeting
systems, low-light-level television cam-
‘eras, and other devices enabled men and
weapons systems to see and operate at
night and under restricted visibility
conditions.

sensors and surveillance devices for in-
creased physical security.

The development of uncooled infrared
sensors, particularly focal plane array de-
vices, provides a breakthrough in capa-
bility. Staring focal plane arrays further
reduce complexity by eliminating the need
for mechanically operated scanning
systems. The elimina-

In the future, sensors
based upon LOCUSP
technology will pro-
vide a lightweight
(less than four
pounds), long wave-
length (8-12 microns)
infrared imaging
sensor capability inde-
pendent of light level and insensitive to
smoke. The technology will provide the
individual soldier with infrared imaging

tion of cryogenics
reduces power re-
quirements, saves
weight, and improves
reliability and avail-
ability. The uncooled
detector technology
will permit the devel-
opment of moderate
performance imagers
that could be acquired in sufficient num-
bers to make a difference. Lightweight
systems that will operate for more than 10
hours on battery packs are feasible.
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IMPORTANCE OF LOCUSP TECHNOLOGY

High performance advanced systems re- requirement while providing adequate
quire cryogenic cooling of the detector performance for sclected applications, can
material to obtain the sensitivity and re- reduce the cost of infrared sensors

duce sysiems noise so that low contrast substantially. There are a wide range of
targets can be de- ) _ applications for

tected at long range. readily available,

The Stinger, reliable low-cost in-
Chaparral, and frared detectors. Sur-
Sidewinder antiair veillance systems, ve-
missiles use heat- hicle driving viewers,
seeking guidance sys- - weapons sights, and
tems based on cooled ~ guidance systems for
infiared detector - unmanned land and
technology. Infrared © aerial vehicles are but
images generated by a few ways these

the targeting device devices can be used.
on the F-117 Stealth Systems taking ad-
Jighter were seen on vantage of this
television sets all over the world. The cost  technology would proliferate with the

and complexity of cryogenic cooling is availability of infrared detectors that do
prohibitive for many medium and short not demand cryogenic cooling. These
range sensor applications. Elimination of devices are useful in both military and

the cooling civilian applications.




LOCUSP

TRANSITION STATUS

There are a myriad of potential civilian and
military applications for the uncooled focal
plane array technology that is being
demonstrated through the BTI LOCUSP
project. The Air Force, the Mavy, and the
Immigration and Naturalization Service all
have purchased additional prototype
systems for evaluation. The USAF
Electronic Security Center procured eight
perimeter security systems which were put
in the field for aircraft security. The units
are undergoing evaluation for the Tactical
Automated Security System. The Naval
Research Laboratory procured one system

which was reconfigured for a fire fighter's
helmet application, and the INS acquired
six driving aid concept demonstrator
systems for the Border Patrol. Other
potential applications for uncooled FLIR
systems are listed in the box. The project
transitioned to AR:*A following the
demonstration of prutotypes in September
1992. The first phase of the development
and demonstration project is essentially
complete. ARPA funding of Phase II will
develop advanced sensors with emphasis
on performance and producibility
unprovements.

Fi nding Plan ($ millions)

FY 1992

& Prior FY 1993 FY 1994
BTl 228 19 0.0
ARPA 43

Current as of February 5, 1993
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QUIET KNIGHT

AVIONICS FOR CLANDESTINE OPERATIONS

‘The purpose of the BTI Quiet Knight Quiet Knight Phase I has already

project is to use current technology to demonstrated several technologies that are
demonstrate an integrated avionics suite key to clandestine operations. The

that reduces the detectability of strategic remaining proof of concept will be

and tactical aircraft. Passive sensor de- completed by the first quarter of FY 1994
tectability is reduced or eliminated by and could provide significant operational

control of radio frequency (RF) emissions, payoff in five to seven years.
and active sensor detectability is reduced

by the improved exploitation of terrain

masking.

Quiet Knight Systems Integration
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QUIET KNIGHT

SYSTEMS CONCEPT

The Quiet Knight system will enable op-
erational aircraft to use the large quantity
of mission planning information that is
available on the ground to determine a best
penetration flight path to avoid detection
based on pre-mission data. This
information will be displayed to the crew
in an easily understood manner. While in
flight, the system will provide terrain
following, terrain avoidance, and threat
avoidance information that will make it
possible to operate safely within 150 feet
of the ground. Sufficient information is
displayed to allow the crew to make mis-
sion decisions concerning altitude, route,
and modes of operation.

Phase II will exploit the capabilities and
lessons learned in Phase I and extend in-
tegrated detection avoidance technology.
Although aimed primarily at special op-
erations missions, the technologies are
highly applicable to any conventional
mission where detection avoidance and/or

engagement avoidance is important. The
greatest near-term payoff will be in the
low intensity conflict arena where the
density of threat systems is relatively low.
The techniques and technology are
scaleable upward with increased on-board
processing as the complexity of the threat
environment increases. The major benefits
of the Quiet Knight Phase II integrated
avionics technology demonstrations will
be:

o Fast threat identification and high
accuracy location

o Improved threat assessment and real-
time threat avoidance

¢ Improved obstacle detection and
avoidance capability and safe terrain
following and terrain avoidance as
low as 150 feet above the ground

o Improved terrain masking in response
to threat location data.

