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SUMMARY

1. Title of Study

Seismic and Acoustic Data Analysis Methods for Seafloor and Basin
Structure Interpretation

2. Significance and Objectives of the Study

The precision and resolution of geophysical field data have been much
improved recently in accordance with the development of geophysical equipment.
For the accurate interpretation of the data, the processing techniques well suited
for the equipment should be applied. The major objective of this study is to
develop the new techniques of seismic and acoustic data analysis for the
interpretation of seafloor and basin structures. This study mainly deals with the
processing techniques of seismic data and acoustic data with the following

objectives:

(1) Analysis of sleeve-gun signature characteristics

(2) Implementation of spectral balancing and SSD (spatial signal detection) to remove
incoherent noise and enhance signals in OBS (ocean bottom seismometer) data

(3) Signal to noise ratio improvement using prestack processing technique for
the accurate interpreation of seismic data

(4) Classification of seafloor sediments by the analysis of chirp sonar data

3. Contents of the study

(1) Processing of chirp sonar data by matched filtering and K-L transform to
classify the seafloor charateristics

(2) Development of similarity index for seafloor sediment classification

(3) Processing of seismic data to produce stacked and migrated sections by
standard and pre-stack methods and comparative interpretation of those
sections.

(3) Analysis of beam patterns of sleeve-guns and characteristics of gun

signature
_5 —



(4) Implementation of spectral balancing using the geometric mean of spectra
of seismic traces and implementation of SSD using coherency for the

application to OBS data

4. Results of the Study

(1) The seafloor sediment classification by a similarity index is in good
agreeement with that of semidment faceis map from core, grab, and
sidescan sonar data.

(2) Migrated section is improved by incorporating DMO-processing.

(3) Incoherent noise and resonant noise in OBS data are suppressed
efficiently and coherency of signals with particular phases are improved.

(4) The characteristic parameters of sleeve-gun are calculated.

(5) Beam pattern is more affected by the distance between guns than by
the type of gun array.

5. Suggestions for Applications

(1) The methods developed in this study can be applied to OBS data with
a view to the construction of a tectonic framework of the East Sea
of Korea and improvement of the quality of multichannel seismic data
(2) The seafloor classification can be very useful as a fundamental for
applications including marine constructions and national marine defense
(3) The results from gun signature analyses can be very helpful for the
determination of seismic acquisition parameters.
(4) The prestack techniques can be applied to the seismic data with complex
reflection structures for better interpretation.
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A AEst HseA Hd adn 1Fg 98 AMste AR EAS
BoldHE FYIE FusHz ANEE SYo=2 AE3tE Chirp sonar
system® E¢OoE WAAFEY SFEAL BAsH fAHE HAES £F
e ATAAS FIT F dE dAo] nAHJY £ dFANE ol
o] Z3o] HHERA % HAXNY AL A @S € SFARY £
A71 e st @45 GAEHE ol 4% A8 HFEA I 724
Ao g AAE 87t @ AHolAwt oA E A5 YEI|&L uf & A
Holth wtx 5z FHAN IS FE Y SN 2
L3t & B0 S A0 B 3, A pFe] Futgel wet W o)
Hi A7t RgeExgE A ot Aok = AFH 2 AFE
AYF 38L& A 299 Frlo] wE FAI IAF & JEFV], FAZ
o} 719 AENFL ATGHoA EAsux s dutyes @A
ArE BFE AeAdE A4S we £gdr. ayy EJZFE 729 dAlol
WESe] Hixorz yYehye ARqME BFEAYTLR F 2345 W
F gtk om A AzAYE APE AT FHAA @ AR
Zo A AgAaEs MYty FTA APEe FEAA AZDGEEE &
A3tn EEAsANE Zas vud 2ux v 2T FIHAA @
AW A WA Ao spectral balancing L ¥A Y AZEA 7S A&
o ANEd FEHE woluA A

By FHRFHUE AF5E AR3E Chirp sonar systeme S LAA|
AP 289y Aojg Tt AAANA wAlE SFUNEE AFHOE
st AEAYrt 7ted Aadelr. agnE v4d% AsAHrHE
£33 IANYAAL T8 SFUAA A9 FHAFY ZS HAIARS
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qgozd HHEY BYS F35] AAHEL

i HE 278 & YU
2 d7dME GEAded s Hgriyge sl K-L $ES o] 431d 3§
Ad HAE ARY SF8H A= vI3= °"}E7‘] g et 2
AT Efol2a A3A#AT w& FATH ANIWEL Aesto sAdA
HHES BEFstu Amsgn
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A1d A&

AU L HYE F& =&d gutez FAHY oH, o5 X]°“°ﬂ
gl M2 & EA (physical properties)S ztE=th walA A @
o we AgHez 2}y & S-S (acoustic response)S i?l“«}. fﬂrﬁ}
A ATFELHEH g o5 siAHNAN dL SHAEE BAFoZHN 3
AAe| M &ue] ¥iAL Fd 2 ¢ g3 gHEAES ‘ﬁ“ﬂg & U3
HHEY AATgH, (AT EHS T & Y& B9 ofYdgd AXw
o FHE ATNE 7198 F Ut o] o] SHAAGA Q =8 ¥AAs
o] SFEAEL o435y HAWE EFIIE AT AAIFEY HE 2047
o)% ALy Azg LFFHE FAL ZHVY ol sHARAMNYE B
o= de] &8Fo=N A THEL 2 U YUY AL AFA
LdErE EXo =z 19709 U R S SdT4 2 g 77| HAAN &
g o] &3 AFRAE FRAIHL Al A g A8dE BTt HF
ol EAo ©E SHEAIATE 2T ddolth wEA SIFEFAIYEE o
|3t FHAT AFA g AN A85E 5311, o]l sFARE
45 AR HHES EFde dTFAAE FHE 284l Ut oy
& S AYTIALY 848 £, T €L FFLY, 18
HIFFA WE I EFE 98 SFAE FEIHAE FUHAZE A
o2 7lddrh

SYHAPPHL ZAIEH wg EAES FRFUFgE 2 S9E AHE
s, SIMAYAY, AAHEY F 2 HAANF TR T2 AGE F 3
o AEEAE A8 ARHE SFF47] (echo-sounder)E 33 - 220 kHz
Are FoFggde ALY, AANEY FHE osr] ¢ side scan
sonare 110 +10 kHz i8] 1F & Al&sth a8y AFANATRE A}
37] i E F=2 1 kHz °]3t9] Air Gun, Sparker, Sleeve exploder,
Bubble pulsers @ #2 9 A&, AF9 HAHF FAY4 A2 A
AE FALE A8 E 1 - 30 kHz AX9 2F 3 $9& A4 £3], F

22 HFAFZEA EoklA F kHzilY tigEFg 71A dFFds
(multi-frequency) 2¥%& A8 3% Chirp sonar system® & s A x| F&A}
7t o) AbgEHI Utk EFHs S4& AHES AFASFEA e
@F 34 (single frequency) §9& AMS3stE R Bl o8 71A] WA &
A& 7F¥9. Chirp sonare A|ZFE7be] we} Fu47t F71e8HE Sweep
signalE £9202 AlggozN HE dUAE ERALE QA & & Iz,

