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ABSTRACT

Sound propagation is influenced by complex interference of reflection,
transmission, attenuation, and scattering with the boundaries in the acoustic fluid
media. When operating sonar systems in the marine environments, they are affected
by physical parameters, such as sound speed, and the geological parameters, such as
the bottom topography, sediment types, and sea surface, which can cause sound
reflections and scattering. Prior research extensively covered the propagation of sound
waves by physical and geological parameters, but few by biological parameters, such
as fish schools. The acoustic attenuation characteristics of fish schools are important
to marine biology. In this study, the acoustic attenuation characteristics of fish schools
were investigated in the mid-frequency range, typically used in hull mounted sonar
systems.

The extinction cross-section was calculated based on the acoustic attenuation
theory, and the attenuation coefficients were measured from the in sifu experiments
and compared with the ones reported in the previous studies. The fish attenuation
experiments were carried out in the mid-frequency band (3~7 kHz), at the floating fish
farm sea-cages, which were built for research purposes in the Tongyeong area at the
Korean South Sea. The target fish is Japanese horse mackerel (7rachurus japonicus),
which typically forms schools in the coastal ocean. The transmitter and receiver were
installed at a depth of about 3.3 m, and a thin net was artificially installed for the
attenuation experiments near the fish schools. The attenuated acoustic waves were

measured for the cases of non-net, only net (0), 100, 200, 300, 400, and 500 fish in the

xiii



net cage. As a result, we observed that the attenuation was increased with
concentrations of fish and frequency. The mean attenuation coefficient was 6~16 dB/m,
and the maximum attenuation coefficient was about 15~21 dB/m. Therefore, it was
experimentally confirmed that the biological parameters of fish schools could not be
ignored in the context of marine sound propagation.

Sonar performance modeling was modeled in a range of marine environments,
including fish schools. The system was used for predicting the target distance and
detection, including the results of the acoustic attenuation experiments. The modeling,
based on the ray theory, was performed during the winter (February) and summer
(August) seasons in the Yellow Sea, the South Sea, and the East Sea of Korea. As a
result, the detection performance varied due to the relatively small fish schools in the
Yellow Sea and the South Sea. In the East Sea, it was confirmed that the fish schools
formed the acoustic shadow zones in the propagation paths.

In this thesis, the attenuation characteristics of fish schools were measured at
the mid-frequency band in a research aquaculture farm. Sonar performance modeling,
including the experimental attenuation coefficient by the fish school, confirmed that
fish schools could affect detection performance, which may result in more false
positives and greater noise. Therefore, sonar detection performance will be improved

by considering regional biological parameters in navy operation.
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A1

Equivalent Minimum Effective Detection Frequency
Marine Plants or Animals pjameter For Non-Resonant Bodies
Largest Nekton: 2~.6M

75 ~ 250 Hz
Whales and Sharks

Larger Nekton and Largest Plankton: 0.2 ~6 M

250 ~ 2500 Hz
rat-tails, deep sea cods, tuna,

Smallest Nekton and Larger Plankton: 2~-20cm 25 = 25 Kz

Myctophids (6) stomiatoids, hatchet fishes

2~20mm \ 25~ 250khz

Megaplakton: euphausiid (6), amphipod
chaetognath, some fish larvae

0.2 ~ 2 mm 250 ~ 2500 kHz
Macroplankton: copepods

Microphytoplankton: dinoflagellates and diatoms (4)

20 ~ 200 um 2.5 ~ 25 MHz
Microzooplankton: radiolarians, foraminiferan and ciliates
Nanoplankton: flagellates, coccolithophores and diatoms 2 ~ 20 um 25 ~ 250 MHz
Ultrananoplankton: bacterioplangton < 2um > 250 MHz

Figure 1. sj ¢z S7F 78 A5l M2 SF8A T34 H2Hv| = (Medwin
and Clay, 1998)
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Al 2%

PN
T

P Aeistel 4 @=% ek

AT,
2

0s = scqe/line,

SR T

T abdE o] gholw, I =

AN Hgeqe = =AT 3 & A
I AAE el A EdE Ao 99 g2

5 0
)|

Al7Tolt. EAlof o]gt
= @A (0, Absorption cross-section)® = LERH 4

&

A=)

Maps ©1 71, 01
oAk (4 3).
3)

0q = Haps/linc
H 74]}1\_]_—% % ‘T‘L}‘?;l, é, HSC(lt-I_HabS% —/J\—UEﬂ

F ok (4 9.

238 5 dHEdS 53
@ A (0, Extinction cross-section) ©. = T}A] A o] st

Oc = (Iscqr + Maps)/Iine, 4
21 Q~HE 7Nkt S5l ot &4 F5 WA Akt
AbE @A o ® Uehge, o] 32 Ad W Aol A
e 5 ol

olgt &4l Al
t} (Medwin and Clay, 1998). ©]+= 2] (5)9} o] %

s
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Al 2%

)

o5 + 0,4,

O, =

e

el A=

e

73

T ol A

gtol

=
<

o] )~

Al
&l

5'34

21 (6)3} o] YERATE (Medwin and Clay, 1998).

(6)

‘n

N

a (dB/m)

A2 el AbskA 2

Z

9]

S
L.

