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Vertical Directionality of Ambient Noise

at 32 ° N as a Function of Longitude

W.S. Hodgkiss and F.H. Fisher

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

Abstract

Measurements have been made of the ambient noise field between 25 and 300 Hz with vertical
arrays at 32° N (124° W, 136 ° W, and 150 ° W). Substantial differences in the vertical distribution of
noise have been measured, especially at the higher frequencies which can be interpreted in the context of
attenuation by seawater sound absorption of coastal shipping. Due to substantial differences in weather

at the stations, these measurements also provide an opportunity to observe the effect of weather on the
vertical distribution of ambient noise.
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I Introduction

Ambient ocean noise in the low and mid-frequency regions has received a great deal of attention
over the last 25 years. Although not intended to be complete, the references provide an indication of
the wide scope of this work. In the unclassified literature, major comprehensive bibliographies include
{1-4], books [5-8], workshops {9-10|, the analysis of experimental data sets [11-43], ship radiated noise
characteristics [44-47], theoretical models [48-64), and the performance of array processors operating in
an ambient noise environment [65-73]. A representative view into the classified literature can be
obtained by reviewing past issues of the U.S. Navy Journal of Underwater Acoustics and the proceedings

of the Navy Symposium on Underwater Acoustics.

Downslope conversion of coastal shipping noise has been discussed as being a major contributor to
the low-angle noise distribution in the vertical plane (angles close to the horizontal) [33,38-40,42]. If this
is so, then sound absorption in seawater should produce changes in the distribution of low-angle noise in

the vertical plane as a function of range from coastal shipping.

A decrease in the noise energy per unit angle in the vertical offers improved array performance as
a function of distance from coastal shipping. In the Pacific for these latitudes (32 ° N), the attenuation
is about 0.005 dB/km at 300 Hz and decreases to 0.00125 dB/km at 150 Hz. At a range of 1500 nmi
(2778 km), the attenuation would be 13.9 dB at 300 Hz and only 3.5 dB at 150 Hz. Therefore, if we had
data on vertical noise distribution at short and long ranges from coastal shipping, we would expect to
see substantial absolute differences at low angles between the 300 Hz data and much less for the 150 Hz

data.

We have made such measurements - two at 32° N 124" W (approximately 350 nmi due west of San

Diego), and one each at 32° N 136 ° W (approximately 1000 nmi west) and 32° N 150" W (approximately __—"—"":

For e
1700 nmi west). Due to substantial differences in weather at the stations, these measurements also { i
a
provide an opportunity to observe the effect of weather on the vertical distribution of ambient noise. 1 a :
oM

A summary of the analysis results s contained in this volume (MPL-TM-387-A). Companion

volumes (MPL-TM-387-B.C.D E) contain the complete analvsis results for the four data tapes examined .n/

tty Codes
| Avall ane/or

{Tapes #85010. 36060. 36217, and R6180. respectively).
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II. Experiment Description and Data Analysis

The data were obtained with two uniformly spaced arrays suspended in the vertical from FLIP
and centered on the sound axis (z = 750 m) - the 48 element NORDA VEKA array cut for 309 Hz (d =
2.4 m) and the 27 element MPL digital array cut for 217 Hz (d =3.46 m). FLIP was in a tight, three-
point moor at 32°N, 124°W for the October 1985 data taken with the NORDA VEKA array and
drifting slowly at 32° 124°W, 32° 136°W, and 32° 150°W for the April/May 1986 data taken with the
MPL digital array. Figure I shows the array deployment geometry superimposed on a representative

sound velocity profile. The locations of the FLIP stations are indicated on the chart in Figure 2.

The NORDA VEKA array data discussed here were taken on 18 October 1985 starting at 20:05
PDT (Tape #85010, position 32° 124°W, wind speed 6 kts). Twenty-one data segments each of length 72
s were analyzed (25.2 min total). With a sampling rate fs =907.8 Hz, each segment consisted of 65536

samples/channel.

Figures 5-6 dispiay the power spectra of Channels #1, 16, 32, and 48 from the first segment of the
NORDA VEKA array data (Channel #1 corresponds to the hydrophone at the top of the array). They
were derived from the incoherent addition of 15, 509 overlapped, 8192-point FFT’s (111 mHz bin
width). A Kaiser-Bessel window {a = 2.5) weighted the data prior to each FFT. For this value of o, the
highest sidelobe level is -57 dB {74]. The values reported in these figures are properly calibrated (dB re 1
;APa/\/Hz). The 90% confidence interval for these results is +2.0/-1.6 dB. 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 MPL digital array data discussed here were taken on 27 April 1986 starting at 06:34 PDT
(Tape #86060, position 32° 124°W, wind speed 22 kts), 9 May 1986 starting at 13:38 PDT (Tape #86247.
position 32° 136°W. wind speed 17 kts), and 5 May 1986 starting at 10:09 PDT (Tape #86180. position
32° 150°W. wind speed 10 kts). Twenty data segments each of length 55.7 s were analvzed (186 min

total) from each tape. With a sampling rate of [ = 1176 Hz. rach segment consisted of 65536
hl

samples/channel.
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Figures 9-10, 13-14, and 17-18 display the power spectra of Channels #, 10, 20, and 27 from the )

first segment of each of the MPL digital array data tapes (Channel #l corresponds to the hydrophone at

the top of the array). They were derived from the incoherent addition of 15, 50% overlapped, 8192- ‘q‘l‘
point FFT’s (144 mHz bin width). A Kaiser-Bessel window (a = 2.5) weighted the data prior to each ,
FFT. The values reported in these figures are properly calibrated (dB re 1 uPa/ \/Hz). The 90% y
confidence interval for these results is +2.0/-1.6 dB. Q
The results in the next section were produced with a FFT beamformer [75]. The along-channel : 9
FFT’s were 50% overlapped and 8192-points in length. A Kaiser-Bessel window (o =2.5) weighted the P
data prior to each FFT. The cross-channel FFT’s were 512-points in length where the (complex) data EE
first was windowed with a 48-point (NORDA VEKA array data) or a 27-point (MPL digital array data) ::::
Kaiser-Bessel window (« = 1.5) and then zero-padded out to the FFT length. For this value of a, the ;
first sidelobe is -35 dB {74]. Figures 3-4 display the beam patterns of both arrays at several frequencies. ‘:f
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Il. Discussion

Figures 7-8, 11-12, 15-16, and 19-20 report the time-evolving character of ambient noise vertical
directionality at three stations due west of San Diego. Tape #85010 is from the NORDA VEKA array
at 124° W. Tapes #86060, 86247, and 86180 are from the MPL digital array at 124°W, 136° W, and
150 ° W, respectively. The waterfall plots represent a (time) FFT bin width of 111 mHz (NORDA VEKA
array) and 144 mHz (MPL digital array) centered every 25 Hz from 25 Hz through 300 Hz. Multi-panel
plots of the same results are included for f =75 Hz, f = 150 Hz, and {f =300 Hz. Positive angies refer to
downward looking beams. The plots have been calibrated to report ambient noise power spectral

density per Hz per degree of vertical angle (dB re 1 yPa/ \/HzDeg).

A number of observations can be made by comparing the waterfall and multi-panel plots from the
three stations. Under calm weather conditions (Tapes #85010 and #86180), the vertical distribution of
ambient noise clearly is concentrated within approximately +£15° of the horizontal. Under poor
weather conditions (Tape #86060), high wind speed has the effect of filling in the higher vertical angles
while leaving the level within the low-angular region unchanged. Under intermediate weather
conditions (Tape #86247), a transition between these two characteristics occurs which is frequency
dependent (in the case of Tape #86247, the transition occurs in the the 125-150 Hz region). This
frequency-dependent transition characteristic is consistent with single hydrophone measurements
reported in the literature (e.g. see (24| where ambient noise levels above 100 Hz were very sensitive to

wind speed while ambient noise levels below 100 Hz showed no wind speed dependence at all).