}ilroi

1r



Axd #AG e 4 EAeS +AANZ F At B FANIY AR
A AAE T ASd ZFIH 9 FEH tEY AT WA} o|WES
S 4FAA 9% AL HAHFL Fdo] sttt adn dFAded s
A 7IHE o] &% AHE HAHES EAo g FAANTY SFEAMHE ¥
AgozHN HAE EFAE o€ F Ut &, siAHAA ¥iAtd %
Ase HAEE FAHsE Ed4d wEg 939 SF¥YHI2  (acoustic
impedance)$t &37+4] (acoustic attenuation)7} @3t} o]lE SFH &
AL HAHE9 QA7) (grain size), =& (porosity), Z4AE (rigidity) =L
g3 MAYE (bulk density)S} LA FAE 7HA T o] HAA HAE
ol ¥F59 EXIAHE F53T & U= 8% A E AT dEojth
FFHARYI T2 E 19939  DataSonicsAte] Chirp sonar system$l
CAPGO0OW E & T3t o2 dTAIYeNA AMEs] 23 Uk & 4+
o] 4% Chirp sonar system® &Q%A, #4439 AH#HA, 28 HA
2o EAQFA %5 Alold #AE 1@, @AA Chirp sonar
system$ o]43td 5 S£FAFY HHF T3 HAAE HAYEY X
A3e BEHIET AFARE 1959 % AF-§X 7t FANE AL 9
HFZAIAIG A A F4, SiAHE D AAXFEA 283 HAHHE AH
ZAFZA7E vl Z o]Fojxl AAX ASHAHFY 10/ ZRAIFHJLZFE
Chirp A8 & 53T 2 olE A5E tFAd eAds AsAY
A9l 3¢l K-L (Karhunen-Loeve) H &S o] &3l 23 EFoA2E A}
o9 FFH MIAIANZAEY HAZY EAd & AFNIAAE 2 FoA
Foz2 AFAsdg. azn ¥5E MRIIAAENZEE HAE HHEY
784 (homogeneity), ¥4A+=7] (grain size), 283 #7] (hardness)s ol
& S%8H AXE (rougness)E W93 FAIEX S (similarity index)
qekety, o]2RE EAMdE A9 side scan sonar ¢ HHE AFAR
g 2 AE 3829 ExAAgae A S 7 Hh

ku mlm



Al 2 A Chirp Sonar System

Chirp sonar system2 JEE FH4FHEX (Wide-band FM) A5 E &
doz Agdtes Fe FHYES Ad 2T AAAFT GAFHIE vio]
A2 ZAFE o 49 2 H FA o FFHor g5d
A8E AHAIE Mt 3 A& 4% 4 glth. Chirp sonar
systeme &AW HAHES EFE 2939 ux ONR (Office of Naval
Research)9] *9°% Rhode Island ™3¢ LeBlanc#} Dalhousie o 9]
Mayerdl 93] 732= A}t (Mayer and LeBlanc, 1983 ; Schock et al,
1986). Chirp sonarztyE HAL ARFFRe FAMFE g @3¢t %9
T2 (hydrocarbon traps)& %7]91% Marine vibroseis system¥ #&-& FM
sonar®t TE37] o AEHJT YuwbAH O =2 Vibroseis system-<
500Hz o]3te] Fi+E Ao FAANEr @& ¥de] Chirp sonar
systeme 1kHz o3¢ nFaE ALEFo2H sAE HHEY §A4 EF
Z 93t AAFAT} (Schock,1989). F=ral YA T4 A= DataSonicsAtS
CAP6000W X2 2] Chirp sonar systeme TY3te] 93tz Ut

Jm >
fol
Lo

r 2
)

2.1. CAP6000W Chirp sonar system

FIAFATFANA BHsta e DataSonicsAte] CAP6000OW = d 9
Chirp sonar system< IntelA}¢] 80486 micro-processor’t & 2tE PCel
AT&TAe] DSP-32C Digital signal processor7t W€ AEAHZF
(DSP-601)¢F <99 AR A5 F4 aex R ee] 428 A
H&527 2¢E $5A% (DSP-602) 18 EYE HEE (DSP-603)0] £
AE oF: AT (Fig2-1). g3z 94y AT-471 AFHFAF
(low-frequency transducer)®t AT-1000RST A& A7) 8¥E (linear
hydrophone array)e] #&® Tow vehicle (TTV-190) & o2 FAHY
ATt (Fig.2-2). 24$} Tow vehicleZ Deck cable® A3 1, off-line 4H)
A AFE A7 Aol 715ttt F LAY Table 2-1] YeERATH

21.1. EARFE

EA o $5AR = Tow vehicle# Deck cableZ2 G423t FAIXY
o] F4le uel AP KeyE A3 42 HF S Ahgd. 52 9
5 Trig.& Fo d& FH9 F2AA $¢4& 2ANE = Yo EF £



o H&EBRE= ¥F NEMA-183 Fsjrl~¥ HEF (navigation system
interface)® T atm gy, FaAcRozRE AXAE, W £E, ¥4
228 AN A4 B F Utk 23 FAY AREE o] FHARS
87 92 Analog DAT tape ol A%E & 4z AFE AARE ARA
drs 239 YT 5 vk FF Graphic recorders T3t AT
o 28 4 9t A=AYRE Windows 7389 FJARZTEHojolA
oA A £999] BAZo] (pulse length), SUZE (power leve)s & =
ez, A" A35e AAZ AEHLHAAHA Hardware gain, Bottom
tracking, Profile display threshold, TVGE & ZA 3 HALGRES BUH
2 Byo] AT, 2 TUEL 25 AL I =Y HF
2]¥ 222 Exabyte tape cartridged] SEG-Y FHZ AZAZ & UTh
BERRRE FQA%S Table 2-291 YeEtHATH

2.1.2. Tow Vehicle ¥%&

oo A £AXR (transducer)E 9719 DataSonicsAte] AT-471
low frequency 222 FAHY 3, 2-TkHz9 dF%E 7HAn Aok 2
213 AR M3 $x7] #)¥ (linear hydrophone array)< DataSonics
Abe] AT-100R8T R @o|m, 500Hz-30kHz tgel FdFutee 7hach 1
27 o]= Sonar’t A#® Tow-fishg] TTV-190 E2-& Deck cable® £
Aur ddso gtk FLAIES Table 2-3°1 YERHRAT

213 A5 AFH} =EFE

A9 gAAsE FAAEe &4 2492 Analog DAT tapedl A3
@t} A% = Sharp SX-D200 22 A&t 18|31 Analog Graphic
Recoder® o] &3] slARHE £8% 4 v} Sharp SX-D2009] F8 At
k& Table 2-4.9 VAT

2.2. Chirp Sonar System®] €

Chirp sonar system& ulo]ZZ HAFE o oa) &4 TG Vs
Hol AojHw, AFAos 458 42E AN JAIA AEAIE 59
o] HAHe EAL o} 4 9lrh Chirp sonar system® F& TAHAEE

Fig.2-3¢] XZA]38At}.



=49 £ tol2=2 ZHFEd 93 dRd Waoz zHH 71&

o #HE& H2E Y02 AEde= 35kHz dAAEFHAMY] (short pulse
] SEEAA ditH o g JeE= SYU/E (source ringing)d

&S WAYY. Chirp sonardlA e LS4RFPL wlo|aR  HFEH
2-10kHz 9 Z¢] Chirp &2 JAAT 223 £9294 ALY 24
3o Aojg st AlAde] Fupdu % o }& A&7 3Fo] 17‘35“:}
ojg}ZE AW SUFAHY Aoje FAH 2B HIYFAHNA £
FEA7IE &9 H7 "ot agn D/AJJr7‘42 A 1.2KW$] Power
amplifier2 Bujo] FEZAIE FU& YAAZIY. Chip AEE FHF 9
oA 7F5-Al ¢t (Gaussian) *%E% FHE S LA Side-lobeE A
Al713L, A A A WAL - BEHFAFTAE S99 U e ZHHY 1 g9
& fAdY. age= Z}iﬂfﬂ AL T3 A= BAQ] dAS F
A &35 (vertical resolution)& FXAIZ = U (Schock and LeBlanc,
1990). Fig.2-49} Fig.2-5% Chirp A%9 ¥4 #HAE A 2 FId4¢ 99
NA yetd 1elt} Fig.2-4 (a)9} (b)= 1-10kHz 9 Z 2] Sweep signal
< AH Fag FJgd EAF o9, Fig2-4 (0t ?‘}71"“’4
(autocorrelation)& AAIE 202 SAFAA] Side-lobe7t FAAH
H Az AHT Aol HE FEE oPA o EesE 7&3}:*]7]1‘.:
Aoz L3t} Fig.2-5 (a)= Sweep signaldl Blackman-Harris Window
T+E HEAA Chirp #3E WHES Fig2-5 (b))} 2ol Fu4 FgdA
Gaussian B E|e] 2HEHE A3t Fig2-5 (c)9lA ¢ 2] Side-lobeZ
A2AA AAANA FAH AFo E5E FAANL F Ut

