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SUMMARY

[, Title : A study on the underwater sound neasurenent technique

I, Object and Necessity of the Study

The human has been constant efforts for the understanding and learning
to the sea through many kind of methods, today they find a new meaning in
the sea and then trying to secure of resources for they own country to
beginning a way of research or observations by underwater acoustics.

The field of underwater acoustics consisted of a compléx studies and
using of physics, chamical, geology, biology etc. Otherwise these field
are slowly changed from a way of manual detection and recording type using
various underwater sensors to a way of remoted real time observations.

Developement of acoustic equipments make a motivated of changing from
fundamental studies to application. This technique of practical use to
underwater acoustics bring in rgpidly expantion of the oceanographic
research and subbottom survey.

Also this is a parts of high technical of indgstrial and take a lots of
profit and an added value through the technology of upderwater acoustics
comnunication and control system and measuring of underwater position etc.

Such a equipments of underwater acoustics are still hard productions at
domestics. Those price are very expensive. Unfortunately, it is depending

on all import only.

I, Scope and Contents of the Study

1) Calibration and analysis of the characteristics of acoustics sensor.
2) Study on the method of acoustic wave measurement
3) An investigation and application for the acoustics wave
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V. The Study Result and Proposal for Application

- Development of technology for the method of calibration and
measuring technique related on acoustics equipments.
( ex : Echo sounder, Underwater communication, positioning
equipment etc.)
- Preparations for the self-sufficiency on the domestic model of

acoustics equipments

A study on underwater sound measurement technigue

Promotions for the reliability of acoustics equipments.
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3. EXRx&EH 2% WA
WA Y L YA I A FFo wiel A YR Table 3 - 13} ol
Azt ¥ 4 olch @A AL ANIF IFTH YAV Be ERALEH WA

AEA zges Hol gk

Table 3 - 1. Typical of ultrasonic oscillation type
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Fig. 3 - 8. Basic structure of piezoelectric broad-band ultrasonic transducer
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‘Fig. 3 - 9. Equivalent circuit of ultrasonic transducer use KIM-model
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Fig. 3 - 10. Various configuration of optical fiber sensor.
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Fig. 3 - 11, Various frequency regimes for the interaction of
a typical fiber configuration with an acoustic wave
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Electricity Length Time & Frequency
Standard Standard Standard
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i Calibration —=
§ Technique STANDARD MICROPHONE
é Comparison % Secondary Standard
i Calibration {—=> | Precision Microphone

l
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Pistonphone, Sound level calibrator

l

Instruments For field measurement

Fig. 3 - 12. National standard system in acoustic measurements
olol 22 &
Microphone?] AL Sensitivityol &3] AR H}. F, Sensitivity:s
L Output Electric Voltage
Sehsitivity =

Input Acoustic Pressure

= A
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Fig. 3 - 13. Equivalent circuit of reciprocal microphone
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Fig. 3 - 14, Combination method of three microphones
2. Hydrophone
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Hydrophoneo] 3]4=2] &to] ol &uj Incident Pressure Waves®] 3}4of A 2]
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Mt,‘:

p
o]3 thA] dBE VtEhfH

Mt [dB] = 20 log

(re 1 [V/uPal)

o]z},
). A8y 23

HAEAHAAMY 232 A F 222 UrolA st Fui4E 0.1 [Hz] ~ 1
[Hz], 50 [Hz] ~ 4 [kHz], 3 [kHz] ~ 200 [kHz]Z Lo s Ho|c}.

A) 0.1 [Hz] ~ 1 [Hz]
<ol Hydrophone& Y A3 432 whedtA 23 AF L stdd &3
Z12 2 Hydrophoneoj Al 8] ¢4&e] Hile

Ap=Ah-p+ g - === o s o s s o (4)

Ah : the variation of Hydrophone depth
p ' the density of water
g : the gravitational acceleration

o]3 Fig. 3 - 152} Zo] dx]3}H Charge Amplifier: 0.0003 [Hz]7}=] A}-&
Y 4 UL LASAFZ(0scilloscope)= HY(Ae)d Hoj HA2E &3 ¢ £
%lo] Hydrophone sensitivity® &A & 4 glt}. & Al (3)o] 4l (4)= cjas}

A Hydrophone Sensitivity &=

Ae
Mt =@ —————— o h h e el e e e e e s e f e e e e - -
t Ahog (5)

2= A ¥ 5 ot
°of WEe B TAE Ha AP 4 ool HA Fatse AYe] glon]
1 [Hz]7AX] ZEstA 23 & 4 glch 1 [Hz]ol 4 Ful$e 283 340
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Oscilloscope

Fig. 3 - 15. Measurement arrangement for calibration in

the 0.1 [Hz] ~ 1 [Hz] range

B) 50 [Hz] ~ 4 [kHz]

=

2 ot 1Ez 33 ZHE FAYTHE BRI e Hydrophones] R R
7ts st

Fig. 3 - 163} o] Axstx 4o AEE FFsod FYUUAN U2 A
71The Hydrophoneo] 4413t A3 &4 718 Aefol %A FHYF 71HAZ 2
WAL, Microphoneol A 4413t Azt QAT AT E #4 A2 £ A AV
o By wozM SAo] T AITE Lol E2EH| JA HE £UIHLH T
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Fig. 3 - 16. A calibration measurement set-up for the 50 [Hz] ~
4 [kHz] range

C) 3 [kHz] ~ 200 [kHz]

Px:'ojectorik] AlLE= 2 dFA sensitivityd 7|&
Hydrophone3} ¢1¢]¢] Hydrophone o] Ful4tio] Projector® Al&dted @3
st Wolrh. o] WHE Fig. 3 - 179 o] HX|st] ¥ 4 Qrt. o] of =2
T 2 WAL Y B oviel, B ¥Hog YE Al Hx| gojof FRE 2
Uoll el B8 AXE HAste a5 AZE Bufof P}

Az HALE &ol=d Zoled AE U NES H
22 HuUFct £Z9H A3 = ProjectorE E3tlod AYEE Hydrophoned A%
€ Yol FFYF 19 YEHE TUF NI E WAE g3 AA AT E BUA

HH Fig. 3 - 179} 22 A3 E <A Hr}
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Fig. 3 - 17. Set-up for calibration in the 3 [kHz] ~ 200 [kHz]

range by the calibrated projector method

Hydrophone sensitivityS AArste cti&t Zo] €& 4 arcl. Projector7}
1 [m] Azlol Sv [uPasv]ojetd ¢2fe] Hydrophone‘ﬁ] 3}’2 7HiAl e S¢S

E : the sensitivity of the projector, the voltage applied
d : the hydrophone seperation

o] 3L Hydrophone?] sensitivity:= 4! (3), (6) & ¥H

ed

My =
T TEs,

olz t}A] dBE ¥ ¥sH
Me, [dB] = 20 (logjod + logio e - logio E - logio Sv) ©olt}.



