UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 2 PROGRAM ELEMENT: 0602232N
PROGRAM ELEMENT TI TLE: Conmuni cati ons, Command and Control, Intelligence
Surveil | ance & Reconnai ssance (C3l SR

(U COsT: (Dollars in Thousands)

PRQIECT FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
NUMBER &  ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MVATE COWPLETE PROGRAM
TI TLE

C3I SR 54,084 68, 108* 68, 823 70, 272 72,726 76,111 77,904 79, 762 CONT. CONT.

*FY 1999 transfer during execution from PE 0605866N to correct budgeting error (+1,100)

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El ement (PE) supports future comrand, control
comuni cations (C) and intelligence, surveillance & reconnai ssance (I1SR) systems for surface, air and space platforns and
ashore for Naval Warfare. C technol ogy focuses on the delivery of critical, tinme sensitive, tactical information to
deci si on nmakers for fusion and managenent of information between the warrior, comand centers, and National Conmand

Aut horities. Technol ogy devel opnents include network Centric architecture and information infrastructure, intelligent
infornmati on exploitation and retrieval, consistent tactical picture devel opment, collaboration environnents, and

i nteractive decision support including continuous plan-execute cycles, and navigation. The major goal is to provide the
Navy with the capacity to interconnect governnent and conmercial tel ecomuni cation assets, worldw de, that is efficient
and responsive to regional theater chall enges and the National interest. Surface/Aerospace |SR technol ogy enphasi zes
advanced sensor and processing systens for theater wide air and surface surveillance, battle group surveillance, real-tine
reconnai ssance and ship self-defense. Mjor technol ogy goals include increased |ong-range target detection and

di scrimnation, precision track and positive target identification in conplex counterneasure and adverse environnental
conditions. Both C and ISR technol ogies directly support the Joint Warfighter M ssion Areas and Areas of Precision Force
(Strike Warfare) including Littoral Warfare, Conbat Identification (ID), Joint Theater Mssile Defense, and Infornation
Superiority. Specifically: Precision Force efforts address technology issues in real-tinme targeting, |ong range target
detection, track and engage and Battle Danmage Assessment (BDA). Prograns include mission planning, en-route C’, precision
targeting, nultisensor fusion, and tenporal and spectral discrimnation algorithns. Precision Force in the Littorals
addresses issues in air and surface battl espace and devel ops technol ogy for ship self-defense, cooperative engagenent and
power projection systens including ship-based and off-ship radar and el ectro-optic/infrared (EQIR) sensors, connectivity
and robust, enduring conmunications. |SR technol ogy efforts address issues of precise target location and real-tine
targeting, counter-jamm ng and deception. Programincludes multi-platformradar and (I R) sensors for detection
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identification, tracking, BDA, and tinely distribution of surveillance information to all levels of command. C efforts
addr ess Networked Operations supported by distributed collaborative battle nanagenent. Operational focus areas are
littoral warfare, strike and operations other than war (OOTW e.g. humanitarian assistance. This PE enphasi zes sensors
and C technol ogy to provide Naval Warfighters with seanl ess, tinely situational awareness of the total battlespace and
i ndi cations and warning of threat operations and intentions.

(U These efforts support the Joint Warfare Strategy "Forward... Fromthe Sea". Programs are jointly planned in the Defense
Technol ogy Area Planning Process within the Departnent of Defense.

(U Due to the sheer volune of work included in this PE, the prograns described in the Acconplishments and Pl ans sections
are only representative selections of the work included in this PE and not an exhaustive presentation

(U The Navy Science and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possi bl e applications towards solution of specific Naval problens short of a ngjor
devel opnent effort.

(U) PROGRAM ACCOWPLI SHMVENTS AND PLANS:
1. (V) FY 1998 ACCOWPL| SHVENTS:

. (U) (%$20,430) RADAR TECHNOLOGY: The Radar Technol ogy programinvestment addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on major platfornms such as ships and aircraft and
cross cutting technol ogies that apply across platforns. Major drivers include affordability and sensor
performance in conplex target, Electronic Counterneasure (ECM and adverse environnmental conditions including
operations in the littorals.

- (U) Devel oped nulti-band shi pboard radar system architecture including design concepts for a nulti-frequency
band, electronically steered phased array to enable search, track and engage functions froma single topside
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radi o frequency (RF) Aperture. This effort is also assessing effectiveness of adaptive waveforns for
suppressing effects of clutter and ECM on system dynam c range. Addresses DD 21 needs to reduce topside
signatures by reducing the number of RF apertures required for radar operations.
- (U Fabricated scale nodel of voltage controlled di ode affordabl e phased array radar for performance
assessnment. Cost of a shipboard four-face voltage controlled diode antenna array is estimted to be 20% of the
cost of current active elenment, phase shifter steered arrays. Addresses Navy needs for affordable high
performance radar antennas. Program was enabl ed by previous Small Business Innovation Research (SBIR) program
i nvest ment .
- (U) Devel oped design for MIIlineter Wave H gh Resol ution Radar denonstration nodel to eval uate detection and
precision track performance for short range, ship defense operations in countering high dynam c anti-ship
m ssiles. Addresses Navy needs for precision fire control quality tracking and cueing of anti-ship mssile
def ense engagenent systens Program Executive O ficer, Theater Air Defense (PEO TAD, NO91).
- (U Devel oped scal e nodel ultra high frequency (UHF) non rotating electronically scanned phased array that is
form fit and function with current Navy E-2C Aircraft rotodone antenna configuration. |ldentification Friend or
Foe (I FF) antennas for 360° field of view (vice current 120 degree)are integral to the antenna and rot odone
structure. Addresses PEO T/ PMA- 231 needs for radar surveillance and tracking of cruise and theater ballistic
mssiles in littoral regions.
- (U Initiated systens study to deternine extent of upgrade to the Muntaintop experinmental radar necessary to
enabl e future technology feasibility denpobnstrations in theater ballistic mssile and cruise nmissile defense
scenarios. This study is being conducted in conjunction with Pacific Mssile Range Facility staff to insure
conpatibility with range operations.
- (U) Devel oped conpact UHF digital receiver for E-2C AN APS-145 radar inprovenent program Uilized Defense
Advanced Research Projects Agency (DARPA) advances in Mcrowave Mnolithic Integrated Crcuit (MMC) technol ogy
to realize a high perfornmance direct RF to digital receiver (that is |ess than one tenth the size and wei ght of
current E-2C receiver). Addresses PEO A/ PMA-231 needs.
- (U) Established a programto devel op airborne nulti-node radar technol ogy to enabl e i magi ng of stationary and
nobil e | and and sea targets froma single radar system Technol ogy needs of Navy AN APS-137 (PMA-290) and Joint
Surveil |l ance Target Attack Radar System (JSTARS) are addressed.
- (U Laboratory and field tested ultra w deband very high frequency (VHF/ UHF) radar for conceal ed/ buried
target detection, location and inmaging. Hyper resolution techniques have been devel oped to maxi nize inage
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quality and to nmininmize false alarm This programis coordi nated with Def ense Advanced Research Project Agency
(DARPA), Arny and the Defense Intelligence Agency.

