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PROGRAM ELEMENT: 0602314N

PROGRAM ELEMENT TI TLE: Undersea Warfare Surveillance Technol ogy

(U COsT: (Dollars in Thousands)

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

Undersea Warfare Surveillance Technol ogy
46, 143 51, 123 52, 488 53, 978 52,801 52,733 51, 896 CONT. CONT.

A. (U) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: Al of the Navy' s applied research in undersea target
detection, classification, |localization, and tracking is funded through this ProgramEl enment (PE). In countering the
troubling proliferation of quiet diesel submarines to third world countries and Russia s continued investnent in
submarine technol ogy, work within this PE provides an enabling capability for power projection and force sustainability.
Associ ated research directly supports the Departnment of Defense Joint Warfighting Sci ence and Technol ogy Pl an and the
Def ense Technol ogy Area Plans. Wthin the Navy the effort supports the followi ng Navy Joint M ssion Areas (JMAs):
Littoral Warfare; Intelligence, Surveillance, and Reconnai ssance; and Strategic Mbility. The approach protects the
country’s capital investment in submarine, surface ship and Air Antisubmarine Warfare (ASW assets both by devel opi ng
comercial off-the-shelf (COTS) upgrade options for today’s ASWsuites and by exploring those high risk/high payoff
technol ogi es that prom se to provide capabilities of exceptionally high mlitary value in five to fifteen years.

(U Intelligence, Surveillance, and Reconnai ssance includes research and technol ogy i ssues associated with reliable
undersea target detection and tracking to enable on-conmmand application of precision offensive mlitary force. Prograns
i ncl ude undersea sensors and arrays to provide robust shall ow water surveill ance and reconnai ssance, and to detect
undersea threats to the surface battleforce. This effort also includes Navy uni que research and technol ogy issues
associated with creating a tinely and intelligible tactical picture of the undersea battl espace.

(U Littoral Warfare includes research and technol ogy i ssues associated with dom nating the undersea battl espace to
enabl e tinely execution of joint/conbined operations and to ensure joint force sustainability. Prograns include
advanced sensors and arrays for both inproved ASWsurveill ance and enhanced battl eforce sel f-defense, ASWdata fusion
for better tactical control, and | ow frequency active sonar and rapi dly depl oyabl e surveillance systens for covert/non-
covert indication and warni ng.
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(U Strategic Mbility includes research and technol ogy i ssues associated with reliable undersea target detection and
tracking, enabling joint battleforce sustainability. Progranms include the entire spectrum of technol ogy devel opnent
undertaken in support of other JMAs.

(U These efforts support the naval portion of the Joint Warfare Strategy as expressed in "Forward...Fromthe Sea"
Progranms in this PE are primarily service (Navy) unique.

(U Applied research funded by this PE in many cases transitions to advanced devel opment projects in undersea warfare
advanced technol ogy (PE 0603747N)

(U Due to the sheer volunme of efforts included in this PE the prograns described in the Acconplishnents and Pl ans
sections are representative selections of the work included in this PE

(U The Navy Sci ence and Technol ogy 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 possible applications toward sol ution of specific Naval problens, short of an
advanced devel oprment effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS

1. (VU FY 1999 ACCOWPLI SHVENTS:

(U) ACQUSTI C SENSOR TECHNOLOGY:

(U Initiated:

- (U) Devel opnent of |ow frequency, three-axis, acoustic velocity sensors ained at dramatically inproving
the ability to passively detect quiet submarines. The basis for this effort is a conprehensive
anal ysis that indicates that this technology will enable a significant inprovenment of detection ranges
for sone of the nost challenging targets.

- (U) Devel opnent of an affordable, high-pulse power, high-energy density, anbient tenperature battery for
use in A-size active sonobuoys and in off-board and depl oyabl e sensors and sources intended for w de-
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area surveillance operations. The goal of this effort is to extend the lifetime of active sonobuoys
by 50% and to power future autononous surveillance arrays for up to 90 days.