D) t}x] =3 ( Substitution Calibration )

712 Hydrophone& Al&3le] AY FFH7J], 71§A, F3+ HY 5 &3 ¢

F Y 23l A ZA3taLxl st Hydrophoned &3t 4 (3)2 7 £
£ oest ge ANE € + 4o & 8¢ geks
Vu
M = Mts @ = = = = === == === == ===« 7
tu =y Mes (7)

Mt : the hydrophone sensitivity, V : the output voltage
Subscripts u and s u :unknown hydrophone
s ' standard hydrophone

ol Hmz Ao o3 &F ¥ 4+ glon AL FFHFIN VIFAE L33l
A otz At

2) gAY 2%
ol Ao @B Coupler R UjF Ad 2Fo= ) & 4 Nth

A) Coupler Calibration

< 7} FA RtEo] Fig. 3 - 189 Zo| HydrophoneS 7|91 &3 ¥

otl.
o2 ofg He3A 2B ¥ 5 U= Zeolth
B) Insert Voltage Calibration

Hydrophoneuioll B A3 50 [Q]& Z FF7I7F Ae Zojzid Aol
[V] RMS o|uj2 7i3ted a3 B 4 3t F Cabled] A whxto] AU S
Z3hd A3l 2157t BAdEle] o] 21F = Hydrophone?] Piezoelectric &
B U Aol vehte A& AHE3te] 2P & & 4 ot

Hydrophone?] W#& 0 [dB]E Erld AJlols Ef &Fo] & 3ig A A
olEoxE 2 &E2Jt Yelud o &3 FLe 2 Y AdRof vl 2 ~
2.5 [dB] Yoizr} =2 o] WHL Hydrophoneo] FH o2 HA HAs
RollA Fr1Hoz FF ¥ o oy Yrjolrh
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mounted to monitor the sound pressure level inside the coupler
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Es = E:expj{wt+s(t)+¢s}

71E BEARE AA U2 J1EFY AVFL oh23 Erh

—

Fr =FEr expj { w't + A(t) + B(t) + @&r }

714 S(t)E &3tz st Bl Pol vdste] LAY PP ity
2% S(t) {molch &8t &2 2z AT F3 J1EF ALY BULE o

AHd B D drol A RAFHojok st FHR{ TAHANAM o]&9
R gyrol st SFHEA HIlH, £ FA HA 2x B O o]FLeE
"y 4 olct

71 &Fol= FHY $4H Z 7] (phase modulator or phase shifter)o] 2]3] i
BEE 148 At B7F ¥ ¥ 4 gledl, Fig. 3 - 19 43 A I3 A&
_rs 2

03 A FHS PHAS ALz Ao A (quadrature condition)dld H BT
£ o7] g8 WBH 2ol o] WAHE siarstoln BE Ao o A @
wsin(wnt)E Fol2 &= $ligtolc}

olE H WMZI ALgo{ el AZ R JERY Fupfo] uizt FAET A
2 A& Table 3 - 29} o] iR 7| 2 FE g},

Table 3 - 2. Configuration of interferometer for use with
various detection system

Detection system ' Frequency A B
HOM(passive homodyne) w = ' no no
PTDC(homodyne with DC phase tracking) | @ = w’ Yes no
PTAC(homodyne with AC phase tracking) w =o' Yes | Yes
HET(True heterodyne) W x w’ no no
SHET(Synthetic heterodyne) w =’ no | Yes
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SPLITTER DOMBINER | Systapt 0N
LASER - Vi
(O]
. A B
i Eaae[za V2
—
Ve { osc
OM

Fig. 3 - 19. Generalized fiber interferometer system

EI3EW YA BE &3 Je
ANERL 29 dHAMFE ¥F, §F L Aol 0|27 7ix]9 BRE =
A9 A7), Aat FAEL thEE AT ¢ F2Y Lofolr}. Ay 2% 7)
€9 FTFAY FHL F2 MBS B AL2EAN olE ¢ AP S
& 4 Ue BEE 22E5S 33 439 Ax A Ve A ez
feF " 4 Qv ZF WA 3 F o FXES AMEY i Y}
=2 ¥ A : ulolm2E
533 ¢ go]X %&7], Turntable, Compact disk
ZZ gl 2AAA] : ZE7], Turner, Equalizer
A ZH o 2¥HA
ol 428 29 €8 AXe $£FolME Hydrophonel ® tfx] ¥ 4 gla
ARBAA £9A L Projector® TIX|dt] M ¥ £ 2022 7= 29

A& FAA 29AY 45t ulo]AZE 53 7igdl dhsfA L HBycl

1. £¥#A8 4%

AYALY P FZR FEE Uil F2 HolEE2AME AU1A dxds,
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F-up4 wb-g, vy $fF(Distortion), X ¥H & F& & 4 rch. $4 o]

5 Zzte) 7 el ely AW Rux v
(1) 37 guda

anAY 234 A7 9¥WA, 37 guda, A¥H &3 A d¥da
o 257 29 ANPAE 1} F2Y 4otk o]BE AW Ao BAY
25 o Boolz AEE FIshE AL BANNE FRY 4¥S Yrh
= wYAY, Fup4 g, w M PRI (Distortion), B E} 2L ¥ 3
A 2AstlA Es] SAANE o F % BEL uS Fasid
) avse A7 gngs |
2nzY 37 AAYAE ANAY 4 WAl FY FH4Y B2 I
7l Qudzolt. ok Av 4 alel shE ALt AR AyBA »
2718 Rt AR of W VYT AFE FYmolojo} Yk oY W
& B2 HEZ Fo Atu 279 A4 F4Y Y42 UshiAY, Ay
PyHa JEg 4o Y4 Uehdch
W) Az 37 QHAA(Z)
2nze] 37 dUUAE £48 AYRSE ok AYOTRE Aol F
FHE AYg 245 A9 AWk A Bl AW 3 YuYPaz R
[ohn] ¥ %% $B719 292 2857 AMAE A% R ohnlS 3H71Y 2
g whajel Azstel &3 R |
th 2nA 5% AY QUPA(Z) % %7 29 LHUWAZ)
AnA 53 A9 AudAE AV Y5 AW sl 2v5 L U3
A4z A2 ABHE €48 AP Yoloh. $F7] 29 dUAAE A¥
o A& Bt 879 29 WalolA 23T UY ANPAE Yy

3 3171 13k Fig. 3 - 203} o] Rl

A BARE FHol gl Ffolle 2¥H FHdAA A¥A Holl £AY Fido] u}

OlAREE MAYrh o] w A¥ A ulo]AEE AbolY Azl: AL &
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Aslel Aol Au7 B e Hojop shet] YuFog 1 [a]2 Ytk
N 24 e BASY] HelAE 2} o] E ) Ad, 27
o A7 UMY, ool e A, AW ZPol AT AL YNALE
Al stofof gheh,

5s 55&2’?"’"’“”&2”“2
' 3 ic g
Sine | | Power : l) = I A Level
Generator Amp 3 e 3 l TP ™1 Recorder-
T> 545 ‘
nvyvyy\ SR

Anechoic chamber

Fig. 3 - 20. Frequency response of speaker measurement system
(3) 34x&

23 AL FARE nt T wel 2 S deEldy, A4S
WA I = 58 Edoluzl FUYLE2RE Y E Yol Sole Y=
th ole ¥ &9 Wt 23A A dvdie FF3 & Y P
ulof osiA tiE I o] Foiirh
7 =10Logio (W/PE ) ----------=------ (8)

(4) 2% 54

29 AY AFATE 29FA FFH4 AF SFNIMY T3 Intensitys} A7
A FHE HBoZ2dE FAEANY HF 2% Intensitye}e] vj 24 FojAc), o]
& Ushi] AsAE R348 FAstelo e FFAAL AnAE ¥e 23
3 Hold SR e M FHLE PAstdol Atk AP 5= A Sl
‘3&ti+E 33 dBE Uepyd

> rB.
[

I
KL=10Log[ Ir ]

a

Ir ¢ #&4 A2 rollde A3 F Intensity
Butel/4xr2 2 B 23F Intensity

.0
Ia ' &

ojtt.
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27 uldY HF2 &% 293 A7) ddalole] wAYl 4 BUL
¥ T Wsolnh. oA AFS A¥H 29 FEAAE AVSHE S

247 Boh 2¥AY F2T AP PALEZE= O £9AY ¥ AF 4]
28e] 9l

1ol FsiE gzt Hel alole) MY, @ duy A5 A2 F
A7) Qg AARe] BRY U @55 T AvAo AANE ] A B
Wl 2 HAEveld RIS Y
A AT AER Q9L nFTelA AT HTe Y YT 4L At
- 3123} 9= ( Harmonic distortion )
Hdye A2 WrjAE ot gt FuE Pl Yo Uet @
o). ©d x4 ol oiE ol BHY gL ¢
Axlt 1z Y ¢ F4E Y42 U A2 9
& 245 e 223t B TE Agstel 4 Fuis 4B
T 3 ojste] Fui4 HES MUY Unix nzv B Faigle] B
o]& &Pty $I% AAYE Fig 3 - 213} gch ulaAE 24378 &2
273517 M A2 B3} 07§ gt FUY PPos FFYrh
235 HdAE sAE 2 2z gt Y MUY 24 ¥ A
12T YIEE EHHUC o]F A AL g B} AnsE A&}

o Wey i JEUE T3 AlUch

PRARCNTIREUNAR AR GATVGT
5 Speaker" %
g Mic % Amp
Sine Power 2 U:] 4 Level
N 2. Py, }‘
Generator Amp ?) g ‘ J7 Recorder
2 g .
A ‘g Filter
5 t]
=2mxxxmayxxm,:\m~§