In the low-angular region at the higher frequencies, significant differences can be seen in the
vertical distribution of ambient noise as a function of distance from the coast. There is a clear decrease
in absolute level with distance. Furthermore, a concave character to the angular distribution of
ambient noise centered on the horizontal begins to appear. Both of these observations are consistent
with the hypothesis that downsiope conversion of coastal shipping noise constitutes a major portion of
the low-angle energy and that this kind of noise is diminished by sound absorption as a function of )

. N »
distance from the coast.
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: IV. Summary
. Downslope conversion of coastal shipping noise has been discussed as being a major contributor to
[}
1}
! the low-angle noise distribution in the vertical plane (angles close to the horizontal). The results
'
¢
i reported here on the vertical directionality of ambient noise as a function of longitude are consistent
, with this hypothesis. Sound absorption in seawater appears to diminish the low-angle energy as a
“' function of distance from the coast with the effect being more pronounced at higher frequencies than at
i
f lower {requencies.
, Due to substantial differences in weather at the stations, these measurements also provided an
t
¢
X opportunity to observe the effect of weather on the vertical distribution of ambient noise. Under caim
¢
a: weather conditions, the vertical distribution of ambient noise clearly is concentrated within
approximately +£15° of the horizontal. Under poor weather conditions, high wind speed has the effect, of
Y
X » . . . . . .
filling in the higher vertical angles while leaving the level within the low-angular region unchanged.
)
; Under intermediate weather conditions, a frequency-dependent transition between these two
characteristics occurs which is consistent with single hydrophone measurements of wind speed
K-
1 dependence.
+
s
K
3
&
s,
",
#
3
Y
4
»
h
b
b -
i
0

-
-
Y

- I I P - v Lo L4 - [ N UL N o
' A " A T T S L SRR B IS I P TN T Sy S S TN L N (R CRr Ty RS
W A N M A" Yyl Y, 0 s A S R S St o A e LAY A A 8



SO R RO R R W U O U TN R A UV N W U U ¥ 800 Ra"8Va §% 460 070 B0 Vs % BV Big 8Fa 44 Ta $Ta AT 8 A F RS 2.5 1.8 4.0 £.0 0.8 §.0 Bet Bot St Rt Rt R ARl att ol

Acknowledgements

This work was supported by the Office of Naval Research under contract N00014-84-K-0097 and
the Naval Air Systems Command under contract N0O0014-87-C-0127. The NORDA VEKA array was
augmented by Neptune Ocean Engineering under the supervision of Dr. Tom Tunnell of NORDA. Dr.
Tunnell was in charge of the NORDA and Neptune Ocean Engineering personnel which included Cecil
Watkins and Andrew Monks of NORDA and Dr. Norman Gholson and Tony Jarrell of Neptune.
Subcontracts from MPL to NORDA and Neptune Ocean Engineering were let in order to collect the
data discussed here. Dr. Fred Fisher was chief scientist for CONTRACK VIII and IX and Dr. Bill

Hodgkiss was in charge of data analysis. We wish to thank Mr. Dewitt Efird, the Officer-in-Charge of

FLIP and his crew for their excellent cooperation.

A T NRNAA

a Ay
N

)
"~
N
.
™~
o
A
)
&

o




mm‘mmvmvmmvmnmfﬁﬁMVfﬁ'l aS a0 fo® Rt FaV VoW SV Bo¥ 3oV Bat By Bl i Rt 28 V2 04 R aRh ol

References

1] GM. Wenz, "Review of Underwater Acoustics Research: Noise,” J. Acoust. Soc. Am. 51:3(2):1010-

1024 (1972).

[2]  W. Crouch, “Ambient Sea Noise: A Review of the Literature,” NUSC TR-4179, Naval Underwater

Systems Center, New London. CT (1972).

(3] R.A. Wagstafl, " A Comprehensive Ambient Noise Bibliography,” NUC TR-333, Naval Undersea

Center, San Diego, CA (1973).

[4]  Tery E. Ingalsbe, " The Ambient Noise Bibliographic Data Bank,” AESD TN-75-03. Acoustic

Environmental Support Detachment, Office of Naval Research, Arlington, VA (1975).
(5] D. Ross, "Mechanics of Underwater Noise,” Pergamon Press (1976).

B8] R.J. Urick, "Sound Propagation in the Sea,” Defense Advanced Research Projects Agency,

Washington, DC (1979).
\ (7] R.J. Urick. Principles of Underwater Sound. NY: McGraw-Hill, 1983.

'8]  R.J. Urick, " Ambient Noise in the Sea,” Undersea Warfare Technology Office. Naval Sea Systems
Command, Dept. of the Navy, Washington, DC (1984).

“ 9] " International Workshop on Low-Frequency Propagation and Noise." 14-19 October 1974, Woods

Hole, MA (Coordinated by the Maury Center {or Ocean Science. Office of Naval Research).

| [10] R.A. Wagstaff and O.Z. Bluy, "Proceedings SACLANTCEN Conference on Underwater Ambient

Noise,” 15 June 1982 La Spezia. Italy.

en

X

! ; " . . o Q . “ .
| 111 G.M. Wenz, " Acoustic Ambient Noise in the Ocean: Spectra and Sources.” J. Acoust. Soc. Am.
\

34(2): 1936-1956 (1962).

G.R. Fox, " Ambient-Noise Directivity Measurements.” . Acoust. Soc. Am. 36(3): 1537-1540 (19649}

ISSEE

'l
-

=AY

! 131 R.J. Talham. " \mbient-Sea-Noise Model.” [. \coust. Soc. Am. 36(%): [541-1541 (1964).

i 14| C.L. Piggott. " Ambient Sea Noise at Low Frequencies in shailow Water off the Scotian sheif” |
‘ Rl

| Acoust. Soc. Am. 36(t1): 2152-2163 (1964).

~—
"'
&)

L4

}
!

) “ . “ S et i S S,
v, .y P et e AW W N & 'd’"-"-("-f'n"-f'vl"-f‘ IR ‘-\I\v.\ ._':-‘ . ., 4
Mﬁf;{#fm’}.ﬁ’ﬁryhfxﬁﬁ T ey W &

h)

L r e



Te 7 b'm Ati §Tn 1y §00 40"ty e 90 NE R SR Tal Tat al vt tal AL ST Sl Sl AR Sl S g ¥ T R T T U T TN Y o Y ¥ e Y e M a e Y ¥ LY N LW W e T e e T W

(15] E.H. Axelrod, B.A. Schoomer, and W.A. Von Winkle. " Vertical Directionality of Ambient Noise in

the Deep Ocean at a Site near Bermuda,” J. Acoust. Soc. Am. 37(1): 77-83 (1965).

{16] R. Rudnick and E.D. Squier, " Fluctuations and Directionality in Ambient Sea Noise,” J. Acoust.

Soc. Am. 41(5): 1347-1351 (1967).

(17] A.J. Perrone, " Deep-ocean ambient-noise spectra in the northwest Atlantic,” J. Acoust. Soc. Am.

46: 762-770 (1969).

[18] A.J. Perrone, " Ambient noise spectrum levels as a function of water-depth,” J. Acoust. Soc. Am.

48: 362-370 (1970).