Devel opnent of an ultra-lightweight, ultra-low power air-, surface ship- or submarine-depl oyabl e,

Aut ononmous Drifting Line Array (ADLA) to be used in conjunction with or in place of conventional towed
arrays when additional sensing resources are needed in forward areas. These arrays will make maxi num
use of in-sensor passive and active signal processing and will conmunicate with tactical support
centers via | ow bandwi dth RF paths such as commercial cellular channels.

Devel opnent of active and passive acoustic signal processing detection, |ocalization and
classification techniques that can be executed in battery-powered, drifting and fi xed autononous air
ASW and undersea surveillance sensors and arrays. Two separate Broad Agency Announcenents (BAAs) were
published to address this topic.

Devel opnent of a famly of ultra-lightweight, ultra-low power air-, surface ship- or subnarine-

depl oyabl e, Matched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance
or as organic off-board sensors for submarines. These arrays will classify on depth from natched
field tracking as well as other neans, will have tel esonar conmunications and be conpatible with the
overal | Depl oyable Array Technol ogy (DAT) system concept.

Devel opnent of a broadband acoustic projector array using el ectroactive polynmer as the driver. This
devel opnent utilized existing copolynmer material available. Future planning includes the use of a new
class of high strain irradiated electrostrictive polymer currently in 6.1 devel opnment.

(U Conti nued:
- (U) Devel opnent of a large aperture, bottom nmounted array and associ ated signal processing ai ned at

exploring the feasibility of achieving the very |arge gains prom sed by matched field signa
processi ng.

- (U) Devel opnent of a signal processing nethod that enables rapid and accurate differentiation between

transi ent noi ses that cone from nman-nmade sources and those that emanate from biol ogi c sources. The
met hod reduces the high false alarmrate and perforns at a level that is very near the theoretica

opti mum

- (U) Devel opnent of an affordable, high-pulse power, high-energy density, thermal battery for A-size active

sonobuoys. The goal is to increase energy density and lifetine to nmeet requirenents of Air Depl oyed
Low Frequency Projector (ADLFP) program Began a related 24-nonth Small Busi ness | nnovati on Research

Phase Il effort.
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- (U The assessnent and report on the role of Air ASWSurveillance in plausible FY 2015 regi onal and gl oba
conflicts. Began a simlar assessnent of bottom noored shall ow water acoustic and non-acoustic
survei |l | ance net hods.

- (U) Devel opnent of signal processing algorithnms which, when used in conjunction with a volunetric towed
array, can provide inproved localization estimates. This technology will transition to PE 0603504N,
Advanced Processing Build Block for integration and delivery to hull tw of the Virginia class
submari ne.

- (U) Devel opnent of a first-generation brassboard version of an off-board, acoustic, multi-static source
and associ ated on-board signal processing techniques. FY 1999 work focused on conducting an over-the-
side engineering test of a brassboard, off-board source transducers and electronics utilizing |ow
frequency, slotted cylinder projectors, and a sea test to obtain target-in-the environment data. The
sea-test and engineering test of the off-board source transducers and el ectronics were successfully
conpleted. Followi ng analysis of the data, devel opnent of nulti-static processing and shal |l ow water
classification algorithnms will be initiated.

- (U) Devel opnent of critical sensor and signal processing technol ogies required to autononously detect and
classify submarines with a famly of deployed systens. The focus of the FY 1999 work is on
i ntegrating acoustic conmuni cations |links into an uncabl ed network of undersea sensors and
subsequently denonstrating an ability to pass a series of preprogramed conmuni cations in a shall ow
wat er envi ronnent.

- (U) Devel opnent of a capability to exploit unique classification clues provided by coherently processing
active sonar data collected by two wi dely spaced, relatively noving sensors. The focus of the FY 1999
work is on analyzing at-sea data and conputer simulations to evaluate the payoffs and limtations of
thi s approach.

- (U) Devel opnent of technical approaches for automating the configuration of a sonar systemin response to
areal-tine analysis of the acoustic field and rel evant (neasured) environnental paraneters. The FY
1999 work is focused on an exploration of alternative adaptive signal processing/ nodeling techniques.

