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2.0 DFETAILED DISCUSSION OF TFST RESULTS (U)

(U) The contents of this Volume discuss in more detail

the measured vs expected results for each of the following:

System FOM
Array Gain and Signal Gain
Beamwidth

Bearing Accuracy

Summary and Comparisons

2.1 SYSTEM FIGURE OF MERIT AND RANGE PREDICTIONS (U)

(U) System figure of merit (FOM) is defined as the total
signal transmission loss that the system can tolerate and is ex-

pressed as

FOM = SL - NL + AG - DT (dB) (2.1)
where

SL = threat source level (dBuPA)

NL, = local ambient noise spectral level (dBuPAz/Hz)

AG = array gain (dB)

DT = detection threshold

(S} For the third generation threat, the detection thres-
hold was computed for the 140 and 290 Hz lines as shown in Table
2-1 for a 1/32% -nalysis bandwidth (ABW). It is noted that in
addition to a 1.3 dB mismatch loss, a processing loss of 2 dB
was used to cover all other real processor degradations from

ideal. A S minute integration time was assumed.

(S) Detection ranges for the third generation Soviet
Nuclear Threat are estimated from the FACT-model-computed trans-
mission loss (Volume IA, Figures 1-10, 1-11, 1-13, 1-14, 1l-16,
1-17) based on FOM's computed from the measured data per eguation
(2.1).

SECRET




‘P rysay

2 103 SOT3ISTxsjoviaeyd burjzexady,,

‘uosl3aaqod *H 9

134)1S

X030939p butrpssosxd 193[TI pueqgMOILRU JO Y3lpimpueq SIsATeuy

(ap) ssoq ooad + 1 - Iig
Hnav

YaptM aurl teubts
SSOY yojewsTw 7 > g > 0 (gp)  (¥/9 - 1) botr o1
pa23evibajutr ssydwes juspusdsapur JO soquny
w3 uoT3exB33uT 995 00€ =& ‘. 0T = °d ‘570 = Jd 203
andut 1030939p IESUIT BY3 3I® paITnbar osTouU-03-TRUBTS
andut xossansocad 3e wmuﬂ:wmu
pueq zH SUO UT ISTOU-O3-1eUDTIS = MgV BOoT 0T + ( H) HANS

9" L- v e 0°2 (2 011~

68~ £° € 0°¢ £°T A S

(ap) (ap) (gp) (ap) (ap)

1en3ov uot3iepeiabag $S01] W 1eapI

La LA Te30L burssaooxg - €La

"LYIEHL NdD dyc

H

L
£T

N

() HLUIMANVE SISKIVNY %2¢/1

1-2 418V

R e (el v
SRR

8-S

Ten3oen

Mgy
JA

g

v

‘1
N

S
N) 8us

3
1 ﬂHPQ

160°0
*P0°0

*L36T TTady
*sAs 11949 ‘,@STON URTSSNPH pueqmoIaeN ul sTeubis M) 30 1o3oa389g IeBUT]
‘SDAIND S,UNSIIDYON WOIZ UTPIYO

0o1°0
Pr0°0

(1)

06¢
ort

(Z1)
Mgy

dOd NOILVIIDIVYD dTOHSIEINL NOILD3LAA

(zH)
YiIptM out]
Teubtg

(zH)
Antenbaoig

134)3%

o

RRLETIRNG. £ o, v S
e v




s

AT e
R L - Rt

——

e

.
3

Tt A R

SECRET

(S) Table 2-2 contains the FOM and estimated ranae data
for each data point 1n the three sites. Range zones (convergence
zones) fcr greater than 50% Jdetection probability are listed as
well as the maximum 50% PD range, which is averaged over the data
points for each si1te (averages shown in last column) . Data for
140 Liz as well as 290 Hz is provided. Note, how:sver, that for
a nominal \,2 spacing, one would expect a nominal 3 dB gain im-
provement for the 140 Hz data, and thus expect range increases

by approximately 1.5 to 2.0 times.

{S) The mean FOM for the 12 data points at 290 Hz 1s
82.8 dB; the greatest value is 92.9 for DP 9 in Site 4, and this
corresponds to a continuous {(no convergence zones) detection
reglon out to 203 NM. Detectlon'regioas covered in the three
sltes are pictured in Volume IB, Figure 1-3, for the above
conditions.