O
i
)
rlo

o

222 39 4 9 A5A

A A A uHIAlE o] A FE Programmable amplifierdl Al ZZ g%,
16-bit2 A/DHUEHT ¥aE AN3ZE HFed WAE DSP-32C AEA g
7114 Matched filtering #3& T3t A A wAld NIZAHEFT &
AAZ e Ao e FSAEL AAS}D FBFES Klauder 3oz
HEAA Az Feve F4F fEo FAEHTE F4AY adxn
Hilbert & 3] EnvelopeZ7l AAIHI HAgAZ w& ikss
(spreading loss)¢] BEAZASF, WALAIF7E AT, £=3 AALE WHALA =9
3714 w2} MF5FE Fo AGAE RUES 2 ZIEHE YA
At AEgE AHAHA #EL Exabyte tapedl SEG-Y FHZ AZAL &



At =g AEAHHA AAEE FHAFES 7 Analog DAT tape A%
3] Z}E parameter® AXAs ABAZD & U3, FAHEHAAH o] &F
F Ut} Fig2-6 (a)& A HAA HAlH} L FANEE ALY FELS 3
A Ao A HkALE A3 (bottom reflection)E WERATE AZAELS WIAIEF
= Chirp $¥ 3 dIdEZ S FX32 U&S & 5 Atk Fig2-6 b= At
Z+d RRo uHIAMAIZAE S Matched filtering #3 S 3l AZ F&
HE £ Ao, FHANYD 24 Al oJHEES Klauder H3H 2.2 ¢
FEANA ool FAHNSE £ & Atk 28 3 Fig2-6 (0= vHAMIEA

B2 98 IS4 Ao #AGlol IAEE FAHY] Hsl A envelope
2 39% adelth

gge FAANT AgA ] o]&¥ Matched filtering 3 Envelope ©]
9 & 3] AEsAo

1) Matched Filtering

A AHAAN HAlE AFZAHAEF SAANZ e} FAA o] e FSAEL A
Astn ABAFEEE 4Fs9 Azd FHuE FHAIE AG7IRelt
Matched filtering& Fourier H&-& o] &3l Fu4 J9dA ¥ H(0)E
AAsY F£38 ¢ U F, X7 YEAIZ x()9 Fourier ¥&& Z ol
i, Y7} Matched filtering #38& 7% 359 Fourier ¥&o|2td
olgj oz FAY = Uu (Kino, 1987).

X(w)

FFTIx(0) = [ _x(De ™dt (2-1)

Y(0) = X(0)H () (2-2)

o 714 Matched filter H(w)= F34 G A X9 complex conjugate
2 Xx'(0)E o]&3o gy Zol AAY & Ut

H@ = aX'(v)e ™' (2-3)
A71A oE AFold, 7,5 LEH wE AHAITL (delay time)o 2 t=Ty
A ZHANZY HYPXE Jepdct. @A Matched filterings] 23 &8
AZE Fo¢ YA 3 Zo] EHE F U



Y(©) = eX(0)X (0)e "7 (2-4)

1213 matched filtering& % Ho A3t FIv= offYLE &
ATt

o [“x(x* (D
(S/N) o = J. e = fv—Eo (2-5)

o] 714 N,= Noise power spectral density (W/Hz)oli EX Total energy
olt}, Matched filteringoll & Ao SH]9 FA4L H2Zo] (pulse
length)¢} Y F (bandwidth)ol #AIH 3L, ©]F A2 ]S (processing gain)
olg} 3t olg oz FHI 4 Ut} (Schock, 1990).

S/N(out) - S/N(in) = 10Log(TBW) (2-6)

A71AH, TE S9N359 HAZo| (msec)ol®, BWE tgE (kHz)°lt} ©]
9}zo] Matched filtering AL F3t Azd |7 Fddan 42
39 AdAo] e AZAHELS gFHo FAAAFTURY FARHTES F
AA7l= 8o dr}. £ RS (vertical resolution) ZHI 23t A A
g FEY F U= HA2dy AYE 9nss dF IS (single frequency)
sonar systemol M & 2359 TAHV B2arZolo Fogd o A HA| v
Chirp sonar®} 2& UZF 34 (multi-frequency) sonar systemell A& Y
Zo| 3 AA"Y. &, g Zo] F4EF SUNIY FHAA ] Ue ANZA
9 4FEo] F7HH o AL F7Ho] MEdit. Fag g Fo
o3 ol2H FAEHFTE UdH 2ol BEE F Utk

Vertical Resolution = Transmitted Pulse Length X Sound Speed/2
Pulse Length = 1 / Bandwidth

dEES, Fug tgEFo] 10kHzH H2Zo|= 1/10,000 &, 0.lmsec ©
3 &9 471 1540m/sec B 0|23 AR TS 8&cmst Hrk 1Y
FHEH 5L UE (beam width), 4, 28 A8X A Az7|H FF5
= e W=k Fig2-72 10msece] BAZol9 1kHze Y& /1A
4059 20msecd] H2Zol9t 50kHzS W9 Z& 717 SANIE



¢ FHFEAG AYFA (convolution)dte] hEZFo) mWa FRAEs
g a2golth Fig.2-7 (e)ol Yebd Envelope 235 ¥ WA 30kHz
+490°] 1kHzel H]3l9 Fig2-7 ()9 ¥AIRd S o Z FHe §
T U, 0ms FZ¢ F wrlolwlES HA L 30kHz Y X9 3
%

2383 o} e Az Yehm J8e B 4 gk

¥ £ &
e do 1R ol
2 o s o

of 1% lo

2) Envelope &< A4t

AAE (time series)Z TEHE SFUAINZ = Hilbert WL o] &3}
o HRAllUAE Ay ZA  (polarity) ¥ 1A (phase)o]l BASlol
Envelope 2 28 & + Jon, o AXE EA3=d A" &
AN S E x()E FASE x(1)9 oA Envelope e(t)e t&3 Zo)
T4 v (Claerbout, 1976).

e(t) = [ x%() + y2(0) 1 2-7
714 yOE xE 90° HF A4HY AR Aoz g7t xM)F 0° wF
ALY AlFlE= Quadrature filtergt® yH)E x@®)9 qt)e) #EFA
(convolution)2.2 FHHT. =,

y(t) = x(t)*q (1) (2-8)

o}, walA (2-8)412 x(t)¢ Hilbert ¥W3e] ALt azjmz x(t)9
Envelope e(t)E& T3}7] el BA2E5 wnE t&3 o] Aoty

ult) = x(O+iy(t) = x(D+ilx()*q(8)] (2-9)
u(t) = x(O-iy(t) = x(O-ilx()*q ()] (2-10)

2 Jedt. 2d31 (2-924& z-Transforme 3044,

UZ) = X(2)+iY(2)= X(2)+i[X(Z) - Q2] (2-11)
= [1+iQ(2D)] - X(2) (2-12)

2 #2399, (2-12)49A4 [1+iQ(2)]E Quadrature filtero]™ thg3} 2o
A FF FHoA BEE F Ut (Fig.2-8).



- 0 , - x .
q(t) = —f Qo)+ e ™ do= gf_’e_m do - ﬁfoe'”‘" do (2-13)

-t 0 -jer % )
| i 0]: i (~Lre®re 1) (2-14)
0 (t is even)
- 2-1
(rclt (t is odd) (2-15)

Quadrature filter &) 2ol W3 (Fourier transform)& o}#j &3 Zt},

1

Qo) = -i-Y {7 ©20 (2-16)

1] = -l—5 = -
ol -+ (@<

. _ [ 1 (020 _

iow = {5 839 (2-17)

o - 21039 -

e(t) = u(t) - ult) (2-19)

P& Fue 49694 FATSEY
o] HHE  (inverse Fourier

o] (2-194 3 Zo] HFHLoz

Ao AL AHEE x()E Fd ¥g
(2-18)4& | F, ARgde=
transform)dte] LAHE u)} S
EnvelopeE 7% & 3Uth

oy 3 r°"



A34d AAYE HHE SF5A

AW HHE 52 =59 gtez FAH glon, oL A
gt M2 o9& EA (physical properties) & ZtEth wEtA | AELS #3
o W} NgHez Z7] g8 & FuE (acoustic response)S Btk &3
AR 2R E S F A dod29 AHAFS 2L $¥ELLS 5
B9 EAQ dAZ7] (grain size), =& (porosity), ZAE (rigidity), =2
23 AHYE (bulk density)} LHI FAE 7HX2 Qo] o|EZFH §f
AW HAEY FH EXIAFE 3¢ & U B$L Chirp sonar
system& ©]&3t9 5 FAAEY EME T SFEHQU 29
A AFE T3, HHYEY EF S FF8s o8& T3 HIA

3.1. €% d9d2 (Acoustic Impedance)

S dudae S & R g uidE B34 g ¢ %
oA Fu WsiFe did 4 nE gusiy wiA T (bulk
density)®} ¥4ZF345 = (compressional wave velocity)?] #2.2 ¥ddt.