Anechoic chamber

Fig. 3 - 21. Harmonic distortion measurement system
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2. mojla2E

2% AN FUEe} AFEI golM JtA Wol Rojx molAsEE &
WA mlo]Z 2 Folrt. A miolAEE 2 UF dud2E 23 U7l o
Fol nfo]ARE 23 whijoA AA T%‘ﬂ‘é‘ "o gsie, A FF7Y &
AreiAL 2ol AL o7l AF ¢ gtk EY o] mlo]aREL AU
T ol 2 AEH 2L J1A FHIE FE 200 ~ 400 EEQ] ¥ AYE
gaz Prl oy ©AH wBeo] ERA nlo]ARE L Fa¥Y nvte]AREY
7H532Y ulo]ARE Fof vlsiy Uit £E2E Yol Kol dout U &
B3R AR X350 da] AHEEHI Qlvt. E94 nlo]ARES Fig 3 - 22

) o Zo] AH WEPolEY 42 BY F& IFULE FAH glrh

WZgolEX ulojATES Umx] £E} Ao Q3 Fig 3 - 22004 B
£ upe} o] EIAY Eort I olE} A qte] Agyct. upst AFule
Al Haguw Hrle AFAY HeE uola2E &3 CE HEH AFIH, o
of &J3ja Kt Ruoll AZ AY eLo] WM

nfo] 22 E o] BEFL AL E Fitfo] S WA= T Helol o3
A AR, WSUE M uto]ARE ] AF o] FUSA ZhsiA T poll ©f
¢ Edeizte] AU 2 <Y (open-circuit voltage) ee] B]2A FojHr}

rA*.

M=—
P

kel W7 2P Rl AT UYPo thal EJX 7t Ao o] FFo|th
o] 222 FLE ¢4 U A= & Ho] wigtHsith. 2y 53] FY
£ & uelaRFo = o2 A wE UFAEIL BT %S JHAH o Hrh

Diaphragm
Z Isolator
727 C

‘J

57 Fixed DOle

; .

: / p—
N

? :__r ifier) = -.’:!l.‘;‘_oOut t -
o § T sile v

E : 40~200[V] I
i

Air rooom E,
(a) Structure (b) Equivalent circuit
Fig. 3 - 22. Condencer Microphone
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B4R NGBS Py $8&L 2 A

4229 714 wALS U4 x| EFL T SONR U Aoz 2
A AANA g B4 U7 1 SONAR AAde] I AFE o]F drizn
¥ 4 otk 23 MAcide] £2Y ¥ 42 29e WHHow g4 As}
of, SUE o] &Y ARPus} wol Wy Alsidon, tEAA L]
* Fig. 4 - 13} gonf Table 4 - 1o] 7|53 $58 dAstdct

SONAR®] & ATt 713 2 2L SRAY nAA Qo] o= )
+He) £5, & B2, T, 2Rl AW L 4 £23 ARE WMo
e4o W3, 123 BRdstn uFAY 44 HYSY EEEo] 21

2} = Aol ARe 2UE o] 8T njAe Ba wHo
2 doloym gon, A9 Inverse Method(¥¥H)E o]23 BUerl:
Direct Method & {3} £417] Alo]le] Suf A ABE FAIsh= WHS ool
& gtozx njde Edo] §E SMAZ B4 veto] 9P T4 =

g
o i
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2 CONIAINER

WAVE g
\M&ESUKEME TIS‘AB omrb@omh S bi%ﬁx%PRhUMAGPE" o

UNDER WA

[ERE
e

- /METEOROLOGICAL

- e

e en

L "STORE, INSTRUMENT  BOOM
ADCP 210/100/33/55kHz

ECHOSOUNDER

e

(] moormGs

THERMISTOR
CHAIN

1
l
1
i
|
?
l

i
i
. 1
7] CURRENT | N
| METER i
' "| PINGER
i
. . .'.1
’ ACOUSTIC !
RELEASE 4
CTD/ROSETTE |
L\ 4000m -

Fig. 4 - 1. Application of sound wave
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Table 4 - 1.

Underwater acoustic instruments

7 % £ =
1. Depth Sounding
- Depth Sounders - B2 HAE IAHOE HUA EEo}
L= SIE AN £4E &3

- Subbottom Profilers

- Side-scan Sonars

- SAEE BEAIE AR} e
YE2x P AN HADE 4]

- sl Az YRoT WE TolA ]
AE8 2TE RuUA 2 DALE o &
L HAEE EA

2. Doppler Navigation

- ¥ Z 9] TransducerE A}-g3le =g
E}E o] g, MHHLE ¥E HEo}
€ UAEE RSt A AEE

£y 4 =% ¢ Hu)

3. Fish Finding

o4

- o2 S1A 2 2W YelE ¥R

4. Fisheries Aids

5. Diver’'s Aids

6. Position Marking

- Beacons

- Transponders

- Zold A4d NEE v, 1 %
A yTE EHA NS To}

- A G4H I E BYS ofnt
Transponder7} T2}, 1 AT & HAs)
A HAE =

7. Communication and Telemetry

- Wire® AH83ha] %3 tidl A2E Ao
UsE ojAE S38 AHg, At ab
% 2 43 g A e §A

8. Underwater Control Equipment

- 430 AW AABS £7 2V o

&3A A of

9. 71 E}

mjo

g R4, 2% B2
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# 1 # SONAR System
1. SONAR =& 4]

SONAR W84 Sute] Ag el sjoizt &= HEEL ¥ SE U S
ONAR A A®Iz}e] 43 FAE IAM F22A SONAR A|£%8 712 dAe =
E 3% o3&y 7152 AFs] £ch. SONAR 434 olgh o= 3 AJ2Fe] &7
& Az A2ul MELE gl YUY pAoE FIY L= hEy
2ol &4 orh

SL - 2TL + TS = NL - DI + DT ; Active SONAR System - - - - - - - (1)

SL - TL =NL - DI + DT ; Passive SONAR System - - - - - - (2)
tt, SL : Source Level, TL : Transmission Los

TS : Target Strength, NL : Noise Level } - - - (3)

DI : Directivity Index, DT : Detection Threshold
(3)2o]l BQl H4EL2 SONAR Ha EEA SONAR Al&A¥1z FHPH RE B
2 gyol olE w4o] YEFoz EHFH gon o]FL thaol R uhsh
2ol 3 ZIXE & E 4 ot

P

7. 89S & Ad BFLERE ZF He dH
: TL, NL (Ambient No1se)

L, 33 BESH 23X He He
: TS, SL (Passive)

= sowr el sl 23 S A
: SL(Active), NL (Self noise),DI,DT

ol B % 7.1 2ol 43t WHES SOMR o ARG £ Qo

HWE ¥ 4+ e 43& Z2 e v Fo &3t H4E o] AAANY 9

4 9lt}. uwlzhA] SONAR AlA® el HAME FolA sidx}

EE?Q 54& i ¢F Fol HA AL UF AIEF v

Z3te Zol 2 FEJl o] SONAR &&3te= v 29 A

52 EoiE Az AgstEs 7,1 29 W48 4 BE
SONAR Al 2%1e] d%-& Foi3}t Al "Wt gt

2. SONAR F3}<

SONAR M 458 2349 ¢4 o|BZ F347} uinA Hd 2 W45 3k
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& A2 33 slojol sln] wizbdq SONAR AlA%e] HEE ¥zl "Hohol A%
ol Hu) YA AeE F& 4 Atk