<2 ARRAY GAIN AND SIGNAL GAIN (U)

(Y Measured array gain (SNR Cain) and signal gain are
compared against theoretical reference curves vs aumber of elements
in the aperture for all 12 data points in Figures 2-1 and I-1.

For compariscon, the correspondinag comges:te data for the deep
MINYARA site 1s contained In Figure 2-3.  Individual Jdata point
presentation cf gain data appear as Fiaures A-1 throuah

A-24 10 Appendix A.

(S} Measured signal gain clusters around the theerctical
curve (20 log N) except for the cvulf of voman (PP 1 and I,
Figure 2-1}). This site might he expected toe show gomewhat poorer
signal gain due to the large depth deficiency (see Section 1.0},
and thus larger expected signal decorreletion resulting fram
greater signal accustic interaction with the bottem and the sur-
face. it i1s noted that the 140 Hz signal ga:in v.iues (Fiaure 2-0)
tend to be larger than the 290 Hz values. This also 18 expected
since the sperture contains fewer wavelenaths at 140 Kz and sia-

nal will, therefore, tend to be more correlated.
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{&) Also apparent is a characteriétic drocop in signal
aain between half (32 elements) and full éperture, which be-
comes more significant at 290 Hz. The indication is that the
viane-wavetfront model used to process the data is becoming in-
adeguate between 16 and 25 wavelenaths, at least for the
subject environmental conditions. Of cou%se, uncompensated
array-deformation could alsc be at least partially at fault,
but the progressively improved signal gaih with improving
acoustic conditions (going from Site lA to Site 4) places
greater credibility in the decorrelation érgument. This indi-
cates a need for more sophisticated arrayjprocessing, especially
11 "shallow" water, for apertures approaching 25 wavelengths.

(C) The array (signal to noise) gain correlates reason-
ably well with signal gcain according to the above referenced
set 0f figures. One exception is site 1A where the signal gain
is much farther below theoretical than array gain. Given the
fact that array gain depends not only on Coherently summing
the signal, but also on rejecting noise (array gain (AG) =
signal gain (GS) - noise gain (GN)), & lack of close correlation
in array gain with signal gain is plausible. However, there
appears to be an anomaly in the large discrepancy between sig-
nal gain and array gain for the Gulf of Oman. Noise anisotropy
information is not contained in this report, but would be useful
in relating signal gain and array gain.

(§) Of particular interest is the relatively constant
level of measured array gain, independent of aperture {(number
of elements), unlike the deep water MINYAKA tests. This is
especially evident for 290 Hz is given in Table 2-3 supporting
this observation. Therefore, a strong indication is that in
order to achieve the full potential of dfift arrays in depth
deficient water, the beamforming must acdommodate a more complex
model than a plane wave arrival; that is, it must include tech-
nigques to compensate for correlation losses.

SECRET
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Table 2-3 Array Gain Comparison for 290 Hz
vs. Number of Elements (C)

Mean Array Gain (dB) for Number
of Elements Shown, 290 Hz

Site 16 32 max

1A 9.7 11.2 10.€

|
j
|
|
3 12.7 13.4 !
|

4 11.4 ' 12.4 12.4

Overall
Mean 11.8 12,7 12.3

9
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2.3 BEAMWIDTH (U)

(¢} Theoretical beam patterns for each frequency and
aparture analyzed at each data point (which have random steer
angles) wore computed for comparison with MRA pattern response
measuremonts, A typical pattern for the unjform-yeiohted® full
apoerture is shownh in Figure J-d4 for DP 10 at 290 Hz., The roc-
tangular pattern plot covers the full azimuth plane, and re-

forences azimuth angle from end fire, i.e0., broadside on these

plots appears at 90 and 270%. Thus the 151.5° horizontal
stearing corresponds to 61.5" off-broadwide steering in the
context of the present report. Also provided in the hard copy
computer display are tie 3 dR beamwidth (4.12%) and array
azimuth gain (15.0 dR) . All other such plots generated are
containod in Appendix B for reference., A brief discussion of
the

L.