4714 n

FAol ool

0] =
AN -

Atz RE 7ol

A& A o
= “ " 1—

171 o}gdt}. w2} Furusawa et

5]

/]\J:

Fejo] 7

al., (1992)7} A|¢tst o729 A5
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A 2 %

22 o7 AlF 2 F AFeE AstE &3 9

2 (0)0llA ArtE 3 Ags o] dkel 4~ W] fid

_Lz

oz et ey 4w gude ofe aug A el
GEA e gEe ZRFow 1 @e slad 4 gtk ohebA

o] 79 AT (Wet weight, )3 F A& (Total length, L)°.Z 713}

(i
b
il

g A o w7 AAstd A shio] mold 4= gtk A (7), (8)9 2ol

27y o7 ATy F AFoR A dHAS UHTA HYE ATo=w
Arste 4 dAHd( o) EE T OAFOR AHyrstd adE
GH A (g, )02 AL 4 St} (Furusawa et al. 1992).

O-eW(mz/gz/g) = Ue/W2/3r (7

0., (Non_dimension) = g, /L?, (8)

A7) W o]Fo AFol1, L& E AFo|}

Furusawa et al, (1992)%= o2 7]& AF+47,

AN

S
rie
ik}

S EAl, HUAS diT, Wol, A, aLeol, ool 2 14

AF A7 BEdz offd AFoR Aatste AY "duHow A
Be, 23 39 24 FaAst. o2 A4 (97 2ol Fstant
Oow (M2/g?/3) = 534 x 1073 + 2.16 x 1075 f + 3.15 x 10782, (9)
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Al 2%

ol Wl gy AT ATOoE st A& WA olal, f = kHz @919
30|t} (Furusawa et al. 1992). 9] 212 7|HEo & 3 Ao F53F 714
ATE AFY Aoz Fofste 4~ ddgo=z was v vw 9
=4S 3833 Yt (Hashimoto, 1955; Davies, 1973; Foote, 1978; Ishii et al., 1983;
Furusawa et al., 1984; Ishii et al., 1985; Burczynski et al., 1990).

7€ AFE EA3 A Davies (1973)= T3¢ 20 kHz ol A

woge WAs w9l AAY 650 vl =AT @, ojne] AFow

(1955)= 50 kHz oA €& EX7F &9 Add 250 vzl EATE o,
AFY AFzoez Hitstd A Ay 9F 0.021 m?/g¥3 2 YERS L,
Foote (1988)%} Ishii et al. (1983)2] A7+ F3k4= 38, 25 kHz oA 9]
Asoz Aqtste 2d dddol ZZF 0.0058, 0.0104 m?/g?/3 O

uhEbstth 22 olelglk dAgrEo]l 20 kHz mINES] FIkg oo eflA]

Jlm

TEA gk, AAole] it &F FH S L vk gtk
w2kA] Furusawa et al. (1992)7F A3t 2] (9)E EUIZ 3 oA =43
AF+ Al wwsFSTh Figure 4 9] H24 HAL 7]E ATES
J2Jsto]  Furusawa et al. (1992)7} 34 F4% F2& WeRQIth
AuAo g Fukrrt Fobd w AlFox HarstdE A WA ] 7ol

iy
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Al 2%

- l : 1 1 1 1 [ A ] I [ 1 [} ] [ |:
- I a )
~ o
2 s 8 “
P
:\_é‘ .81 *a X ‘J
= - + ]
o » "
W Y q
= O -
1 L 1 L L1 l; i L il L T .
B0lia 100 L
f[kHz]
O Hashimoto Japanese anchovy
® Davies Northern anchovy
X Foote Saithe
/\ Ishii et al. Yellowtail
O Ishii er al. Sea bream
Y Furusawa efal.  Yellowtail
{ Furusawa et al. Sea bream
+ Ishiieral Spotted mackerel

V Burczynskietal. Pacific herring

Figure 4. T3¢} o 7o AFo=z Hafstd &d @2 Ay 24249 Hdes

71 A B ofFS VIRt R Aafslete] 4od dwA o® yehdl diolH

#AE AAE 7IE AT Aarsd AE diE A3E EUE 23 34 14
A3} (Furusawa et al. 1992)

b
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A3

X 3 &

oo 2et 8 Ha 58 iy 49

31 WA o F

ofrel ot 5% 4 5S4 A¥ES fsk] Wi olF2 ol
Trachurus japonicus R 78°](Japanese horse mackerel)E ©]-&3}31 T}

Aol WRAY AfolmA REFolrold EETd, ww L AR

o

Zefoll A RS, == i, gl AA olis olFo] AAEh=
o]F o7 F7 dotofA HEIIT} (NIFS, 2010; Lee et al. 2016). Figure 5 o=
FElvet 1 AlgelA ZF g HE T oFe oAIdFS YERSITH

E3] 7ol Falle FalolaA 1970 dohel Bl& 2017 ol Ajg oz

o
(i
off
o)
o
o
L
i)
f&
rl
%
18
2
52
o
2
1

%9
3l % =2 71 A (Korea Institute of Ocean Science and Technology, Tongyeong
Marine Resource Center) A& 7H7g] FaAelA xIF3t A7ol&
ofgettt & 4 Aol v F dEAA A2 12 vHE 7L

T AFS S5t S5 9ottt (Figure 6). U RE

iy

107 7ol &



A 3%

AFL 2040 cm E 2E A QOH (Lee et al. 2016), Ao AL
12 79 F AF HE 2035 em oUW R SAHR L, o A <
27.6cm o &2 AAtE AT}

2 Ao AY o7 AT FAHSHH FUOE=E Lee et al,

(2016)2] Aol A A AT A7Yol] 7Fo] AFHFL, Folk length)@} A5 2

mlo

BAA S bl AES FAET 2t B A= F A gt
S48 7] wToll Zare et al., (2011)0] A|QFst #A| 2 S F3 7Moo AG=

AR (2 10).