- (U) Devel opnent of electrostrictive relaxor ceramcs for use in high power, |ow frequency projector
arrays. Continue engineering and manufacturing efforts to conpl ete devel opnent of a class of |ead
magnesi um ni obate (PMN) relaxor materials.

(U) Denonstr at ed:
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- (U That forward-scattered acoustic energy is detectable at tactically useful ranges in a tactically
significant acoustic environment at sea as part of the Littoral Warfare Advanced Devel opnment (LWAD)
99-3 Sea Test (P.E. 0603747N).

- (U Performance of a Bragg grating-based optical towed array. This is a risk reduction effort that was
initiated in FY 1996. The intent is to provide an alternative optical technology in the event the
approach selected in the Affordable Array Technol ogy Advanced Technol ogy Denpnstrati on (PE 0603792N)
does not work as hypot hesi zed.

(U Conpl et ed:
- (U) Devel opnent of a signal processing algorithmthat, based on in-situ environnmental information and the

tactical scenario, automatically selects the appropriate advanced tracki ng nmethod for inproved
detection and classification of stationary or slow y-noving submarines. This effort was initiated in
FY 1998.

- (U) Devel opnent of common signal processing algorithms for a surface ship’'s SQ-53C and the SH 60R
hel i copter’s Airborne Low Frequency Sonar (ALFS). This effort, which was initiated in FY 1997, is
aimed at significantly reducing the false alarmrate, especially when operating in shallow water. The
technologies will transition via software upgrades to ALFS and the SQS-53C

(U) NON ACOUSTI C SENSOR TECHNOLOGY:

(U Initiated:

- (U) Design and construction of two |aser based, sensor Exploratory Devel opnment Mddels. This devel opnent
is in support of a joint US/UK programthat will significantly expand the utility of a Laser Induced
Differential Absorption Radar (LIDAR) systemas a standoff sensor.

- (U Extrenely Low Frequency El ectromagnetic (ELFE) sensor installation and associ ated sensor algorithm
devel opnent in support of the next generation Magnetic Anonmaly Detection (MAD) system

(U  Conpl et ed:

- (U) Devel opment and | aboratory evaluation of a mniature, |ow cost, |ow power, magnetoneter together with
el ectromagnetic feature extraction and tracking algorithns. This effort is in support of a deployable
aut ononmous distributed system Transition to Advanced Depl oyable System P.E. 0604784N.

(U) DATA FUSI ON TECHNOLOGY:
(U) Denonstrat ed:
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- (U The capability of the Depl oyabl e Autononmous Distributed Systemto autononmpusly detect, classify, and

track a threat target and, using data fusion techniques, to develop a fire control quality track
sui tabl e for weapon enpl oynent.

(U) Conpl et ed:

- (U) Devel opment of the nulti-sensor, acoustic and non-acoustic Data Fusion algorithm Transition this
technol ogy to Program Executive O ficer, Undersea Warfare Advanced Systens Technol ogy O fice and Naval
Sea Systens Command PMs-400

2. (U FY 2000 PLAN:

(U) ACQUSTI C SENSOR TECHNOLOGY:
(U Initiate:

(U) Devel opment of active acoustic arrays that will conformto the shape of the hull for foll ow on

surface ship prograns and for inclusion into the Virginia class Integrated Bow Conformal (1BC)
effort for high frequency use. The objective is to explore systemissues that could lead to the
elimnation of |arge spherical bow arrays on these ships. Affordability, reliability and service
life considerations will drive this devel opnent.

(U) Devel opmrent of an advanced version (Super ADAR) of the Advanced Depl oyabl e Acoustic Receiver
(ADAR) sonobuoy that includes the @ obal Positioning System (GPS), in-buoy active, passive and
transi ent signal processing, satellite data and command tel enetry, and has a 5 day seni - aut ononous
lifetinme.