- (U Conpleted Joint Programwith Air Force and DARPA to devel op Autonatic Target Recognition technol ogy
including algorithns to extract and correlate target el ectromagnetic and di nmensional characteristics from high
resol ution radar profiles and imagery. Addressed needs identified by Joint Conbat ldentification Ofice

(JA DO, CNO Ne6, for high confidence target identification systens that are insensitive to target aspect angle
and dynamics. Technol ogy planned for transition to United States Air Force (USAF) F-16 in FY1999.

- (U Denonstrated high resolution, passive imaging mllimeter wave radi ometric sensor for covert, all weather
strike targeting, target identification and battle damage assessnent. The sensor produced clearly defined

i mges of visibly obscured (Fog) ground structures and vehicles such as buildings, bridges and various trucks
and arnored vehicles. This denonstration sensor was enabled by mllinmeter wave focal plane technol ogy devel oped
by DARPA under the Technol ogy Reinvention Program (TRP). Denonstration addressed Navy and Marine Corps needs
for I ow probability of intercept sensors identified by the Ofice of the Chief of Naval Operations (N88) and the
Conmander in Chief Atlantic Fleet (CINCLANTFLT) and is al so responsive to PEO TAD needs for covert navigation in
restricted waters.

« (U (%11,576) EQ IR TECHNOLOGY: The EQ' I R technol ogy investment addresses Navy surveillance needs and exploits
technol ogy opportunities | eading to advanced EO sensor and autononous processing capabilities. The program
enphasi zes needs of mmjor Navy air platforms for detection, acquisition, precision targeting and fire contro
handoff. Technol ogi es such as nmulti-wavel ength passive/active sensors and mul ti-di mensi onal signal processing
al gorithnms to enhance detection and track performance in adverse environnents are stressed. Optical apertures to
enable nultiple EO sensors to operate sinmultaneously froma single aperture are bei ng devel oped.

- (U) Conpleted system design and architectural studies addressing deficiencies of scanned Infrared Search and
Tracks (I RSTs) such as missed target detection due to atnospheric scintilation and need to mtigate ocean sun
glint effects. This advanced staring infrared panoranic search and track sensor and signal processing technol ogy
uses spatial, tenporal and spectral discrininates to detect subsonic and supersonic targets such as Anti Ship

M ssiles (ASMs) and TMBs while suppressing clutter (backlit clouds, surface reflections) and nui sance targets.
The conpl et ed desi gn incorporates DARPA-funded technol ogy for high-performance 1024 x 1024 staring Focal Pl ane
Arrays (FPAs). The Joint programwi th the United Ki ngdom Royal Navy and addressi ng PEO TAD/ SC needs for ship and
TBM def ense has been put on hold. The design concepts although not denonstrated have transitioned to PEO TAD and
NSWC- DD E&MVD | RST program
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- (U) Conpleted hardware and software integration of real time nmulti-dinensional commercial off the shelf
(COors) signal processor with the ship two-color IRST, and transitioned to PEO TAD and NSWC-DD for use in E&VD

| RST program

- (U) Devel oped conpact dual -band airborne | RST sensor with active |aser aperture for E-2C to enabl e | ong range
detection and tracking of TBMs and cruise missiles (CMs). Laser devel opnment funded by Ballistic Mssile Defense
Organi zation (BVDO). Program addresses needs identified by the Fl eet Commander In Chiefs, PEO TAD and PEO A for
long range detection and precision track of TBM’s and CM’s.

- (U) Developed Hyper Spectral Infrared sensor jointly with USAF and Defense Airborne Reconnaissance Office

(DARO) with greater than one hundred sub-bands in both the mid wave (3-5 microns) and long wave (8-12 microns)

spectral bands and developed IR signal processing algorithms to recognize/exploit man-made target signatures

relative to natural backgrounds and countermeasures in support of tactical and airborne reconnaissance,

surveillance and strike warfare needs identified by Commander In Chief Pacific Fleet (CINCPACFLT) and N091.

- (U) Developed modeling and simulations to enable fusion of multiple wavelength EO passive and active sensor

attributes. Incorporated worldwide threat, scene/terrain and environmental databases. Conducted analysis and

simulation of sensor and operating characteristics in environments representative of worldwide conditions

Products of this development are being utilized by Government laboratories and industry to optimize sensor

designs and architectures without incurring the cost of hardware and field tests.

(V) ($2,872) MULTI-SENSOR TECHNOLOGY: The Multi-Sensor technology program investment addresses Navy
Intelligence, Surveillance and Reconnaissance needs and exploits technology opportunities leading to the
integration, fusion and automated management of sensors operating within a platforms Combat System Architecture.
The program emphasizes needs of major ship and air platforms and is developing crosscutting technologies that
apply across platforms. Technologies such as processing architectures and algorithms to fuse, filter and

correlate data and automated resource management procession are pursued.

