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ABSTRACT: Coherence describing the similarity between physical quantities of two signals is a very useful tool
to investigate the temporal and spatial characteristics of signals propagating in underwater acoustic waveguide.
Ambient noise measurements were made by the vertical received array consisting of three hydrophones as part of
the KIOST-HYU joint acoustics experiment, and the coherence for the underwater ambient noise was analyzed.
In this paper, the coherence results in cases that the generator in the research vessel was off and turned on are
presented. The coherence estimated in the case of the generator operation mode are compared to the predictions
obtained using the theoretical model with the directional density function dominated by vertical components
propagating downward from the ship. In the case of the generator switch-off, the results are compared to the model
predictions with directional density function including the effects of sea surface noise and long-distance shipping
noise.
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Fig. 1. (a) Vertical directional density function, (b) the coherence result for isotropic noise field, (c) vertical directional
density function, and (d) the coherence result for asymmetrical noise field.

= 9Tt X] H|343 M6 (2015)



Aol X Z4E 5+

Fig. 1. (0= Eq(9 =56 Altt=| o1 vt
2ol A O] YF R o] AL (d)= o] 2 H
WAL Aotk 0 < kd < 1 F-2of| A 3
7F &9 T Uehdl= A2 a5o] ofHiE
Hube] 2 98 ojnjetet Eak A 4
T b= ThEA A7t 03} mAksh= A A
o] 7 Bt} AR kdol| A ER|EHH, kd 7} 713 o] wh
2hA] B o] a1 5]l 7ol Bl sl

et 2 WAL 4 ek

o 4 n2 B

LU SO

¥

o

e

A

A

2.2 45| Wat UE g0l wslol 12 35|
HA tH3}

YT F(6) = 28] 1 4R} 5
Ao gho 2 pehizg] ZH A o] S A 4o
uje 28] S4o] AHE T, olof n Told
A% GopA) A Hek. ol ol 44 A3to] $AIF
Sl g B2 B A Sl A= w4
& Uehi= sjate] 2ls-2o] A |A| "rHFig1.(d))-

Ligett¥} Jacobson''-&- a4} ALel & o & 3174 W=
£ s 2do| st AS EAR Y=

.

e F(0)E Eq(10)2} Zo] AAIFTE o]= A
Cron 7} Sherman"”'o] A A H ¥FeF =514 Eq.(9)
QFH| W3S ff, 6 = 00| A Z|th7} ob 7] wfjZof| ok

o) [e] S [e]
e A GAE BT 4 Qlrhs 5L gtk

F(0) =24 exp(Acost)/[exp(A)—1], 0<6< g

=0, %S@S%

(=1 [=]
— P2
o~ -

o
00
—

Fig. 2. Vertical directional density function presented by Liggett and Jacobson

e

£go) BT FalAA A 435

Fig. 204 A>0
£SBRY S
Soli= A L] LA 228

e

oX,
Sis
o
o

A3 ol 24 3]s Aol 44
AIEEE7(4 > 0)0lI 4 Ao} 34
AYE BT 4 gon, 2 47

(A< 0)A T U550} 555 BE A FEo| 7
s 03t AFSHE DA 915 k= o] -

= Z7b5He A1 % 4 e,

oz lo
L
off
I
o

N

w

—l>’ >l

Ho & rE ﬁ r°=_=.|.
T b

ox o | B>

N 1o 0jo

A% Mo

o MR oM

U =2

x

St

+4>

r2

P>

oo

10

+4>

ibdl

o
i)
o

b
o

o

< vl ojsff o7t
& o Fxlojch dutH o g
T8 uj = 500 Hz 0| 3}2] Feub4
o

AS71=

g
)

N
o ok

K

N
=

18
o
i
i
ox
>
N
=)
i
i)
2

~ =

o o
rlok

o fr o
o o
o 3

>{\I
oo oX rlo ot Ay g

oZ:LC’;F
o S
o F
5 ©
Z o
a8
BB
x H
we, ¥
[

oo
o

b

w b 1o & ool 4t
of
2]
oft rlo M

B
lle
ON
o

wees}r) Sla)A, &

H

30, Y et

>,
ol
ri
i
o
il
It
i
(i
e
41
i
M
<
Irox
4 =
g2 1o

(e
(il
o
(S

Sl w2 ol of 3}
B9 Deane ef al &
S

N
52,
o

_\|l_‘

o 4y n do
)
2
(¢
o -
vy
o
ot
filo
H
Lo
<L

%
B>
ille

12 oy LT
m{o%\ﬂ

STRo
o,
i
[>
b

o
-

A8k

iy
)
N

b3

1

w
60

R
/10
20
30
40~
90

“60

A=-5 L s
o 2 g =
o = ™ H la
P ——— =4

[11]