(U) Devel opment of single crystal materials suitable for use in a high power, broadband, acoustic
projector. This is a high risk/high pay-off effort that |everages a nmassive investnent in this
technol ogy by Defense Advanced Research Projects Agency. The initiative is applicable to surface
shi ps and submarines. It could |lead to a common ASW and mine avoi dance system

(U) Devel opnment of all-optical heading, depth, and tenperature sensors (engineering sensors) for use
with all-optical towed arrays. The focus of the FY 2000 work will be on devel opi ng an approach for
an all-optical heading sensor with sufficient sensitivity to replace conventional magnetic sensors.

Cont i nue:

(U) Devel opment of critical sensor and signal processing technol ogies required to autononously
detect and classify submarines with a famly of deployed systens. The focus of the FY 2000 work
will be on integrating the technologies required to link a series of fully functional, autononously
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depl oyabl e sensors to each other wi th acoustic conmunications and to the shore via low profile

gat eway buoys enpl oyi ng radi o frequency comuni cati ons.

(U) Devel opment of | ow frequency, three-axis, acoustic velocity sensors to dramatically inprove the
ability to passively detect quiet submarines. The FY 2000 work will focus on preparations for an in-
water test at Lake Seneca to validate perfornance.

(U) Devel opmrent of an el ectroactive pol ymer broadband acoustic source. The aimof this initiative
is to enable the under-ice and m ne avoi dance sonar on an attack submarine to be enbedded in the
submari ne bow or sonar dome as a conformal array.

(U) Devel opmrent of a high-energy density, anbient tenperature battery for use in A-size active
sonobuoys and in off-board and depl oyabl e sensors and sources intended for w de-area surveillance
operations. The focus of the FY 2000 work will be on testing a prototype battery in the |aboratory.
(U) Devel opment of an ultra-lightweight, deployable, ADLA to be used in conjunction with, or in

pl ace of, conventional towed arrays. An over-the-side hydrodynam ¢ and acoustic test of a 300-neter
long array will occur in FY 2000.

(U) Devel opment of active and passive acoustic signal processing detection, |ocalization and
classification techniques that can be executed in battery-powered, drifting and fi xed autononous air
ASW and undersea surveillance sensors and arrays.

(U) Devel opment of technical approaches for automating the configuration of a sonar systemin
response to a real-tinme analysis of the acoustic field and rel evant (nmeasured) environnenta
paranmeters. The FY 2000 work is focused on application of adaptive signal processing/nodeling

t echni ques.

(U) Devel opment of a first-generation, brassboard version of an off-board, acoustic, multi-static
source and associ ated on-board signal processing techniques. The focus of the FY 2000 work will be
on a nore advanced denonstration utilizing an integrated version of the brassboard source and at-sea
testing of nulti-static processing algorithnms in two other littoral areas. Devel opnent of
multistatic processing algorithnms will be continued.

(U) Devel opment of a family of ultra-lightweight, ultra-low power air-, surface ship- or submarine-
depl oyabl e, Matched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance
or as organic off-board sensors for submarines. An acoustic feasibility test of both array
concepts, Hydra and Kelp, will occur in FY 2000.

(U) Devel opmrent of a signal processing nethod that will enable rapid and accurate differentiation
bet ween transient noi ses that come from man- nade sources and those that emanate from biol ogic
sources. These works will transition to the Advanced Processing Build programin PE 0603504N.
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(U) Devel oprment of signal processing algorithnms which, when used in conjunction with a volunetric
towed array, can provide inproved |localization estimates. The work in this project has been
redirected fromvolunetric towed array processing to single line towed array processing at the
request of the Advanced Systens and Technol ogy O fice. This technology will transition to PE
0603504N, Advanced Processing Build Block for integration and delivery into the Acoustic Rapid COIS
I nsertion Program

Conduct :
(U Report analysis of sea test for Acoustic Ray Anomaly. Initiate transition planning with PVA- 264
and the NAVAI R Advanced Extended Echo Rangi ng (AEER) Program Ofice.

Denonstr at e:

(U The performance of a |arge aperture, bottom nmounted array and associ ated signal processing ai nmed
at exploring the feasibility of achieving the very |arge signal processing gains prom sed by matched
field signal processing.