- (U) Completed development of F/A-18 aircraft SUU-63A wing station configured receivers, processors and
antennas to enable precision targeting of emitters at ranges beyond the defensive weapons systems. Addresses
Fleet needs and those of NAVAIR-PMA 242 and PMA 265 for passive RF targeting for High Speed Anti-Radiation
Missile (HARM).
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- (V) Devel oped/integrated encoded nodul ati on waveforms into existing aircraft (AV-8B) targeting |aser for

| aser interrogation of an | FF system |nplenmented correspondi ng decoding logic into existing |aser warning
receivers to cue standard | FF response on own aircraft. Addresses Fleet and Chief of Naval Operations (CNO N66
needs for positive Conbat IDto elimnate/mnimze fratricide during close air support operations.

- (U) Devel oped data fusion/resource managenent processing architecture in an interactive sinulation to
facilitate autonomous nulti-sensor operation. |Integrated nodels of current operational sensors (Radar

El ectronic Support Measures (ESM, EO into a nulti-sensor test bed enabling evaluation and denonstration of
emer gi ng fusion and resource managenent processing technol ogy without costly flight tests. Responds to Fleet
requi renents/needs for tinely integration and disseminati on of on-board and all source sensor data with
automat ed data fusion and tactical decision aids for real tine sensor optimzation

. (U) (%$1,835) COVMINI CATI ONS NETWORKS: Continue devel opment of technol ogies critical to performance and
robust ness of Naval Conmmuni cati ons networKks.
- (U) Designed and tested prototype software for the high performance reliable nmulticast transport protocol and
Quality of Service (QOS) enhancenents to the Internet Protocol (IP). Coordinated via the Infornmation Superiority
Technol ogy (1 ST) Panel of the Defense S&T Reliance.
- (U Installed the ATM networki ng testbed. Prepared test plans and procedures in coordination with French
experts. Coordinated via | ST Panel of the Defense S&T Reli ance.
- (U) Devel oped Dormei n Nanme Server for heterogeneous nobile networks. Coordinated with the DARPA Warfighters
Internet program Coordinated via the |IST Panel of the Defense S&T Reli ance.
- (U Analyzed the QOS Channel Allocation Protocol for throughput, delay and robustness.

. (U ($10,028) RADI O COVWMUNI CATI ONS:  Conti nued devel opnent of key conmuni cations technol ogies for air, ship and
submari nes.
- (U Conducted full-configuration at-sea testing of the conpact | ow profile buoyant cable submari ne antenna.
- (U) Devel oped the design software for the structurally-enbedded, reconfigurable aircraft antenna array pane
on a curved surface, and conpared, with conputed predictions. Coordinated via the | ST Panel of the Defense S&T

Rel i ance.
- (U) Devel oped an i nproved nodem for UHF |ine-of-sight comunications enpl oying bandwi dth efficient
nodul ati ons and adaptive equalization of the fading and nmulti-path maritinme channel. Incorporated power
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managenent and control algorithns to achieve efficient use of avail abl e power resources. Coordinated via the IST
Panel of the Defense S&T Reliance.

- (U) Adapted comercial code division nmultiple access (CDVMA) wirel ess technol ogies to naval applications.

Enmpl oyed power managenent and control algorithnms for inproved network design. Coordinated via the (IST) Panel of
the Defense S&T Reli ance.

- (U Based on at-sea experinments conducted with the National Aeronautics and Space Adm nistration (NASA)
Advanced Conmuni cations Technol ogy Satellite (ACTS), devel oped framework for recepti on of d obal Broadcast
Service (GBS) on naval ships and aircraft.

. (U) (%$5,714) COMVAND SUPPORT: This program devel ops and denonstrates software components and technol ogi es that
enable the Navy’s concept of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unique information processing technologies that enable information dominance through vastly improved
speed of command. Particular emphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical/Operational Picture, and to
jointly plan and monitor military missions. All of the research efforts recognize the important role of COTS
software components and standards, and consequently they focus on maximizing the integration of such software
into software functionality for Naval applications.

- (U) Demonstrated support of the Common Operational Picture/Common Tactical Picture (COP/CTP) and mission
planning, demonstrated an intelligent agent architecture and agents for the smart retrieval of tactically useful
information (e.g. an agent for retrieving weather at a planned landing zone).

- (U) Completed prototype and demonstrated an object oriented database management architecture using real time
interface mechanism to access hybrid databases (flat files, relational, or object oriented) in a distributed

real time information system. Real-time extensions submitted to the Object Management Group for incorporation
as an international computing industry standard.

- (U) Transitioned collaborative environment technology integrating COTS groupware and collaborative tools to
support day-to-day ops, etc. to Space and Naval Warfare Systems (SPAWAR) (PE 0603794N).

- (U) Initiated development of an Element Level Strike Planner using collaborative and distributive technology

that will integrate operations of a strike mission plan from receipt of the Air Tasking Order to passing and

briefing the completed plan to the Commanding Officer. Jointly funded with N88 and N63.
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- (U In support of information systemsecurity, developed a formal nodel for protecting agai nst data storage
spoofing in large scale systens. |Inplemented an integrity cluster controller for conmbating malicious software
attacks.

(U (%$1,629) NAVI GATION: Continued devel opment of key navigation technologies for air, ship and submari nes.

- (U Performed concept denonstration of the candi date signal structure for reduced d obal Positioning System
(GPS) vulnerability.

- (U Analyzed measured reductions in the dead-band | ock-in for the quantumwell mrror ring | aser gyro

t echnol ogy.

- (U Conpleted | aboratory eval uation of high performance fiber-optic gyro (FOG Advanced Devel opment Model
for subrmarine applications and transitioned to the Navy Special Projects Ofice (SP-24).

- (U) Devel oped and tested the high power fiber-optic Iight source for high performnce FOGs.