SONAR Al 2%1e] RXAZE AA A& 7HF 22 HEE TL 24 o 24
AE B3] F2 &4 34 o] o) thay Zol Ao ¥ Azlst 27
il st

FeEAolT YA AF Rl st 302 Ant © of sy Ha g
Aofefa] WA st Har £A ¥, ust sifol FSE Usiuyes g4
o2 Fupdo wet 23 Hch

SONAR 340 ©bx|Aele] HA 7]&& Al(4)o] o8] 23 Hr},

ar =10 [dB] = - - - - - - - - - s mm e e (4)

()4 2&d SONAR AJ2%] AL 71& $&o] o3 AgH e
A]o2 i SONAR 2342 3 FTLE4 o7l 23 Hd BAAY r & 23
U4 glon W ro] Fo] Achd olg) A FI4E ZF ¥ 4 ot

Aol A o] SHE S Z47]8 AS Fusl BEHOZ 12 K]S A
€ Ur} (4)8 JEAM B o] of EZAS « =1.5 [dB/kn] EM r = 6.7
[kn]& @Eth o] Azl: o 713 22 e $43 APE Nolz g
ol EY Aol 2ol ¥ FAJ= FE 200 (kHz] 71 o olwfd:
()22 8 150 [0]E o, of & ARAY 223 A P},

whebd (4)42 UubEQ SONAR AlA¥ol M 25 Fub4el wxl Azl ete] @
AL vl2F & Esa QoemE xy] SONAR Al2% HAA of$ $83 A7

zt= 7t "t

¢

32

3. 55 SONAR AlAR1e] A

Nagle ®Etsteld EREE/ 23t IAE EBHE (Receiver
Design )2} E#FET ( Signal Design )2 & 4 AUth $£AR dAE 53"
AEZEREH oFA-stE g7t Hste ZRE YA dold 4 AETHE
AF3te EoF old, AZMHAL £AEY H5e 23 A77] sla Us P
$43HE dABHe #olkoltt

LU AaFoMe Az ANE thd e 3 UARE TE ¥ 4 ath
Front-end Processing2 441¥ ¥}ol Matched filtering® 43 3dl= wAojH,
Enviromental Processing2 front-endollA] A8 & AY wol tjAE AY
=% B3 8L sl TDAOlR, Target
analysist= HXE2 %5 % 54L& E43t= gtAlelct. (o] £4], 1990)
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1) 5% Sonar?] &R
713 wlo] A}2E3 9l %% Sonar 1% 2] HEelE Ao® Ay EU Gated

continuous wave{CW) tone(5), Pseudo-random noise(PRN), FI}4 HZ(FM)(6),

Frequency diversity coded(7)2] ¥ejrt glcl.

2E¢
J T

cos(2xfct) 0Lt<LT
Se(t) = ] """ (5)
0 elsewhere ,
B i 4410 W& ofux], T: BAE, fo: 24 Fi4
2E¢ ’
Se(t) = a(t)cos(2mfet + P(t)) - ------ - - - - {6)
t2
Mt) = 2z u , a(t) : Pulse envelope, u : Ful4 HZRE
N
Se(t) = a(t) ZNan cos[2z(fc + nAf)t] - - - - - - - - - (7)
n=-

PRNoj 2} Bal: HZE FolW Aol wet slao] MWAH Gated tone?] &
o A

Az 7A=Y, M Az Aol wad U Azl AR} Holuh of
4 Wze) €7 23, F 942 Aol TP nBE Al wtz} 4y

o2 H3} gtk dqUA F2% HeyEe Fuge HREI T dgolrh nix|

ut o8 £ZEANo Yo}l A}RE = Frequency diversity coded A3 & H43}

Zt 3t BEE Z7] thE Fu4E ZbE Toneo] Ao FAlo] AH3ts ¥H

2 NG oL e E33 Boluy Futg FHoMs 7 Y Fupgdd &
z

A3t de Yo ATHsA EE Hrh

o M

2) $& =ty
%4232 4 Range &3 A %o] £3., 4% Transducer W Power-amp?] 2|t}
£ W3 golE B2 dqUAE = AIE $& ¥ 4 AUt LFM(Linear
Frequency Modulated) B A 137} £t}
EY A3 XA L VA F3X Y FHUEE Y + AEF A
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LFM HAS d4H02 $2 & 4 UES AA o} woh,
LFM HA A3 = 4] (8)9} o] 8 Hr},

s(t) = p(t) cos(f(t)) - ---- -~ . (8)
71 A,
1 for 0 <t < Tp
p(t) = [0 elsevwhere
1) = 7 )t
Tp

W = Sweep bandwidth, Tp = BAE f. = Carrier $3}4

A (8)2 FolA LM 213F 9] ¢+ 23}4(Instantaneous Frequency): T}
=3 o] 7Y 4 alr}.

W W
& = Fyes g2F 1i(0) = fo - Y [Hz]ol M8 fi(Tp) = fc + ry [Hz]

A (8)e]] o] LFIMAI Z = Rectangular windowES Ztit}, I AlA 43}
€ ERAFANY 5&H 25 Fy4 oo ﬂ"o’ﬂ"i o131, Power-amp7} 23
T oyl wWite] wel Z 4 gomz A (8)] FojH £2VYL £uE
ERAFA BUx FU3 5y g} "“"“51"] Xt 222 dx )
LE LU Al2"2 $5 A A3 B 29 oyx] HHLe 2ol
#ste] A (8)olM A}-8H Rectangular envelope p(t) Tl Al (10)ef] =ojA
Gaussian envelope& Al 33 t}ez} oy,

exp[ - (t - Tp/2 )2/( 2Tg ) ] 0<t<Tr
g(t) = [ - - {10)

0 Elsewhere

Tg © Gaussian envelop A]ZtFo|A 2] FAJ|E A= H

3) Pulse sequency

5 424 *l"*E" oA & Hankg £ A= AY glon oy
o B2E AEGHoR £408le] Targetd UASAU Targetd] SHES 2R
c}.
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Fig. 4 - 22 Pulse sequence AAA] AA3o} & Z4FE HFES ¥ F
dtt. B2 Tpe 27FHE 34 YA AL Rainoll &5t A3 o, &
AAE 27o] WFo] TrE £Y 2% £29 Energyd] Z4AZ AT A7
SNR7} Holx Azle] X FHEI UAN2E Al FFA FH= F
& ©xjAe At} 2ol Aujd BAE MAAA 18 3tejof i AA AlAH
oM $3t7lel 3712 FUL AAHE AMEStE o] dAntAeln, W=Ee £y
719t $317]¢] 4218 ALY AT S/ LE Sl A A He
IE FA3A U7 fiEA Suprt ¥R = TG FAUUE AEIA U AR
Aol aginr® AA 43 7}%AZE ( Range window @ 7 )2 Pulse 43}
AZRAEE 71EL2 thg3t Zo] ZF M.