FL =L+ 11096 —0.119, (10)

AZIN L 2 F A, FL & 7kl Aot 4 (100& o83t 7kl

Agor WMEst & A (119 7tEo] A-As BANE T3 AT

W = 0.0236 - F128362 (11)

2 A, A78o] 12 vk e AT WHEl= 132~308 g ol HA Als
W 217¢g oF Bt AT w2 FelA AAE o7 AFor Ftstd

4 S-S ALk o e AE2 ARSI (Figure 7).
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Coos QN - 72 o
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A3

32 A AgE 9

321 4 AA Fg d AR SF

A APl A Abel FA AMY 74 Fog 0 R

A2EY ERS S 3 A3E FFAlsidn. $4 Axds BEd
E @ A 554 (T335; Neptune Sonar; Kelk Lake, Kelk, UK)E AF&3}3ltt 5t
=9 F95 A LA oF 145 dB = FAHOE 3 dB ou9
TVR(Transmit Voltage Response)= 7HAl&= FT3+E AAQsiglo. F4
T 3~7 kHz =, T T 2 it oA AREE = A
1AY Ad AME FoeE et $4 A TVR 2 3,4,5,6,7 kHz
oA 7t} 145.2,148.0,147.5,148.2, 147.4 dBre wPa/l V@ 1 m ©]T}h (Figure 8).
FA AT A ol Ims E A3, F 100 3] FFAEAH

FA A= EFO] = FEFE(TC-4013; Teledyne RESON;  Slangerup,

v}

Denmark)& AH&sF3i T slo]EZFEA FAIE A5+= DC Fas AAS

T, A% AHg R

(i

Z1Eo® +1 kHz o U9 B3 FHE

A5

o

ot

R X

ol

HE ®HE(Hilbert transform)s &3l XA
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FA T (Figure 9). 7t
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A 3%

Transmit Sensitivity (dB re 1 uPa/V at 1 m)

110 1 1 | | 1 1 | 1 1
1 2 3 4 5 6 7 8 9 10 1"

Frequency (kHz)

Figure 8. 541 AlA T335 EWA7FA ] TVR (Transmit Voltage Response) “1#}| 22
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Figure 9. AUl FxolA FA 4%
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A 3%

322 F W= FE % %A 34 48 74

ool Wrel WE &% 4 54 sotars] gskel 2010 W

3427 4FH 29 d7HA Y dde st Ad g2 et

A BYA AGE AT A2 A9 9 FRAYRe) =

59 APPEANNA AT FAFolh Y FAFS £ ok 8-30
m | ZAAbd glel AFEol Qom, AY A £ o 14m otk U

FHEe W AR Al AV £A7Y AYE 5 m Wolx

T 73] W3t 5F 24 AP FFsA . Case 1 > I=o] Sl
739 (Non-net), Case 2 + “1=4%F EA3= 7% (Only net), Case 3 H-F
7 M= 2% el o]F7F ZH2E 100, 200, 300, 400, 500 PRl EA| S
Ao AEE ST (Table 1). FA AAE 2EQlHA Bof
Axte] SflFHOERY F4 °oF 33 m o 113 (Figure 10),

AE G2 ARG AFHorE FA AN FA A



A 3%

2gsATh FAel FEAMEE S4 AN oF 10 om AFe] A5}l
o]

S Medwin (19752 S5 4 diddsted S50 14976 mis =

ARk AT

o

Table 1. Z} Ao~ ¥ ofF 3 7] A3

Cases Experiments Explanation

Case | Non-net Id=°] 9=
Case 2 Only net (0 EA) J=RE =AE o
Case 3 100 EA 5 U A78e] 100 vHE
Case 4 200 EA 1% U 78] 200 v
Case 5 300 EA TOE u A78e] 300 v
Case 6 400 EA 5 A78e] 400 v
Case 7 500 EA 1% U 78] 500 vl
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A 3%

T335 (Transmitter)-

1‘ Net-cage "

Figure 10. &t

Net-cage
5m
2m 2m
B Net =
e Underwater Sage B
camera

L@ _ ( .
o etge—f 1 m
Transmitter ‘3%’-‘—%4 Receiver
(Hydrophone)

(T335) o 1m

R
[
£H-11:1
ol
ofN
N
A
o
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o
ofo
ot
dlo
ofk
N

Figure 11. 541 4l
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A 3%

323 FA 3% A3 2 F9]

S 7] AES Y] $A A AE] AFdE T335 EWAAFAE
ol wmE FAEAh Y FA M TVR e wEste] $al
Al2~Elel 9JE H9t 0.6 V S A7 W, AFE Fukg gl FAl
=217F °F 190dB vt webA AREshE 3~7kHz T3k Y] BT wd e
A A #S A7kskdnh 98 W S FFA AIAES T U

o QEeM FHE Fol AD7F FAHAY. FA £9= 3 kHz oA

kHz °l| 4 191.4 dB ©|t}. Table 2 o= 2} S35 H $A41 A4 TVR,

A RMS g Ak, F4l

9l

il

LHER S

N

ofy

Table 2. 7} F3b4= 1 &AL A TVR, S1=) ASF (Vp), RMS S1=] Aqhst

(Voltage, Pressure), &4 %] (Source level)