(19] A.J. Perrone, " Infransonic and low-frequency ambient noise measurements on the Grand Banks,"

J. Acoust. Soc. Am. 55: 754-758 (1974).

>
=
/"5-['—[- .fl-f‘l' g

{20] R. Martin and A. Perrone, " Geographical variation of ambient noise in the ocean for the :' ]
frequency range from 1 Hz to 5 kHz," International Workshop on Low-Frequency Propagation and
Noise, Vol. 2, 14-19 October 1974, Woods Hole, MA, pp. 817-841.
G. B. Morris, " Preliminary Results on Seamount and Continental Slope Reflection Ennhancement
of Shipping Noise,” MPL-U-57/75, Marine Physical Laboratory, Scripps Institution of

Oceanography, San Diego, CA (1975).

221 A.C. Kibblewhite. J.A. Shooter. and S.L. Watkins. " Examination of attenuation at very low

o v

frequencies using the deep-water ambient noise field,” J. Acoust. Soc. Am. 60(5): 1040-1047 {1976).

T,

231 D.H. Cato, " Ambient sea noise in waters near Australia.” J.Acoust. Soc. Am. 60(2): 320-328 (1976).

24|  G. B. Morris, "Depth dependence of ambient noise in the northeast Pacific Ocean.” J. Acoust. Soc.

S had
SO “.':J

t Am. 64: 581-590 (1978).

.
&

251 R.A. Wagstaff, " Iterative technique for ambient-noise horizontal-directionality estimation from

towed line-array data.” I \Acoust. Soc. Am. 63(3): 363-R69 (1978).

261 V.C. Anderson. " Envelope spectra for signals and noise in vertically directional heams.” I \coust.

Soc. Am. 65(6): 1480-1487 (1979).

LA XA s SAESAOTSIAY S

-~
10 ")
A

<

N

. e

S A I L A LA N R A A S A A A A A NS A I

. - - N ot ™. - -t e AnMalaal g



N R0 0 e 0, A0 JVg Bra B BB NS AR S BV}

V.C. Anderson, " Variation of the vertical directionality of noise with depth in the North Pacific.”

J. Acoust. Soc. Am. 66(5): 1446-1452 (1979).

28] R.W. Bannister, R. N. Denham, K. M. Guthrie, D. G. Browning, A. J. Perrone. " Variability of

low-frequency ambient sea noise,” J. Acoust. Soc. Am. 65: 1156-1163 (1979).

'2g] V.C. Anderson, " Nonstationary and nonuniform oceanic background in a high-gain acoustic

FETEEEI Y N N N NN N A SO R PO
)
sl

array,” J. Acoust. Soc. Am. 67(4): 1170-1179 (1980).

130] W.S. Hodgkiss and V.C. Anderson, " Detection of sinusoids in ocean acoustic background noise.” J.

Acoust. Soc. Am. 67(1): 214-219 (1980).

31] R.A. Wagstaff, " Horizontal directionality estimation considering array tilt and noise field vertical

arrival structure,” J. Acoust. Soc. Am. 67(4): 1287-1294 (1980).

i32] J.A. Shooter and M. Gentry, " Wind generated noise in the Parece Vela Basin." J. Acoust. Soc.

Am. 70(6): 1757-1761 (1981).

:33] R.A. Wagstafl, " Low-frequency ambient noise in the deep sound channel - The missing

component,” J. Acoust. Soc. Am. 69(4): 1009-1014 (1981).

34] S.C. Wales and O.I. Diachok, " Ambient noise vertical directionality in the northwest Atlantic." J.

Acoust. Soc. Am. 70(2): 577-582 (1981).

35] R.C. Tyce. "Depth Dependence of Directionality of Ambient Noise in the North Pacific:

Experimental Data And Equipment Design.” SACLANTCEN Conference Proceedings No. 32

(Underwater Ambient Noise), 15 June 1982, SACLANT ASW Research Centre. San Bartolomeo.

[taly.
. . . N
361 A.S. Burgess and D.J. Kewley, " Wind-generated surface noise source levels in deep water east of A
-
Australia.” J. Acoust. Soc. Am. 73(1): 201-210 (1983}, ,-é
370 W.A. Kuperman and M.C. Ferla, " A shatlow water experiment 1o determine the <onree <pectrum ‘d
level of wind-generated noise.” J. Acoust. Soc. Am. T7(6): 2067-2073 1 19%5). L]
N
381 WM. Carey. R.AL Wagstall. B.AL Brunson. and M.R. Beadley, " Low-Frequency Notse Fields and :
b
Signal Characteristies.” NORDA TR-121. Naval Ocean Research and Development \etivity f:
1
11 z

eI A

.



e e o D) . m aont TR '
5

R

; 1

: NSTL, MS (1985).

[39] WM. Carey and R.A. Wagstaff, " Low-frequency noise fields,” J. Acoust. Soc. Am. 80(5): 1523-1526

L)
j: (1986).
o [40] WM. Carey, "Measurement of down-slope sound propagation from a shallow source to a deep h

ocean receiver,” J.Acoust. Soc. Am. 79(1): 49-59 {1986).

b [41] R.W. Bannister, " Deep sound channel noise from high-latitude winds,” J. Acoust. Soc. Am. 79(1): |
|

- 41-48 (1986). _f

uf '42] W.M. Carey, [.B. Gereben, and B.A. Brunson, " Measurement of sound propagation downslope to a

; |

; bottom-limited sound channel,” J. Acoust. Soc. Am. 81(2): 244-257 (1987). :5

:-; 431 M.J. Buckingham, " A new shallow-ocean technique for determining the critical angle of the seabed .

» from the vertical directionality of the ambient noise in the water column.” J. Acoust. Soc. Am.
; 81(4): 938-946 (1987). ;
‘44] J. Cybulski, " Probable Origin of Measured Supertanker Radiated Noise Spectra.” Oceans '77. pp.

: 15¢-1 to 15¢-8 (1977).

o - . . .
“ 451 B. Schmalfeldt and D. Rauch, " Ambient and Ship-Induced Low-Frequency Noise in Shallow R

Water," appears in: W. Kuperman and F. Jensen, " Bottom-Interacting Ocean Acoustics.” pp.

: 329-343. NY: Plenum Press (1980).
b

. 46] L.M. Gray and D.S. Greeley, " Source level model for propeller blade rate radiation for the world’s

o

4 merchant fleet,” J. Acoust. Soc. Am. 67(2): 516-522 (1980). 2
L y
N 47" J.C. Heine, " Acoustic Source Characteristics of Merchant Ships,” SACLANTCEN Conference

. Proceedings No. 32 (Underwater Ambient Noise), 15 June 1982, SACLANT ASW Research Centre, -

San Bartolomeo, Italy. B

o .
:' 481 W.S. Liggett and M.J. Jacobson, " Covarieance of Noise in Attenuating Media.” | \const. <o, 'f.
. Am. 36: 1183-1194 (1964). :
X 491 W.S. Liggett and M.J. Jacobson, " Covariance of surface-Generated Nowse in a Deep Ocenan” | ;
|

L . vy ) :
iy Acoust. Soc. Am. 38: 303-312 (1965). :
v

N v

¢ e A e A A AT AT A TN AT AT
e e T S



50

(51]

(52|

54]

55|

561

57|

58]

'59]

601

61,

™Y e

H. Cox, " Spatial correlation in arbitrary noise fields with application to ambient sea noise,” J.

Acoust. Soc. Am. 54(5): 1289-1301 (1973).

H. Cox, " Spatial correlation in arbitrary noise fields with application to ambient sea noise," J.

Acoust. Soc. Am. 54(5): 1289-1301 (1973).