The Journal of the Acoustical Society of Korea \Vol.34, No.6 (2015)



436 A3

o
tn

Real coherence
=3

1] S—

Imaginary coherence

1
Scaled Frequency (kd)

Fig. 3. Coherence results with various vertical directional density functions, (a) real coherence, (b) imaginary

coherence.

<S8, >

I.=
(<8, >< Sy >)

/\( p/L 1p 211 (11)
[/‘[ ph‘ 1p| dpA/‘[ ph| 2p| dp]

>

o714 p, = 42 T, G2 TR Al BE
Ehich. o] 422 AP mEE o4, 45 9 )7

1R, S 30} 54 58 2208
= il 29 2ol o] 74 A5

st
o
30 o
o

Liﬁ
dm
_124,0
e o

of w2 23] Q~

P
i, ZH

P>

=2
=

I
0

FH A3 5422013 59 4, Aol S H

Qb OO R HE A& O = oF6km Ho|H H A
(36°52°8.45N, 126° 70.30“E)of| A] AA|E] o, Al
A AR Y A A Ao AR AL HE A
AThFig. 4).

A2 oF 50 m 4ol A - 37] 2] 4=417](ch.A
TC-4014, Reson, ch.B : TC-4032, Reson, ch.C : Type

V=SR] H34H M6 (2015)

39°

w
5

Exp. site _°
[ ]

LATITUDE (©)

: Taean-gun

w
]

125° 129 131° 133°
LONGITUDE (©)

Fig. 4. Location of ambient noise measurements.

8106, B&K)7} 3.5 m 7124 0 2 v & 5| o] Ql= 42
HHOd A-]]}\—] = /\}Q_gi o Dﬂ A]7] 4 X‘Bﬂ—‘é‘]— Al
7} =417 Aol A 2] 4] = 7] EA|(DR-1050, RBR)

rlO 2

=

2 olg3to] ZHlrkFg 5. @) 79 22 5%
A A E S A 93 2k 41719) 74E 2 Ao
M) A PE A7) 4T RS o o 12-
16mX§Ei]-] LR 12 3lolatgtK Table 1).

A% \:!Oﬂ/‘ivq _I‘Z—! E%‘?'E%CMQHMWW’
Temperature, Depth)S- 0]-8-3}0] S |9l o, =4
] 940 A L2204 oF 1473 msE ARSIt

[Fig. 5. (b)]. T 222 A9 w4 7|7 258




Aol SAE 45 50 480 g1k sl A s 24 437

(a) (b)
< Sound speed profile>
0.

= 5|

10

6 Depth sensor
;] Hydrophone

\3.1‘35 mbl Ch.A /

Watef depth : 25
50m

35.00 mly Ch.B

15

Depth (m)

20

30

38.42 mly Ch.C 35

1470 1473 1476
(m/s)

Fig. 5. (a) Experimental layout for ambient noise
measurements and (b) sound speed profile of the
water column taken by CTD casts.

Table 1. Deployment depth errors of vertical line array.

Ch.A Ch.B Ch.C

Planned depth 33 m 36.5 m 40 m
Measured depth 31.8 m 35 m 384 m
Depth error 1.2 m 1.5 m 1.6 m

Table 2. Wind speeds and current speeds during the
ambient noise measurements.

Wind speed Current speed
Generator turned on 2.9 m/s 0.42 m/s
Generator turned off 43 m/s 0.04 m/s

Table 3. Grain-size distribution of surficial sediment
at experimental site.

Gravel Sand Silt Clay | Mean grain size

9.1 % | 293 % | 262 % | 354 % 59 ¢
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Fig. 8. (a) Vertical directional density function by the assumed transmission loss fields of ship's generator noise

and (b) layout of experimental environments.
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various mean particle sizes.
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