Zy = pprcy (gm/om?Zsec) (2-20)

A7 z,= SAEY SFYHAX p, = WEY YR, o,E WAY ¢
B4 EE JepdY. a8 o SFYYELE SAEY HAIEAL S E
AstA vk A SAEE FASE B wE £39 YRR &
ZAA "o o2 MR EE YehlE HAMAFE A2 HE v g
AN ALE w JAtghe] FEo] i wdialsie] WEnjE 4 . 8F 9
S A2 93 ANE F U} (Ewing and Jardetzky, 1957).

- Az -
R= (2-21)

Zy —Z1 _ Pocy - PiCy -
Zy+ Zy  PaCy t Picy (2-22)

A71H Ae QALY AE, A wabte AE, 2= 29 INE2, 2

7]
< B39 dEPEx ol3, pyeE 47 FE9 dx9 gy &%, pc;



S 47 439 4E9 4ET SRt 183 vAMASE S HEA
Zdo] W& 7833 Fa&4 (geometric spreading loss)E BAI X
Decibel ©919] 3l H<E4 (bottom-loss)E YEMHH, o] ot s} o)
ANE gl

B.L. = -20Log(R) (2-23)

Table 2-5& Hamilton (1970)¢] 2% o ®Hx (continental terrace)°ll A
HAES FH E} HRALA o) A HEA Y] gES BAY =Xl o
gHA dAMAl £ siAHEEA L o] §3Y 311113—4 RIALEA S Ao
2 AAFo2ZN AW HHEY F/HY £X E/‘é% ghetg 4 it
Chirp sonar system< SYIAA AL AP AE F3d "P‘*
o 49 5—‘]'5"4- HAQAEZ FAVE ¢Fenz HAHAA AR
A 3.8 HrALAIS 2-20)4 9 & +&8 & Ut A g &
oz sAd ﬂaEA E4E FF89 £ 4 3lv (LeBlanc, 1992).

Zy = Z,[(1+RY/(1-R)1 = pycy ‘ (2~-24)
_ n+p p(1-n) 4 N _
= Zw[ B (1o T3 Hulnre Rl n)} (2-25)
_ ) 1 4/3qu v _
R T E T PGE AR TR EE (2-26)
Pp = PypN+p(1-n) 2-27)

A7l A ALRE 2o HFET HAE EAM e #AY 2 FFEH
Table 2-6°] YelATH “}E}H A9 AEg o]&3ld HAEY EHS
Fate FAHLE A4 (2-20) 20 A HAAIFE o] &3t AU SFUY
25 7 F dv. a8 2-25)4F (2-26)4 & ol &3d AYE HAE
o FFEH SHSEE UMY F U3, 2-204E o839 UEE AN
o 223 HA4E B4 o4& #BA4H 4F 84 (empirical equation)
& B3te] A4 FFYESS AMste o5 EAESEZRE dAY A
B9 £HE AFZHoR AT F g} Fig.Z—Q% Hamilton (1970)% Faas
(1969)° g FF&Z ¥AMAIGF 9 BAE Yepd FHOE HYHA 7
ol Z3HA JEbdrh. WAMAIFIE FF&4 BAHE AL Urick (1947)9]
Hz2 YF3tdem, Breslau (1967)5 d7]d HAHES FAUYES) 33§
Alele Al #&3 #AE vsly SN AS2RE HAEY YEE 9F
33—

W Jo re



3t} (Hamilton, 1970).
3.2. &34 (Acoustic Attenuation)

S37t HAEYA A" of quxe &4L 7|eEH &FHidEsd
(geometric spreading loss), 9<%l (transmission loss), 2181 F&&4
(absorption loss)& W o] At} 7|38l HitE&Ad e S AGAA(F
steo] Yol WA SHHAY Sope Ay} gastes 4old, Agsae
2% Ydydart g AAdAGA #AHE S99 ¥} 2 2dH agn
Mode ¥&5 3 22 duA Eujo] o3 LAHE &42 99 F74A &
AL HAEY EAzE AdAo . 23y F&&4e HAEY EFF
AR dHG BAE 7MAY SF724 (acoustic attenuation)Z A L@
Seal 9] Yde HHES AT FAHE 4ATY HFHAAM w
ZeAdn AR EA8E e FAd g FPEAHAE A U
o] Zth, Sand 2 Sandy silte 22 £ YA EHENAME vpFEAY g
g Zoly, Clayst Ze& AHIAAEANANE A" 23539 A7EHHA
(electrochemical) Z%el 7109 A2 FAea Jv (Stoll, 1977).
S3%7+4 (acoustic attenuation)® &37F Ag r& APASH v 2
o] TEY + Uth.

P,=Py-e™ (2-28)
a=k+f™ = 8686a, (2-29)

714 P FHHA && &4, P2 A rdAd AHd S¢olth
a8 oE %74 (attenuation)® dB/m 9HE BAHI, oE oF
Wloge® YiE S E nepers/m ©E EAEY. f= kHz 299 349
F34=e]™ Hamilton (1972)2 A9 X3lE HAENAN Y dPoz 538 F
o o} SR o= AY HlEA @A dvtE FAE RAFo m=12 7}
F3At (Fig.2-10). 2283 k&= F359 24 dB/AkHz-me dHE
Zt= FAZHAS (effective attenuation coefficient) 24 sl A HA A e F
(absorption), ¥FA} (reflection), &4 (refraction) Z128]3L Atg (scattering)ol
o3 AFAHY U9 &A4g uitty, ZAASF kS Hamiltonol] <3
HAE FF7o e IFEEHE AHAFE B4 & o (Table 2-7).



Fig2-112 3553 Z3AS 99 A4S Jebd 1ot} Table 2-8= 7
TFE T (1990)0] gHut: F 3 Hgﬁ'«] %‘-Q@%ql st 7 B AFE
Hamilton (1970)0] AAI¢ Ao} 374 AP Aoz gHE §39 714
EQLE BoFT gt SAE HAHE °UJ’7L4471]’“‘ oz Myl
& (fine sand)ol X ZHA AE (coarse silt) Atole YxoA Hdo]x
ZHZ 29 (coarse sand) & AEG|AM Azl APA AES clayol A
HA Y EAS B 53, gdASE AYE Rl 2¥d 2o s
FEE 5% 1,550m./sec-1,600m/sec Atolol A Hulrt | %, zAst= Ag
S Holx, HAE B4 A3 AFHez ¥ ABAAE RAFY 7
AAF7E oY HFEYeNE AAeE Hud Aoz A U
(Hamilton, 1970).

Chirp sonar systemolAlE Y922 ALEH AF7) Ao wig Fd4
7} F7F38tE Sweep signal®d) FHE FkHzH9 I Z S 71AD wakA &)
AW EHEY Ao wal FAFAS (center frequency)d #3trt o
ot FAFHF W= NF uFRAHR AFmAEuc wa 7
HH7] gEoltt. olg e EAE FHFIAAA At P WA
2 EY (pulse spectrum) 35 X(HZ RH3IH & Zo] REE 4 gl
o} (LeBlanc, 1991).

|m

X(f) = A-e b (2-30)

AN Ae AE, = FIF, .2 FAFIHS oH, b = (120%0F o=
ZFHA  (standard deviation)oltt. g3 EHAZSY 73 AWEY
(attenuation spectrum)< &R 93H &3 ),

H(f) =e ¥ (2-31)

A7 ke ZAAFH, x= Aot wali HAEA HAlE Y 7H4
H A2HMEH (attenuated spectrum)S &3 o] gt}

Yf) = XPH() = A - 2707 % (2-32)

714 BE 4" AZojgt gud B = 4. 2 78 £ 9, f



Hoang Aze FAFASSE 7= (L) 2 78 4 an g
(2-32)4 & ohehs gol EAF + Ytk

Y() = B e ¢ (2-33)

714 (2-33)4& 7HAIS FEHe "2A2 2dWEHQ (2-30)4 7 ¥ d
;ﬂg,,]. %/g?,:g} T W3PS B SAIL FEH AHEHL A FA
H 2 % F U ity o R FAFTS HIEZRE HAYEY F

& %%3}7] A= o] A7 (relaxation time)o| 8= Jlde] =ET.
o] kA ZolF AR AH ¢FHo] FoAE W LEIL wsstEd €/ A
S ou3iy, S¥AH7 & HAELYFE og¢ATte] AR agn F
A F el oAt AT ST 2ol YENE & QU

}:1

. __2 P, 2 Y(f) -
T = 3 In Pa = (2]'[f)zt In X(f) (2 34)

4714 ot AFA5olH, toh re A7) Nz Aelw, P FARA @
e ¢, P& ZHE $¢¢ Uehath adn x% YO 24 olEe
Fosgelo e Anedolt 2alT o INNTH St DAL o
& Hoz UEd & g

l

Q- 27T (2-35)

A714 & oA, cE HHZAAN S5t kot wEA FHHFAA
o o]gAE TFIEEA SYHAE HE £ YA o|2FEH HAE H
HESY FFHFE #FF & Atk Table 2-95 HHE oo & | SANES
(2-35)49 98 7§ L Jetd =Foltt (LeBlanc, 1992). F& o] A
2 AEHoz ol o] HAE ALY HITYEC 3 AAEH
(Fig.2-12).