Prms
Frequency | Transducer Vp Vrms Source level
(Pressure, re
(kHz) TVR (dB) ) (Voltage, V) (SL, dB)
1 Pa?)
3 145.2 189.2
4 148.0 192.0
5 147.5 0.6 159 44.0 191.5
6 148.2 192.2
7 147.4 191.4
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A 3%

agel = A AAMZE SEel oal ThFe AATE ZF o] AIRE Ao
wgohs glsgitt o] wf S ARE AL A FRIA 2k 0.06
ms, 3TH WAL ARZoA ¢k 0.1 ms ® YERTE Ty sl WRAL
BR A F9= WEAdel & wbde] AF BRe A F5= WEol
ASATE Ay om Aol §l A7k A9l 3 kHz ol oF 102 &=, 7

KHz oMt 66 B2 TFETE 245 W 74l Fobxy] wliel, A7}

drel wel edolwA 4 FIE WaA @u was] A AW
AT o ey
Table 3. FA7], A7) 9 5& 74 Aol A3H = 874 W=
Frequency (kHz) 3,4,5,6,7
Pulse length (ms) 1
Transmitter
Ping rate (pps) 1
Total pings (ping) 100, 300
Sampling frequency (kHz) 100
Receiver Hydrophone RVS (dB) -170
Gain (dB) 0
Water temperature (°C) 13.4
Environments Salinity (psu) 31.6
Sound speed (m/s) 1497.6
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A3

33 3 28 5 AR £4 23

331 o2 WE BT F34 2 54 $F 29 24 2%

o] AoX= Case 1 & Ao ot Al AL, FHA FA =99

~J
1o
2,
uies)
i3
ik
(i
M

ARt B Ao s 3~7 kHz T3¢ oA
TA Ad, FA 5 FE, 5F T F=HE ARSI E. o] u Al

FAL AAZE B s mo Aglel s A

i

3t F3b4 3~7 kHz oA AA $4%

W50 A AR, A

AN
Lo
,
i

) Adfoltt. of W FAl F9 el

WA EAG RS P Sl FAle] 8 g & Aoz g4 5ol

TALE gholt}. Figure 12 (a~e)d A IR A AIZF 9] 3.5~4.5 ms
TFAHE ANSE=E AHY ARolW, 55 ms o FAH ANSE Fg HEAL

ZAZoltt. 1 A3}, 3kHz oA 0.32V,4kHz ©lA 0.49V,5kHz o4 0.54V, 6
kHz ©1A 0.65V, 7 kHz °|4 035V & =A%t} Figure 11 (a~e)2] 3}%t
OHe FHt FA FHE wEkste] dyEbd Odolth Ao w 3
kHz ol 1= oF 185dB,4kHz |4 <F 188dB, SkHz 4] 2F 189 dB, 6 kHz °ll A]

ok 190 dB, 7 kHz °lA ¢F 185 dB = AAME T o] o H73 HA=R

31



A 3%

TR FA F9E " °F 03 dB oJUlE YERY BE FAlE AT

Case 2 2] 541 =97} 3 kHz ol 4] 2F 184 dB, 4 kHz ol 4] <F 187 dB, 5
kHz o4 °F 188 dB, 6 kHz |4 ¢F 188 dB, 7 kHz ©|A] ¢F 185 dB o™,
2y HA A FYE UFEE 05 dB oJUE UEYES AES E3)

gelatgltt. o8 EUE Iz 9% A35e F4= ¢F 1 dB oJUl=

Case 3 9 H 54 =9+ 3 kHz 9|4 <F 178 dB, 4 kHz |4 2+ 179
dB, 5 kHz °l|4] ¢F 179 dB, 6 kHz |~ <F 180 dB, 7 kHz °| 4 <F 175 dB &

ekt wEbA 1 md AF el ool 100 vkl EASE Case 3

AL Case 2 A tiu] oF 10 dB 7} A ES EAT 5 YUt o=
Egz ojf7t 2% ol A4 u NEEo] ] T AgdHE S

-~

golg 4 Q]
Case 7 2] 3 kHz °|A 41 A gke] 0.07 V, 4 kHz o4 0.1V, 7

kHz 1A= 005 V 7HA SEA Yeld o Foll o3t A47F =4 YeEle=

ot

glstirt. Al Al E97F A7 3 kHz oA oF

9 A A

N
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A3

171 dB, 4 kHz °l|A] °F 171 dB, 5kHz |4 °F 175dB, 6 kHz 14 <} 179 dB, 7
kHz ©lA ©F 175 dB = uebgrh 243 $4 F95 EfR oo

Wiel whek $ohel g W AR sd S Y9k
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(a) 3 kHz (b) 4 kHz
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2 3 4 5 ] 7 8 9 10
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Experiment : Non-net
Frequency : 3~7 kHz
Pulse length : 1 ms
Pulse rate : 1 ping/sec

Total ping : 100 pings

Figure 12. Case 1 (Non-net) A& olx 53 4l A5l Fakgo] mE 22t

A A Al F9 B A3, (a) 3 KHz, (b
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332 v% 74 Al