#Iletoon theoretical beam pattern of elements missing
from the aparture and gquantizing lobes created by sampling
data at a rate lowetr than that regquired for quantiizing lobe
suppression was given in Volume IA,

(U} Direct measuroment of beamwidth in the normal sense

during a sea test (g not practical.  Instead (of efther votating

the arrvay or mancuvering the projector ship on a circumferential

course), an estimate of the beam characteristics ia obtaitned

by steoring the beam over a relatively small azimeth reaion

centorad in the target direction,  The oastimate 18 good only

in the main beam region: 1t 18 clear that the areator the beam

in steered weay from the taradot Jdivection, the areater 18 the
pattorn error,

* Uniform werghting was used 1in boamforming for the entire data
reduction.  Ho sidelobe suppression was attempioed,

10
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(8) It is with this in mind that the "measured" pattern
data should be viewed. Such a pattern appears in Figure 2-5
for DP 10 at 290 Hz, corresponding to the theoretical pattern
of Figure 2-4. It represents one of the better examples of
neasured beam patterns, and is only 0.6° broader than theoreti-
cal. This corresponds to an array gain only 0.6 dB (10 log
(4.1°/4.7°) = 0.6 dB)) below theoretical. Unfortunately, the
measured array gain suffered an actual degradation of 2.4 dB
for this data point when the data was properly reduced.

i.
3
i
i
it
i1,
g

(C) It is also noted that the presence of interfering
gource-, particularly in the vicinity of the main beam (or its
jmage), has a degrading effect on the measured pattern quality,
as well as n both signal and array gain. Fither discrete tonals
rac lated within an analysis bandwidth of the projector tone, o.
broadband roise radiated from such interference contaminates
the data. Figure 2-6 is an example of a measured pattern at
290 Hz for full ape-ture in DP 7 whare interference plays a
sigrnificant, or probably a dominant role. The target (projector)
was received on a beam steered tvo -22° (where the MRA occurs
in the ficure). However, at least 3 other smaller pattern
peaks occur within 12°, It is felt these are associated with

interfering sonrces in the n2ar vicinity of the arrayv emplantment.

(<) £ one counsiders the 140 Hz data for this same data
point (see Figure I-7), the MRA has apparently shifted o -36"

steering, indicating a posusible array orientation charce, But

this is not p.ssible be ause the same 5 minute segment of tape
was analyzed for both 140 Hz and 299 Hz. The presence of at
ieant one other source can, therefore, be deduced from this

: . - . QO .
data comparison. The inlerfering source -t -36° steering has
a greater received energy at 140 Hz than is received from the
projector.
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(8) On this assumption, it can be seen that the re-
ported array gain of 8.5 dB (Ref Tahle 1-3, Vol Ta) at 140 Kz
is pessimistic, and according to Figure 2-7, the measured
gain should probably be stated as 11.9 dB based on consider-
ing the -36° steered "MRA" response.

(8) Observations of local interfercence in the Ship's
log indicate the presence of six ships within a 10 NM radius
of the array deployment including the monitoring ship (USNS
Wilkes). Other traffic is included below:

True Bearing Range Vessel Description
158° 3 NM Soviet Oceanographic Ship Soviet
Tender
178° 28 NM  USNS Kingsport
182° 9 NM Two other Soviet Vessels
(Destroyers?)
183° 7 NM US Minesweeper

1 NM USNS Wilkes

All of the "measured" beamwidth plots appear in Appendix C
for reference.

2.4 BEARING ACCURACY - COMPARISON WITH NAVIGATION DATA (U)

(S) Array bearing accuracy measurements were made using
the navigation data as a reference for data points 1 through 7
in Sites lA and 3. 1In Site 4, the array compass data was noisy
and could not be used to generate array target bearings.
Bearing accuracy data, summarized in Figures 2-7A and 2-7B,
shows extremely good accuracy. This is displayed as bearing
error in Table 2-4. Excluding DP 6 and 7, the mean absolute
deviation bearing error measured less than 5° and the rms less
thar 7°. Including these data points during which time the
array underwent rapid rotation, as if due to an ocean eddy, the
mean absolute deviation and rms bearing errors for Site 3 in-
creased to 26.2° and 33°.
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(8) Figures 2.8 through 2.14 are the actual work
sheets used in determining bearing errors. Array heading,
array broadside and computed {(from compass and steering data)
projector bearing are plotted along with the navigation data
of the projector.
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2.5 SUMMARY AND COMPARISON OF ARRAY PERFORMANCE MFASURES (U)