1 = a(¢-ble “*¥” (2-36)

4714 abcdE B7HEF, o€ FEUECIT. TN o|2RH sAE HA
£9 ﬁEﬂ—z- TR 5 AB} (LeBlanc,1991; Panda, 1994).



A4d HAE EiF

A HHES] BEAS AAFI A gurgoz Fol (core)dt 21
(grab) 2 FFEAEH Z2-& WS T3 A2 988 AT B3y
o a2y ol e WHS v EHANY A8 %ol glo] 2R XA =7
He 297 g 2822 3EAE g AXHez HAH HARS
=istE vde oElio]l Btk ol & olflA HZE 13 T UL
AFE R AR AT EopolA B ATEO olFo|Am gtk &, SaukA}
A82REH FIHAE SFYAA2Y BYASTE MAE HYE 2AH
JAZ7] (grain size), ¥3& (porosity), A YE (bulk density), 2181
AAE (rgidity)d 23 BAE 7IA 3T Yo HAE EFo F23 WA
£ A|F37] wW&olt}. (Schock et al, 1992). Bolus et al. (1982)2 HA}AI &
o] A7|9 HAAEME 53, Coco-Parra and Ranz-Guerra (1989)= x4
FHol A REALALR 9] 94 (inversion)E B3 AAWY SFAMHAE &
3T EY Panda (19949)= 7V5 3424  (weighting least-squares
fitting) S ©]83to EHAZFAMY YHFAuE (impulse response)S A A3}
I, «©F 3%+ (instantaneous frequency)E ©]&3te] FAF34 (center
frequency)®] WA= RE ZHAFE Hrlsly AE HHEY EF
EA4E 433t (Panda, 1994). o|9}zo] HiAlzlg e SHEAH L o] 43
AAE ERATE dFAGESY AEAY/UE $L8Fo=n B A
i gt
2 dFdAE YgFAdedds A de sy K-L¥##S Chip
sonar system< ©]€3l9 53 SFuAIARY HEAA ZHT EFoA
T AtolelA e FEE sAWAMY BAANITHET EHE EAo wE
AENZHAE E FESAECZ AFASEY 282 TEH DANTAEY)
25E AxE HHE9 FZA (homogeneity), YAZ7] (grain size), 12
3 27] (hardness)5 ol W& SFFH AHE (roughness)E ¥ st §A}
EXsE ARe] 1Qtete] AW HAHE Ags EFeg)

4.1. K-L ¥38 (Karhunen-Loeve Transform)

K-L ®H#2 #dRy JAREANG ZLFHolL AzAHzy 79
(Ahmed and Rao, 1975)2.2 ©A4 3 Az A F LS AASGL BEd U
A EE FE8= AHLEAT K-L d3e o8 712 4WHZE Freire and



Urlych (1988)7} #|etst Eo] X E 3] (singular value decomposituon)el] &%k
fri=2lo] ®o] o] &1 3t o] WYL AAHoZ AR AIZE FE
A EFol2ES AIHY FAIEY A4 JEL= %}%E‘&iﬂh
A& (principal component)E9 FFFH} FAIESY ZA7|E Ueds 5olA
(singular value)E=2 #3igttt 28]3 5olX9 HHYE X AHsA "11'——
AT EF AZSAHENES FET ¢ Jde HB7|Yot. F dFgAs
XE NS AES 71 M9 Efelaz FAE PFHo= Eqﬂ;s}f& ot
=3 2.

-|N rl

X =[x, i=1,2,.,M; j=1,2,.,N (M<N) (2-37)

(2-3D4 & oA Fas,

r

X = glo,- U; UT,' (2_38)

2 Fddg. 9714 r& PE x99 rank, uE xx79 WA aHHE
(eigenvector), v7,/E= x7x9 idA HHEY transpose 1L o, X9
A Holx  (0,20,2-20,)2 Covariance HE xx9 /KA
(eigenvalue)d] AFZH Zoh 281 u, o7 e X9 FAEL=Z EO]x].,] 3
A (1~nNE& AAsY 5F NIAHETE %‘%ﬂ‘ﬂ AT+AE F Ao F,
K-L #3388 Egols ARES 1 e FAEEY JFoz I
ok 283 ifA Holxe9 Av FAEW EAFtE FEE AU
o ol A8I{EE AT & %°] Aoz ATAHE AIZEL Efolx

Az FoA AHAe] & AINHE FE3}E THE AT ©Y EFola
Ag7F A71% OE B FYE JBAIZEE o|Fo FYHA Covariance 3
g xx9 EE EolxE 0,2 AT UnAE Qo

= 39 R A FHEL
7| BA T AZw ¥ E Alole] A#Ao] &
o X'x= AEETE FHAA H9 K-L 489 ase gAdn. £
°jx AgEe 54 o K-L v¥e] d#E AP 27 Aste] A5A
=& Z3 AFFH A ZeolE M Z4zhe) 879 EFel~ AEE K-L
HEate] Bttt Fig2-13& AZAHEL 23 1Fo] M2 & 8749 EF
& ZA8E K-L #9888 adeln. 1 23 A dA 5ol g AYd yr

2



A= 00 i, A WA BolXE o83l F£3 EFolA AEE gHd
ATFAdel HAAJh WA K-L B3e ZHE El2E Alo]9 A FA}o|4
= 9%S i1 gS5S ¢ 5 Ut Fig2-14= AZAEL 21 7 A
o] AdH 8/ EdolA ABEL K-L ¥8% aYo|th o Ay oA F
B A @AV e A5S B & Uk 0 K-L ¥
APtz Aol Ht=Al wAlOlWIEE S 5 A2 AHHo] fAH
o ¥t} Fig2-15& K-L ¥#d SFA8Y oF BAF7] st 23
8718 Edolx 2ARE K-L ®¥#ste Holx FHe A4S T3 H4
AAARs ATFAE A2E|} Fig2-15 (€ 2T 8/ Edolx AR
S A AN A 9] BrALAI S (bottom reflection) S FE3H A HEE A
g olH, Fig2-15 (D& 5olx 9 MHE 128 3o HA Efol& =
8% A¥dH ABxrt Mg E AN AHAETS 83 301, Fig2-15
(O A¥AQ dHxrt 33 2oAE Folx ¥ 3-622 dtof A4AA
& L FEAEL F&3 Zojx, 183 Fig2-15 (e A¥H 4B3=7 A

E 5ol w9 7-89 FSAEoT 123 Fig2-15 () A
FAE Z71E JElE 5olx EY FHoz A Efolx AREY
al

tlo

Y ol mf et Qoo rx

42. FAHE=AS  (Similarity Index)

A AN WAlE SFAREE 5} AFHAYRY Gy d2A o
g WA EARED HAHE AR EA e ATAUIAHAE H FAHAH
FEAEoz FAHY Ut webA AWM wAlE ASAHES
B3l 2HI Eo)AE Aol AFAY {FAEZ 7 & A HA B
S AHgsle] ATFAHY AZTHENE AAE HAEY v|FEA, YAA7
, 2831 27159 BE £¥%y AAJE (roughness)E ¥Hgdtty &