- (U ldentified techniques for data conpression and bul k processing applicable to fast processing of GPS

si gnal s.

3. (U FY 1999 PLAN:

(U (%$32,342) RADAR TECHNOLOGY: The Radar Technol ogy program investnent addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on najor platforns such as Ships and aircraft and
cross cutting technol ogies that apply across platforns. Mjor drivers include affordability and sensor
performance in conplex target, ECM and adverse environmental conditions including operations in the littorals.
FY 1999 funding for this thrust includes an $11. 0M Congressional add-on for UHF El ectronically steered Array
devel opnent and for Kauai, Hawaii Mountain Top facility capability inprovenents. This Congressional add-on is
for FY 1999 only.

- (U Install nulti-band, flexible waveform shipboard radar sensor at Wallops Island for perfornance and
operational utility assessnents against representative targets in varying environnental clutter and sea state
conditions. Assessnents jointly conducted with PEO TAD/ SC.

- (U Continue devel opnent of adaptive wavefornms for nulti-band shipboard radar to maxim ze detection and track
performance in conplex target and nulti-path conditions and to m nimze system dynanic range and anal og-t o-
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digital converter requirements. Addresses PEO TAD/ SC and N-86 needs for continuous track in severe nulti-path
and clutter conditions.

- (U Integrate scale nodel voltage controlled diode array with test bed radar systemto devel op performance
versus cost trade-off nmetrics. Responds to Navy needs for affordabl e high performance RF apertures. Joint
program wi t h DARPA.

- (U Continue devel opnent of MIIlineter Wave H gh Resol uti on Radar Dempnstrati on Mbdel for close in anti-ship

cruise mssile (ASCM tracking. |Incorporate H gh Power source devel oped by the El ectronics program under PE
0602234N.

- (U) Characterize performance of scale nodel UHF electronically scanned array in static chanber testing and at
the experinmental radar facility at Pacific Mssile Range Facility (PMRF), Kauai, Hawaii. Conpare overall

performance to existing E-2C TRAC-A, and ADS- 18 antenna systens. Conduct E-2C integration studies to include
el ectromagnetic conpatibility determinations. This devel opment addresses technol ogy needs identified by CNO
N88, PEO-A and PMA-231 for multi-target tracking of theater ballistic and cruise mssiles and for 360 degree
continuous (I FF) capability.

- (U) Conplete technol ogy devel opnment of UHF digital receiver and characterize performance in preparation for
field testing at the Muuntaintop Radar Facility in Kauai, Hawaii .

- (U Flight test conceal ed/buried target detection ultra-w deband radar to quantify target detection and inmage
qualities in high false alarmconditions. DARPA and Arny will participate in flight test effort.

- (U Integrate test bed nodel of airborne nulti-node radar systeminto test aircraft for perfornance

eval uation agai nst snmall seaborne craft and noving and stationary ground targets. DARPA, Air Force (Wi ght
Laboratories) and JSTARS programwi |l participate in evaluation.

- (U Continue joint programwith Air Force and DARPA to devel op automatic target recognition algorithms in
support of Tri-Service needs for long range identification of stationary and sl ow noving ground targets.

- (U Congressional Plus Up: Integrate UHF El ectronically Steered Array in Kauai, Hawaii Muntain Top Test
Facility. Effort includes inprovenments to the facilities experinental radar and will establish connectivity to
the Maui Hi gh Performance Conputing Center.

. (U (%$11,568) EQ I R TECHNOLOGY: The EQ' IR technol ogy investnent addresses Navy surveillance needs and exploits
technol ogy opportunities | eading to advanced EO sensor and aut ononous processing capabilities. The program
enphasi zes needs of nmmjor Navy air platfornms for detection, acquisition, precision targeting and fire control
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handoff. Technol ogi es such as nmulti-wavel ength passive/active sensors and nul ti-di nensional signal processing
algorithms to enhance detection and track performance in adverse environments are stressed. Optical apertures
to enable multiple EO sensors to operate sinultaneously froma single aperture are being devel oped.

- (U Integrate dual band airborne I RST sensor into a fleet configured E-2C aircraft for aircraft conpatibility
and performance evaluation. Optical aperture to enable insertion of BMDO funded | aser sensor when sufficiently
mature is included. This technol ogy addresses needs for |ong range detection and tracking of Theater Ballistic
Mssiles identified by PEO TAD SC and PEO T.

- (U Continue devel opnent of target discrimnation and recognition algorithnms to distinguish unique
characteristics of man nade objects relative to naturally occurring background clutter.

- (U Continue joint programwith Air Force and DARO to devel op Hyper-spectral infrared sensors for Naval
airborne Intelligence, surveillance and reconnai ssance m ssions. Addresses needs identified by PMA-290 and PMA-
265.

- (U) Continue nodeling and sinulation to optim ze sensor operating characteristics and fusion of nulti-

wavel engt h EO passive and active sensor attributes. Devel op cueing and control processing strategies to enable
rapi d hand-of f of precision fire control data to on and of f-board engagenment systens.

- (U Integrate nmulti-function electro-optic sensor technology completed in FY 98 into a distributed aperture
infrared sensor system (DAIRS) specifically for the Joint Strike Fighter (JSF). This devel opnent addresses the
JSF program of fi ce needs for passive infrared sensors to provide continuous situational awareness and missile
warning. This devel opnent is coordinated with the Air Force within the JSF programoffice and within the

Def ense Rel i ance Sensors, Electronics and Battl espace Environnents Panel .

- (U Initiate joint programw th DARPA and PMA-290 to devel op and denobnstrate Hyperspectral Electro-Optical

| magi ng technology on the EP-3 aircraft. Technol ogy devel opment enphasi zes high resolution, nultiband i magi ng
sensor and algorithms for target detection and confirmation. |Initial plans for insertion of this technology is
for EP-3 with foll owon application to F-18F shared reconnai ssance POD (SHARP). This effort addresses needs
identified by CNO-N88 and PEO- T for real tinme situational awareness, precision targeting and battle damage
assessnent.

