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I. INTRODUCTION

During November 1975, the Moored Surveillance System (MSS) Field
Validation Test (FVT) was conducted under the sponsorship of the MSS
Project Office (PME 124-30) of Naval Electronic Systems Command.

Applied Research Laboratories, The University of Texas at Austin (ARL:UT),
participated in the processing and analysis of the acquired ACODAC data.

The results of this work, performed under Contract N00039-77-C-0003,
are contarned in a four volume report describing the measurements and
analyses of candidate sensor performance based on data from the MSS-FVT.
Volume 1 describes the data collection system and the measurement system
used to obtain the results. Volume II contains data products obtained with
standard frequency resolution processing. This volume, Volume III, con-
tains the data products obtained with vernier frequency resolution
processing. Volume IV coutains the background information, summary data

products. and analysis.

Since the M8S-FVT was completed, the name of the MSS program has
been changed to Rapidly Deployable Surveillance System (RD3S). To avuid
ambiguity, the term MSS will be used throughout this report. However, the
issucs addressed here are those specified by the MSS Project Office and
are those issues that were of “urrent int- rest to RDSS at the time that

this report was written,

This volume, III, which contiins the detailed vernier freguency
resolution data products, is partitioned i{nto four sections. The first
is this introduction., The second section dascribes the cw data products.
The third section describes the ambient sound field (AS¥F) data products.
The fourth and final section briefly discusses the utilization of these

data products. Much of the text in this volume is similar to that iound
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(U) in Volumes I and II, but it is repeated here so that each volume can be
used independently of the others.
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II. c¢w DATA PRODUCTS

The detailed vernier frequency resolution cw data products contained
in this volume were extracted from the data intervals shown in Table III-1.
A summary of the processing parameters is shown in Table III-2. The
c¢w projector characteristics used in performing these measurements are
summarized in Table I1I-3. The cw projector source levels for the
CFAV KAPUSKACING are higher than those reported previously (Ref. 1).
These revisions were made in order to reconcile the propagation loss
curves from the CFAV KAPUSKACING with those from the other sources.

A detailed description of the measurement system can be found in Volume I.

Several different types of cw data products are centained herein.
Each type is described briefly, and a table of the curves is given. The
abbreviations used in these tables and the text are:

QT CFAV QUEST

KP  CFAY KAPUSKACING

CH  R/V CHAIN

0 Omnidirectional Sensor

S Sing'le Cardioids Sensor

MGL  Maxinum Gain Limacons Sensor

VD Vertical Dipole Sensor

pe Differenced Cardicids Sensor

These curves were included in this report te substantiate the obscrvations
in VYolume IV, and to furnish a data base for future issues not addressed
by this report. For compleicness, cach curve containing any data was
{ncluded, even though the smal! number of saaples may sininmfze {ts

statistical wignificance.
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TABLE III-l

VERNIER RESOLUTTON DATA BASE (U))

Low Band (46 to 84 Hz) Single and Differenced Arrays
Site Al 12002 17 Nov[321] - 00392 18 Nov[322]}
Site A2 12002 17 Nov([321] - 1859Z 17 Nov[321}
Site A3 12002 17 Nov([321] - 23592 21 Nov{325]

Midband (145-183 Hz) Single and Differenced Arrays
Site Al 12002 17 Nov[321] - 2359Z 17 Nov[321]

Site A2 12002 17 Nov{321] - 18592 17 Nov[321]

+

. Site A3 12002 17 Nov([321] - 23592 17 Nov{321)
12002 21 Nov[325] - 23592 21 Nov([325])

High Band (300-338 Hz) Single Array
Site Al 12007 17 Nov[321] - 05292 18 Nov|[322
Site A2 12002 17 Nov[321] - 18597 17 Nov([321]

Site A3 12002 17 Nov[321} - 23592 21 Nov[325)

{] Julian Day

2 Greenwich Mean Time
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() TABLE T11-2

VERNTER RESOLUTION PROCESSING PARAMETERS (U)

Paramcter Value

Sample Rate: 100 Hz (obtained from zero crossings of
tape servo signal)

Frequency Range 46 to B4 Hz (low band)
145 to 183 Hz (midband)
300 to 338 Hz (high band)

FFT Length 81.92 sec (8192 samples)
Spectral Window Hanning

Frequency Spacing 0.0122 Bz

3 dB Bandwidth 0.0176 Hz

Equivalent Noise Bandwidth  (.0183 H:

;Z FFT Overlap S0%

ia ALU Interval S min

%? ALl Type Rectangular Integration
FFT/AL} ?