(U The capability to exploit unique classification clues provided by coherently processing active
sonar data collected by two widely spaced, relatively noving sensors using at-sea data. This
denonstration will be conducted using data collected at-sea in an acoustically chall engi ng

envi ronnent .

(U The advant ages of enploying novel feedback control techniques in powering transduction array
concepts. An offshoot will be to initiate the integration of efficient power anplifiers directly
into the transducer array. This initiative is specifically ained at reducing the life-cycle cost of
active acoustic systens.

Conpl et e:

(U) Devel oprment of innovative, |ow frequency, nulti-static signal processing algorithns. These
technol ogies will transition to PE 0603747N Proj ect X1933 for evaluation in an end-to-end Low
Frequency Active/ Surveillance Towed Array Search Systemtestbed.

(U Assessnent and report on the role of bottom noored shall ow water acoustic and non-acoustic
surveillance methods. Begin and conplete a simlar assessnent of the role of subnarine-depl oyed
of f - board sensors.
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(U) Devel opmrent of an affordable, high-pul se power, high-energy density, thermal battery for A-size
active sonobuoys. The goal is to increase energy density and lifetinme to neet requirenments of the
ADLFP program Conplete a related 24-nonth Small Busi ness I nnovation Research Phase Il effort.

U) NON- ACOUSTI C SENSOR TECHNOLOGY:

Conduct :
(U An airborne denonstration of an unconpensated, Extrenely Low Frequency MAD system The goal is
to show that the new devel opnment systemw ||l performas well as a conpensated MAD system

Conpl et e:

(U Construction of LOTUS and Eneral d Expl oratory Devel opnent Mddel hardware and initiate at-sea
shakedown testing.

DATA FUSI ON TECHNCOLOGY:

Initiate:
(U) Devel opmrent of advanced concepts for inter-platform systemdata fusion.

Conduct :

(U An advanced sinulation of intra-field data fusion and field level control of a Depl oyabl e
Aut ononmous Distributed System

(U) ACQUSTI C SENSOR TECHNOLOGY:

(Y 1

nitiate:

(U) Devel opment of a new "fishline" fiber optic acoustic sensor technology for future application to
towed and depl oyed sonar arrays. The objective is to explore sensing and interrogati on concepts for
a very small dianeter, single fiber, multiplexed acoustic sensor system Acoustic sensitivity and
noi se issues of "fishline" will be assessed.

Cont i nue:

(U) Devel opment of active acoustic arrays that will conformto the shape of the hull for foll ow on
submarine and surface ship progranms. The work in FY 2001 will focus on nested and sparse array
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concepts for both md and high frequency application requirements and on approaches for integrating
projector arrays with | arge passive arrays and with submari nes coati ngs.

(U) Devel opmrent of an el ectroactive pol ynmer, broadband, acoustic source. The focus of the work in
FY 2001 will be on testing prototype broadband partial arrays enconpassing nulti-octave operation
and broadband signal transm ssions. This effort will include a validation of array nodels and an
assessnent of the interactions between array el enents.

(U) Devel oprment of the air-depl oyabl e Super- ADAR sonobuoy that includes GPS, in-buoy active and
passi ve signal processing, satellite data and command telenmetry, and has a 5 day, sem -autononobus
l[ifetime. Deploy a testable unit in FYO1

(U) Devel opment of high-energy density, extended operation, anbient chemical battery for wi de area
air ASwdrifting and fixed surveillance operations. Transition the technology to PE 0603747N
Project R2142 for an advanced devel opment denonstration of integrated depl oyabl e system

t echnol ogi es.

(U) Devel opment of critical sensor and signal processing technol ogies required to autononously
detect and classify submarines with a famly of deployed systens. The focus of the FY 2001 work
wi Il be on signal processing associated with a short vertical line array sensor.

(U) Devel opnment of all-optical heading, depth, and tenperature sensors (engineering sensors) for use
with all-optical towed arrays. The focus of the FY 2001 work will be on denonstrating all-optical
headi ng sensor performance and devel opi ng an approach for multiplexing all engineering sensors on a
single fiber.