. (U (%$2,768) MILTI - SENSOR TECHNOLOGY: The Multi-Sensor technol ogy programinvestnent addresses Navy
Intelligence, Surveillance and Reconnai ssance needs and exploits technol ogy opportunities |eading to the
i ntegration, fusion and automated nanagenent of sensors operating within a platfornms Conbat System Architecture.

R1 Line Item 8

Budget Item Justification
(Exhibit R-2, page 10 of 22)

UNCLASSIFIED



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDGET ACTIMVITY: 2 PROGRAM ELEMENT: 0602232N
PROGRAM ELEMENT Tl TLE: Communi cati ons, Comrand and Control, Intelligence,
Surveil | ance & Reconnai ssance (C3l SR

The program enphasi zes needs of major ship and air platforns and is devel opi ng crosscutting technol ogi es that
apply across platforns. Technol ogi es such as processing architectures and algorithns to fuse, filter and
correl ate data and aut onated resource nmanagenent procession are pursued.

- (U Transition targeting avionics sensor technology to PMA 242 to provide precision targeting capabilities
for U S Navy and (HARM capable International aircraft.

- (U Denonstrate |aser encoded | FF on AV-8B and F/ A-18 aircraft at CNO N66 sponsored All Service Conbat |ID
Eval uati on Team (ASCIET) trials with follow on evaluation by North Atlantic Treaty Organi zation (NATO Atlantic
Counci| 243 Defense Research G oup nenber Nations.

(U Integrate Data Fusi on/ Resource nmanagenment processing algorithns into the SPY-1 radar at the Aegis Conbat
Systenms Center and conduct ground system characterization and effectiveness assessments during theater ballistic
m ssil e tracking exercises. Addresses PEO TAD/ SC needs for sensor resource managenent technol ogy.

(U Initiate systemstudies for the E-2C aircraft to define integrated nultisensor architecture to include
tactical data Iink and the cooperative engagenent capability (CEC) system This effort responds to needs
identified by CNO- N88 and PMA-231 for detection, discrimnation, fire control quality tracking and engagenents
of mssile threats.

obust ness of Naval Communi cati ons networks.

(U) Test and anal yze the prototype software for the high performance reliable nulticast transport protocol
and the QOS enhancenents to the Internet Protocol (IP). This work extends COTIS-based reliable multicast
protocols to various nilitary applications. Present the results to the Internet Engineering Task Force (I|ETF)
for consideration in the next generation standards-track protocols. Coordinated via the |IST Panel of the Defense
S&T Rel i ance.

- (U Incorporate the enhanced transport and IP prototype software in the ATM network testbed and test their
performance relative to existing protocols. Borrow Asynchronous Transfer Mde (ATM nachi nes from France for
performance testing. Conduct tests enploying different ATM machines to determ ne quality of perfornmance and
interoperability. Coordinated via the | ST Panel of the Defense S&T Reliance.

- (U Investigate technical issues related to ATM use, such as signaling, interoperability robustness, and
ability to support QOS at the application layer. Mlitary use of ATM switches requires adaptation to RF nedia
and is not limted to fiber-optic wires. Coordinated via the | ST Panel of the Defense S&T Reliance.

R1 Line Item 8
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- (U) Develop intelligent |local agents for heterogeneous nobile network nanagenent. Coordinated with the DARPA
Warfighter Internet Program Coordinated via the | ST Panel of the Defense S&T Reliance.

. (U) (%$10, 600) RADI O COVMUNI CATI ONS: Continue devel opment of key communications technol ogies for air, ship and
submarines. FY 1999 funding for this Thrust includes $1.0M Congressional add-on for devel opnent of Hybrid
Wrel ess Fi ber Communi cati ons Technol ogy. Add-on is for FY 1999 only.
- (U Conclude the residual noise tests of the on-hull extremely |ow frequency (ELF) submarine antenna. This
devel opnent provided first time capability for submarines to receive ELF transmi ssions w thout having to depl oy
along trailing wire.
- (U Analyze data fromthe sea tests of the |ow profil e buoyant cable submarine antenna. Perform conparative
at-sea testing with DARPA buoyant-cabl e array design. This devel opnment enables up to order of nagnitude
increase in data rate with UHF operation at speed and dept h.
- (U) Conplete devel opnent of the structurally-enbedded, reconfigurable aircraft antenna array reconfiguration
using optically activated switches. Structural enbednent of antenna arrays reduces life cycle costs and radar
cross-section. Coordinated via the |IST Panel of the Defense S&T Reliance.
- (U Conduct laboratory and field tests of the inproved nmodem for UHF |ine-of-sight ship comunications.
Conpare results with expectations, and define further inprovenents as needed in the nodem desi gn and the power
managemnment al gorithms. Coordi nated via the | ST Panel of the Defense S&T Reliance.
- (U Denonstrate the use of Code Division Miultiple Access (CDMA) technologies in Navy tactical networks.
CDMA requires adaptation fromcomercial networks to mobile nmilitary networks that require | ow probability of
intercept/detection. Coordinated via the | ST Panel of the Defense S&T Reliance.
- (U Devel op Mechanically Assisted Phased Array (MAPA) antenna for the Utra-Small Aperture Term nal
(USAT) capabl e of GBS reception on board Navy ships and aircraft. Denonstrate use of back-channel connectivity to
the GBS. Coordinated via the |IST Panel of the Defense S&T Reli ance.
- (U) Congressional Plus-Up: Initiate investigation of hybrid fiberoptic/w reless conmmuni cati ons systens.

Coordi nated via the I ST Panel of the Defense S&T Reli ance.

. (U (%5, 552) COWAND SUPPORT: This program devel ops and denponstrates software conponents and technol ogi es that
enable the Navy’s concept of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unigue information processing technologies that enable information dominance through vastly improved
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speed of command. Particular enphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical / Operational Picture, and to
jointly plan and nonitor military mssions. All of the research efforts recognize the inportant role of COIS
sof tware conponents and standards, and consequently they focus on maxinizing the integration of such software
into software functionality for Naval applications.