Atk o] HFALEXS (similarity index)@t B o)3tal otej2loz FHY <+
3t}

0}
SIL =~ (0<S.IL1) (2-39)

FAEAGE 094 14tele] &g 7HAW, 948 4ol TLEFS, Y%
277 Ae4E, 283 AF HH3U4E 19 Ae @e H



Fig.2-16%14 Fig2-182 IolEME A Aol HE5d 54 HAHFAHAA
9] SFMAIRIRE K-L W@sd Eclx REEL ATA}TL FAIEA
FE AN adeltt. A E FAIRAFTE 040]380lx, AHEEHA
E Ao ME 05-07, 283 UZEHHFE AFAXE 070149 =& &
yetdth a8y fFAIEASE AW HHEY] FFA o AP g
s FHHEBUY EFEAYG uAY NP IFo| Y Bk =3
K-L #8e 23 Edolazt AgAQd fAEdAFd FATH Ay
o2 NFZEQ A ABAAHA IAA F3FL v gt JSE A
< S E WAL oMEEY AT FHo] A4 FHojol gt



A5A AFAES A 2 &Y

FAEEA T e A HHE BEFE dFAgd JLH By Y3
o 19959 % AFE AU 97 & A HAFANE UL 93
AFZA A FT AAE AR GA Ao AFE o] &3t o] X
e F4, sAY 2 fAXFRA adan AAHHE AF g ZEFERA}
A & o]Fojx oo, Chirp sonar system$ o] &3 SulAlz = 107)
o ZASFHo2 R FS39Th 4 2AEAY dolE= o 35kmeolH XA}
FM7He] TA-E 100m ol (Fig.2-19). ZAMX G F4lo] 100m ©]3te] A
X Go2 Chirp &9 HANZAE 025secE 313, RAIHNY £58 52 E
2 3t & FRAEMAA F 6000719 EdolAE FE5a4T

e ese

5.1. Chirp sonar A 59 A3

A 5% Chirp AEE olvdzZ2 DAT AAZAA o 48kHz AA=g
ez AZHALH, AE2HAE 93] 16 bit A/D MY F Egolay
10,00071¢] MEE 0.02msec +E o2 FAZsPoh 281 39 JSAA
o Asd #FSH FHE Ao d9¥ey  (band-pass filtering) 3
Matched filteringS F3H3tAth AHAHANAM 2 NEe 537 Y8t A
LEAARE o83 SAUE FHFF 2 ADIGNY ArE F23
oFf dAANNNE ALt 2 ZHE EHo|A K-L ML A
o HEHA FALES AUy} S fAHGM e HANEAE 2T A
AZAHAE R FSALLE AFAR F, FAERAFE A4eAh Fig.2-20
= AsAAAH S Yepd a1 oelth

52. FAEAT o7 AW HAE 57

AFE JALE ARG AW HHEe) BIARL side scan sonar
715 283 aPs ZEzAle 98 A HAE AS=2E HAEHQ
Fig.2-212 13 x0# 7] (grab sampler)$} ZFZALE A3 ztz} 157 2 9
A AR AXE veld a2golth 3 Table 2-1001 2 FH9 9
EASAS. 181 Table 2-112 HAE9 ENA#E Yehd =50t} 2
MZAzte] ostd HAE HHEY B¥E JREY Ado] By (sand)B T
BEo A3, FAo "AXNEN AP HHEQ BWARY (muddy sand)E



M HAHEY HEYEE 3¢ o8l A o] hREoY gFHBo 2 7}
BN HEYEE 50 2 F7H5te] AP HHEO Ugdr HAEY BF
e #delA eiEoz AYFFE 0.7 ool A 58 Az Frtste=d o
= YHFoRE A2 AP HHYEol Ry g Aot FZHAE
We &4 &FE 50% ol A Uiy 53] AgEZe] JeEy=
Ao Ae AR FAD 9ud HHESN O FHoE A9 RE HAF
ol Z/MAAZ FAH vk =3 AAH 1297 139 Alelo A= sHaket
o] E€d $utx|doe]l yeldrl Fig2-22% ol EMZABZRE ZARY
o HAYE HAEY EEXNYS AT oot HAE AHo g3 3§
Ad HAHEY EAZAAYGY] AAAME FHE BR7YEA FAER S 9
d AAE HAEY BIAHSE EAse Bt M zAE2HS g A
4E A=A S = FFT filtering WY 22 smoothing A%, AR
FUXNA AAE HYE EXFAL BT Fig2-23& Z A=A
H FAIEA T F4E UJEd Oge 2 FAAY GEZGAE HAE HAY
€0l 431 7t YAY] Ald HHER FAIEASFI 08 X L& 3
S Yedt a8n gAdge] E&Ho JE 26O 24 10M7HA 9
E126.957° FZoX e FAIEX 7 04 o322 FA3] 748:s FAL 1w
oli 1 Fuie HAEL A2% 2AAAL FHE AIHABE FAEA
FE o AN T Ytk Fig2-24= ZAEM 799 E126.956°-E126.961°
AQolx HE9 Chirp 71202 ohte] E2REL B31 gt 183
ZAEA 1WA ZAISA 3WALe] 9] E12696° oA E dindly A=
o] el FAIEAFE ZAAZTE Fig2-25% ZAIEA 289 E126.956°
-E126.961° A ¥elA 5 Chirp 712082 F¥e HAEFAE g 7
HEALSHE Bol3 glth ¥ bAE FAY d9d HAER 49 24 1
M) E126935° F-2AME FAEASFE 3 g Holx ¢tk Fig2-262
A=A F 2% AE HHEe BEARS JAse aPe|t) o] a1y
oA H¥ Fig2-22614 Jeld ¢etE2X 9, A2 o] Td3t g
HF3U AgFHF, 28931 Ag3n 2822 FAE AAHHSE xdge) &
YEtY I itk B @ Fig2-229 & YElY A e E12696° 22 A e b
gt HAZH EFEAD TS AN Y ©BE ALHHE A Fo| nu}
AREA EREH ASE & & Utk IdEA FAEASF) g% 2HE E
golat A3 daxe BE FANY AHYS St AAD g B

A% Ao AW YU BHL BRE & At I54E dFHAL.



Ae63d A&

Chirp sonar syStem~ FY FoFEEz AZE S908 AMLEE 3
AANFEAH R SALHA LT 0P AE T3t AN
HkAL = —%?"Mli-é— BEgHo R Y539 HREAYZ 7t Alado|th o
Hoz gFAdeds A8HrHE o8 FAARHE T SFY
Aot AT 22 WSS SIFEAE BTN EHHE
B4 % &3t fAHS EFE & Uk

£ dFdAe dsAdedsd HHrHe v K-L 8 s §8&
FAEAFS F7ME 539 AW HAEY BFFA, A==V, 29
Z7]%° W& IS SFEANS HAS HY¥FY EXIAFSE EF
3 Btk HolE o EME EA HAZ XFdA 54 Chip #
EE K-L 983 43 Bo|x FH9 FAY AFAHE HANZAHARH 2R
B AAME fFAEXFE X da A 04 ©l8te] @& JE L, AHEEH
HF A= 05-07 Atel9 e vehiigith a8z YAHAHF A A4
AMe 07 o8y &€& #E YT mdEtA FAIEX S 9% AW
HAHEY EF 7} e 2o FJg za AF AAX ARG
Chirp sonar system& ©]&3lo 53 SFMAIAEE A FAEA
o] g& A" A= o] X goA Side scan sonar 7123 AFHE EHH
E B 9o sMa GuEERAY, 72 AEHPEFAY, Ay 27
2434 /T AEHYFAY aa FAAE FAE U HIFAY
9] F4E F wgs F3 U WA FAEREASF g3 ZHT EFolx
Az A#REYd g FATAH AGE Tl AAZL 944 H2 A9
o AHE HHEY EAHL EFY & dE HsAS dFsAT. 294 #
AFER] S0 o] %) 6HX1“4 HAE 48 Ye XNYdA HAEY P
Helsle BEXAS ERoE ERAHUAT HAEY HAFAH BA B
& BrMsskATh E}EW E4 HAE 4L Yehie A9y rng
B 289 Y5 A3AHIAE FF EHd g3 AgHez FAERNSFS
HAE 247 AadAY HAFel Hodth =3 siAdE Zdyd o3
s AZbE B v stk aela HAEe EAT FFAHQA #AI e
&g d 2 A Sl U AEJE A7/ ey, H¥E EAS
FES F dE AL AT SFEA A7 ASdojof & Hol},

3}
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Table 2-1. DataSonics CAP6000W System specification.