W.A. Kuperman and F. Ingenito, " Spatial correlation of surface generated noise in a stratified

ocean,” J. Acoust. Soc. Am. 67(6): 1988-1996 (1980).

M.J. Buckingham, " A theoretical model of ambient noise in a low-loss, shallow water channel.” J.

Acoust. Soc. Am. 67(4): 1186-1192 (1980).

R.C. Cavanagh and W.W. Renner, " Vertical directionality and depth dependence of averaged

acoustic signals and noise,” J.Acoust. Soc. Am. 68(5): 1467-1474 (1980).

D.E. Weston, " Ambient noise depth-dependence models and their relation to low-frequency

attenuation,” J. Acoust. Soc. Am. 67(2): 530-537 (1980).

C.I. Oelkers, " Noise correlation functions for arbitrary receiver orientation and steering direction
in vertically anisotropic, azimuthally isotropic notse fields,” J. Acoust. Soc. Am. 67(3): 864-367

(1980).

R.J. Talham, " Noise correlation functions for anisotropic noise fields,” J. Acoust. Soc. Am. 69(1):
213-214 (1981).

R.J. Talham, " Noise correlation functions for anisotropic noise fields,” J. Acoust. Soc. Am. 69(1):

213-214 (1981).

M.J. Buckingham, " Spatial coherence of wind-generated noise in a shallow ocean channel” ]

Acoust. Soc. Am. 70(5): 1412-1420 (1981).

R.A. Wagstafl, " Noise Field Calculation or Measurement Simulation: Some Comments on Ambient

Noise Modeling,” Oceans 82, pp. 187-191 {1982}.

D. Ross. " Role of Propagation in Ambient Noise." SACLANTCEN Conference Proceedings No. 32

{Underwater Ambient Noise), 15 June 1982, SACLANT ASW Research Centre. San Bartolomeo,

Ttaly.

13

TR W U WY VR W T W U WO W W WU TR P W WO T N UM UM " 70 T W TR N TR AN T TR WL T T :...

- v
f.t"“' .,

~p WL

T ','\.‘- *y

)
~
W

%

B Pt
AR NS

T e T

! y 2 AR TN y * TN R A LT L A R A R P L SR LT A%
N T S L T N T ) e e T S T L T SR N .\\\\\.v\'\\"\\.\._ﬂ._\.'.* .-.r"'.r gt
NN AN NN O ARSI A N VM N A R A R BN N 2 AR NN A NN 4 3




mwmmmﬁ““mmwm CT NI YT AT S UMWY WRE TR ™ F N R R WL W W WL Wy -;gl 9

(62|

(63]

[64]

)

661

67)

68|

6]

iy

71

72l

TR . T T P R Ry S Co Co il o Fo S I AT RTINS
h)’?f:'-’:', R TR e e e A A N Ry N e D X S A AT AR A ATSAA L R Al N

"a

J.H. Wilson, " Wind-generated noise modeling,” J. Acoust. Soc. Am. 73(1):211-216 (1983).
R. Dashen and W. Munk, " Three models of ocean noise,” J. Acoust. Soc. Am. 76(2): 540-554 (1984).

M.J. Buckingham, " A theoretical model of surface-generated noise in a wedge-shaped ocean with

pressure-release boundaries,” J. Acoust. Soc. Am. 78(1): 143-148 (1985).

H. Cox, "Line array performance when the signal coherence is spatially dependent,” J.Acoust. Soc.

Am. 54(6): 1743-1746 (1973).

E.R. Floyd and D.F. Gordon, " Effects of Propagation on Linear Array Performance.” NUC TN

1774, Naval Undersea Center, San Diego, CA (1976).

M.J. Buckingham, " On the response of steered vertical line arrays to anisotropic noise.” Proc. R.
g Yy P

Soc. Lond. A 367: 539-547 (1979).

M.J. Buckingham, " Array gain of a broadside vertical line array in shallow water,” J.Acoust. Soc.
Am. 65(1): 148-161 (1979).
R.M. Hamson, " The theoretical gain limitations of a passive vertical line array in shallow water”

J.Acoust. Soc. Am. 68(1): 156-164 (1980).

F. Ingenito, " Calculations of the Spatial coherence and Array Noise Gain of Wind-Generated

Noise," Oceans '82, pp. 166-171 (1982).

o

M.J. Buckingham, " On the response of a towed array to the acoustic field in shallow water." IEE

D Y

Proc 131 F (3): 298-307 (1984).

R.M. Hamson. " The theoretical responses of vertical and horizontal line arrays to wind-induced

noise in shallow water,” J.Acoust. Soc. Am. 78(5): 1702-1712 {1985).

[N e
S "-{ ", ,-‘_- “’

B.G. Ferguson and D.V. Wylilie. " Comparison of observed and theoretical responses of a horizontal

. . . " ~ > - *
line array to wind-induced noise in the deep ocean.” J. Acoust. Soc. Am. 32(2): 601-605 (1987). :
\
F.J. Harris. * On the Use of Windows for [{armonic Analysis with the Diserete Fourter Transform.” Y
Proc. [EEE 66(1): 51-33 (1978).
=
t
JR. Williams. " Fast Beam-Forming Algorithm.” J. Aconst. Soc. Am. FHB): Li54-1455 {196K). .'C}j
J'“".
'.\
ol
b
L4 i
ol
g

<



TR NN N DY U I DR Y UY UV Y Y LR Y IR B0, 8'00'0.0 ot Bu0 00 Bof ful G0 B2 0a® B¢ 0ot N7 0P $o5 Bat BaF Rt Vet et e b M e gl and ot And o Rl )

¢

4 Figure Captions

G

. Figure 1. Array Deployment Geometry and Representative Sound Velocity Profile.

:‘ Figure 2. FLIP Stations for October 1985 and April/May 1986 Experiments.

: Figure 3. Beam Patterns: NORDA VEKA Array. (a) Kaiser-Bessel (¢ = 1.5) shading function

4 and (b) Rectangular shading function.

: Figure 4. Beam Patterns: MPL Digital Array. (a) Kaiser-Bessel (@ = 1.5) shading function and
G (b) Rectangular shading function.

: Figure 5. Power Spectra: Tape #85010. FFT Bin Width =111 mHz. Calibration:
dB//kPa/VHz. Channels #. 16, 32, and 48.

\; Figure 6. Power Spectra: Tape #85010. FFT Bin Width =111 mHz. Calibration:

§‘ dB//uPa/\/Hz. (a) Channel #1, (b) Channel #16, (¢} Channel #32, and (d) Channel
; ##8.

2 Figure 7. Ambient Noise Vertical Directionality: Tape #85010. 32° N 124°W_ Wind speed 6 kts.
?: 18 October 1985, 20:05 PDT. Kaiser-Bessel (a = 1.5) shading function. Positive angles
l' refer to downward looking beams. Calibration: dB//uPa/\/HzDeg. (a) f =25 Hz. (b)
_ f =50 Hz, (¢) f =75 Hz. (d) I =100 Hz, (e) f =125 Hz, () f =150 Hz. (g) f =175 Hz. (h)
® f =200 Hz. (i) f =225 Hz. (j) { =250 Hz. (k) { =275 Hz. and (1) { =300 Hz.

; Figure 8. Ambient Noise Vertical Directionality: Tape #85010. 32° N 124" W. Wind speed 6 kts.
i, 18 October 1985, 20:05 PDT. Kaiser-Bessel (a = 1.5) shading function. Positive angles
: refer to downward looking beams. Calibration: dB//uPa/ \/HzDeg. {a) f =75 Hz. (b)
o

'3 f = 150 Hz, and (c) f =300 Hz.