EE o] #oA+= Case 2 & 1&
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(a) 3 kHz
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Figure 13. Case 1~7 A&l W& F37 ¥ i 54 £ 47, (a) 3kHz, (b) 4 kHz,

(c) 5 kHz, (d) 6 kHz, (¢) 7 kHz
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(a) 3 kHz
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Figure 14. Case 1~7 Aol W& Fa+ 1 HA FA FAE&FHAH H24) 29, (a) 3

kHz, (b) 4 kHz, (¢) 5 kHz, (d) 6 kHz, (e) 7 kHz
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Table 4. Case 1~7 A3 %W Fu H F 741 F9 (Mean received level) 2 F 4~

A1 =9 (Minimum received level) AlAF 43}

Mean Minimum Mean Minimum
Exp. Freq. received received Exp. Freq. | received received
(kHz) level level (kHz) level level
(dB) (dB) (dB) (dB)
3 kHz 184.62 184.33 3 kHz 184.42 184.00
Case 1 4 kHz 187.51 187.20 Case2 | 4kHz 186.79 186.51
(Non- 5 kHz 188.82 188.54 (Only | 5kHz 187.55 187.17
net) 6 kHz 189.83 189.55 net) 6 kHz 187.88 187.36
7 kHz 185.24 184.92 7 kHz 185.18 184.51
3 kHz 178.39 177.46 3 kHz 176.08 174.46
Case 3 4 kHz 179.32 177.68 Case4 | 4kHz 178.49 176.71
(100 5 kHz 178.81 175.02 (200 5 kHz 178.49 175.48
EA) 6 kHz 179.63 175.25 EA) 6 kHz 178.07 171.77
7 kHz 174.94 170.22 7 kHz 172.76 166.29
3 kHz 173.73 172.34 3 kHz 171.49 168.91
Case 5 4 kHz 175.50 172.56 Case 6 | 4kHz | 172.67 167.27
(300 5 kHz 177.41 173.77 (400 5kHz 175.95 169.67
EA) 6 kHz 177.41 173.38 EA) 6 kHz 179.35 173.08
7 kHz 172.43 165.12 7 kHz 176.35 169.41

3kHz 170.64 169.44

Case7 | 4kHz 171.39 164.71
(500 5kHz 175.11 169.56
EA) 6 kHz 179.11 174.38
7 kHz 175.34 167.85
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Figure 15 9 A% T9& o3 Mg u Fiso] mE Pt

pN
o)

Aot #Hd 24 Al 4

[

ojtt. 1delA ol 100 vl A}

rlr

S A, 200 vhE Adks w3k A4, 300 vk Ade 54 A4

2

-

400 mhe] Aup BEA sk, 500 mhe] A AL A ol A

ki)

A3t grHoR e Fug dedelAt B @4 A% 483

o

=
7 s & QlQlth 3 kHz YA = 100 vkl = ©F 6 dB/m, 200 "]
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500 vlg] &4 W FHo) 14 dB/m th 53] 4 kHz ol ool 500 v
ZAe of 74 As7F 9F 16 dB/m 9.1, 5 kHz A= ¢F 13 dB/m YU}
olgfgt i 7 AT Aol o EAE Sutel YEFS wAH,
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QAT 18y Case 6~7 & T3 6, 7 kHz A3 Ao A= 74 A7

SA yebsth S A Adel did AWE 34 EO FEe AAlsH

O
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Figure 15 o] stk 192 o o

—

e Fas ol H g

Aol 1 A3 3k 3 kHz oA Hul 24 A= °F 15 dB/m, 4

1

kHz ©A ©¢F 22 dB/m, 5 kHz °|4] 2F 18 dB/m, 6 kHz °|A °F 17 dB/m, 7

kHz oA ¢F 19 dB/m 7} Yebds & F A%, 35 e EAste=

»

ofo] ot FAIE gl A4 ol vEhEe & slSith
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Figure 15. o1 U% H(100 72| IFb2 274,200 vhe] w34 214,300 #he] =524
A2, 400 vhe] A 9, 500 whE] A2 4 HA) 3~7 kHz Ik th e 9
(gh B =F A4 A B k) Ad = A4 A A
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melolt o] #7 ®A mRg 2 A7 AW FEIG oA

d7gole] it S A 5 A < vk 1 Wil 2=

it
[
g
i
)
X
flo

1~20 kHz 9|4 =743 2™, 20kHz oA AFo =z F73}
0.0111 m?/g?/3%lth. Foote (1978)% T3k 38, 120 kHz 2 A fste A~
GAd® A Ay ZhZE 0.0058, 0.0096 m?/g?/3 2 LERSTE B3 Ishii et al.
(1983)= o] @ A ES o= 25, 50, 100, 200 kHz F3}=0f| A

AFste 24 wwWd A Ank 27F 2827, 4798, 5.107, 8.979 m?/g/3
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(Fol), 0.499, 0.532, 0.738, 1.052 m?/g?3? (Hd®)E YELSth TTH o=
3 AollA 53 Fu dH 5% A4 AFdE gt A A 4
eSS #335lo] Figure 16 £} Figure 17 o YER ST} Figure 16 & w31
|IAML Asoer Hatstd 4 dHdor 39 A4S FYS
A3olal, Figure 17 ¢ W3k 3|AMLS T Aoz Harstd 4AE
dAx o 37 A Fd Aoty 77t I A e

&2 A (12)7 (13)2 2dHn

Oow = 5.06x 1073 +8.284 x 1075f — 1.12 x 1077 f2, (12)

0o, = 2.51% 10724 5.76 x 107*f —9.03 x 1077f?2, (13)

o] Wl gz T AFoE Aatstd &E dHA o, g, o7 F
Aoz Hatste AE daAo|th o7]A fi kHz WY Fupgro|th
71E2] Furusawa et al., (1992) 7" A= Aso =20 Qafslst 34 4
As vela, & Al uid 87 24 FdskA dskth whebA 2
ATelMes AT D F AFoE Aasst Fof 87 EA4eAL, ol&
Antx oz 72 A7t FH52 AFozE AXET] witdd 2 2 37
X2 33ttt (Kinsler et al., 1999).