Operating Frequency

2 to 10 kHz, FM Sweep

Output Power

2 KW

Pulse Width

5, 10, 20, 50, or 60 msec

Repetition Rate

0.25, 0.50, 1.0, 2.0, 4.0, 8.0 sec
or External (positive going TTL)

System Resolution

3 to 6 inches

Depth Measurement Accuracy

0.1% of depth or 3 inches with

known sound velocity

Subbottom Penetration

To 100 m dependent on sediment
type (4096 samples @ 30.0 kHz)

System Control

MS-DOS (via Keyboard in drawer)
Windows (via mouse)

Display Super VGA
) ) 130 MB Hard Drive
Disk Drives .
1.44 MB 35" floppy drive
Storage Temperature -40 to 70 °C
Operating Temperature 0 to 40 °C




Table 2-2. DataSonics CAP6000W Topéide system specications.

DataSonics DSP601 Chirp Sonar Processor T
Configuration DataSonics DSP602 Transceiver
DataSonics DSP603 Sonar Display Monitor
CPU Intel 80486 processor
Operating System Microsoft DOS running Microsoft Windows
User Input Mouse, extended Keyboard

Host Disk Adapter

SCSI

Sonar Display Monitor

15" 1280x1024 pixel Resolution, 0.28mm dot pitch

Signal Processing

Digital Signal Processor with 16-bit A/D Converter

Hard Drive

High-capacity IDE or SCSI drive

Diskette Drive

3.5” high-density, 1.44M

Digital Storage

Tape Cartridge : 8mm, helical scan ; Exabyte 8205
connected via SCSI interface
other mass storage options available

Analog Storage

External Digital Audio Tape (DAT) drive records
raw Analog Data

Hard copy Printout

Hewlett-Packard Model 3630A Color InkJet Printer
Other Hardcopy output options available

System I/O Ports

Industry standard navigation serial Input,
NEMA 183 compatible

Key Output, 100usec, 5VDC

External Key Input

Hydrophone Output

Correlated Subbottom Data Output
Generic Analog Data Input

Heave Compensator Input, Delay Key

Input Power

110VAC,60Hz using supplied stepdown Transformer

Power Amplifier

Power Output up to 2KW

Output Power Level is digitally controlled via the
graphical user interface from 0dB to -21dB in
3dB increments




Table 2-2. (Continued).

Sonar Operations

Transmit Rate

4 pings/sec, Max. : user set

Transmit Pulse Length

5 msec to 50msec, user set

Programmable Gain

0dB to 90dB in 6dB increments

Physical Characteristics

Dimensions

Each Enclosure : 502mm x 384mm x 546mm

Weight

MonitorCase : 30Kg

Table 2-3. DataSonics CAP6000W Tow vehicle specification.

Model

TTV-190 Tow vehicle

Operating Depth

600m (2,000ft)

Sonar Transmitters

Configuration DataSonics AT-471

¢ Standard: 2kHz-7kHz;
requency other chirp band avilable

Beam Angle 80° conical

Power Qutput

Max. of 4dKW@3.5kHz
(source lebe = 210dB)

Sonar Reception

Configuration

DataSonics AT-100R8T

Frequency

500Hz - 30kHz




Table 2-4. Sharp SX-D200 Analog DAT Record specification.

DAT System

Rotary head type digital audio tape deck

Dimensions (Cassette Tape)

73mm x 10.5mm x 54mm

Recording System

Rotary head helical scanning

Recording Sampling Frequency

48kHz, 44.1kHz, or 32kHz

Playback Sampling Frequency

48kHz, 44.1kHz, or 32kHz

Quantization System

16-bit linear or 12-bit compression

Tape Speed

12.225mm/sec (wide track mode)
8.15mm/sec (standard track mode)
4.075mm/sec (long play mode)

Recording/Playback Freq. Response

10 to 22,000Hz (+/- 0.5dB), Fs=48kHz
10 to 20,000Hz (+/- 0.5dB), Fs=44.1kHz
10 to 14,500Hz (+/- 0.5dB), Fs=32kHz

Digital Optical Input Terminal

Signal format : IEC 958

Digital Optical Output Terminal

Signal format : IEC 958

Digital Coaxial Input Terminal

Impedance 750hms/0.2Vp-p, BNC type

Digital Coaxial Output Terminal

Impedance 750hms/0.5Vp-p, BNC type




Table 2-5. Sediment reflection coefficient and bottom loss
for continental terrace (Hamilton, 1970).

Sediment type Average ‘re‘:ﬂectlon Bottom loss (dB)
' coefficient
Coarse sand 0.4098 -7.8
Fine sand 0.3749 -85
very Fine sand 0.3517 -9.1
Silty sand 0.3228 -9.8
Sandy silt 0.2136 -134
Sand-silt-clay 0.2504 -12
Clayey silt 0.1767 -15
Silt clay 0.1586 -16

Table 2-6. Notation of parameters and related equations (LeBlanc, 1992).

Zw

Cuw
Ps
Pe

Pw
By

uc:

u

: the impedance of bottom water

: the compressional wave velocity of water

: bulk density

. density of the solid material
(grain density)

: density of bottom water

: the bulk compressibility of the water
saturated sediment

: the compressibility of solid material
(grain compressibility)

: the compressibility of water

: the porosity of sediments

the bulk modulus of rigidity

o the rigidity constant

Zy = (pw/ﬁw)% = 1549 x10° kg/m s
o= V1B P, = 1504 x10° m/s

Py = PyN+p(1-1)

P, ~1025 kg/m® at latm, 23°C
Pr=1Py/P,

By = B,n+B(1-n)

B, ~ 4294x10 " m?¥N at latm, 23°C

B}? = Bg/ﬂw

= (pg=py)/(PgPy
Bo= Bo(ps/p,-D"




Table 2-7. The relationship of porosity and attenuation coefficient

n - porosity (Hamilton, 1972).

Attenuation coefficient

1

Sediment Type Porosity (dB/kHz-m)
Coarse, medium, fine sand | 36 - 46.7% | k=0.2747+0.00527( n)
Very fine sand and lower | 46.7 - 52% | k=0.04903( n)-1.7688
porosity mixed sizes
Mixed sizes 52 - 65% | k=3.3232-0.0489(n)
Silt, clays 65 - 90% | k=0.7602-0.01487( n)+0.000078( n)°

Table 2-8. Attenuation coefficient of sediments around the Korea Peninsula
compared with Hamilton(1972) (after Kim et al., 1990).

k(dB/kHz-m)

Sediment Type

Kim et al. (1990)

Hamilton (1972)

Sand - coarse 0.66 0.23 - 051
medium - 0.25 - 0.60

fine 0.52 029 - 0.71

very fine 0.42 0.35 - 0.83

Silt - coarse 0.58 022 - 0.84
medium 0.35 0.08 - 0.82

fine 0.20 0.05 - 033

very fine 0.13 0.04 - 0.21

Clay 0.16 0.02 - 017




Table 2-9. Average relaxation time for different sediment types.

Sediment type Relaxation time (#s)
Medium sand 0.15
Fine sand 0.17
Coarse silt 0.13
Medium silt 0.06
Fine silt 0.03
Clay 0.02




Table 2-10. The Grab and Diving position in Sungsanpo area,

Cheju island (S:Grab D:Diving).

Location Water
Sample No. Latitude (N) |Longitude (E)| Depth(m)

S-01 33° 26.94’ 126° 55.82’ 12.8
S-02 33° 26.71" 126° 55.76’ 125
S-03 33° 26.55 126° 55.89’ 15.0
S-04 33° 26.52' 126° 56.30’ 246
S-05 33° 26.85 126° 56.27’ 19.5
S-06 33° 26.99’ 126° 56.25’ 17.3
S-07 33° 26.93" 126° 56.61' 248
S-08 33° 26.75’ 126° 56.54’ 26.3
S-09 33° 26.58' 126° 56.68’ 33.0
S-10 33° 26.50’ 126° 57.14’ 58.6
5-11 33° 26.71’ 126° 57.06’ 50.0
S-12 33° 26.96’ 126° 57.11’ 48.8
S-13 33° 26.89' 126° 57.60’ 90.3
S-14 33° 26.69’ 126° 5757’ 91.2
S-15 33° 2657’ 126° 57.89’ 91.1
D-01 33° 27.00 126° 55.42’ -

D-02 33° 26.48’ 126° 55.41' -

D-03 33° 26.34’ 126° 55.43’ 10.7
D-04 33° 26.35’ 126° 56.08' 20.0
D-05 33° 26.83’ 126° 56.21' 19.8
D-06 33° 27.01’ 126° 56.30’ 20.9
D-07 33° 2657’ 126° 56.47" 30.7
D-08 33° 26.50’ 126° 56.45’ 30.2
D-09 33° 26.39’ 126° 56.38’ 30.6




Table 2-11. The result of bottom sediment analysis in Sungsanpo,

Cheju island (S:grab, D:diving).