: Figure 9. Power Spectra: Tape #6060. FFT Bin Width = 144 mHz. Calibration:

:\ AB//nPa/VHz. Channels #1. 10. 20. and 27
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Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.
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Power Spectra: Tape #6060. FFT Bin Width = 144 mHz. Calibration:
dB//pPa/VHz. (a) Channel #, (b) Channel #10, (c) Channel #20, and (d) Channel
#27.

Ambient Noise Vertical Directionality: Tape #86060. 32°N 124°W. Wind speed 22
kts. 27 April 1986, 06:34 PDT. Kaiser-Bessel {& =1.5) shading function. Positive
angles refer to downward looking beams. Calibration: dB//uPa/ \/HzDeg. (a) =25
Hz, (b) f =50 Hz, (c) f =75 Hz, (d) { =100 Hz, (e) { = 125 Hz, ({) [ = 150 Hz, (g) f =175
Hz, (h) f =200 Hz, (i) f =225 Hz, (j) { =250 Hz, (k) f =275 Hz, and (1) f =300 Hz.
Ambient Noise Vertical Directionality: Tape #86060. 32° N 124 'W. Wind speed 22
kts. 9 May 1986, 13:38 PDT. Kaiser-Bessel (a = 1.3) shading function. Positive angles

refer to downward looking beams. Calibration: dB//uPa/\/HzDeg. (a) f =75 Hz, (b)

f =150 Hz, and (¢) f = 300 Hz.

Power Spectra: Tape #6247. FFT Bin Width = 144 mHz. Calibration:

dB//uPa/VHz. Channels #. 10, 20, and 27.

Power Spectra: Tape #86247. FFT Bin Width = 144 mHz. Calibration:
dB//uPa/VHz. (a) Channel #1, (b) Channel #0. (c) Channel #0, and (d) Channel

R7.

Ambient Noise Vertical Directionality: Tape #6247. 32° N 136" W. Wind speed 17

kts. 9 May 1986, 13:38 PDT. Kaiser-Bessel (a =1.5) shading function. Positive angles
refer to downward looking beams. Calibration: dB//uPa/VHzDeg. (a)f =25 ~llz. {b)
f=50Hz. (c)f{=75Hz, (d)f =100 Hz, {e) f =125 Hz. (1} { = 150 Hz. (g) f =175 Hz. (h)

f =200 Hz. (i) [ =225 Hz. (j) § =250 Hz. (k) I =275 Hz. and (1) [ =300 Hz.

Ambient Noise Vertical Directionality: Tape #6247 32 ' N 136 W Wind speed |7

kts. 9 May 1986, 13:38 PDT. Kaser-Bessel (a = 1.53) shading function. Positive angles

refer to downward looking beams. Calibration: AB//pPa/VHeDeg, ia) £ =75 Hz. ihy
1 ]
f =150z, and (¢} { =300 Hz. A
N
L}
e
. )
15 =
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Figure 17. Power Spectra: Tape #86180. FFT Bin Width =144 mHz. Calibration:

dB//uPa/ VHz. Channels #, 10, 20, and 27.

Figure 18. Power Spectra: Tape #86180. FFT Bin Width = 144 mHz. Calibration:
dB//uPa/VHz. (a) Channel #1, (b) Channel #0. (c) Channel #0, and (d) Channel
#7T.

Figure 19. Ambient Noise Vertical Directionality: Tape #86180. 32°N 150° W. Wind speed 10
kts. 5 May 1986, 10:09 PDT. Kaiser-Bessel (a =1.5) shading function. Positive angles
refer to downward looking beams. Calibration: dB//uPa/VHzDeg. (a) [ =25 Hz. (b)
f =50 Hz, (¢) f =75 Hz, (d) f = 100 Hz, (e) f =125 Hz, (f) f =150 Hz, (g) { =175 Hz. (h)
f =200 Haz, (i) { = 225 Hz, (j) [ =250 Hz, (k) { =275 Hz, and (1) [ =300 Hz.

Figure 20. Ambient Noise Vertical Directionality: Tape #86180. 32° N 150° W. Wind speed 10
kts. 5 May 1986, 10:09 PDT. Kaiser-Bessel (o =1.5) shading function. Positive angles
refer to downward looking beams. Calibration: dB//uPa/VHzDeg. (a) [ =75 Hz. (b)

f =150 Hz. and (c¢) f =300 Hz.
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Array Response - 86060 Bin #5141
15¢ Hz, KB window (alphg = 1.9)
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Arroy Response - 86@68 Bin #5490
f = 200 Hz, KB window (glpha = 1.95)
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Arroy Response - 86063 Bin #5832

: f = 250 Hz, KB window (glpho = 1.5)
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Array Response - 86247 Bin #5141

f = 150 Hz, KB window (alpha = 1.5)
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Arroy Response - 86247 Bin #5832
f = 250 Hz, KB window (alphc = 1.5)
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Arroy Response - 86247 Bin #6012
f = 275 Hz, KB window (alpha = 1.5)

50

0

/\\/’u ._'\\\\,/J;/“v\
| r/\/w/i\ AN/

V

AV

N

)
1=
o)
—
(&)
S
X
)
IV
—
®f‘\
~ &
—
1 g
Two E
i =

A}

1

6.9

+

/
!
/=

t

a4.9

-

.!,444

2.

L

L2 -80 -7Q -62 -S2 - 42 - 3@ -

el
—ntie

22 -2 -2 ‘2 o

cos)

St

01

4

N
[SN]
IS
S
N
AV
o)
&
<J
~

m

[ge]
NeJ
N

b2

Fiaure 15(k;.

T. . '~~ '.- '.\ ’.- * e '_
ORI YA

Y e

~-. q{-.‘ ‘.“"

n\-_

l" o ..-.
| A

b,;,' % Y " S, ‘.:.I..I 1{1{1’\»-\.'

"ﬁ‘:'l “"‘ ]

YNy
g
b

UL Y Y

'
"
3

57

A
x

SR NI R P
AR N N

N A

AW v Y VT,
SR

T,

- %
l..’“{"

L % 4G %

LR A4 el
s 8,4' i

% %y {’- ‘

5

AT, ,'v LI

207,



...... . lﬁjﬂ-«l‘«l% -WN LICARA
RO 4 IR ..:..... ARV o ...: RN Ll
O PSR A PR LA L AT Rrated .....!......,.......\...:.\_-.,...,. .p. T 2 DI @ISR S NN @ Sl e
0
Qal
5
(Ulwy Bwl | =4
.- . . . [
@ 9l ®§ B2l 1L 8 VI Vi V< Vo
.j*.ll, }—r- —r1 S { + { + { \ &
loil
&
[¢0)]
©
1
o)
NS
&
N

G

A
f
f A
2 Le

10 N 4 7
- s . [G]
O < n N
«nm Teo m/w_
oo > 0
x L o1
m W S w -
C =
= a ~ an
= g : C
© 0 Q J ®©
7 1
< X ©
N Anuw. N
£ cC !
. Q©
© < i)
' o
NV}
m
g . -
cC . Q
@] N
a N I
o L Tc
o] O
o R .
S N
o
O 1
Lo o
C g ©
(LT . -4
t n”rv
Q4 Qv 3

(B ooy




el )
« 5 e

‘..-“lff.(

Lan gn gn o g LI g S j.-«\i.d}!.ﬂiﬂ‘!lj

-f.‘f.‘f\uo- u-rL\.“-\WL.*.-...b.--l.-f..-q.-- alr e ..-.... > ... v-. -_.-. .. .- ‘.uf\-.- .-\..- - "\ ¢ .-s -... ‘. -r\f\..\..\..\nu
.