Te ( z (A = - == mmme oo (11)

222 $utE A& e AlE(7win)S Pulse & TpE T} #AoFstH Ruind
T3 ol 23 "ot

uS,‘l l-_l

CzTni CTe
Rmin = —— " ) ———  omm oo o e me- - (12)
2 2

)?—— Potential reception window ———9’

|€ Range window =& Tp -3
f&— Tp —

Pulse <— Receiver Window —>
width

|=———— Interpulse period(A) —————>]

Fig. 4 - 2. Timing of envents in a pulsed sonar

4) 7MY AF

TEALUAA $A" A3 £5320% AIEI Targeto] A WAIEHE 2o
A WFHI g EA3E 423 WA vF4LU $AFo Eof & ol
ojgjgt FAlME HFL A% FF F 71 $2% Correlation receiver
F+ZE ZA "l
% &4l $AE A3V} Targetd] Az U Gxof whel Az
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Doppler-shift¥ 1% 9} 3j¢ £Z o= FA4E Qlria 7St Wioes £
A" A% r(t)E 2P

= jZE:Re{a equn(t-t) ejzzfdt e‘iUcht 1 +W(t) ----(13)

t : delay , f4 : doppler shift

olt}. o] Correlation Receiver?] 7]& 2% 12

R(t) 1 $A1n}te] complex envelope
St(t:a) : m]x] M4 a7l T $A13te] HA}

A (14)2 ¥4 "t

Target 2] ®A|7} 53U ZF¢ axv 24 &2 BAESE Z2 A& Target
2] Azlet &xof wtet ZFEA, A(14)of wet & 2 F A& FAA IE
2] (Detection threshold)2} B] 23} Targete] &) EE A A Fir},

Target®} Azl @ 45§ 2351 Ro] FAY 2% 55 24 A2de 4
(14)2 F 85 += L3S Delay W Doppler-shift & X¥st= ad] 42 F3lo
L 2] Zkol Huist Hl= ag o] &3t Targetd] Al @ &=& F3FYUch

B 2H AN EF
1. 7z &§39 e

gl sixo] 121 Fule] A=E FHse Yiole A AFY oA
of tigl Ae A2k AArstz A7l413F o] Turn-around Timed &8t o] &3
Azt vfde] AL A g gt |y AE 3 Ych

Fig. 4 - 3 olq dAox S3E RujE Ay BolM i FA SHAUTE
Eulm of wi nfde] tiat Azl A2 oot Zr). (1986, )

R:—;—{(cAXtA)+(cBXtB)}[m] ------ (15)

Al(15)0l R AlAbAzZ 0|3l cA = cB £ 29 AWEToln tA = B B
A tolrh. ol wiAM A2t BUY RPN LUAFHE A oAl Alo|t),
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R=—;—'C't [m]  ---- - - -m - s - = (186)
T = tA + tB, C=cA+cB

23e 4% ck @A =8 HAW A WEn 2F 1500 [wseclZ 1Y
o A8,

—_=—=
== AN\
R
7 ///'%J
Y7 &‘&
7
o /// Z
&&/\ 7/
(,\A
NS
>
Seabed

TI7 T 7777777 7 77777 77 777777

Fig. 4 - 3. Propagation of acoustic from under water equipments
2. IX&ERY ¥y

Aol de Fu EE 7171 AXE FUsA HFste WEd
Baselin, Short Baseline, Super-short baseline, Pinger of &]%F ®
om Table 4 - 29} -2 A Y whAo] o] A& Fax} It Eobol %
d=o] F23trt.

W= Long baseline AJA®I(Fig. 4 - 4 (a))& B ¥]23 WL A FoA
AMgEH =t thgstAl 2dch of WHE AdAjo] dite] Acoustic Module
& A Xx|8}3L Transponder & 3t] FE WA Ao HX|F F4Ho Acoustic
Module® X3t wigt ZY A& g2 A thPt A} BF3} olo] I
2% ARE £AF o] Aol A 2Y , Fiol= Fabel slojA Y t}
¥ ZALE FWs] ¥ 4 olrh

Short baseline X A®!(Fig. 4 - 4 (b)) A o] Acoustic Module 3
~ 4 g 3Ys] 23T Ao £Y02 M9 F4Fol Transponder § 4
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x| 5le] A E <o} L& wHoln Super-Short baseline(Fig. 4 - 4 (¢))2 A

Ao

Transducer & ©]

shutel

Az gBEod A&
ol =
en

Transponder& X3 Zo=E A A& &3 ¢

d A 8ta

A agol},

34 of

M

Table 4 - 2. Acoustic position reference system avantages and disavantages

Operating mode

Advantages

Disavantages

Long-baseline

System

Highest potential accuracy
Relatively unaffected

by vessel motion

Accuracy preserved over
wider operating area
Relatively unaffected

by acoustic ray bending

- Requires multiple
subsea transponders
on the bottom

- Must have two-way

acoustics

Short-baseline

Good accuracy potential

- Requires multiple

vessel-mounted

hydrophone

System Requires only single vessel-mounted
subsea pinger hydrophones
- Requires vertical
reference stabilization
Ultrashort- Requires only a single - Highest noise
baseline subsea pinger susceptibility
System Requires only a single - Requires vertical

reference stabilization
- Requires hydrophone

alignment corrections
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= AN _
e

b 0\4 |
N

(a) Conventional short baseline

THREE
CLOSELY
SPACED

SENSORS

1

(¢) Long baseline

Fig. 4 - 4. Acoustic position referenceing methods
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3. 3F Ay
1) Medium Frequency Acoustic Short Baseline System

o] Z1-& Short baselineoA] A Z3tdE 2 = 3 718 AM(Acoustic Module)
2 A3 AAE goh= AA¥ 22 RM(Range meter)®} Computero] 2]3}e
Transmitter/Receiver Acoustic array(4 7)), Z4Ao] 3} Transponder®
mj 4237 AFE F3 ol wje] Pitch, Rolld} HeadingE AAtste 243 o
A g Yohh o= N2We) PHEE Fig 4 - 5 otk
2 HEE Es 29 WY 99 100 - 220 (VIz 20 - 29 (v] DCe} A
o] F3F Hrl. Junction BoxE AM B 2B Eo] 2+ AIE RMol &4 3=
48 AlA 74 2Ad 22 A=E 53 ¥t M JB(Junction box) & F3le] &
dot ATE sl A AYUE AU ANHL AFHE P-IB EL
RS422& Esto] Huith Filter Board: AZE EAste A4S Zol7] fig
Yoz Qe Frdel e TF ko2 AAsts WHeE 4 A
o},
M) S
- F3b Hel7h 20 ~ 40 [kHz] 2 $4 , ¢4
- a3 Fhgeh
(Length:496 [mm], Diameter:80 [mm]}, Weigh 2.5 [kgl in air)
- Range meter &} AMe] Az|7} 100 [m] 7}A] 7}
- AGC System
ola o] A9 FH2
. Transducer Beam pattern:Hemispherical at +/- 3[dB]
- Supply Voltage 24 [VIDC (19 - 30 [V])
- Consumption : 70 [mA] continous, up to 1.2 A during 50ms at each
acoustic transmission
ETe #o4Bol dXsled A3 E L2F Jo iy $Hos A3 E RYFe
Atx]o|t}, VRU( Vertical reference unit )= uJ2] Pitch and Roll o] tj3t &
2E& 3t Fo=2H HsP AXNE Y] dF= YYolth
aMe] dzle] EAF AU Fa¥ Aol £ £ EAI dFHct Ay
st o] EAle A AL Sol: oz vy vigte s FE 231 (o]
°]4E& HE Exle AM 4o Agle 20 - 50 [0] F=E RAS $3o 2
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v FYsA el 2 SAstel 2 ARZA HANE B ¥ £ A of

Zolt}.

EPSONLX800
PRINTER

MONOCHROM 102KEYS
VGA GRAPHIC QWERTY
DISPLAY KEYBOARD

i1
ACR————] EE "

GPIB B

COMPAQ
SERCERD 286 ___-

| RS422
| SIGNAL PROCESSOR RS422 |
RS422
| CABINET l JB 300 VRU
L_ T T ADAPTOR RS422
4 AM 302 P DIGI
with PET 192 VRU REPE,
mounted SENSOR GPS
on rigid poles < i SOUND |
i . g RECEIVER ¢ VELOCIMETER
L MX 4810 | oo NAVIG,
Ll | SHIP'!
ACR = REGULATED AC MAINS 110 {V]/ 60 [Hz]
ET 302P
IAC = ISOLATED AC MAINS 110 [V]}/ 60 [Hz]

Fig. 4 - 5. MF acoustic short baseline system
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2) #% Ao A

el Mg BHNI AAAE AY B FuE Wl BT ARAA
of gtk ARH Hue an AN e BaAE 2ze] Aot} ule) Pz
A AZe] £} FAY $RAE glohs] Slsl Fig. 4 - 63 2 A2Ye