Obstacle Avoidance
Towers

Wires/Cables

Temain Following

Navigation Checkpointing/
Landmarking

Target Area Analysis
Safety Verification
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TECHNICAL APPROACH

‘The original approach of the Quiet Knight
project was to integrate a low probability
of detection (LPD) radar altimeter, an
LPD terrain following radar, a digital map
terrain system, a laser radar (ladar), and an
electronic order of battle threat update
system. The threat update system com-
bines accurate bearing and passive ranging
information obtained by an on-board sen-
sor with broadcast threat data obtained
from off-board sources.

From the outset it was clear that a two-
phase program would be required to ac-
complish all the objectives within funding
constraints. Phase I integrated the core
avionics from Combat Talon I aircraft to
establish a baseline reference of RF de-
tectability. An LPD terrain following ra-
dar was demonstrated for an RF de-
tectability evaluation. A digital terrain

system provided passive terrain following,
terrain avoidance, threat avoidance capa-
bility, navigation, and terrain reference
positioning capability using stored digital’
terrain elevation data and altimeter data to
determine aircraft position. The final step
in Phase I was the integration of the man-
agement of all the LPD sensors with a
threat simulator to evaluate the system
performance and in-flight route planning
capability.

Phase II flight demonstrations will be
structured to credibly simulate actual mis-
sion conditions. New systems to be in-
cluded in the Phase II demonstrations in-
clude real-time integrated ESM, real time
route replanning, and LADAR obstacle
avoidance. The flight test database will be
important to the services weapons systems
development organizations.

System Integration Technology Application

IMPQOVED CREW
SITUATION )
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QUIET KNIGHT

DEVELOPMENT STATUS

Quiet Knight is mid-way through the sec-
ond phase of a two-phase program. The
23-month Phase I effort was completed in
March 1991 after completing 43 separate
flights totaling 188 flight hours. Quiet
Knight Phase 1 demonstrated the ability to
improve sensor management so that
scanning was done only when and where
required to minimize RF emissions, verify
potential inaccuracies in stored terrain
data, detect and account for features such
as towers detected by the radar, perform
look-into-turn sensing of the terrain, and
exercise in-flight route replanning in re-
sponse to simulated threats. New stan-
dards of performance were established for
active and passive detection avoidance.

The Phase II contract was awarded in May
1991 with system technology dem-
onstrations to be completed in late FY
1993. The Phase II system development
effort was temporarily interrupted by a 90-
day stop work order from 18 October
1991 to 17 January 1992. The stop work
order was necessitated by Congressional
suspension of FY 1992 Quiet Knight
funding until credible transition planning
was put in place with the Special
Operations Command. The Phase 1
technology demonstrations were
completed in January 1991. Flight
demonstrations have been delayed for
aircraft repairs unrelated to the project.
FY 1993 funding will complete Phase 1.

Quiet Knight Phase Il Schedule

Fiscal Years 91

92 93 94

Program start
24-month technical effort

Temporary stop work
Hardware deliveries
Alrcraft repair

Baseline
Flight demo 8

integrated ESM
Flight demo 7

Obstacle avoldance
Flight demo B

integrated system evaluation

Flight test report
Program completion

A wmm
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TRANSITION PLAN

The baseline core integration technologies
that were demonstrated in Phase ] are
available for immediate transition. The
primary demonstration equipment include
2 LPD radar altimeter, a LPD terrain fol-
lowing radar with electronically scanned
array antenna, the Quiet Knight data proc-
essor, terrain data base and software to
take maximum advantage of terrain
shielding, and a digital memory unit.

The technologies are applicable to a vari-
cty of special operations aircraft including
all variants of the C-130, Pave Low and
Pave Hawk helicopters, and the CV-22,
The concept also has considerable utility
on bomber, fighter, and attack aircraft of
all types. Special operations aircraft pre-
sent the highest potential for near-term
transition of detection avoidance techno-

logy. The Special Operations Forces are
facing an increasingly difficult problem of
executing both clandestine and low in-
tensity conflict missions, due to the tech-
nologically sophisticated threat wamning
and communication systems being prolif-
erated throughout the world. The Combat
Talon P31 will apply Quiet Knight
technologies. The technologies are
applicable to any aircraft with a mission
requirement to perform undetected
survivable low level penetration.

Responsibility for Quiet Knight will
transition from BTI to the Special
Operations Command during the Spring of
1993 following the Phase 11 critical design
review.

Funding Plan ($ Millions)

FY 1992
& Prior

BTN 401

FY 1993
15.1

Current as of February 1, 1993
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UWB/HPM

ULTRA WIDEBAND / HIGH POWER MICROWAVE TECHNOLOGY

INVESTIGATION OF MILITARY UTILITY

‘This BTI project was initiated in FY 1990
in response to expressions of Congres-
sional interest in the potential military
utility of ultra wideband (UWB) high
power microwave (HPM) technology. A
joint effort was started between BTI and
the Services with two major objectives.

o Investigate UWB radar phenomenol-
ogy, compare the performance of
UWB and conventional radar system
designs for the same applications, and,
if warranted, develop prototype
systems to demonstrate advanced
capabilities.

o Establish the susceptibility of
imporiant classes of U.S. and foreign

electronic systems to UWB/HPM
radiation and demonstrate defensive
and offensive system prototypes.