(U) The purpose of this section is to summarize and
compare all of the measured array data with theoretical per-
formance. Table 1-2 (Vol IB) compiles results of all the measured
data with the exception of signal gain which has a theoretical
value of 20 log (number of elements). Comparison of measured
and theoretical signal gains are given in Figures 2-1 and 2-2,
and on the figures in Appendix A, and will be summarized pre-
sently along with beamwidth and array gain data.

(U) Figures 2-15 through 2-23 compare measured array
gain, AG, against two theoretical measures of array gain, GAZ
and Grgor under ideal conditions. The steps involved in the
determination of measured array gain are discussed in detail

in Volume II, Section 3 of this report.

(U) A brief description of the theoretical measures is
in order. Azimuth gain, Gan is the array gain that results
when a twc dimensional isotropic noise field (lying entirely
in the azimuth plane) is considered. The entire signal is
assumed incident on the array maximum response axis MRA, and
thus, GAz
the horizontal plane. Isotropic (noise) gain, Grgor is just
the familiar directivity index (DI) of the array, defined sim-

is a measure of the array's noise discrimination in

ilar to azimuth gain except that a three dimensional, isotropic
noise field is hypothesized. GISO ig, therefore, a measure of
the array's noise rejection characteristic over a three dimen-

sional uniform noise field.

(U) Convenient approximate expressions for azimuth and
isotropic gain for a line array of omni directional elements
are given as follows:

UNCLASSIFIED
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UNCLASSIFIED

e it ST e =

- , - o O, . ooy
GISO 10 log (2 L/)) 10 log (101.6 /938 ) dB (2=2)
. 0,4 VO
Gpg = 10 log m{L/A) cos 9;} = 10 log (159.67/8, ) dB (2-3)
where
L = array length
A = acoustic wavelength
9380 = the 3 dB beamwidth in degrees when the array is steered
to broadside
930 = the 3 dB beamwidth in degrees independent of the steering
imposed
and

80 is the beam steering angle off broadside.

(U)  In addition to plotted gain, the summary figures con-
tain mean theoretical and measured gain values for each site, and
steering angles,which affect azimuth gain. These figures show that
the measured array gain tends to correlate somewhat better with

zimuth gain than isotropic gain (against which it was compared
in Figures 2-1, 2-2 and the figures in Appendix A},

(U)  In summarizing beamwidth measurements, it was found
conveniant to plot broadside egquivalent beamwidth, obtained trom
measured values by adjusting for the steer angle:

~ N ”~
038 = 93 cos Go. {2=4)

N ”~
83 = measured beamwidth at measured steer angle 00.
”~

e

g "~ broadside equivalent beamwidth,

This provides a beatter theoretical reference for visualization of

deviations from theoretical, as shown in Figures 2-24 through 2~-32
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{(U) The overall array performance summary is presented
in a series of tables which contain the differences in measured
performance vs theoretical. Tables 2-5 through 2-7 show beam-
width differences from theoretical, and indicate mean and rms dif-
ferences as a function of site and aperture size. Tables 2-8
through 2-10 summarize signal gain differences from theoretical
with mean differences noted. Tables 2-11 through 2-13 list
array gain differences.