- (U In support of the Commopn Operational Picture/Comon Tactical Picture (COP/CTP), continue devel opment of
software agents for intelligent data exploitation and retrieval. Specifically, inplenent a video abstract agent
and web-based agents; develop a cooperative query capability; and test inter-agent architecture operation

- (U In support of COP/CTP, continue efforts to develop a real-tinme static scheduling service; advance the
real -time operating mechani snms; define the real-tine prototype environment to support distributed nodes; and
integrate real-tinme nmechani sms to support distributed collaboration

- (U In support of COP/CTP, evaluate the Covariance Intersection approach as a nethod to fuse data in a

di stributed environnent.

- (U Continue the devel opnent of collaborative environment tools specifically incorporating intelligent agent
technology. Determine if the existing collaboration technology will support tactical environnents and , if not,
what nodifications are required.

- (U) Advance deci sion support technol ogi es through the devel opment of case-based plan authoring and advanced
use interfaces; inplenent intelligent agents into existing real-tine execution decision support; devel op comon
representation and interaction between planning and nonitoring support capabilities.

- (U In support of Network Operations, define the requirenments and design specifications for Adaptive Rul es of
Engagenent. Conduct user experinents with collaboration and decision support capabilities in coordination with
SPAWAR and the Sea-Based Battle Lab (USS Coronado). |Incorporate collaborative environnent and execution
nonitoring capabilities into Extending the Littoral Battlespace (ELB) ACTD 1999 Denp.

. (U) (%$1,814) NAVI GATI ON: Continue devel opnent of navigation technol ogies for air, ship and subnarines.
- (U Conpare quantumwell mrror ring |laser gyro measurement results with conventionally designed ring |aser
gyros. This devel opnent pronmises to elimnate nechanical dithering and nmake ring | aser gyros nore producible
and affordabl e.
- (U) Investigate use of pseudolites for acquiring ranging in addition to tinmng data using GPS signals. This
devel opnent woul d | ower the vulnerability of GPS users to eneny janmm ng.
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- (U Apply nodern digital signal processing technologies to the design and devel opnent of next generation

G obal Positioning System (GPS) receivers for inproved anti-jam protection

- (U) Test the Advanced Devel opnent Model |1 of the high performance fiber-optic gyro and transition to the
Navy Special Project Ofice (SP-24). This devel opment enables replacing the ESGN (El ectrostatic Suspended Gyro
Navi gator) presently depl oyed on submarines with nmore affordable fiber-optic gyro navigators.

- (U Integrate advanced el ectronics into strategi c submari ne navigation systems to reduce dependence on

di m ni shing source of supply for ol der conponentry.

. (U) ($900) STRATEQ C SYSTEMS TECHNOLOGY: The objective of the Strategic System Sustainment project is to devel op
and denonstrate technologies in the areas of Mssile Flight Science, Submarine Navigation, and Underwat er
M ssil e Launch to sustain these strategic capabilities that will (1) reduce the reliance on unique materials and

processes, (2) reduce the reliance on human-expertise intensive processes, and (3) reduce the cost of
mai nt ai ni ng these systens.

- (U) Assess the existing missile flight science design and analysis codes for integration in to a platform
i ndependent architecture.
- (U) Devel op Underwater Launch systenms architecture.

. U) ($755) Portion of extramural programreserved for Small Business |Innovative Research assessnent in accordance
with 15 USC 638.

4. (U FY 2000 PLAN:

. (U) (%$22,193) RADAR TECHNOLOGY: The Radar Technol ogy program investnent addresses Navy surveillance needs and
expl oits radar sensor technol ogy opportunities. Enphasis is on najor platforns such as Ships and aircraft and
cross cutting technol ogies that apply across all platforms. Mjor drivers include affordability and sensor
performance in conplex target, ECM and adverse environmental conditions including operations in the littorals.
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- (U Inplenent adaptive waveforns into Milti-band shipboard radar test bed and assess detection, tracking and
dynam c range perfornmance in conpl ex counterneasure, clutter and nulti-path environnents. Addresses PEOC TAD/ SC
and N-86 needs for continuous fire quality tracking in severe counterneasure and clutter environments.

- (U Initiate laboratory and field evaluation of Hi gh Power MIIlineter Wave Radar Denobnstration Nbdel.
Tracking quality and consistency will be eval uated against a variety of representative targets and

count erneasure environments. Jointly conducted with the El ectronics program under PE 0602234N.

- (U Transition UHF Electronically Steered Antenna (UESA) array to Advanced Technol ogy Denonstration (ATD)
program PE 0603792N. ATD endorsed and supported by OPNAV N 88 and COVWNAVAI RSYSCOM PMA-231 in the near term and
to the Common Support Aircraft in the md-long term

- (U Integrate UHF Digital Receiver into the inproved Muntaintop experinmental Radar at PMRF, Kauai, Hawaii .
Technol ogy supports the UESA ATD and scheduled to transition to PVA-231 E-2C Radar Mbderni zati on Program ( RVP)
in FY-2001.

- (U Conplete flight test characterization of the Conceal ed Target Detection/ G ound Penetrating Utra
W deband Radar. This project is coordinated with the Defense S&T Reliance Sensors, Electronics and Battl espace
Envi ronments ( SEBE) Panel .

- (U Conduct initial flight measurements of the airborne Milti-Mde Radar systemto characterize perfornance
agai nst ground targets in all operating regines (noving, stationary). Jointly conducted with DARPA, USAF Wi ght
Laboratories and the JSTARS program

- (U) Continue joint programwth Air Force and DARPA to devel op automatic target recognition algorithnms and
signal processing in support of joint Warfighter and Tri-Service needs for |ong range identification of
stationary and sl ow noving ground targets. Coordinated with Defense Reliance SEBE Panel .