TO7 25 kHz t9elA AT Aoz Fatsta 7 olF H=E

Al 24 Ay, Aol wd Garstd AE 9w g o], ol
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Lo, A% £o2 w7 vebgth 2y Al i dds A
A3} ol 7P = vEhRth ol did ool Al vis drHow
Agel @71 wamelth. weEbA Zh ofF MR AHAR vlus s =
A #o® mEdhsto] Abgshs Zlo] Adsithal fddnh AEAOR
T AR FarE oF AT % AFeE Atsd A
G g2 7S Btk Table 5 ol olwE ol &% SF 4

A¥e Ba G5 JE D B AT o3 Fugel o

r
iib)
:Jd
(i

Aelstol el o W ww A4 ARE B A7 Az
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Oew (mz /92/3)
S

10° 10" 102 10°
Frequency (kHz)
O Hashimoto Japanese anchovy
® Davies Northern anchovy
x Foote Saithe
A Ishii et al. Yellowtail
0 Ishii ez al. Sea bream
% Furusawa ef al. Yellowtail
¢ Furusawa ef al. Sea bream
+ Ishii e al. Spotted mackerel
v Burczynski et al. Pacific herring
* Kim Japanese horse mackerel
— Furusawa et al. Quadratic regression curve
— Kim Quadratic regression curve (New)

2 BoQdqto] Fuldref| wpE o] 7o AFow Arslw
Y (A 3] A4 Furusawa et al.,(1992)7F A A1k 2 2F
Toll A AFA AL 2 2 37 A

Tl

)
&
N
N,
=
tote
X
2
flo
re
r2
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10°; ' .
A
S ot |
o 10
10-2 e — : -
10° 10" 102 10°
Frequency (kHz)
O Hashimoto Japanese anchovy
® Davies Northern anchovy
x Foote Saithe
A Ishii et al. Yellowtail
O Ishii ez al. Sea bream
+ Furusawa et al. Yellowtail
¢ Furusawa ef al. Sea bream
+ Ishii ef al. Spotted mackerel
v Burczynskiefal. Pacific herring
* Kim Japanese horse mackerel
— Kim Quadratic regression curve (New)

Figure 17. 7]& A7 9 & AF9] Figef mE of

1 o) & Aoz Aitse
I R E AU

4
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A3

Frequency Wet Total n o o o
Number | Researcher Species weight length p ew et
(kHz) /m3) m?) m?/g?/3
1 Hashimoto | J2Panese 50 5.2 8.6 250 0.065 0.0217 0.0879
anchovy
) Northern
2 Davies 20 9.6 10.6 650 0.050 0.0111 0.0445
anchovy
38 0.030 0.0058 0.0244
F ith 7 Nl 10~34
3 oote Saithe 120 375 35 0~340 0.050 0.0096 0.0406
25 2.827 0.0104 0.0545
. 50 4.798 0.0176 0.0926
Yellowtail 100 4500 72 97 5.107 0.0187 0.0985
4 Ishii et al 200 8.979 0.0329 0.1732
' 25 0.499 0.0054 0.0519
Sea 50 0.532 0.0057 0.0554
900 31 21.2
bream 100 0.738 0.0079 0.0768
200 1.052 0.0113 0.1095
Yellowtail 50 0.0040
5 F t al. S
urusawa et a ea 50 0.0030
bream

47



A3

25 0.285 0.0070 0.0334

. Spotted 50 0.258 0.0063 0.0303
Ishitetal. 1 ckerel 100 261 29.2 169.5 0.328 0.0080 0.0385
200 0.391 0.0096 0.0459

Burczynski et Pacific 0426 0.0198 0.1065
AL herring 420 100 20 92 0.421 0.0195 0.1053
0.446 0.0207 0.1115

3 0.121 0.0033 0.0154

Japanese 4 0.149 0.0041 0.0191

Kim horse 5 217 27.7 100 0.175 0.0048 0.0223
mackerel 6 0.165 0.0046 0.0210

7 0.205 0.0057 0.0261
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e AR R (AT 71E & HHAE 0 =0.5m). FI57F 47} 3, 4,
5,6,7kHz Y ™, ka kS Z+ZF 27.7,36.9,46.2,55.4,64.7 2 AALE Tk whebA

Fo7h SRS ka b B ekt ool g8 @ A eluiX vt

FobA A o® =2 A7 FAEHATIL BEE T (Medwin and Clay,
1998). 121} e 7] 2o gt Abgto] obd v Absk(Multiple
scattering) ©. %= #-g-3}3l, ot WLT} =S5 E o Abske] 9 =2

A Absk AU A7F debvs 9EE aysiol & H /4ol AT (Medwin
and Clay, 1998).