% . Time Bandwidth Product 5.76

él . s tquivalent Degrees of

iy Freedona 13.4

. Probability of False Alarm 16 7

gi Detection Threshold -1d4.6 &b/ /02
.

.,

,i_:j: :
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Data products of the first type ore termed summary detection plots
(Appendix A, Figs, III-~l - 11[-23). These are plots of each detected
line within a frequaoncy band as a1 function of time. The solid symbols
indicate that the line was detected {u multiple cells and/or on multiple
beams of the sensor. The X symbols indicate thdt the line was only
detected in a ringle cell on a single beam of the sensor. The solid line
emanating frowm each symbol indicates the maximum signal-to-nolse ratio
(S/N) of any cell of the line. If the sensor provides bearing informa-
tion, the solid line also indicates th. estimated bearing, norch being
toward the top of the plot. The dashed lines indicate which of the
detections were linked by the tracking algorithm. These displavs are
intended to provide qualititive {aformation about the environment in
which the processosr must function ifn terms of line loading and relative
clutter density between sensors and frequency regimes. More quantitative

irformation will be found i{n section III of this volume.

Data rroducts of the next type (Appendix B, Figs. I11-24 - I1I-163) are
termed line histery plots, and are cataloged in Table III-4. These are
plots of the estimated .w signal parameter valuss as a funccion of time.
The top portion of the plot contatns a solid line {ndicating grouad truth
source-to-receiver range in nautical miles and X's {ndicating the number
af equivalent degrees of trecdom for esch ALI. The secound portion
contains a solid line denoting ground truth receiver-to-source bearing,
X's indicating the eatimated signal bearing and O's indicating the
estimated neoise bearing. Caps in the solid ground truth lines {ndicate
intervales of missing data, such as calibration signal intervals. The
third portion contains the evstimated ambient sound field (ASF) levels

4
in dE//b?a!ﬂzzlé. The omnidirecticonal (0) and vertical dipole (V) sensor
curves conlain a single trace of connected X's. The singie cardioids
{5C), maximua gain limscons {MCL) and differenced cardfoids (DC) curves
contain a trace for ¢ach beam. Each beazm is labeled by the {irst letter
of its main axis bhearing (rorth, tast, scutlk, and west). ASF level
estizmates wvere displayed ouly when the signal was detected. The feurth
potrtion of the piot rontains the estimated sound pressure ievel (SPL) in

68//.Pa of the raceived signal. The 7 and VD sensor curves each coniain

CONFIDENTIAL
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(C) two traces: the X's denote the levels for ithe cell with the highest

S/N (most detectable); the +'s denote the levels summed over all detected
cells, as is normally done when computing propagation loss, The SC, MGL,
and DC sensor curves each contain four traces, each giving the levels

for the most detectable cell on a beam and annotated in the seme manner
as the ASF levels. The fifth portion of the plot contains the S/N in
decibels relative to a 1 Hz noise band. The traces are defined in the
game manner as the SPL curves, The dashed line denotes the detection
threshold. The bottom portion of the plot contains two traces: the

X's denote the estimated signal frequency, and the [J1's denote the line's
bandwidth. These displays contain all of the information known about

the signal. All of the remairing cw data products are derived from these
data.

©.t+ oroducts of the next type (Appendix C, Figs. IIT-164 - III-171)
are termed propagation loss plots, and are cataloged under the O sensor
columns of Table III-5. These plots contain curves of the estimated cw
propagation loss in decibels as a function of range in nautical miles.
Below these are other traces denoting the associated signal excess,
(S+N)/N, at each range bin in decibels relative to the noise level in
the analysis bandwidth. These traces indicate the confidence associated
with the measurements. The bottom traces denote the estimated back-
ground ASF levels agsociated with each range bin. These measurements were
derived for a 1 nm{ range bin, and smoothed with a 3-bin sliding average,
The received signal power was estimated from that cel! with the highest
S/N of any detected cell on any beam. Since these are single cell
measurements, they will show more loss than the total received SPL
technique, such as was used in Ref. 2. This difference i{s discussed

trn Yo, Y12
in Volume IV,

Data products of the next type (Appendix D, Figs. II1-172 - 111-19Y)