. (U) (%$12,584) EQ I R TECHNOLOGY: The EQ IR technol ogy programinvestnent addresses Navy surveillance needs and
expl oits technol ogy opportunities | eading to advanced EO sensor and processing capabilities. The program
enphasi zes needs of major Navy air platfornms and is devel opi ng crosscutting technol ogies that apply across
pl atforms. Technol ogi es such as nmulti-wavel ength passive/active sensors and nul ti-di nensional signal processing
algorithms to enhance detection and track performance in adverse environments are stressed. Optical apertures
to enable multiple EO sensors to operate sinultaneously froma single aperture are being devel oped.
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- (U Conplete in flight evaluation of the dual band (I RST) on a fleet E-2C aircraft participating in TBM
detection and tracking exercises. This effort responds to stated needs of PEO TAD/SC and PEC- T for |ong range
detection and precision tracking of TBMs. Jointly coordinated with the Air Force via Defense Reliance SEBE
Panel .

- (U Integrate BMDO funded eye safe | aser sensor into dual band airborne E-2C | RST for sensor conpatibility
and performance eval uations. Responds to Joint Theater Air and Mssile Ofice needs for |ong range, precision
tracking of TBMs.

- (U Continue devel opnent of target discrinmination and recognition algorithnms to distinguish unique
characteristics of man nade objects relative to naturally occurring background clutter

- (U Continue nodeling and sinulation to optimnize sensor operating characteristics and fusion of nulti-

wavel engt h passive and active EO sensor attributes. Develop and optim ze sensor cueing and control processing
strategies to enable rapid hand-off of precision fire control information to on- and off-board engagenent

syst ens.

- (U Transition Distributed Aperture Infrared Sensor (DAIRS) to (ATD) project as part of Miltifunction
Infrared Distributed Aperture System (M DAS) under PE 0603792N. This technology is identified as a critica

el ement of the Joint Strike Fighter roadmap for situational awareness and missile warning.

- (U Continue joint programw th DARPA and PMA-290 to devel op Hyperspectral |nmagi ng sensor and processing for
denonstration on the EP-3 aircraft. This effort addresses needs identified by CNO-N88 and PEO- A for real tine
situational awareness, precision targeting and battl espace assessnent.

- (U Initiate devel opnent of laser and | aser identification imge profiling, |everaging DARPA devel opnments in
high frane rate Focal Plane Arrays to provide Navy and Marine Corps platforns with real-tinme |ong-range target
di scrimnation and identification capability.

. (U ($3,407) MILTI - SENSOR TECHNOLOGY: The Milti-Sensor technol ogy program investnent addresses Navy
Intelligence, Surveillance and Reconnai ssance needs and exploits technol ogy opportunities |leading to the
i ntegration, fusion and automated nanagenent of sensors operating within a platforns Conbat System Architecture.
The program enphasi ze needs of major ship and air platforns and is devel oping crosscutting technol ogi es that
apply across platforns. Technol ogi es such as processing architectures and algorithns to fuse, filter and
correl ate data and aut onated resource nmanagenent procession are pursued.
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- (U Conplete flight test of the |aser encoded | FF systemon AV-8B and transition to the US Marine Corps
program for Combat ldentification. This effort responds to needs identified by Marine Corps and the Joint
Conbat Identification Office for positive conbat IDto elimnate/mninize fratricide during close air support
operations.

(U Continue evaluation of Radar Resource Managenent processing algorithns in SPY-1 Radar at Aegis Conbat
Systems Center, Wallops Island, VA This effort responds to needs identified by PEO TAD/ SC for |ong range
detection, discrimnation and continuous tracking of theater ballistic mssiles.

(U Evaluate nulti-sensor integration and data fusion algorithms in the E-2C aircraft Sensor Integration
Laboratory and assess operational effectiveness inmprovenents in Theater Air and nissile defense operating
environnents. Responds to needs identified by the Fleet, Program Executive Oficer, Tactical Aircraft Prograns
(PEO-T) for tinmely integration and dissemination of on and off board sensor infornation in all operating
scenari os.

. (U ($3,509) COVMUNI CATI ONS NETWORKS: Continue devel opment of technol ogies critical to performnce and
robust ness of Naval Cormmuni cati ons networks.
- (U Continue devel opnent of key communi cati ons network technol ogies for air, ship and submari nes necessary
for network-centric warfare.
- (U Evaluate the performance of the new reliable nulticast and IP Quality of Service (QOS) protocols. Make
analytic results available to the | ETF in order that the comercial standard is conpatible with mlitary
applications. Coordinated with the I ST Panel of the Defense S&T Reli ance.
- (U) Conduct performance and interoperability testing of different ATM sw tches over the high speed ATM
testbed enploying the new reliable nulticast and I P QOS protocols. Coordinated with the |IST Panel of the
Def ense S&T Reli ance.
- (U EBEvaluate sinmulation results of wireless, nobile network performance in relation to projected needs of
mlitary applications. Transition results to the INSC (Interoperable Networks for Secure Comuni cations) 6.3
programto enable test/denonstration for coalition warfare. Coordinated with the |IST Panel of the Defense S&T
Rel i ance.

. (U (%$10,573) RADI O COMWWLUNI CATI ONS: Conti nue devel opnent of key conmuni cations technol ogies for air, ship and
submari nes.
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- (U Investigate CDMA |inks as back channel for GBS, enploying very small aperture termnals appropriate for
smal | craft use.
- (U Transition the |low profile buoyant cabl e antenna enhancenment to 6.3 Advanced Technol ogy Devel opnent.

(U Transition the on-hull extrenmely | ow frequency (ELF) antenna to the Submarine Integrated Antenna System
(SAIS) 6.4 project within PMM173.
- (U) Devel op technologies to enable |arge aperture multiple frequency band, nultiple function antennas for
current and future Navy attack submarines. Coordinated via the |IST panel of the Defense S&T Reliance.
(U Transition the inproved nodemtechnol ogy for UHF |ine-of-sight comunications to the Joint Tactical Radio
System (JTRS). Coordinated via the | ST Panel of the Defense S&T Reli ance.