(U Devel opnent of a famly of ultra-lightweight, ultra-low power air-, surface ship- or subnarine-
depl oyabl e, Matched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance
or as organic off-board sensors for submarines. Advanced array construction methods, engineering
sensors for self location, and inproved processing will occur in FY2001

(U) Devel oprment of a first-generation, brassboard version of an off-board, acoustic, multi-static
source and associ ated on-board signal processing techniques. FY 2001 work will focus on further
anal ysis of sea test data, devel opment of robust nultistatic processing algorithns for use in
difficult littoral areas and inprovenments to nultistatic performance prediction nodels.

(U) Devel opment of acoustic arrays that conformto the shape of the hull for foll owon submarine
and surface ship prograns. The FY 2001 focus is to design and eval uate conformal sensor designs of
doubl e-curvature arrays. Acoustic performance of the conformal acoustic arrays will be assessed
relative to ship design inplications.
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- (U Eval uation of performance of |ow frequency, three-axis, acoustic velocity sensors and scal ar
pressure sensors through in-water tests at Lake Seneca. In addition, develop plans for full-scale
eval uation on a 688-1 class subnmari ne.

(U  Denonstrate:

- (U Capability of automated active signal processing techniques for detection and classification of
di esel electric submarines in littoral environnments. These techniques will allow reduced manni ng of
future sonar systens.

(U Conplete:
- (U) Devel opment of technical approaches for automating the configuration of a sonar systemin

response to a real-tinme analysis of the acoustic field and rel evant (nmeasured) environnental
paranmeters. Transition environnentally adaptive sonar technol ogy signal processing techniques,
concepts of operation and neasures of effectiveness to an advanced devel opnent denonstration effort
in PE 0603747N Project R2142.

(U) NON- ACQUSTI C SENSOR TECHNOLOGY:

- (U Conduct sea tests of LOTUS and Enerald standoff sensor system

- (U Conpl ete ELFE al gorithm devel opnent and data analysis fromflight tests. Develop and publish a
final report. These technologies will transition to the Shall ow Water Localization and Attack
System P.E. 0603254N, Project H1292.

(U) DATA FUSI ON TECHNOLOGY:
(U Develop inter-platformsensor data fusion algorithns to produce a Comon Tactical Picture and
performa Situation Assessnent.

(U Conplete:
- (U Analysis of results fromsinulation tests and publish final report. Transition to PD 18.

- (U Analysis of results fromthe FY 00 sea test and publish final report. Transition to PD 18.

B. (U PROGRAM CHANGE SUMVARY:
FY 1999 FY 2000 FY 2001
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(U FY 2000 President's Budget: 49,710 51, 406 51, 213
(U Appropriated Val ue: - 51, 406 -
(U SBIR STTR Transfer: -593 0 0
(U Mnor Program Adjustnents 0 0 686
(U  Execution Adjustmnent: -2974 0 0
(U Congressional Rescissions 0 -283 0
(U Various Rate Adjustnents 0 0 589
(U FY 2001 OSD/ OVB Subni ssi on: 46, 143 51, 123 52, 488

(U CHANGE SUMVARY EXPLANATI ON:

(U Schedul e: Not Applicable.

(U Technical: Not Applicable.

C. (U OTHER PROGRAM FUNDI NG SUMVARY:
(U RELATED RDT&E:

- (U PE
- (U PE
(U PE
(U PE
(U PE
(U PE
(U PE
(U PE
(U PE

D. (U SCHEDULE

0601153N (Def ense Research Sci ences)

0602315N (M ne Counterneasures, M ning and Speci al Warfare Technol ogy)
0602435N (Ocean and At nospheric Technol ogy)

0603254N (Anti - Submari ne Warfare Systens Devel opnent)

0603504N ( Advanced Submarine Conmbat Systens Devel opnent)

0603747N (Under sea Warfare Advanced Technol ogy)

0603792N (Advanced Technol ogy Transition)

0604212N (Anti - Submari ne Warfare and Ot her Helicopter Devel opnent)
0604784N ( Advanced Depl oyabl e System

PROFI LE: Not applicable.
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