are termed signal, noise, and array gain plots, and are cataloged in

Table III-5 under th2 sensors other than 0. These are plots of measured

9
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(C) sensor signal, noise, and S/N levels relative to those of an
omnidirectional sensor (0) as a function of range. The top portion
of the plot indicates how many samples (0 sensor detections) occurred
in cach range bin, The next portion contains traces denoting the
measured signal gain of the sensor, where signal gain is the ratio of
the recelved SPL of this sensor over that of the O sensor. The next
portion containsg traces denoting the measured array gain of the sensor,
where array gain is the ratio of the S/N of this sensor over that of
che 0 sensor. The bottom portion contains traces deanoting the measured
noise gain of the sensor, where noise gain is the ratio of the ASF
level of this sensor over that of the 0 sensor. Since signal gain 1is
prirarily a fu.ction of range, whereas noise gain is a function primarily

of ..me, this display allows array gain to be interpreted in terms of

both range and time. All ot the traces were computed with 1 nmi range

bins an. smoothed with a 3 nmi sliding average.

(N Wuen computing «verage S/N as a function of range, if the signal is
not detected during every LI, the resultant average will be biased high.
This bias vccurs because only the highest S/N ratios are detected. In
order to reduce this bias, the detecticn thresheold (Table 11I-2) has been
substiruted for tue missing S/N wherever the target was not detected. T7This
devlasing technique was used both for computing arvay gain and ior

generatiug curves of S/N versus rarge.

(C) Data products of the nex. type (Appendix £, Figs. III-200 - I11-235) are

termed percerntage detection plots, and are cataloged in Table III-C.
These curves of single line de’ wction percentages were calculate. as

the number of i~dependent d~tection opportunitiez (ALY intervals; that
the specified sovrce was within a given intoger ! mile range interval
ard tha: resulted in detection, divi.ed by the number of r:ch opportuni-
ties. For multibeam sensors, detection on any beam was considerved a
detection for the sensor. If the number of equivalent degrees of
freedom for an ALI was less than that specified in Table III-2 (some

portion of the ALI interval was missing), and the signal was not detected,

11
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then the ALI was not counted as a valid detection opportunity. These
editing criteria were required because the detection threshold for each
ALI was determined by its number of degrees of freedom. All of the
traces were smoothed with a 3 nmi sliding average. If the sensor
furnished a bearing estimate, its rms bearing error was also plotted as

a function of range.

Data products of the next type (Appendix F, Figs. III-236 - II1I-257)
are termed bearing error plots, and are cataloged in Table III-7. These
ave curves of the number of bearing estimates (detections), the mean
bearing error (estimated bearing minus ground truth bearing), the rms bear-
ing error, and the bearing error standard deviation, all plotted as a
function of S/N in dB//1 Hz noise band. The ground truth bearing was
computed from the navigation reconstruction as the great circle receiver-
to-source bearing at the receiver and at the beginning of the ALI. The
estimated bearings were corrected for magnetic variation and acoustically

debhiased (see Volume I). Each trace was smoothed with a 3 dB sliding average.

Data products of the last type (Appendix G, Figs. III-258 - III-293) are
curves of S/N (dB//1 Hz noise band) versus range (nmi), and are cataloged
in Table III-8. These measurements were obtained from the detected
cell with the highest $/N on any beam. As described earlier, these results
are partially debiased by substitutions of the detection threshold during
ALI intervals without signal detections. The detection threshold is

drawn on each plot. Each trace was smoothed with a J nmi sliding average.
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ITI. AMBIENT SOUND FIELD DATA PRODUCTS

Three types of ambient sound field (ASF) measurements were performed:
sound pressure levels at an omnidirectional sensor, noise gains of
directional sensors, and clutter (processor loading) scatistics of each
sensor. The vernier frequency resolution ASF data products herein span
an interval of 4 1/2 days, but have limited frequency coverage. The
standard frequency resolution ASF data products in Volume II cover a
wide frequency range (40 to 600 Hz), but are of only 12 hours duration,

cacn data product set can be used to extrapolate the other to different

frequencies or times.

Data products of the first type (Appendix H, Figs. II1I1-294 - 111-301),
are termed timeseries plots, and reveal the time dependence of the ASF
measured in selected 1 Hz bands. The first three figures contain the
omnidirectional ASF levels (dB//uPa/Hzl/Z) in each vernier band. The
remaining figures coantain the noise gains (dB) where noise gain is the
ratio of the ASF level of this sensor over that of the omnidircctional
sensor. These timeseries plots were derived from ASF meaurements summed
over 1 Hz bands. The noise gains were derived for a 1 Hz band which was
relatively free from contamination by tonals. The 1 Hz summation
increased the number of equivalent degrees of freedom, and thus decreased

the variance of the measurments.