\. P

s

f o . e ham D2

e "_ w
l‘-
A S

Ll
o

(AN
bia,.
Ao

Y'.‘v'h""
ure i
N
ALY ¢

W

1
1
a Y

- J';V_ a2
.
|
\‘
N
-
) o
)
o
N
JL’

I’_ A o
-
'3
N

.
A

“’ o
——
o
-
L

.
Y

R

P

.
—_—

Y
S / / ...:“
L’ 9 e

™,
Y e,
AN
N
S
L
~
——

At A
1 Y]
.\‘
\\
.
~,
T
|
—
\‘
\
N B

/ \ ya s ,
(T
B, Uhv -
s J ) w_ - £
k. 0 &
X LoC , _ . £
. ay =
X NG , T
w«. ﬁﬂ/ﬁ X \ * ,
3 © 8 ! . 5
b, © e
3 w O + t 3
4 C
P\ O _ f «
b, Qg , . 8
m.. % T Y
2 [EQIN: = < < < g \ :
] - 7 F E € [ F g -
, 0 o) +4 @ 2 ™~ ) 4 + %t + < B
X et ; 4 " . S % /
F S R R YR B T -1 1@
1
m. X g R F 2 3 X 8 8 R 8 8 X g8 2 8 8 X 3 8 X9 9
\w”. () 1an0¢g (g 43n0g [{s LN o v [{* yRELath] (g J3nr0g {gh 43n0g gy 490y () san0g
;
s
S
K,
X,
2
'y . ’
V“ -
1- ll




AT ay A W]

T by b - ot e — ooy
g fod b b b i |
/ P
/ /o
{ \
. \ / _f ~
i
/ T R
/ | |
/ | IR
1 W
I e
J !
, 1 : J | =
R \\ s \.\\ / 7/ \\ 4 “
o 10 y ) A ; -] /! b
oo \\ -
o | Ok
& ‘ I ) L
H =
£ 3
PN Fm 5 . \ <) -
\ —
0
™~ N /_ © -
™ + \
(\J h\M
N
S liRe / 3
' = . ) \ -
\ bos
PW o |
o N ‘ | E
Tp .
5N : =
Dm\w R ! |
A ; : : - N
o ™ o 4 5 l
O ~ ey 1
. . 1 - ~ . ‘n. N B3
[§ S - Ly [ R - . foo T\i+\\u . o } i g

3 8 N A8 3 O X 8 R X 8§ R X 8 8 X & 8 X 8 5

) Janog (@) 2angg ey 1§y Jmrag (g aanng ® san0g @ g G U

’\A.'.. ,.lv!l " s e~ ‘l . > ....5.\--



Lol

Cal

A

)

"

'y

e Iy ) '
FRE AN

AT S

-

-
\l
A \f«t\nr !

17.9 min

X 9 8

(@ H2n7g

6.7 mn

-1
-1

t

b -

g wanay

15.8 min

t




»”MD-A193 232 VERTICAL DIRECTIONALITY OF AMBIENT NOISE AT 32 DEG N RS 2/2
R FUNCTION OF LON.. (U> SCRIPPS INSTITUTION OF
OCERNOGRAPHY LA JOLLA CA MARINE PHYSIC..
UNCLASSIFIED W S HODGKISS ET AL. JAN 88 MPL-TM-387-R




el I > > g

16

'EEE

O ~
) o o
S EEF!

o o on - 34
h—n—n—n_.._p_._..._“

TANDARDS 1963 A

1.4

I N
Rf AL

(R AN

K407

MICROCOPY RESOLUTION TEST CHAR]

2
122 |

A5 WA, BRI s Sy,
&

M A T R Ay B e gy



Paver (B

Pover () Pover () Power (@) Pover I Pover {(dB)

Pover ()

Piver (R

Ay \‘.,'\.'\.' NN,

8

8

8

[

8

8

A e

Array Response - 86247 Bin #5141

f =

t 6.5 min

1 |
T L

Il

150 Hz, KB window (olpha =

1.9

4

1

+

Y 1 t T T T t T — 1
I I i ! Il { 4 [ i | 1 ! i ! N
T -t t T T 1 | —— t T 1 T T T -t 1
t = 5.6 min
1 i 4 i i L ! 4 3 1 4 : Il : " 4 i
T 1 T T T T =1 — T i T T T t T T g
- <+
1 1
{ | i I ! } | N } ! ] 1 1 J } l
| S . T 1 + —t—1 T T t T T T T T N
t = 4.6 mn
l l d — ! 1 ! B i I 1 ' e ! l l
A A B Al A R T T 1 T T T T T 1 1
T— +
-+ T
i ! 1 } L L 1 1 — L J ' 4 ! 4 L
T T T T T T = T T T T 1 t T T T ~t
t 3.7 min
] ] 4 1 ] | | } i 1 { N 1 i L l
T T t T T T T T 1 T m Lo T T T T
-+ -r
4 +
N I | 1 N I 1 1 1 —_ l 1 1 1 | 1 i I
1 By t 1 T T T T  E— 1 + 1 T T + I E—
t = 2.8 min
1 } | Il I b I ] l ! I 1 I 1 i1 }
T T T T T T T T t | T v T T ~T
—— o
1 I
l Il Il L ! } ! 4 | 1 l 1 bl ! 1 }
Y + T T T T T ~t L — T t L T T T 1
t 21.9mmn
1 4 L 4 ; { 4 . : 3 PN i i 4 $
T T T 1 T o T T i T v T T T T

t = 98.9 mn
It 1 | | i ! i l I} l ] | vl 1 o 1 | !
\l 1 T T L E— T T T * T T T t + ~t-
-+
1 T
n i | 4 " ; 4 i ; 1 4 ; 4 : :
T Y =+ T T T —+ ~t 1 T T T * T t t T
t = 0.8 min
[ L + | . H 4 | ) A L i 4 :
) ’ : ’ .
_
—_
|

"N At e
\,,.x-.

PRI

s

LA

Ly

w*

s

a6

Fiqure 16(b).

- At A" N A" A" AT A (M " " ("L " " MR -, - M TG A IS
.',._,, AT T P '\.'. H. '.\._rw.'u\ \s\ - D A S

-~

. e
Sl m

-

x

(] 5"'-‘-"'1" -"..I’.'/'

T T I 4

o

L T T Th R



RN EN LN ‘8 a%h 58 2’ afd abt a¥e” '(l""t,d'h NP N RN KA RN LS WL “‘Biovaf 2l 700 W o Y Ll YAl gé » g 2.t 3y bt §.8 G @0 04'

"
N
N
B
K Array Response - 86247 Bin #5141
N f = 158 Hz, KB window (glpho = 1.5)
)
R)
g'l t = 13.9 sun
A i — _ L TR I 1 L 1 L I [
" L L T T T | A L L T R T T T L ‘
8 A N
«‘ g
5 4 —+
0 & !
4 » 1 ! i i FOR I { I — I FEE] : 2
. T r T R T L T T LI} T 0 T L R ¥ T T ’
" t = 13.@ min
'.‘ ) L i el 3 N N} L I — ! . —1 i
! i T L L4 1 T L L4 i 1 T R i T T J
1 S - -
b :
t § @ 1 4
&
Y 33
a8 X
0 3
) i
[} = 58 -+ .
1y b .
! ® + :
‘ 3
k)
kY
¥
— 59 p
: g I
14! 5 -] 4
‘I o g
k ——
t "}
L 1 ! {
L T L v ] 1 L T T 1 T o T T T
N ~ SR
, ]
1:: 5
y &
LN 0
= R
- b
A T g
4 &
1Y ) )
]
g > ,
> .
3
: g
o) 5
2
» a’
[
[ ‘¢ 38 78 68 3@ @ W 2@ e [ e e e 482 2 -] ] 58 ¢
by Arue (e
l‘ ¢
)
N ']
N )
|‘ s
!. -
\ 97
.l
3
. B . . - - - - - ~gy " LI =)
Iy o N TSP e NG N AN o e e O e e e Sl