Davies (1973)9] 7]& A7& HEHet WAS olgste] Ty
TA Ul FA44o] A= AdHCdAM ¢ A Ade FAselth
S5 ol 120 kHz o4 AFE AT oF 3 kHz oA 71
we R 7 etk a#g ojze ure] mel gRdow

ARSI ghgkom, ok 94 g Al olFolnz s B3l

Ha oz Yedllth HAd 7Y As:E e T dideA=
Aol YERFA 9kl Ye (1996)8] AT-ollA & o] 72 FAlet Felel

T 2% A4 54 dA7E FFEU, oF 10 em, 72 em 2] Aol
upeba] FAlel Fee Ad T g Aatstgion, 7lE A Aot
@=3] Bl vk 523 &3 th Diachok (2005)2] Aol A= A ajolo A Ex

g ol8stel whal wel whE ] ASE AMSAOH, o 3 kil
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UERSIEE. # < Meseguer and Ramiro-Manzano (2017) 7oA = FH &
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=i )]

- =,

9} A& (Wavenumber integral, WI)

S 7 2d

Aol weba

47 EE=(Normal mode; NM) =2, ¥ &4 w742 (Parabolic equation; PE)

ol

=
=

ndg A d 7HAE FEEHZ At (Jensen et al, 1994). 7 mddl

o)
—_

<H

ol

3
e

TH-E o] ALE-E T} (Figure 19).
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A 47

Application
Shallow water Deep water
Model type - -
Low freq. High freq. Low freq. High freq.
RI RD RI RD RI RD RI RD
Ray O O [ ] o © O [ J o
Wavenumber
integration (WI) ® O ® O ® O © O
Normal mode
00 e 0| e | 0| @@ 0| 0]O
Parabolic
Equation (PE) © 1 O O © ® © ©

Low freq ( f<1000 Hz)

High freq (£>1000 Hz)

RI: Range independent environment
RD: Range dependent environment

@: High efficiency & accuracy
©: Limited efficiency & accuracy
(O: Low efficiency & accuracy

Figure 19. s 5% 29 Haj/Adal 4, T wE 84, =9
52 T4 A A wE A 84 (Jensen et al., 1994)
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HEH =+ @] o] A= H. Weinberg and R. E. Keenan (1996)°] &4 & dl2]
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YH(ASE, Active signal excess)
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SkC} (Urick, 1983; Waite, 2002).

&2 2 (159 (16)°.=2 At

(15)
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AsAE 55 A& 27 gto]l HA 0dB o]Folofof strh. 747be] S-S

x2
Po(ASE) = = [*>" (=) ax, (17)
of Wl Py BA BE, ot BE AT zel By EFE Aol ¥

oAM= ¢ F= Urick (1983)% Michael (1993)0] A|A|s 8 = Zg3t
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(Carnes, 2009).
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Bl (@) Summer f
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Longitude

Figure 20. GDEM 22 A5 5 Fd J53 vyt s 25 & L2 ()

A2k (b) A A7
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143 AAY AL RE AR £

et A, a9 AAW AW Amit 4T Y9AE B
2AE AW SEEg B4R A U A5G AR 94 AL
Fo Y TPAFRAIAY AR AF REEERE B, o, B
Adel B4 A A2E 5HsA AAM A4 FEE Folk and Ward
1959 EF HAE 43 BFwel AAste] BHE AW A

Amoli, 9 AFeld AN FEF Q= AL AL Fa AT
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s g AW Hd dE ARE

do,
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34~37" N,

[¢]

124~127° E el 538 2 3 9 Ast F 10~20 km 2 AF
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AL o]FANE dActelA ez ZAeE ZgH o] Aol HAix s
km oA FH 50 km ©]% Aol7F yEh= Asolnh SEje] Ae 9k
36° oA PES AAR dto] HEHS Hud #HS YA B Y=t
1~2 @® <1 Apgo] Fxyo] gloy, W& Hit U&7t 4~7 @ o
et AFE Yo theket B A Aito] ExE o] Qith

g dlde AW Ha UdE ARE 9AFALE 32~35 N,
124~131" E WelA S89 ZF A3 19 Agrt Fd2 2 7~15 km

ez PEaAT, gdaw ha5% e S ARG Hh 10 km oA
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Hol 60 km o]/ zFol7F Y= AFRolth dEl s dAjtelA FE
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A Aoy, eel® s FE Hd dETF 1-2 @ o dTets

A A5 ol gk,
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Tl aefe sAE B dw ARE FI A AR ARG
A HER QA Tk gl e YT 7~9 @ o sfdehe YA
e ARR T2 A o, 2Y kel B YR 1~2 0 <
AR TAE Sle dideltt 9 AstE FHe fever AT
Ao Amit gHe] AdiFor zdsA A dou, 939
Arss AR AAs e A ey

AubH o sjAmoRREY Fab, WAL AbghE o] AdE = S
AT EHAHZe] Hd dEel IFE Leu AW HAS L

Sl A Zdelq Q¥ WE F sholtt 1Y AAK FAAH

b

s5aly] o) weld A%He AW Ao Ux ARE HE&7)

el FNE A= ARE 7HEoE Y-S A Esle] Rdd

1o
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A W ARSI (Figure 21).
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’ : f{ ' & | Sediment Type Si?(ig)
% .l Gravelly Muddy Sand 10
- Medium Sand 15
F Silty Sand 25
Very Fine Sand 35
Clayey Sand 40
Sandy Silt 5.0
Sand Silt Clay 5.5
Clayey Silt 6.5
Sandy Clay 7.0
B . | Silty Clay 8.0
Clay 9.0