(U) These last nine tables are further compressed into
three array performance summary tables which present ready
visualization of the BEARING STAKE results. Tables 2-14, 2-15

and 2-16 correspond to frequencies 290, 140 and 295 Hz respec-
tively.
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(S} Table 2-5 Summary of Measured Beamwidth vs Theoretical (U)

Frequency = 290 Hz

49
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S G o g AT AR

A Beamwidth difference from theoretical for
¢ number of elements shown
3 Site DP# 16 32 MAY
1 1A 1 2.3° 0.7° 0.3°
: ; 2 -0.4° 1.2° 0.9°
A Mean Error 0.95° 0.95° 0.6°
L : rms Error 1.65° 1.0 0.7°
‘% .
i 1 3 1.7° -0.6° 0.6°
: ;; 4 -0.7° -0.1° 2.1°
: ;! 3 5 2.9° 2.0° 2.9°
3 6 1.9° 2.1° s.8°
¥ 7 11.0° 1.4° 4.0°
Mean Erver 3.36° 1.0° 31°
rms Error 5,220 1.5° 3.5°
. o° 0.7° 1.3° §
o ,2° -0.3° -0.1° ;
. 4 10 0.8° 1.2° 0.6° :
é 11 3.1° 0.9° ~0.5° :
9 12 ¢® -2.2° 0.1° ,
i ;
- Mean Error 0.82° 0.1° 0.32 §
3 rms Error 1.43° 1.2° 0.7 ;
g
2.58° rms error for 36 points %
:
2.1° rms error for full aperture (max.) §
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S0

[
R (S) Table 2-6 Summary o. Measured Beamwidth vs
; 3 Theoretical (U)
L
? 3 Frequency = 140 Hz
§ 3 Beamwidth difference from theoretical for
s R number of elements shown
4
%’ﬂ 3 Site DP# 16 32 MAX
5 1 1A 1 140 Hz not projected in Site 1A
4
i
R - 3 Mean Error
:. Rl . T30 4 3 a3
b ] 3 ~0.1° 0.3° -0.3°
S 4 1.0° 0.9° 5.1°
i 3 3 5 1.4° 2.2° 2.3° ;
. 6 3.9° 6.1° 3.3° |
g 3 7 2.2° 6.4° 2.4°
] . ) ) )
¥ 3 Mean Error 1.68 2.0 2.6
B rms Error 2.15° 2.9° 31°
E &
$ . 3 8 2.2° 1.9° 3.9°
3 ‘ 9 1.8° 0.4° -0.1°
4 10 -2.3° 1.5° 0.1°
11 3.8° 3.1° 6.5°
12 -5.8° 2a° 1.5° |
Mean Frror ~0.1° 1.8° 2.4°
rm. “rrov 3.5° , 2.0° A 3.5°
2.91° rms error for 30 points
3.28° rms error for full aperture (Max) H
;
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(8) Table 2=7  Summary of Measured Beamwldth vs
Theoretical (U)

A PFroquoncy = 295 iz
Beaimwidth difference for theorotical for
number of eloments shown
Site or ¥ 16 32 MAX
‘3 ] Y
1A 1 - 3.0 0.4
2 4.0Y - -
Mean bBrror 4.0V 3,00 (.49
s
rms Brror 4.0% 3.0° 0.4"
3 3 - - -
3
': d - - -—
k.
4 3 5 - - -
b 6 - - -
7 9.6 2.2° 6.5"
;0 ;
: Maan blrrotw 9.b‘ 2.2” h.h“
g Beror Q.ﬁn 3.20 h.%o
8 -0.13Y 0.7" 1,2Y
9 -0.3" -0,1" ob
4 10 - - -
11 - - -
12 - - -
5 Moan krrov -0.36 0.3 1.6
s rms Lrror 0.3° 0.5 2,26"
v; \ 3.82” rmg orror for 12 points
b . 0 . .
A 3.6 rms error for full aperture (MAX)
§
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(s) Table 2-8 Summary of Measured Signal Gain
vs Theoretical (U)

A-'<-.--<-<"._
A okl S SRS .

Frequency = 290 Hz

Signal gain difference from theoretical in dB
for number of elements shown
Site DP# 16 32 Max

12 1 -6.1 -8.7 -12.2

2 -808 "505 - 606

Mean Differ. -7.2 -6.8 - 8.5

3 -0.2 -1.9 -2.1

4 +0.2 -3.0 -5.7

3 5 -0.5 -3.4 -4.1

€ -4.2 -1.5 -4.4

7 +1.6 -0.3 4.7

Mean Differ. -0.2 -1.9 -4.0
8 -1.9 +2.2 -1.6 |

9 -2.3 +2.8 +1.0

10 +0.9 +1.0 +0.1

4 11 +0,7 -1.1 -0.4
12 +2.4 +1.6 +0.1 §

Mean Differ. +0.7 +1.5 -0.1
'

52




.,‘
o,

CONFIDENTIAL

L (S) Table 2-9 Summary of Measured Signal Gain vs,
§ Theoretical (U)

- emr e
e

Frequency = 140 Hz

F | Signal gain difference from theoretical in
g% dB for number of elements shown

Site DP# 16 32 MAX

- : 1A 1 140 Hz not projected in Site 1A
2

Mean Differ.