NI A A L L S LN LN N VN Y R N T Y Y LY T N L T R R T N N RN N R W N " PO TR O X PO O O O O O Oy O O O ™LX O TON T I O T O

R

G e m o wm

\ Array Response - 86247 Bin #5141
f

150 Hz, KB window (olpho = 1.5)

S

Pover (B)
5

&

Pover (fY)

“
—
w
o
E4
E)

-
Poer (B)
8

LT
]

-
Poroer ()
e

m AL M ey af

8

4@ e LU a@ 3 2e 2 3 ‘9 ] 8 @ b ] e A@ ]

S 2 v

W RN ERTAS TN Y ' 4 v‘.f a o l’ '-rgf -r -v' .r s ‘.r.r Lo N NN - .,-__,,- e L e e S



R TR U U WL U T R W R T OV W AU T U 7 VOO IR OO

Arroy Response - 86247 Bin #6186
[ =308 Hz, KB window (alpho = 1.5)

6.5 min

! |
T T

Pouer (R

Pover (@)

¥
=
g
s
2

4

Pouer (B)
R

Power ()

Poer (R

Fiqure 16(c}.

o AL A P S S A




Array Response - 86247 Bin #6186
[ = 308 Hz, KB window (olpha = 1.5)

13.9 min

l } l
T T L

Paver (B

Pover (B)

e -

Power i)

Pover ()

Sl

Power (B

s N T O I e O I e -,."- R AR l..f\-’\’\*\--‘ "-,'-.'-.'-.".' N

l‘




Array Response - 86247 Bin #6186
f = 308 Hz, KB window (olpha = 1.5)

t 2 17.6 aun
1 L } | Il L 1 } 1 i | i i iy i 1 i |
T T T T T T T T T M T T Al ¥ RS Rl
=
-] 4
k) W
Z
;@ o +
Q
< |
_- L L
®
t 2 16.7 mun
J — H e i 4 i 4 I } . + 4 $. i <+ J
| R T T T T * T — T + t T \ ! al _l_
_ ~+
| » | I
I @ - +
& \ j
n L i 4 b + 1 i 1 . e i e l 4 e 1 "
t +—— t t | S A + T -+ t -t ? T t T + t
t 2 15.8 nin
Fl l e — i . d - P U § i 4
' -+ T t A - + + + + +
g ® T -
i o . w i
c )
-y .
w e - . - 3 fL %
4D e
.
= e - -
el ——__N /\\ TN
5 —_— \_,_/\x / \,/ -
" i
&
xR -3 ¢ -ne b a x 22 e [} e e 38 a >3 %] ¢ L1 R

P

N N R A

101

A A N N N A A A N A I A R PN P AN A AL N AEIE NN

o i K

X

T T

Sl b

Ot

-

" 2

[
[/

..,

o

" &
3 &

’

% %

A

.

.
o %

L

P XIS
)

Y™

. f\"’\’ P

-



a4

IR

!

e LY i % P DDA, M ST o S SRR R B Lt e O s O haaSARRR Weere s i
*77 aanbt
(1) hauanba. 4
029 @SS 83S asv Qv asC aac ase (4414 Gl eal 04 4
# t “ —t * e B i
T At A Vs A AN WA T P

(o)
e
am,

4 At
+ f + K +- “ b b
{2+ hovanba g 3
009 eSS 00S sy Qov ase 2ot ese eacl 0Gl @al 3 2
t + + — t + e e B B }
.
e foonde T TN L “ Nt
T T YRt st i, e9 0
| ‘/(r}lfl?fl.&) e
t —+ e B —t -t - e L B
(2+4) houarba., Qde (B
009 256 00s esv eov ase @7 as¢e eec 251 ea!l &5 b o
t t B e e e e e SRR —-t- to- ! -
5 | e
1 S e P i, _ a9 MA
IIJ,L !
| _._h ex
{ t e T S Il et S oo — - b=
() houanba iy @le [Quun)
09 085S 005 |sy oor st (5.3 (2814 8al esl eel €9 2
} } b — - - 3 — 4 - {
5 e
N AL PRI s i ttindo Mg &
T j o ; i ..m
| (Y e
t —+ 4 +—- + e e B - -
_,§ _mC::;p
17ORIO8 - wNajoauy uamig

j

3 hat

I:f'f'{'f

-

P PP A AT, N A A

NS

P A

e



«

~af ¥

AL A Al Ak

¥,

*(®)R1 [unbL4

Qav

(z1) havenba.y

+

26t a8t 0LE a9t (219 ave ece act oLy e
_ “ * 1 —+ L I e

PRI AN A Ay I M oA, o g |

} $ * i “ + o e 4=y -
{2H) hovanba. 214 QY Qer Ty
et 062 08e 8.2 092 4)20 %174 (4|94 (5)44 8l (S50
_ b ” * * * . e I

| | “ } “ 4 « — ¢ e
(2H) houanba.y Z2H QOL-Q0Z TPy
222 6l 281 oLl 291 st avi (51988 acl atl %]
1 1 S l l |
T T 1 i T T
1

-

|

!

i

|
] |
‘ ﬁ
&

099 8ss 005 sy eav o5¢ oot esc oec asl ool 5 e
} } t — t t —4 1 i t B B
AR AL ooy i, 3 M "
4 Y M A VT
-4
t ; f } t t f + } t f———
’H 009-@ it
17 [3WOY) ['QRIGR - wnuidady JsMogy
- - - w T e i e e - Po K K - - W P A “A o S o - L e [ R Ay S 1

ov

29

oy

A

103

Gr

-AM

-3MCe

-

»

"‘;J“;\J“f.'-'\fsi‘( I~I~f~f -.f l‘,'-'_-f A

- Py sv 0"
2ol Pl

e
>
x

Yo
et




CURAN)

2, '

4a¥ Ap° ¥g”a¥i’ H

LAY o ]

*(9)21 24nbiy

(214) Fouanbal g

oor 06¢ o8t e @9¢ 2S¢ ove ek ece el e
F “ N —t e - i |
1 I AN A b A A
" * } - i fm e b ,
() fouanba 24 Py gt TPy
Qe 062 082 o2 @92 es2 ore ece 02 12 e
t } -t +— + T T st B
1
?35?4?%& ot p
| j | * “ | T
(21 houanba. 4 ZH QUL -00C TP
Qa2 261 001 oLl 91 es1 ot ecl el el @al
J_ * “ + ” « o e

009 0SS 005 sy (5574 7% 20t {53274 00c sl 001 Q9 Q
} + } } — + —t + o — =
AR e et Lu%%g
1 ggjf
« } } | } } } + B e e
ZH P9 9 Tpuny

Qls [BWOY) [ Q0198 - WIINEy omMOg

a5

x » v% w v:.' oe, )-Jnhv‘ v.- A l-nvl '_ --..-f -.- L wlh’a .-|-\|~hl-b.-c-. Y N SR AL N

e

e

~3% Ty

A Pl I3

104

-
ala el Ak e

.f -f -f hf

WL '-ﬂ,;d'

e

> o

-~

T
+ s e K

T AT AL

(

A

L, f{‘ s -r')--r-l' 0] 4-4'