Figure 21, -2 thet ), wall, £l dole] alqw Ad w9

Tl mE H YT A7) AR R/ (FHASFERAN, 2019)
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g4 4

9% Rmdue 9% u, 479 9y Wz

rlo
ofr

9 Ass
ARgsi 7 s e AAE el st A Ame 5%
292 Figure 22 o WERglem, 9k Bl AX ik gL &l 4,

A A AR, B YA A7]E Table 6 o HERA AT

e
o
tlo
¥
o%
ol
ol
~
1o
<
N
:Oé
12

dAe AR, a4, A Ad

Latitude (°) 36.0
Longitude (°) 125.5
Yellow sea Depth (m) 69
Sediment type Medium sand
Mean grain size (P) 1.95
Latitude (*) 33.7
Longitude (°) 127.0
South sea Depth (m) 123
Sediment type Fine sand
Mean grain size (D) 3.03
Latitude (*) 37.05
Longitude (°) 129.7
East sea Depth (m) 521
Sediment type Sandy silt
Mean grain size (D) 4.97
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A At e =9+ 71 ATE Faste] 30 dB = A SHSIT (Kang
et al., 2003). T3 S HF ool 1 m? Wl o]F7F 20~100 w27}

At 7pgste], 7 AldE 2~10 dBm WE DA

SelA AR A7 R AAE WSS FF e 4TS RLoA

B5AQ 2B AAW WA D A Be d5 44 2Y, I 4

Ello

B2 FU 10kHz ©]/de] el 52 ARE-8h= APL-UW o] HEl
(Jackson and Richardson, 2007)= A}-&35Sith s Al BEle 3 4
kHz oA =2 Algst A& o2 ¥ Chapman-Harris &2 (Chapman
and Harris, 1962)%, 10 kHz | 4]3= APL-UW o] & R eS8 A3t} A d
HEAL 2 ele gl e]d] ®EAL Al<9=(Rayleigh reflection coefficient) =2 (Yoon et
al., 2015)& ARGl AW Abet BElS Fuk 4 kHz oA F=
Abgele AdAd oz HHE Lambert's Law =2 (Mackenzie, 1961)=, 10
kHz °|A+= APL-UW ©]& REYS ARGtk o] wf si¢H Aeol

FFE VA= TEHF A ditFo® el YEtdeE B 4 ms 2

»

skl

Aol oot 4] T 9S Francois and Garrison (1982)°] A|<+st
RS ARgeRglon, FH A RS Wenz (1962)9] &5 &9 Ed&
Agsttt. A4 A A= Rd Aol Wkl wE A ALEE
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ELIREST

riet

87 e W
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Beam width £10°(0.05°) Range 10 km
System &
. Source level 218 dB Source depth S5m
environmental
] Wind speed 4 m/s Signal type FM
input
Target Submarine Target strength +10dB
parameters
Volume Volume
) -30 dB . 2~10 dB/m
scattering level attenuation level
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2) AA (54 24, 34 849,

3) F3+ (4, 10 kHz),

4) ol FA (1~250m W 9)),

5) AT A7) (&2 :40~80 m?, T :160~240 m?, thF :480~1,000 m?),

6) ol 4] A (28 :2~3dB/m, T8 :4~5dB/m, th¥ 10 dB/m).
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YELLOW SEA (4 kHz) — non-fish school

February
(a) Sound speed profile
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SOUTH SEA (4 kHz) — non-fish school

February

(a) Sound speed profile
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EAST SEA (4 kHz) — non-fish school
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Table 8. R4

SECICEICE

3¢

A, A=hell mE 271

15 =
BEstd e4s

>

a3

4

Attenuation Fish school position Fish school
Frequency
Site (kH2) coefficient Depth Range size
z
(dB/m) (m) (km) (m?)
4 2 20~22 3.00~3.02 40
Yellow sea
10 3 56~60 2.00~2.02 80
4 4 30~34 3.00~3.04 160
South sea
10 5 10~16 2.00~2.04 240
4 10 190~198 3.00~3.06 480
East sea
10 10 40~50 3.20~3.30 1000
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YELLOW SEA (4 kHz) - fish schools February P
(a) Sound speed profile (b) @ T « ) @ !Acnvssmsxcsg
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YELLOW SEA (10 kHz) - fish schools February @ Source
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A 4 7+

SOUTH SEA (4 kHz) - fish schools February @ Ssource
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A 4 7+

SOUTH SEA (10 kHz) - fish schools February @ Ssource
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A 4 7+

EAST SEA (4 kHz) - fish schools

February @ Source
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EAST SEA (10 kHz) - fish schools
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e G4 A% 2dY g2l Fashd, A9, Ade] BE ofF B

Q2% B3R TE o} Ak

Fish schools Large fish schools
Sites Non-fish school (position range: (position range:
3 km) 3 km)
Yellow sea 10 km 6.5~9.5 km 3 km
South sea 10 km 3~10 km 3 km
East sea 4 km 4 km 4 km
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A 4 7+

YELLOW SEA (4 kHz) - large fish schools
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EAST SEA (4 kHz) - large fish schools
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