28t} M) 717} *'r'%7]7]'€-: JHMU}“'H Ael @ PP golo} L $50]
AFE 7171 Blod But UTS st A7le delE gy Folop ¥
o},

Shipboard Unit Deck Command Controller Range and Bearing
Command | I [
Signal Disable Enable Release Pinger
(Bx) [ (FF)] | (oE) ( &3 gl )

Underwater Unit off On o] & Pinger
el Hel el el
Pinger Pinger

Fig. 4 - 6. Block diagram of acoustic release system

Fig. 4 - 7, Fig. 4 - 82 M=z} Board?] ZAHEE o]AEL AT 44114
ZE&HOE Ag37] St WFAE 8/ FulfolM Zz 448 Fui4E
Ad=s] shute] P08 e tIXHEHE AZch 24 gHojof ule} £2H 8
7Re] Fu}4FL 9.146 [KHz] ~ 10.526 [KHz] ojn, 2 Z+H& o2 200 [Hz]
2 AHEEH AT
S 342 ZYLE EO U Word2 FA 3l A

£ % Fulo] ol 3 Y z¥YoT FHY
Ziojt},

AZE ZEHSHI] f8] gYholA EoJ2E A EE EncoderE F31 ¢ ¥

He ol oi# st B3 o] Fu4E Timing controlE ZF sty suie o
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Fol Tord2 FAsHATL &, 27 F34E Yostd g oY 24
2 Yubsto] FSK(Frequency Shift Keying)9t 22 HA 02 utEolA WAL 4
Hotnl, $£3ol4e V7 FANA He A U7 Aol A5 £
BE st N7t AYs] Aed 4 Ach

Input
( Letter )
A T
Enable m r
A f a
Command Release n
Encoder Frequency Multiplexer i S
Generator Timed f d
y Pinger i u
.......................... e c
Disable r e
r
High Timing
Stab%lity
Oscillator Controller
Fig. 4 - 7. Block diagram of deck command controller
Limiting
Transponder Prefilter Detector Memory
Amplifier
N
Command
Transponder
Decoder
Detector
Enable
Output Pinger | | -
Frequency < Release
Amplifier Generator | |-
Dlsable

Fig. 4 - 8. Block Diagram of Underwater Unit
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B3IH TS

ol A 4F FRE AATo2 £33l HolHE FF3A Eo] oA
& F8HA o] &3t E =HOR Table 4 - 33} Zo] oMo FAUL sy
3 FolA 2ol Ad&E ¢ + Utk +F BHIVIZREH SYFUF A= &
2 F7lete wido] EAdt=dl mide] vid mw mjrh ARz HEggo] tiEA
Ho 715 e F2 AnE o]&3}o %""‘*‘%7}7‘] A%3td FFolAM F
2 &3E ol &3tA "Hch

Table 4 - 3. A outline of ocean communication

Jle = ¥ =
g |1 A% F 33U A B
‘%l o B4l dAg T4
xctul B4 2 ZAE FA(FE A, 9148 B4
Micro §41 : A& §4l, ¥y FA(HH), 88
2. 0% Aol . zte] FA : A W B 3] ofg e v[Y Balof o] &
- ORE RV PR R PUS TP RS
° 3 e #§A
3|1 3 | 3 A, 3 A, SV
2. Az Zut T4l 0 =5 g FY Tl o] &
% |3 4 T3 TV, #HolA F4l, #lo]A alo|t}(RADAR)

430148 BAL olgge F7] [l ofo] iyt A7 Wyo FrxE
UrolAlsdl Ars $30ld BHHoz FJuE 34 ¥ £ Ak $5479
Az Edle £7 Ade 3T 54 U YROE FE Ao TyY 3B
g 238 A% UBA ol oy Aol

1. 39 Ad¢ 32 ¢ 4

=3 el ZIAA (], Ateld), 7] AN R PAE o]& & Ho]
ded 35 BAdA cfy el ubF 271A §o 4AAL Zo] wa
A3 S3 o—?-‘: ztefajo] o] gHct UntHoZ FAwpe] AW HE(HKK
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B ulde usel sdgd A WES UE 48, E w40 245
EEIEY

sj4ol e Srte] AYRZE Fig. 4 - 99 gol Ushin, AUge=M ¥
Ao] A7ls EAE s 237 wA| @i FE(Shadow zone)o] QlT, T,
ttEA2e M7 7} et _

Aele] AS B EHoAL WA ofF FAQ WAANE PE o}F Randonyt
Fpow uE BAAsE AP Aeizix| therste wigeld el dhada =
g, wieto] 42 T}E Hestx] A Bl t}y F2E o]F2 A2 &1
o WIALE WRA} A%e] Z7] @ giatHolst Fuhet Atz By Y42 H

Fag Wrl. ToE mjme] ¥ E& SAHE A BAY F$ sy
Ql A4 &ale] nlstol WA =}

=3 Mo B4 EEWI upeo] sty TuY FAUL YoT N TE W
Ab(multipath reflection) & QI3 echo HAto] AT E A3lA Y2 A7l Hoj
2 EA7t "l

23] g3 BA WAooz AZHUZ, WA B B 3] Aol 7
Zu4 Wz, gaxteld A So o8 AR
(23 BA)olE 7HAST s Agsts AT 2
A$shs Walo] AT Ux
2 a7} $4sich ol wie) W
[kHz] =7t Agslcta ot gt 240] 1500 [n/seclo]7] wjEo] FAZ ¥
3= 22X ®stod, oA 1.5 (k] 3

OrAL

o
-

H

}

oft
IR

A

lo e

Jﬁ‘.o.u

!
M~,

Sea clutter

Bottom echo Divergence wave

Direct wave

Fig. 4 - 9. Sound wave path in the ocean
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2. $% A= A%

FZo] MY Ful2 ¥E KA A2 Y £2x8d4 AEL Fig
4 - 103 Zon, AXTLE HUYQL AEE wolEog N 272 o]& 71X

o B88E& &Y + Arh o] AAHLE £F2 2IE o] £ A4l 4
o] AtE AMSY A LAY Hy xaAvlow ZHH Aot}
— SYTARE —
&%) |RF R F AR
,4":_ % ;g- H] ..................................... B N L
FA710 15417 417 (AH&-2})
A %F—— Acoustic Telemetry <«— Radio Communication —9%

Fig. 4 - 10. Data telemetry from underwater sensors to onland computer

43004 S¥E AL WRE FU4 o] 7]Q(FSK:Frequency Shift

Keying)} $]4
ZtE o] QX U

&5 7 wE3

&3t olch

Ho] 719 (PSK:Phase Shift Keying)2] F 7}x|& A}&3l: o,
Aol At PKAS YAl FSK A el f4aAw, A
417 W A2 o] AAZFHQ FSK A4uUAe == 4}

Fig. 4 - 112 Word& 74 ofldd FSK H2Alel= 2 Bite] gt “0"2 “1”

o ti-&3t=

Z3447 299t

{————— Parity Bit

|
i Unused 4 Bits

LSB

MSB ’
2 Stop Bits

Channel Identification

7 Data Bits

Start Bit

Fig. 4 - 11. Word Structure
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8 44 Az Board?] EFE+ Fig

4 - 129} oo AYEHMY 44 HAx} Board EF T Fig. 4 - 1324 &
th ‘
A/D FSK
Sensors Pre-Amplifier Amplifier Transdu
Convertor Modulator
Fig. 4 - 12. Block diagram of a acoustic transmission
Input Limiting Radio
Pre-Filter Detector

(Transducer) Amplifier Transmitter

Fig. 4 - 13. Block diagram of acoustic receiver and transmitter
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£ 48 A3 B85

