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: Abstract .:::: ’
e

Measurements of the vertical directionality of ambient noise have been made during CONTRACK

VIII in the 150-300 Hz region with the 48 element NORDA VEKA array cut for 300 Hz and centered on X

b the sound axis {750 m). There is pronounced anisotropy about the horizontal with significant N
. fluctuations over time scales of a few minutes. A
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“ I.  Introduction
.
e Although a substantial literature exists on the general subject of ocean acoustic ambient noise, few
) experiments have been done which provided information on the vertical distribution of ambient noise at
\ 3

\l

:j frequencies above 100 Hz. Those that have been done often have suffered from one or more of the

\i
Wy following limitations: (1) common-mode noise, (2) upward looking only, (3) insufficient aperture, and (4)
- grating lobe and side lobe contamination.

In this report, we report on measurements of the vertical directionality of ambient noise during
- CONTRACK VIII at several frequencies between 150 and 300 Hz. Related literature includes [1-11]. As
'_":. will be shown here, anisotropies in the vertical distribution of ambient noise are pronounced and

. fluctuate significantly over time scales of a few minutes.
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II. Experiment Description and Data Analysis

The data were obtained with a 48 element, uniformly spaced (d = 2.4 m) array suspended in the
vertical from FLIP and centered on the sound axis (z =750 m). Essentially, the array was the NORDA
VEKA 32 element array used in CONTRACK VI augmented and reconfigured for this experiment. FLIP
was in a tight, three-point moor "350 miles west of San Diego at 32°N, 124°W (see Figure 1).
Measurements of array tilt could only be made when the hydrophones were powered down. Array tilt
was 0.7° the only time it was measured. In this deployment, “500 pounds of metal were attached to the
bottom of the array to keep it as near vertical as possible. Considering the array aperture (112.8 m), the
small tilt of the array did not degrade the data. A representative sound speed profile and corresponding

ray trace diagrams are provided in Figure 2.

The data discussed here were taken on 18 October 1985 starting at 20:05 local time (tape 85010),
19 October 1985 starting at 02:16 local time (tape 85021), and 19 October 1985 starting at 14:20 local
time (tape 85042). Eight data segments each of length 72 s were analyzed from each tape. With a

sampling rate fs = 907.8 Hz, each segment consisted of 65536 samples/channel.

Figure 3 displays the power spectra of Channel #01 (top hydrophone), Channel #16, Channel #32,
and Channel #48 (bottom hydrophone) from the first segment of tape 85010. Similarly, Figures 4 and 5
are spectra from the first segments of tapes 85021 and 85042. They were derived from the incoherent
addition of 15, 50% overlapped, 8192-point FFT’s (111 mHz bin width). A Kaiser-Bessel window (a =
2.5) weighted the data prior to each FFT {12]. For this value of a, the highest sidelobe level is -57 dB.
Proper calibration (dB re 1 gPa/VHz) is obtained by adding 71 dB to the values reported in the
spectra. The 90% confidence interval for these results is +2.0/-1.6 dB. Thus, the spectrum level at 200
Hz is 65 dB re 1 pPa/\/Hz. The very prominent line at slightly less than 250 Hz was projected from a

support ship as part of the experiment. The line at 174 Hz was generated on board FLIP.

The results in the next section were produced with a FFT beamformer [13]. The along-channel
FFT’s were 50% overlapped and 8192-points in length. A Kaiser-Bessel window (a = 2.5) weighted the
data prior to each FFT [12]. The cross-channel FFT’s were 512-points in length where the {complex)

data first were windowed with either a 48-point Kaiser-Bessel window (a = 1.5) or rectangular window
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and then zero-padded out to the FFT length. Beam patterns are displayed in Figure 6 at f =150, 200,
250, and 300 Hz. For the Kaiser-Bessel window and « = 1.5, the first sidelobe is at -35 dB while for the
rectangular window it is at -13 dB. Incoherent averages of 15 cross-channel FFT’s are displayed as
individual panels in each plot in the next section. The corresponding 90% confidence interval is +2.0/-
1.6 dB. The plots have not been calibrated so must be interpreted on a relative basis. An important

correction not yet made is to account for beam broadening going from broadside to endfire.
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Figures 7-12 report the time-evolving character of ambient noise vertical directionality over 8.6

W

minute intervals. The plots represent a (time) FFT bin width of 111 mHz centered every 25 Hz from ,:::j:
150 Hz through 300 Hz. Positive angles refer to downward looking beams. Figures 7, 8, and 11 are for 'I_
- a cross-channel (spatial) FFT with a Kaiser-Bessel (@ = 1.5) shading function and Figures 8, 10, and 12 e
correspond to use of a rectangular (uniform) shading function. :.",:

Three striking features are noteworthy. First, although the vertical structure is stable for a few

e )
LSS AN

minutes at a time, significant fluctuations occur over several minutes. Second, there is a noticeable ‘
asymmetry in the levels observed by the up-looking and down-looking beams with the down-looking

beams being consistently 3-5 dB lower in level than the corresponding up-looking beams. Third, the

ambient noise spatial structure appears to have an underlying boxcar character with a majority of the e
power contained within +15-20°. On top of this residual characteristic are substantial fluctuations often ‘_-'-..‘.

taking the form of horns at +10-14° with a significant notch in the +9-10° region. Notch depth is

~ P

variabie but reaches 5 dB in many instances. For these data, this notch is less significant in the up- g
.':“

looking beams than the down-looking beams. g
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IV. Summary

N

Measurements of the vertical directionality of ambient noise in the 150-300 Hz region have been

T-HEERAS ST YR C T

reported. The 48 element NORDA VEKA array cut for 300 Hz and centered on the sound axis (750 m)
was used to collect the data. Three features of the data are striking: (1) short term stability and long

term fluctuations of the vertical structure, (2) asymmetry in the levels observed by the upward and

EE Y i BN

downward looking beams, and (3) the existence of an underlying boxcar characteristic to the vertical

e

structure on top of which are substantial fluctuations often taking the form of horns at +10-14° with a

'

I significant notch in the i9~10(? region. © ¢ ¢/ 7 T,
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Figure Captions

Location of CONTRACK VIII experiment.
{(a) Representative sound speed profile. (b) Corresponding ray trace diagrams.

Power Spectrum: 85010. FFT Bin Width =111 mHz. Calibration: 471 dB//uPa/VHz
or +64 dB//uPa. (a) Channel #01, (b) Channel #16, (c) Channel #32, and (d) Channel

#48.

Power Spectrum: 85021. FFT Bin Width =111 mHz. Calibration: 471 dB//uPa/VH:z
or +64 dB//uPa. (a) Channel #01, (b) Channel #16, (¢) Channel #32, and (d) Channel

#18.

Power Spectrum: 85042. FFT Bin Width = 111 mHz. Calibration: +71 dB//uPa/VHz
or +64 dB//uPa. (a) Channel #01, (b) Channel #16, (c) Channel #32, and (d) Channel

##8.

Beam Patterns: NORDA VEKA Array. (a)f =150 Hz, (b) f =200 Hz, (¢) f =250 Hz,

and (d) f =300 Hz.

Ambient Noise Vertical Directionality: 85010. 18 October 1985, 20:05 Local. Kaiser-
Bessel (a =1.5) shading function. Positive angles refer to downward looking beams.
(a) I =150 Hz, (b) f =175 Hz, (¢) { =200 Hz, (d) f =225 Hz, (¢) f =250 Hz, (f) f =275
Hz, and (g) f =300 Hz.

Ambient Noise Vertical Directionality: 85010. 18 October 1985, 20:05 Local.
Rectangular (uniform) shading function. Positive angles refer to downward looking
beams. (a){ =150 Hz, (b) f =175 Hz, (c) f =200 Hz, (d) f =225 Hg, (e) f =250 Hz. (f)
f =275 Hz, and (g) f =300 Hz.

Ambient Noise Vertical Directionality: 85021. 19 October 1985, 02:16 Local. Kaiser-
Bessel (e = 1.5) shading function. Positive angles refer to downward looking beams
(a) f =150 Hz, (b) f =175 Hz, (¢) { =200 Hz, (d) f =225 Hz, (e) f =250 Hz, (f) f =275

Hz. and (g) f = 300 Hz.
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Figure 10.

Figure 11.

Figure 12.
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Ambient Noise Vertical Directionality: 85021. 19 October 1985, 02:16 Local.

Rectangular (uniform) shading function. Positive angles refer to downward looking
beams. (a) f =150 Hz, (b) f =175 Hz, (c) f =200 Hz, (d) f =225 Hz, (e) =250 Hz, (f)

f =275 Hz, and (g) f = 300 Hz.

Ambient Noise Vertical Directionality: 85042. 19 October 1985, 14:20 Local. Kaiser-
Bessel (o« =1.5) shading function. Positive angles refer to downward looking beams.
(a) f =150 Hz, (b) f =175 Hz, (c) f =200 Hz, (d) f =225 Hz, (e) f =250 Hz, (f) f =275

Hz, and (g) f = 300 Hz.