+0.4 0 +1.1
-0.9 -0.9 -1.95
+5.1 +2.8 -0.2
+C.1 -1.0 -2.1
+3.3 +1.0 -1.8

T g - e S

o
w
~N N s W

Mean Differ. +2.,2 +0.6 - .8

PR LA NG I by iy

8 +1.4 +2.3 ~1.0
9 -5.1 +1.6 +1.9
¢ 18 4 1" +4.6 +3.8 +2.1
[ | L1 +5.1 +3.3 -0.5
> 4 12 +6.2 +4.0 #1.3

oLt ‘;l‘,,,..‘,,) u".:_;

i +

e g Mean Differ. +3.8 +3.1 +0.9
2

i
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(S) Table 2-10 summary of Measured Signal Gain
vs. Theoretical (U)

Frequency = 295 Hz

Signal gain difference from theoretical in dB
for number of elements shown

Site DP# 16 32 Max
l '1106 -13- "'1703
1A 2 -10.7 ~11.4 ~14.2
Mean Differ. -11.1 -12.1 -15.5
3
4
5
6
3 7

Mean Differ.

10
11
12

mean difference
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% E (8) Table 2-11 Summary of Measured Array Gain
; °;} vs. Theoretical (U)
- % Frequency = 290 Hz
.
% Array gain difference from theoretical azimuth
I gain (dB) for number of elements shown
é Site DP# 16 32 Max
'g 1A 1 +1.6 -1.1 -5.4
4 2 -9.6 -3.4 -4.3
5 Mean Differ. -1l.1 -2.1 -4.8
- 3 +1.9 ~0.3 0.4
' ‘ 4 0 '3.2 -703
S 3 5 +1.5 +0.6 -4.6
P 6 +1.9 -1.3 -4.9
il ‘ 7 -5‘6 - -601 -lOQO
& 3
g

BB o i
Tt Ay SRR R 3l

Mean Differ, 0.6 -1.5 -4.3

% 23
X G
X 28
i =
3 i
: B
3 3

3

E 8 +1.1 2.4 -6.1
3§ 9 +2.9 ~0.9 -0.5
- 4 10 +0.8 -1.9 -2.4
T 11 -1.7 -1.3 -2.8
P 12 -3.1 ~5.8 -8.5

v 3 mean difference +0.5 -1.6 -3.2
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(S) Table 2-12 Summary of Measured Array Gain

vs. Theoretical (U)

Frequency = 140 Hz

Array gain difference from theoretical azimuth
gain (dB) for number of elements shown

Site DP# le 32 Max
1A ; 140 Hz not projected in Site 1A

Mean Differ.

R e R Y R T s o E
- . T
-~

3 -10.8 -1.0 +0.4

3 4 -6.2 —4-8 -5o5
5 +9.0 +4.2 +0.7

6 -1.8 -2.0 -0.7

7 -OQ‘QI- "’403 "‘6.2

Mean Differ. +3.4 -0.2 -1.4

K

8 -4‘1 +l.3 -309

9 -4.7 -1.5 -0.4

4 lo -1|5 ‘009 ’1.9
ll ‘0-2 "205 "5-2

12 +lo3 "2-1 -508

mean difference -1.3 -0.9 -3.0
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(S) Table 2-13 Summary of Measured Array Gain
vs Theoretical (U)