A ] FFolut HULENE U7 AP A PEL HAHA 5334
YA = Pulsed] ¥ AIRE A1Zof 2% sjAHe S344e] 9 A FF ¥
of Wzt Az &3t AL F¢ A BT Ao 3 £AAZ] M
FE Jog BNl A SEHEX 9 ZAHAAE Ashe WHPLE T
wd 4= otk Azxke FE 173 Transducerd AR ¥x18] F9E AHF
3}, £3] Air Gun, Spark Array, TNT 5& 2H o2 A3l 3# FRE 3o}
3ttt whebA] Side Scan Sonar, Echo Sounder So] IFu}E o] &%t Hujojm A
Fuh= X FEZ @A £E ASEHE ZALSE ojuf Explosive Source?]
Energy Spectrumg n]2] ¢ glojo} jicl.

g A Atele] mietzt gEo] d& o3 FAEE 2ol A HIYEZY
ol melel ul o]F fAHE A ZAHY 5 F F AR £ F=
g dolotsln o] & ¢]3iM ADCPY] #-go| sluisEa glth EZ Ao ZHT
Sl HAE o]lFA UAHE £58 FF3H ol5FT F&I/E Urh

AsjA FERE @A dAFY Jlg LR HsdRAL Seele @Al
He g ©AEy] 93 Wl o E Multiple Beam® A3} Echosounder -2
Swath Coverage-® Sonar?} 5% 3todct. §3] d£9 Z-¢ 4s] 247 (Shinkai
2000 )& o8 B AXE Jubol Aol HFFI AYe] 4F 3sch o of 20
~ 30 [kHz] =& A& 3taled o]zt 7l&2 sl (4000 ~ 5000 [m]e 4
AollA 34 7Ex|8] R}E Aol Cableo] o3| o] Fojxd 7]&2] WyolA
B7le AEEH U 289 oSS Y 4 Ut YUFHU Ve EE A
< Zoth

uteba] A Adel mpeh2 oA AR ARET B £ UA FHol ALY B
BE BAB BF7] Y LT ARl UE RS UL 5 A HAch (U
34, 1990)

1. 28 e
1) BES ol WY
siAme) HelS T P AUAY Ao A7) A ALY ulst
Side Scan Sonarzh= P ZA] ole] el gute] Fu it ZEs} sjAHe

744 E3dol ulel Z2 S553HA Z1§H o Uelthe 84 ol&3t siAd
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L& 4 UAEF g Folth

3|42 §ta}82] Side Scan SonarE o] &Y AF, MAFA FAHZAE °l %
g grct g8 438 qAHEY FelE sty 4 ot Hustd Side Scan
Sonar ol §3He BAt: W AW YWilelRE EAENR TH AXxY 9=
< AR BEAY A ZAEANE E7M5T R Aol A 3RS A
A3 A3 & 4 7] wjielct

Side Scan Sonari= Ztzt2] 2 2|9 AAER FE ¥ At H St 4
A8t Ao I3 AL SWE WA AP UBY ZAPHYE HA
gch (Fig. 4 - 14 (a)). o] ol A Zupe} XA} U9l %EMF(Travel Time)
9] ggeolth AR siAE B cfs] ZAY A3+E Fig. 4 - 14 (b)2} o]
2430 (0.32 §¥29) T2 plE 2uE &4 A iRt AFa HBeE
43 Ao tis] e (Shadow, FAIM7} ZAHA] AF)E Zeth o 3¢ A

Hl AZE o 80 [dB] == Wl o] AL ZA| 7]Vl TVG(Time Varied
Gain)E& XY AlA A "Hch wieby &89 A2 TVGe 27 vj$ uztsf
tl.

A Ho A AtztE]le Zwpe] G AR 3 EFWA FF¥AA AR
(Roughness)oll 2l3} 2}-¢-Hc Yutz oz AXAZ oL sAH 74 EA
< A3 4 goug A HAFY A3 A= FoAd 2= d ¥ 38
o]g3le] FUARIY 71 &3 wjAPLZTA MAH oYy oS FUL P

v 4 glch

fr
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Transducer

Insonified area

(a)

a ©
S onb L 60
et 80— "‘\/‘i l .
3 100 Hilt a0°
5 .
-120}—~ /_Nb%
_1400;. ! 012 ! L L. ﬁ‘{
0. . 0.3 0.4
t(s) \ [
€))

Fig. 4 - 14. Geometry for bottom-scanning and backscattered sound.
(a) Bottom-scanning sonar, (b) Relative backscattered
sound level. Sketch is made for a transducer 100 [m]

above the bottom

- 87 -~



2) WAHE o8 AR 2}

AHS FAEst= EFo] oiel 3ol WAl Fx(Reflection intensity)”}
detich Jo g o]2dt VS o83l AL FHHA A} B uiet
HAE EF EAEZY BXRE 45 ¥ 71 AUtk &, MAELE R iAFHE

3 ofuE siARe &% dNPAS VAV BV 2 YWLAE 3
M HABe Ysot g7 AP 459 FolRE AW oY VAHHE 3
Aoz 43 Yoma AW MBS TR BE Yol HHE KT ¥ 4

ol;}-
s EFolA UBEE e g oE £ ¥ u Py} (primary wave)® ¥
FHch ole3t Putst gatz(e)E siAHo| AR F thA] ukx} Y Fig. 4 -
15 GApzte] HEo gk ¥Rxbupel ZEu|(A1/A2)2A FEE uhabAS

(reflection coefficient)s= F21UAHe=0" )o] ZBL

3

A2 p'Vp - pVo
Ro:-—-—:——.—————*
At p’'Vp+ pVo

7} H o "R Y aHex0" Yol clsl A&

AZ f(&, P, p'y VO. VP. VS)
R(g) = — =
A gle, p, P°, Vo, Vp, Vs)

P : density of sea water p ' : density of seabed sediments
Vo : p-wave velocity in sea water
Ve & Vs : p- and s-wave velocity in sedments

@ : angle of incidence

2 &4 QrHEwing and Jardetzky, 1957).

HAEY SR BEd wE ALY ASe 2 Yoz ukabAS
HAE 543 BAE dA ¥ £ don, A 5o ulE A EFE=
A3, i F2E A, T d B9y FAES A3 YAy g

4
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P-(Al) P(Ay)

0 Sea water

Sea floor
Sediments

Fig. 4 - 15. Reflection of p-wave at the seafloor acting as

a liquidsolid interface
3) A HFEF SHL

oz It BEY A HAEWE FEY o Dste oux] &4
< AutAzlol] WE 7|51H dat &4 (geometric spreading loss) U E A& 2]
F5&H (absorption loss)E LHrofXith. 7isletaql #atEA 2 B g 54
3 BAe] ] AN F zdo] Yol HEA the] dATY ZuteUz| 7}t 7

a3te Bgoln, ALSHS S¥U¥PLT e ZARAA EdHe &3y

H
&7} AmSEL u)Ue) TS (elastic properties)o] ThE| Tt s
H]§Hd B A (anelastic properties) 2 X3 Trl RESEL njue] 223
Ael, EZrE 5o YRS AT HABe SYHASA F2Y Yulg 2
=th

Zae) Fodde HABe AUPR} WAL Axe] AEAIN ulH
ez} AYFRA EAhSHE d4e] Bl Gy AMENS T oA,
Sand W Sandy silte} Zo] 2 Qxte] HFYBold mpd £Alo] 4y Aoln,
Clay2} Zo] AT HABolME Uz L) A7 Y Aol 7|Q" Aog
2333 ook,

HHEe) §8o wel SPUSYo] SYHQ g Mo|HE Az Y & Qe
CHLUY FHAESL EHE ol &3l S WIAASLE 23 ¥ 4 qrt
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2. ¥& v

1) Side Scan Sonar

Al Sl 322 EAoA Pzt AXE £4E £ e vE2 $4
AT F3peo] 3] AFHch 2 FILY SUE AMRSHE A EAE w3
& 4 otk ey 3——’?'5’}"?' I FEIATA FeE&0] ol ¥AA=L
el 222 $40] AL FH o8y 1 ) ©x| Byl A ZA o
& ojo} 3tct.