Applied to radar systems, UWB short
pulse microwaves have the potential for
superior performance in applications such
as short range air defense and antiship
missile defense. Offensively, directed
radiatior: of very high power microwave
impulses may have utility as a counter-
measure to enemy communications, sen-
sors, and electronically guided weapons.
Conversely, U.S. and allied systems may
be susceptible to interference from enemy
sources of HPM.

TECHNICAL APPROACH

UWB Radar System Concepts

The phenomenology, design techniques,
and potential military applications of UWB
(impulse or monocycle) technology are
less well understood than conventional
wideband pulse radar. UWB radar sys-
tems have extremely fine range resolution
which might be exploited in the detection
of stealthy and camouflaged targets. The
low frequency content of many UWB
wave forms could lead to substantial per-
formance improvements in foliage
penetration, target recognition, and land
mine detection.

The quantitative evaluation of the military
utility of UWB/HPM technology is ham-
pered by the lack of established design

rules, the limited availability of high power
impulse generation and transmission
components, and an inadequate database
of system-oriented laboratory and field
experimental results. The BTI approach
to correct these deficiencies is through
comprehensive technology assessments
that include theoretical analyses,
phenomenological experiments, com-
ponent development, and system point
design studies. Laboratory and field
measurements are attempting to quantify:

o Foliage penetration and sub-surface
target detection capabilities

¢ Antiship missile detection and track-
ing performance
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e Time domain signal processing and
target identification techniques

< Terrain and sea clutter associated with
ultrahigh resolution waveforms

Impulse UWB radar designs can be
significantly different, and perhaps simpler,
than conventional radar designs.
However, impulse UWB radars must
process signals at sub-nanosecond
intervals to achieve superior performance
in clutter and for object identification.
‘This project includes the design of UWB
radar transmitter and receiver components
for specific applications.

UWB/HPM Susceptibility Program

Another major thrust of the BTI
UWB/HPM project was an assessment of
the susceptibility of selected classes of
U.S. and foreign electronic systems to
UWB/HPM radiation. This task was pur-
sued in association with the DoD High
Power Microwave susceptibility program.

If systems were determined to be
susceptible, hardening techniques were
developed in the laboratory and validated.
Effects measurements were conducted on
missiles, radars, fuzes, and radio
communications.

Radiation Source Development

Field testing and validation requires an
adaptable source of UWB/HPM radiation.
BTI and the Air Force began joint
development of a transportable radiation
source testbed. Based on a successful
laboratory demonstration of the concept
using available components, Kaman
Sciences Corporation and Sandia National
Laboratory are developing a high power
laser activated semiconductor switch
(LASS) in conjunction with the Air Force
Phillips Laboratory. Performance
characteristics of the mobile testbed can be
varied over a wide range to examine the
effects of UWB/HPM radiation on field
systems.

Conventional Vs UWB Radar Concepts
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UWB/HPM

DEVELOPMENT STATUS

Management Approach

The BTI office has provided direction to a
tri-service technology development team.
ARPA has responsibility for the UWB
radar, and the Air Force Phillips
Laboratory manages the HPM
susceptibility assessment tasks and UWB
testbed source development.

" Accomplishments and Transition to the
Services

Analytical studies and laboratory and field
experiments related to design of UWB
radar systems have been completed. The
results of analyses, experiments, and
system point design studies are being
provided to DoD and industry
development agencies. Measurements and
analyses completed in the FY 1992
program confirm that the most attractive
applications of UWB technology to radar
will exploit the low frequency content and
the high range resolution of the wave
form, with ground and foliage penetration

in the forefront. With this in view, a
program of foliage- and ground-
penetrating data collection and system
design is being conducted in FY 1993.
Among the most severe limitations of
UWRB radar system technology is the
heavy radio frequency interference in the
VHF/UHF spectrum. A program is
underway to evaluate the effectiveness of
advanced signal processing algorithms in
mitigating this interference.

Measurements of the effects of HPM ra-
diation on selected missile, radar, com-
munications, and fuze systems have been
completed. Reports on the susceptibility
of these systems have been provided to the
services for use in their HPM programs.
BTI support of the susceptibility
measurements ended with FY 1992 funds.
The fabrication and field tests of the
testbed source, started with BTI funds,
will be completed in May 1993 with Air
Force funds.

UWB/HPM Testbed Source
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HPM SUSCEPTIBILITY SCHEDULE
Fiscal Years o1 92 93 94 95
Laboratory effects jcemmunications
measurements L atssies
|fudw p -
Advanced semiconducior gwlich
Component { stor
doveploop"mom Prototype antennes T
r.ma'm %
Field valldation tests ¥
Funding Plan ($ Millions)
FY 1992
& Prior - FY 1993 FY 1994
BTl 192 72
ARPA 85

Current as of January 26, 1993