TR

[
[y
’
»

.Y "-)-
»

AT AN



(2+4) houanba. g

03¢ ast Qe éee 4% air §1419
e et LR PR S |

A APy 0 g Al v

o et N
(1) Fouarba. g 2 Dby Ber TRy

05e ol 5518

}
T

" — ,I‘\A_.l‘lll\ * [,
(2hy hovanba, g 2 QoL -Qug hung

0S1 aci ail aal

” e

Pt Ml

H 90

(757 el 9} %)
B

. 1*[\ —
NI SS@ ” ”C:C@

Q27 13WOY) [ OQ19R - WNjIady JaMUg

> $etafa®,

PO TUR FLK ot 1S




Qar

(2+1) hauanba.i

26t o8¢

il }
T T

5%

* — T e —— . —

(21 hovanba 2 QY eOn o

Q8e 8Le Q9¢ 05C ave (514 ace el ol

+ “ e T S I oo *

sl AN A, o A A P W it f oty

} b —+ } - | e

(2H) hauanba. ZH PO -00C kg

ecl 221 (28 3125

.Ial_ - i‘\l+|6 — - -

e e e
2 gO3-@ P

228 [3UDYS [UQR1IOR - WHIaadg uomny

-In'v'.-}I % )}\'.\J.\‘,‘l"\ '\’\‘,\*\'*\.‘ﬁ“‘\ ﬁ.

»

» A ‘-

PN A

Fu

W,

PR AL



1 ats dte Ve V2.0 R K W3 TN PN FROR X R AR R TN WS W S0 ATH 36,00, 8 .3 U 0 ¥ 000 Vo 4 B wal oad v MoV UNUNY e aon Bre BAE DR SSa lea .t

W P XA RV

27

S SR o

@Fy

Rrroy Response - 86180 Bin #4271
f =25 Hz, KB window (@lpha = 1.9

) S

W G

9
.f‘. )"\{ L&

)

S AN, PR

A%

ce” L)
o1 3

[irne (min)

‘?‘. -.- -'. -‘l .

P

e

()

Monger

4'&f~v'.'f" - 5"

62 -52 42 -3 - 22 - Lz -2':2 22 32 L@ S2 82 72 82 <2

17
R
[g]
(D
[\

~J
\V}
(&8

LW syl
]

VoL,
: ORI &y
s s 0 8" . n

107

" -?‘I'IT"' ’,’

]
P

inure 12{(a,,

ll.

y ?

N T e N T ST N N A \ LSRN L
JJLAL'-A,,{A...‘.(‘,,‘. i /f'.' T Sl et e P T P e e ,ool N .r. .r




iag' A AT T T Ve W W T Y " R T Ky X " Lh i W RO s, L% U G G 1" U™ e At Al T
.

» L]
R

N 1]

\

) )

| 1

1 l
[ "
S Srroy Response - 86180 Rin—#444 ;
. ! = 50 Hz, KB-wrndow (olpha =_1.5)
> ot
Vs ;
. ‘ B ,
g
¥
/ 1
! ey < Iy
S e, 9 @ -’
'/’(/ AN i
.“,/ Y s,
) r// q: 5
// = - 3
. / = (o] §
¥4 '(/ & (\J »
] / / — )
r S _
* o . © K
: “‘J‘,/ g é .
: ® o :
- ! [= £ .
i / - h
r, // *
s
. . P A
. /// / ~
. T /// P .
) = L., .
. - /
& /’
s R ;
'. DU e .
WD R T2 sl e L2l -Ze e -2 1e 2 by
Snoie {cex) "
- = -
£y "
. "4
. g
L,
o
. 108 ’
1
Fiaure 19(b). K
P -
o -
y et m et ate e T
o RS GO A ASES




R R R N »* W M T R Y ¥ LAY

Time (min)

Figure 19(c).

8
u
)
)
)
Arroy Response -
f = 75 Hz, KB windo
L)
]
1
'
K
l
§
» g =
C:’ Y S, + i + 4 L —— . A .
X2-82-72-62-32-42-30-22-12 -3 12 22 3@ 42 52 6@ V¢ BC 9@ ®
Qngie {oeg)
4 109
D
; . . - - N - - -
’ N ._"-.;q" \}\}\}. . .h}.‘}\- [N ._}-;. " \-...‘;’\- \"H\}N,-,I\‘.s- "Fl\. ‘ - 'vl"l""-\"‘“’\ ) "?:n{.'\._ -'\",\‘_.‘_.--_. ., -)“ o

¢

by

% %
w et
ottt

b5 T eI e

[N RS

.,

Pyl i SR g g

. <

L

o,



Arroy Response - 86180 Bin #4793
f = 100 Hz, KB window =

<
£

o)
£
=

X2 -82-70 -68:-52‘ -32-20-12 -¢ 10 20 3@ 42 S@ 62 7

Bngie (gea)

Fiqure 19(d).

e [ ~ - - D LR R T T R o T T N A O S I ) AR e AR e
"f ..'-",h‘.l. "’Y v ! AW W "'* '?‘ W .\. VROV ) WLl A " i



- . - ' * »_gut . g
TOTOTTOT L VWA SRRV WU AR AR vt it sa? bat la* v tas 4a" hut g e Jie® 85 ke al ™ St 4

.!

X

o

) '!
i
)

CY

i Y
§
#

Arroy Response - 8618@ Bin #4967 X

; f = 125 Hz, KB window ¢ = 1.5 P

A

»

P »

' o

1 N

i 3
{

A )

' X

[} .

— v}

g w3

. = ‘o)

~ ~

. - N

£ N

— S

; ™

t

) 3

B hY

! -~

" ™y

2

: :’: S s

I ¢ 82 -7 62 52 -4 -32-22 2 -2 1@ 2e 3¢ L2 S2 82 72 82 9 T >

o Crnie (cez. .

N

-

b Y

)

B e

B »)

1) :

Ii! -

Fiqure 19(e., P

[) -

e, e e p e e T T e e e
O D S O AR G T S QA A A T, A PPN Yoy 5 Y A, T i e oM N TR OO



s’

‘31-\-I-I|411!\-11. YRS LA
LLLELD ar NSNS .ws ot et .‘
Annr I W 3

AR AR

- 5 5
--\.-u--t [P AP

N el T

(ulu) suw!|

8 91 B vl 8 .cl @ el ®+m 29 &V ¢ Al

ey — - g. *_.H.M g A Q MV

/ \_ RSV

/ \x _x \ F *ﬁu

Vi

P /AN

\ PR

V ) f AN >

mw/w f\\\mn\ ) - \ rv

Rrray Response - 86180 Bin #5141
f = 150 Hz, KB window (alpha =
/f
/,4—\/_/—_‘{///\/—(’\\
—_— /“_“/ ST~ TN
o~ e ~ / -
*// _,,./"/"/ '/"/ /l e e
_“'J,// ’/’ \\_// /’M" -
: ‘ / //‘_/H/’/
et S, /
- ;_'// o -
.-;...4/_../_’.: —— . e e
A2 -T2 =202 e T4 s 2l o
RSN

~
o
=t
.,
i Yl }

Sl et

)

A A e X il l




Array Response - 86180 Bin #5316 ]
f = 175 Hz, KB window (alpha = 1.95)
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Arroy Response - 86188 Bin #5490
f = 200 Hz, KB window (gipha = 1.5)
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Arroy Response - 86180 Bin #5832
f = 250 Hz, KB window (glpha = 1.5)
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Arroy Response - 86180 Bin #6186
f = 309 Hz, KB window {alpha = 1.5)
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