- (U Incorporate the Mechanically Assisted Phased Array (MAPA) antenna as part of Utra-Small Aperture
Term nal (USAT). Test and eval uate performance of MAPA antenna on different naval platforns. Coordi nated
via the I ST Panel of the Defense S&T Reli ance.

. (U) (%$9,107) COMMAND SUPPORT: This program devel ops and denponstrates software components and technol ogi es t hat
enable the Navy’s concepts of Network-Centric Warfare and the Joint Chiefs Joint Vision 2010. The focus is on
militarily-unique information processing technologies that enable information dominance through vastly improved
speed of command. Particular emphasis is directed to issues involving the ability of geographically distributed
Naval decision-makers to collectively generate and perceive a Common Tactical/Operational picture, and to
jointly plan and monitor military missions. All of the research efforts recognize the important role of
Commercial-off-the-Shelf software components, and consequently they focus on maximizing the integration of such
software into software functionality for Naval applications.

- (V) In support of (COP/CTP), continue development of intelligent agent technology to provide agent-based
user profiling. Transition agent architecture to DISA GCCS. Integrate visualization basic research efforts into
COP/CTP. Apply spatial database techniques for correlating covariance intersection estimates for corresponding
entities to enhance consistency across different tactical pictures. Initiate effort on developing techniques to
enhance real-time picture with non-real-time information.

- (V) Develop initial prototype for a tactical collaborative environment to use during Littoral Warfare.

R1 Line Item 8

Budget Item Justification
(Exhibit R-2, page 18 of 22)

UNCLASSIFIED



UNCLASSIFIED

FY 2000 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1999

BUDCET ACTIVITY: 2 PROGRAM ELEMENT:  0602232N

PROGRAM ELEMENT Tl TLE: Communi cati ons, Comrand and Control, Intelligence,
Surveil | ance & Reconnai ssance (C3l SR

- (U In support of continuous planni ng-execution cycle, continue advances in a case-based reasoni ng plan

aut horing tool; develop a prototype Dynami c Resource Allocation capability to support real-tinme retargeting

situations; develop an initial prototype augmenting the COP/CTP with an intelligent decision support system

incorporating multiple interacting views of status, plans and predicted effects, e.g. map-based, pert-chart.

- (U In support of Network Operations, investigate the process and issues associated with Rul es of Engagenent
at all echelons of control starting with the National Conmand Authority (NCA) through the CINC to the Battle
Group to the individual Support El ement Weapon System

- (U ldentify requirenents and functional building blocks of a Cl NCPAC HQR1 Architecture with the goal of
devel oping a facility for test and evaluate of COTS software in a mlitary operational context

(U ($3,950) NAVI GATI ON: Conti nue devel opnent of key navigation technol ogies for air, ship and subnari nes.

- (U Transition the high performance fiber-optic gyro, Advanced Devel opnent Mdel -11 to the Director, Navy

Strategic Systens Project (SP-24).

- (U Performlaboratory proof-of-concept denponstrati on of the next generation digital GPS receiver for anti-
j am perf or mance.

- (U) Devel op advanced technol ogi es that reduce the vulnerability of GPS to janmm ng and spoofi ng.

- (U Transition the quantumwell mirror ring |aser gyro technology to Navy tactical mssiles and ring |aser
gyro manuf act urers.

- (U Develop the atominterferoneter gravity gradiometry technol ogy to achieve sensitivity of 0.1 E/ (Hz)1/2.

(U ($3,500) STRATEQ C SYSTEMS TECHNOLOGY: The objective of the Strategic System Sustainment project is to
devel op and denonstrate technologies in the areas of Mssile Flight Science, Subrmarine Navigation, and
Underwater M ssile Launch to sustain these strategic capabilities that will (1) reduce the reliance on unique
materials and processes, (2) reduce the reliance on human-expertise intensive processes, and (3) reduce the cost
of mai ntaining these systens.

- (U) Develop first order nethodol ogies for drag reduction, nuclear survivability, and solid notor ignition
codes for the missile flight science design and anal ysis tool.

- (U) Develop first order electronic database for Underwater M ssile Launch tool.
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B. (U) PROGRAM CHANGE SUMVARY:
FY 1998 FY 1999 FY 2000

(U) FY 1999 President’s Budget 54,814 66,133 68,403
(U) Appropriated Value. 64,033
(U) Adjustments from FY 1999 PRESBUD. -730 +1,975 +420

(U) FY 2000 President’'s Budget
54,084 68,108 68,823
(U) CHANGE SUMMARY EXPLANATION:
(V) Funding: FY 1998 adjustment reflects actual update adjustments (-730). FY 1999 adjustments reflect
Congressional Undistributed Reductions (-525), Congressional Cut Strategic Sustainment (-8,000), Congressional Cut
General Reduction (-5,000), Comparability Adjustments for FY0O0 (+3,500), Congressional Adds for Hybrid Wireless Fiber
Comms (+1,000) and UESA Radar (+11,000). FY 2000 reflects minor program adjustments (+614), Navy Working Capital
Fund adjustments (+559), Civilian Pay Rates (+242), and Non-Pay Inflation (-995).
(V) Schedule: Not applicable.

(V) Technical: Not applicable

C. (U) OTHER PROGRAM FUNDING SUMMARY:
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(U RELATED RDT&E: This program adheres to Defense Sci ence and Technol ogy Reliance Agreenents w th oversight
by the JDL. Wbrk in this PEis related to and fully coordinated with efforts in the follow ng PEs:

(U PE 0602702F (Command, Control and Communi cati ons)

(U) PE 0602204F (Aerospace Avionics)

(U) PE 0602782A (Conmand, Control and Communications (C) Technol ogy)
(U) PE 0602204F (Aerospace Avionics)

(U PE 0602709A (Ni ght Vision Technol ogy)

D. (U SCHEDULE PROFILE: Not applicable.

provi ded
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