Ambient Noise Vertical Directionality: 85042. 19 October 1985, 14:20 Local.
Rectangular (uniform) shading function. Positive angles refer to downward looking
beams. (a) f =150 Hz, (b) f =175 Hz, (c) f =200 Hz, (d) f =225 Hz, (e) f = 250 Hz, ({)

f =275 Hz, and (g) f = 300 Hz.
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= 175 Hz, KB window (olpha = 1.5)

T L{ {

e 4+

-1e

Poar B (+38db)

-20

-1e

Paver (B (-84

-0

-1

Pover () (-9

-1e

Poner (B 1« 4001

-1e

1@

Pover () («4ldy)  Pouer (B} (+42H)
8

Pover () {+48cb)
®

Po.er @@ [+ 83db)
®

J 1 - [l | 1 ~} i H

..2.-_:.. .
N Ve S
| W N

- -‘. ‘.‘ .!. .l
et ey

+——s t T 7 — t T 1\_,_w{
-8 -7 -6 -50 -4@ -3@ -20 -1 @ 18 20 @ 4 S0 60

Argle (dag)

L U e

-‘. )'. .4. ..-
" . - . NG -
S a g ae N e

_‘"“' 7’,-“:;

‘a




‘-
t

.
}
1
[l
-~
i
T
T
T
|
1
!
N
|
T
1
1
I
t
1
ul

S S S T—

38
.
2

r\m. 4 A - - - 4 i +4 ®
—t
T T T 7T T 7 T 71 T 7 T T T 7 T
T + T+ + T T+ T + 1 T + T + 1 = «w
i + 1 4 4 1+ 4 4 4 4 4 + 4 1 e &
g ;
1 + 4 L

J s

+—

i 4+

+ 1

i —

L i

i

+ t
-9 -3

J

T

}

+

T

T
-50

Arroy Response - 85010 Bin #5902

f = 200 Hz, KB window (olpho
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225 Hz, KB window (olpho = 1.5)
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Rrroy Response - 85010 Bin #6579

275 Hz, KB window (olpho = 1.5)
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f = 250 Hz, rect window
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f = 275 Hz, rect window
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Arroy Response - 85021 Bin #6579
[ = 275 Hz, KB window (olpho = 1.5) 7
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Rrray Response - 85021 Bin #5676

f = 175 Hz, rect window

t = 2.4 min
t 1.2 min
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Arroy Response - 85021 Bin #6127

[ = 225 Hz, rect window
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Arroy Response - 85042 Bin #5451

f

158 Hz, KB window (olpho = 1.5)

—t —t +— —t +——t T+ —t
-+ + + E 4 - -+ — -+ lf -+ + T .‘|
T n Jﬁ T T n T ™ T H T nm T _ -
T Mm T mT T % T/7T ™ T T\ T T
1 I/ U1 1/4 1/1 1 1 1 |
toAt AT T FT AT T
1 4+ 41 + 4 1 1 1 1 + 1 1 1 1
4 + 4 lﬁ -+ =4 lﬁ =+ + 4+ + + +
A I S T A A U A T A A U
“T -+ T -+ -+ -+ T -T T T -1 T -1 41
-+ -+~ -+ -+ o - -+ ~ - -4~ -+ -4 —~+ <+

T\ 1
1 1 4 1 L] L] AV L 1 1
[N A 2 A O N N A O
+ I 4 4 I 4 4 T -v 4 1
t Frt AT tT ot 4T ot
+ + _ <+ + + #+ 1+ T T . T -
i | i i m m i

T 1T st st FIt et gstofT
- e s e s e e -

[ R ® ] a ® s m o ] m ® S R [ (] N o w m ® 3 R

199%6€ «) @) =0,

@P1or) () “arog

0 D

@PZY+) (@ wangg

19PEY ) (BP) vanad

(EY+) @) vaag

AN AT N

@LPr) (W) “andg

[Pay+) (B “angy

(W2p+) 1@P) +a0g

- ° v @
T DA

0 8 9%

60

20 38

10

-89 -7 -60 -50 -4@ -@ -2 -1@

-90

fArgle (dm




Arroy Response - 85042 Bin #5676

175 Hz, KB window (oipho = 1.5)
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Array Response - 85042 Bin #5902
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Array Response - 85042 Bin #6127
f =225 Hz, KB window (olpho = 1.5)
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Arroy Response - 85042 Bin #6579

275 Hz, KB window (olpho = 1.5)
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Array Response - 85042 Bin #6804

300 Hz, KB window (olpho = 1.5)

f

= 8.4 min
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Arroy Response - 85842 Bin #5451

150 Hz, rect window

f =

t = 8.4 min
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Arroy Response - 85042 Bin #5902

[ = 200 Hz, rect window

t = 8.4 min
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Arroy Response - 85042 Bin #6127

[ = 225 Hz, rect window
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Arroy Response - 85042 Bin #6579

[ = 275 Hz, rect window

Figure 12(f).
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Array Response - 85042 Bin #6804

f = 300 Hz, rect window
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Figure 12(g).
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