Short range sonar@}il E2]7]|% 3} Side Scan Sonart= IJ1F I} -231E A}
8%t} Resolutiond &ol7] £t SHMA Array/t A HL F2 Beanl
Scanmning® 4= QA F4d5 o] 2lr}l. Side scan sonard] H5AFo| el A4
L= Echo& ®A|8lo] gt iiatwirt ©ix] & F¢ A2Fo=ukanrl Qe 3
T JFHOE AP JHEER YIES ASAY FYULoR B HUFTTS
BELE Yehn=R 4= Negative photography9} ulsdt 3Akg A|F i)
o] 3}43& Sonar imageryZ} ¥-2 o] AHL A P vz vy By
Etale] o]-&-Hcl

HESt= =444 ZAA2] Side Scan Sonar:= 3|AH ¢ 100 [m]$iolA = 1.5
(kn]®] 34 A& ¢ 2 [kn/hour]E &3 & 4= ot} (F=H, 1990)

Za

Hol4 A}

l

2) Inverted Echo-Sounder

dufold YH o2 AEHE HA7)E Bean FHo| FI 17T Transducer

olg3tnl o] ZUYE ATE £EE Potol MSA Y Aol ( sl 2
A HE QAZE @Fol E Auold SuEsto] A ) 4W Fe W 2
o AVREE 3F U 4 YA Hnl 4] siPe] PeIS meteis Pyol
ok ol WEe da AgElel HuAY U 47 wsl F3o] o]8H T v},

oX

rd

fal

3)x5 Al

0.R.E. A}®] Transducer 132-B¥-& AM&3slo] slA XZEIALE sl w2 3
TRolA LAY vy FEY AFute] v} AWt SUY YA
(Acoustic impedance)7} TIE FE52] ZAHNAM dirlsgo] Solm) o] AFTELS
715, —E—ﬁﬁesﬂ A2 A JFFZE dohds Fulolth. AR = =
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712} o =] (Energy Source)Z ZaAMdglo] HXEHIL $4A7|& niEo] 23t
BVE M3t i} J1SE B AF17] fi%te] ol 0.5 ~ 1 [m] o2
ZAPA el Fayict,

7157104 @2 WUAIIEL AW Eel3 dAo] MEoE X359 ZA
A(F o] ZARES S¥HY dudAT) ofE vfdY FATWLE g3 oA
REAtE mhe] Q3 oY E $Al7]oA AUAZ HBAFA JEA] o U
Ehf= Zolmg Mo} AMA, RS 223 k= 3% (consolidated sediment
layer) 53} o] 252 EXd)d](constant of physical properties)’} S4&
9 e Lrehdy,

25 & sied 35 )

3 = TF-2%e Watdo|u o A &)
o] frEol s Azt Az opy] Atk ¥THE mpEkY Exje=
3 1 8 ZAo FFHA ol E ThE 4

FEAE Uehi ol ol FAE F2 FASY AFTAHA s ot
371 flsiAe sty Z3E ARSSheut o] of FYPo] AU FHee
Transducer& 34 o] 317 AlF 1 Beamo| sl4HE ¥3tA 3l FAlo] Y
ng S4(utat F7])ol wel Bean £ 2Fsle] sj4mwe] H4& otsiA ¥

th 2 AN AL AFFolol Transducer® F2sto] AbgET

1. Acoustic Doppler Current Profiler (ADCP)

i (1]

F 71 ol%t2] F2 Beam Eol &3] slF 2 AURtA (FEE ZHIE £
olF)E FE o Fwtakgt ol AlghA] o|Fol &% Doppler effectd o] &3t 3|
7o +3 FZE FFshke Fujojrh. of FulE WAzt Y& g HF F
ZE ot ¥ e AHE 2 e, 53] d4Fy AEAJ £ 4T
A olBE it ZEE sysle] FENY $HAEL U Lot HENY Z2F7
2] dohiz ol Aolt). Fig. 4 - 162 ADCP2] Transducer& AX Ut 23}
7} Scatterer& Zrx|3le] l=qololA AZFE ol &3l UL o B4
Rolct.

o] Fulel &84 vl tlsliA MY ed S P uef, PEAY
F32do] wet Fo] 7}5dly 1FEI} (1200 [kHz] )2 BE 2B 448 43
Aoz viot & 4 9l7] oo A4 fFuietez o8 JHssich
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Fig. 4 - 16. Measurement method of ADCP
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2. Hydrophone-& 0|83t 542 &3

Hydrophone®] X3/3d& +H & ¥3tASlA ulglel] o3l UAEHE £F &2
o 3718 AL FAol vl MJIE BAY A LVBAES ¥ 28
53S U YT E &3 ¥ 4+ UA "rlh oo VATAN(Weather Observation
Through Ambient Noise)olz} 3te Mo 2 AMGE I gt o]t A= 3
Aol vigt@Zo] 22 Mt T2 EHo|M o]FR|7] wjEof H]Lo] WL
¥rt ohlzl efFzt Zol 3y uigtdlelAel BEo] AY Eihsy ub
Soncbuoy& ©]-&3t] £ Dataf A2 AF A7le PP Agicid B3
Hato] tidt $jE o] & Bt ofyz} uff FAHo|J = 7] wjRolt].

3. d+F 3o ANSEE #&5 9 $8§

eFolM S £47] Alole] Sute] RIS d5AS3l Ao
o] BEAME moste A9 “sige] JBEE WA} (Acoustic Tomography)” &=
$o]l ol BAES A HAch ol BHIIAL He ol WY $417]
o £4718 d w3 5EZT § ALY St At HAE +3F
240 HIlT A4 Yo upue HWE WARIS WS JZE s Ao

3
282 E7F(MgS0s, B(OH)3Toll 2l F4EAu]l o] Fof 32 F40l2 FE
=] 4=(pH)of 3L W22 B(OH)3: Boric Acido|® 53] 1 [kiHz]u|gtelAle] &
$&4e] Faclolth wety 2ute] AY AZE ozl g1 e AL SuAs]
o] Wslo} sj4e] phE dA AL 4 Ut JHsAo] WA si4e sary ¥
ol &3e] AHgo] de] B§ H £ AL FPsa YUt

oMol Zute] Avbe £Hy HAHE ZAZ T Ductulold A3t 542
7] W2l +H3 A Fxol wiet H dut Fupgrl EastA "ok

o] F3t4& tiZf 200 ~ 300 [Hz]ol Exisl=d ol BHL 5384 &
FAtdoll S&E 2 2tk & 200 ~ 300 [Hz] Falgo] AZE A3 44 ¥ 4
glem 3A Cabled ohid ¥ 4 UL Zolrh wk o]F s 200 ~ 300
(Hz]th2] +F4£SUS Yaiof sh=nl BASIAIE Aol o] Fupse tige A
EBol 27 £Fo] FF o|FI Utk Alo|tt Y AZEY sge] wdd
2 M2EZ 55 2ok 8ol T Ade AYL G|l
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2ol AF A 27 @A 7Iey e oA HArh gy
G AR z2AE a2 R Zol Ao EAVNE 7R & F U
Aebg el dx 47t ¥4 FEE ATt sk

Iy dENA AE Z3Y =oje] A AQaEY e FHPL
2 AE3IEA YHolE Zuf EojEoA oln] £EB 42E Euo] =nj7t 9
EA st 49 “ZANAY EE ARt olud] Fui47} 200 ~ 300 [Hz]
ti7t obd 7t AlR®Ch (VA E, 1990)
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B5E EA 4L BER

=312 o] &2 2 FIIlR sle AFLo= AN L Fado]l tiFH
th. & dFolMe MPolA 2ol o= BHPY F FIE ol &L 3
g SR YRS FAtEL J1xE2A Sy 2 W FHPUE
stolcth

Suto] chyt ZjE2AQ o] E3} &0kl MY A U2 E AT HEY
o] Ut HAEAR, FFAM S F54& ol gt AHEHI e W
% Fule] Yelof P FAHE Block diagramg §3 PP S dot B
c}l.

53] S Hele Hujel oEo] AxHZ et ¥ ete] AAAH A
o] A7} €2 o8& ¢usly] el o] Zoke] tiy FAHA A7} A%
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