Data products of the second type {Appendix I, Figs. [11-302 - I11-312),

13 T Y

These are plots of the sumber o

oy

are termed clutter timeseries plots.
detected cells, the number of lines formed, and the number of lines linked,
for each ALIL interval as a function of time. These neasurements were
obtained during field events only, and a separate curve i{s provided for
each such event. The measurements were performed for three contiguous

10 Hz bands of 819 cells ecacn. The results for each band were similar

and have been combined into a single 30 Hz band for these curves.

17
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The clutter timeseries plots are intended to portray the shore link
and processor capacity required for operations in the abs=»nce of tsrgets,
In order to provide accurate clutter measurements, it is neceseary to
first eliminate the loading incurred due to the presence of the exerciase
vessels and projectora, Table II1-9 lists those lines which have beer.

deleted from the clutter measurements, along with their probable sourcc.

Data products of the last type (Appendix J, Figs. III-313 - III-354),
are termed 3D plots. These are 3-dimensional representations of omni-
directional ASF levels (dB//uPa/lelz) as a function of time and frequency.
Each trace represents the average over a 10 min interval and has been
smoothed 8o a3 to maintain a constant number of equivalent degrees of
freedom. Plots of data from the vertical dipole sersor are also included.
These displays serve as a roadmap of the data since they reveal signatures,

tones, artifacts, and broadband trends,

18
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(©) TABLE 111-9
LINES DELETED FROM CLUTTER MEASUREMENTS (U)
LOW FREQUENCY VERNIER (50 to 80 Hz)
55 Hz  Scheduled QUEST Projector Line
64 Hz  Scheduled KAPUSKACING Projector Line
70 Hz  Scheduled CHAIN Projector Line
76 Hz  ARL:UT Translator Artifact
79 Hz  ARL:UT Translator Artifact
MIDFREQUENCY VERNIER (150 to i80 Hz)
155 Hz  Scheduled QUEST Projector Line
160 Hz  Scheduled KAPUSKACING Projector Line
170 Hz  Scheduled CHAIN Projector Line
HIGH FREQUENCY VERNIER (305 to 335 Hz}
_ 305 Hz  Scheduled QUEST Projector Line
: 320 Hz KAPUSKACING Projector Harmonic (5x64 or 2x160)
; 324 Hz  KAPUSKACING Projector Sum Frequency (64+260)
§ 335 Hz  Scheduled CHAIN Projector Line
s 19
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IV. DISCUSSION

The analysis of these data is contained in Volume IV. However,
a brief discussivn of some of their limitations may prevent those
readers not having access to Volume IV from drawing unwarranted con-

clusions.

The curves in this volume denote the estimated averages of complex
stochastic processes. The estimates are displayed as a function of a
single variable, such as range, even though they may be highly dependent
on another variable, such as the time dependence of S/N or array gain.
The signal, noise, and array gain displays allow the time and range
dependencies to be somewhat separated, whereas the percentage detection
and S/N versus range displays do not. Even though the propagation loss
and signal, noise, and array gain displays separate the time dependence
of the ASF from the range dependence of the signal field, they do not
isclate the time dependence of the signal field. However, since these
curves are in good agreement for all three data intervals at Site A3l,
the day-to-day time dependence of the signal field, as ohserved with a

5 min ALI, {s probably small.

Since the curves are estimated averages of complex stochastic

processes (assumed te be stationary in a wide sense), the variance of

these estimates is highly dependent on the number of sample measurements.

For mest of the cw curves, and particularly for the lower level signals,
the number of samples is small (€10). The variance of each curve has
been decreased by a smoothing window which effectively tripled the
ounber of samples in each bin, but also decreased the vesolution of the
curve. However, the statistical fluctuation of these estimates does not
entirely account for the apparently anomalcus results from the low level
signals. As is discussed in Volume IV, these results are sonetimes

severely biased. This is because a fixed threshold detection process

1
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(U) was used to extract signal measurements, and thus only that portion of
: 5 the signal SPL distribution lying above the threshold was used to
f . *; estimate {tas average. For the higher level sources, more of the SPL
. distribution was detected and used to estimate its average. As was
discussed earlier, a simple technique was used to partially debias the

S/N results.