Frequency = 295 Hz

L o1, tER NS St o AV LT A N S s S N T o R A e S A L L R o I L A A O
oE ¢ i
5

Array gain difference from theoretical azimuth
gain (dB) for number of elements shown
Site DP# 16 32 Max.
lA 1 "205 -S.l ‘11.0
2 -709 -8.8 '11;5
3
4
S
6
3 7
8
4 9
10
11
12
mean difference
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TABLE 2-14 ARRAY PERFORMANCE SUMMARY, 290 Hz (U)
deg (dB)
MEAN BEAMWIDTH DIFFERENCE FROM THEOR
SITE 16 EL 32EL MAX APER
1A 0.95° (-.3dB) 0.95° (-0.7dB) 0.6° (~0.6dB)
3 3.36° (-1.6dB) 1.0° (-1.0dB) 3.1° (-3.7dB)
4 0.82° (-0.3dB) 0.1° (-0.14dB) 0.3° (-0.3dB)
(dB)
MEAN SIGNAL GAIN DIFF. FROM THEOR. (dB)
; SITE 16EL 32EL MAX APER
. . 1A -7.2 -6.8 -8.5
T 3 -0.2 1.9 -4.0
'; 3 4 +0.7 +1.5 -0.1
Lo
i
[y -
-l
i
(dB)
Z% MEAN ARRAY GAIN DIFF FROM THEOR GAZ
‘§_ 16EL 32EL MaX AFER
-' "1:1 '2\1 "“'3
‘0\6 -'105 ':.o“
R
!_. - - g
H +0.5 1.6 3.2
. 1
'a% g
& i

ox 3 Sthmemmati
RO et

ARy, A

S8
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TABLE 2-15

CONFIDENTIAL

ARRAY PERFORMANCE SUMMARY, 140 Hz (U)

deg (dB)

MEAN BEAMWIDTH DIFFERENCE FROM THEOR

SITE

16EL 32EL MAX APER

la

1.68%(~0.4dB) +2.0°(-1dB) +2.6%(-1.9dB)

-0.1°(0dB) +1.8°(-0.6d8) _2.4°(-1.2dB)

(dB)

MEAN SIGNAL GAIN DIFF. FROM THEOR (dB)

SITE

16EL I2EL MAX APER

1A

2.2 0.6 -0.8

3.8 3.1 0.9

(dB)

MEAN ARRAY GAIN DIFF FROM THEQOR CGAZ

SITE

16EL 32EL MAX APER

1A
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TABLE 2-16

CONFIDENTIAL

ARRAY PERFORMANCE SUMMARY, 295 Hz (U)

MEAN BEAMWIDTH DIFFERENCE FROM THEOR

SITE

16EL 32EL MAX APER

1A

4.0°(-1.1dB) 3,0°(-1.8dB) 0.4°(-.5dB)

SIGNAL GAIN DIFF. FROM THEOR (dB)

SITE

16EL 32EL MAX APER

1A

-llcl -1231 -1505

ARRAY GAIN DIFF, FROM THEOR GAZ

SITE

16EL J2EL MAX APER

1A

-4.4 -6.6 -11.2
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2.6(C) ARRAY PERFORMANCE AT 295 Hz (U)

(C) Only a limited and somewhat dubious data base
(2 data points) for array gain is reported for the 295 Hz line.
(see Table 2-17) Because the low 295 Hz signal levels radiated
were detected on omni channels only in Site 1A (DP 1 and 2),
array gain is reported only for these data points. The beam-
formed array output, however, indicated detections of the 295 Hz
line in all three sites.

(C) Comparison of 290 and 295 Hz measured signal levels
on omni channels (Table 2-17) show poor agreement with radiated
levels. On the other hand, agreement of beamformed signal level
ig in good agreement (except for DP 2) with radiated levels.
Further, one observes that measured SNR values for beamformed
data are quite small (2.5 to 3.2 dB) in the analysis bandwidth
for DP 1 and 2, making it implausible that the omni SNR's re~-
ported are accurate. The conclusion drawn is that measured omni
signal levels are suspect, and the resulting SNR and AG values
in Table 2-17, and in other data presented is questionable.

(C) It is noted from Table 2-17 that the AG for data
points 8 and 9 must exceed 9.7 and 11,7 dB respectively, since
presumably the omni SNR for these points is zero dB or less.
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Comaprison of Signal Gain & Array Gain Vs. Number
of Elements (U)

UNCLASSIFIED
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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 X
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
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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