'; g» (C) The results that appear most anomalous are those at 55 Hz, where

the entire SPL distribution is undetectable., The 55 Hz detections
occurred only when the ASF level in the signal cell exceeded the estimated
ASF mean level sufficiently that it forced the signal-plus-noise level
above the detection threshold. This results in erroneous cw measure-

ments (Ref. 3). This phenomenon is discussed more fully in Volume IV,

(pp. 62-65).
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APPENDIX A
SUMMARY DETECTION CURVES (U)

(FIGURES 111-1 - I11-23)
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FIGURE 11[-155
MS53-FVT 70 HZ LINE HISTORY RS OJBSERVED VIA THE SINGLE CRRDIOIDS SENSOR
SITE A3 DURING THE 21 NOV FIELD EVENT WITH VERNIER RESOLUTION (U)
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APPENDIX C

PROFPAGATION LOSS versus RANGE CURVES (U)

(FIGURES Ili-164 - I11-171)
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FIGURE T1]-164
MSS-FVT NEAR BOTTOM OMNIDIRECTIONAL SENSOR
PROPRGATION LOSS RESULTS FOR SSHZ AT 14108 (U)
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APPENDIX J
AMBIENT SOUND FIELD 3D PLOTS

w This appendix contains plots of a 3-dimensional representation

ok
e Y

2 _,i of the ambient sound field. These plots were generated from vernier

¢ - H resolution calibrated covariance matrices. Only omnidirectional and

vertical dipole data were plotted, Such displays are intended to aid the

analyst in obtaining an overview of the available data base, in identify-

3 ing artifacts, and by serving as a guide to later data selection and

%'f' 2 - processing. Each plot covers a 12 h time interval. Each trace represents
an intensity average over a 10 min time interval. The data identifier

is describe? below.
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31 December 1978

DISTRIBUTION LIST FOR
ARL-TR-78-3
FINAL REPORT UNDER CONTRACT NO0039-77~C-0003, (ITEMS 0003 AND 0004)
SECRET

Copy Ne.

Commander
Naval Electronic Systems Command
Department of the Navy
Washingtor, DC 20360
Attn: PME 124

PME 124-30

PME 124-40

PME 124~60

PME 124TA

ELEX 320

NN B e

7 Office of Assistant Secretary of the Navy
(RE&S) Room 5E813, Pentagon
Washington, DC 20360
Attn: Mr., G, Cann

Chief of Naval Operations
Department of the Navy
Washington, DU 20350

8 Attn: O0P-095

9 OP-951F

10 0P-951F}

11 op-981

Commander
Naval Alr Development Center
Department of the Navy
Warminster, PA 18974

12 Attn:  Code 3091

13 Code 103

14 Commander
Naval Alr Systems Command
Department of the Navy
Washington, DC 20160
Attn:  Code PMA-264A

SECRET

UNCLASSIFIED

(This page is unclassified’




SEERE[ UNCLASSIFIED

Dist. List for ARL~TR-78-3 under Contract N00039-77-C-0003,
Items 0003 and 0004 (Cont'd)

Copy No.

15 Commanding Officer
Naval Intelligence Support Center
4301 Suitlond Road
Washington, DC 20390
Attn: Code 222

16 Project Manager
Anti-Submarine Warfare Systems Project Ofiice
Department of the Mavy
Washington, DC 20360
Attn: ASW O1T

Commanding Officer
Naval Ocean Research and Development Activity
Department of the Navy
NSTL Station, MS 39529
17 Attn: S, Marshall, Code 340
18 G. Lewis, Code 500

19 - 20 Commanding Officer and Director
Defense Documentation Center
Cameron Station, Building 5
5010 Duke Street
Alexandria, VA 22314

21 TRW, INC.
TRW Defencze and Space Systems Group
Washington Cperation
7600 Colshire Drive
Mclean, VA 22101
Attn: W, Morley

22 Sanders Associates, lInc.
95 Canal Street
Nashua, NH 03606
Attn: L, Cagne

23 Qffice of Naval Research
Resident Representative
Room 508, Federal Building
Austin, TX 78701

24 Glen E, Ellis, ARL:UT

25 Loyd D, Hampton, ARL:UT
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

R F I
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

| DISTRIBUTION LIST:

* NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)

DTIC-OCQ (Larry Downing)

ARL, U of Texas

Blue Sea Corporation (Dr.Roy Gaul)

ONR 32B (CAPT Paul Stewart)

ONR 3210A (Dr. Ellen Livingston)

APL, U of Washington

APL, Johns Hopkins University .
ARL, Penn State University

MPL of Scripps Institution of Oceanography
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NAVSEA

NAVAIR

NUWC
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