Sediment Texture (%)

Sample No. Gra. | Sand | Silt | Clay Type |[Mean(®)| St. De
S-01 99.94 | 0.06 - S 2.12 0.64
S-02 9992 | 008 | - S 2.43 0.59
S-03 99.88 | 0.12 - S 2.06 0.70
S-04 216 19763 | 0.21 - (g)s 2.31 1.06
S-05 0.27 | 9957 | 0.16 - (g)S 1.93 0.82
S-06 99.78 | 0.22 - S 218 0.69
S-07 99.82 | 0.18 - S 2.17 0.64
S-08 9978 | 022 | - S 2.27 0.64
S-09 9950 | 050 | - S 2.35 0.65
S5-10 0.19 {9967 | 0.14 - (g)s 1.46 0.83
S-11 99.89 | 0.11 - S 2.16 0.67
S-12 52.77 | 46.77 | 0.46 - sG -0.98 1.68
S-14 36.22 | 35.08 | 8.23 | 2047 msG 2.39 4.92
S-15 7.90 | 4764 | 15.09 | 29.36 gmS 4.68 4.57
D-02 0.08 |99.75| 017 | - (g)S 2.29 0.77
D-03 99.90 | 0.10 - S 2.44 0.60
D-04 99.86 | 0.14 - S 2.19 0.62
D-05 99.95 | 0.05 - S 2.22 0.65
D-06 9995 | 0.05 - S 1.97 0.70
D-07 9993 | 007 | - S 2.01 0.69
D-08 99.83 | 0.17 - S 2.34 0.61
D-09 99.95 | 0.05 - S 2.24 0.64
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Band width = 2-10kHz

Received Signal

Sampling Rate = 48kHz Analog DAT Tape
Sampling Interval = 0.02msec

| —

A/D conversion

Resampling per Trace J

Band—pass Filtering [_‘

L

Matched Flitering

Bottom Tracking

Extraction of Bottom Signals u Resampling = 10,000/trace
(20msec)

) Depth Data

A

Normalizing Amplitude
&
Time Arrangement

SVD & K—L Transform J Process with 8 traces

(moving average, dist.=2.5m)

Reflected Signal Components _f Scattered Signal Components J

Estimation of Similarity Index

Fig. 2-20. The flow chart of post signal processing for calculate S.I
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Fig. 2-22. The seafloor image map constructed from side scan sonar

records and grab sample analysis
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Fig. 2-23. The plot of similarity index



by Chirp sonar system

Fig. 2-24. The subbottom profile (Line #7)
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(a) 60 and (b) 560.
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Field Data
1. Velocity Analysis

l

2. NMO Correction
using flat-event velocities

3. DMO Correction

4. Inverse NI\}O Correction
with velocities used in step 2

5. Velocity Analysis

6. NMO Correction
using velocities derived in step 5

7. Stack

8. Migration

Fig. 3-10. DMO processing flowchart (Yilmaz, 1987)
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A HR A (OBS: ocean bottom seismometer)olA 71E2F = @A
A8 5, dFAd g4 zsgE 28 = .54 A da] s
A5 Edolagtoz FAHEBE FL T4 F2 AAC ool BET
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3 B ARE 98 oo dFHI AFEA ol A= S
& AASEAN EHY £E3E 2E 949 S E (coherency)E FEAIT]
= dEeg 7Y Aot o dFdAMEe gFAd @49 JEA A
A}4-5 = spectral balancing W% H]AY A3 A W (nonlinear signal
detection)& T @3] OBSARE S A& FAFA7| A gt

A 24 ¥Adg JzHA dY

(nonlinear signal detection filter)

durx 9l g4y AgA g AYPAA (linear operations) S 7|2 & 8t
H 2 de £33 A8FAH Fo] vy 2850z @Az g4l
E HAME S F2A Fote] FYPHEY oA e ArANE T A
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< 2944 Y A4 €. Kong et al. (1985)2 #AlE (coherency)E slant
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seismic signal detection)® ™ & 3} t}.
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Kong et al. (1985)¢] SSD7} wi-¢- E#H o= o] &d & Yrth

2.1. SSD (Spatial Signal Detection) ¢ %'j

SSD¢] A& slant stackS ©] €3l €Ay 7|Z2GHA A
£ slant lineE& W FAIEE AASE Aotk o] FANA forward H
backward tau-pH o] 87 == o] WEo] H] MYl ditolth o] KA
oA AE3t= FALEE= Taner and Koeher (1969)7F A|AIgE Ao g thEA)
d @45 A5 SEREMA o] &1 gt

g =24, N EFo22 o|Fox dAdRZE xHNE AL
A+ ¢l RE & slant stack (invertible Radon transform)el ¢]3) slowness$
intercept time (p-1)¢ YHoz WHFE £ Yo AzF SHESFY
slowness p= @43 7| F9ANNA EAT slant lined] Aol 33 &
A 71299HE o8 p-1d¥oz WMEs = AL slant stack linesS o
2}

¥(p;1)) = glq’(xk,"ﬁpi Xi) (4-1)
S A Aoz Fydn
AAAAEY FAE BAE BE3 2o prd AR ke 4 3l

& 2
S(p;1) = [ %Q(X’%rﬁpi xk)]
N ,(Z:lq)z(Xk,Tj*'p; xk)

(4-2)

o] fAl=ZkL smoothingdl <8l AAIZ 4 Yt} Taner and Koehler
(1969)= time gateol o3l (4-2)4 9 FAIEE B33t A S AU
o] dFNME 1%L wel @4+ F running averaged ©]&3 L= gated
dol g wgt 3}“4 smooth® FAlEE

S’ (p,'t ) o= W kE;”ZS(p, j* k) (4_3)

24 AR o] FAEE p-tAES} F3A AR FH p-1YA
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w/(pi,.tj) =‘1'(p;,Tj)S'(pi,Tj) (4"4)
< dA Frth S inverse tau-p ¥ 3
d NP
?'(p;T)) d_tH'Z;wl(pi,Tj_pixk) (4-5)

s FYFeEAN AP x-tdHE AL o7 NPE p-t1g FeA
slowness E#o]29] o] HE Hilbert¥ 3§ d4z}o|t} Figd-1& &)
d @A A8 A SSDE H 43 do|t}

e g4 Asddde] F99 gE HE #gol EA48E oHE F
=9 FEL tau-pHEE AT I datel GFL FA I HE F&
o dFE el A dutH oz FFol EASE EFolAES ZEhY
sl old WHe tFAd d4RA8gE ZA FAY JA A
L T4 Aol ol st Ed oAttt dx] k= OBSAFE A
E ARY &4 47E & AUtk " Y Efol2g Zhyo] HEe
AN o] AE] tau-pWZA FFE HAE uF F£ e AEAFY Yol
gasit, o] d7dMe He FSE TRHoE JA 7] 8] spectral
balancing® & °©] &3t

2.2. Spectral Balancing

°] balanced 1tk AHoldt}t Spectral balancinge Wz UAHEEM
(whitening)#} band-pass filteringg T3Fo2ZHN AL F =4 o] Hg
A= @49 2771, 249 band-pass filterd] AMEHL ZtE=tE Ao
ot 7oA o] &3 = spectral balancing'HH-S HElF g AHMEH ¢
A BAARARY AHEH ¥ el HEZ8E A (Tufecic et al,
1981)°]™}. spectral balancingS % 714 #H% Wie 2HEHY Aey
TE TIe ZoX ¢ JlEg Y EAo] B3 24T RaAeA o &4
FE GA JAZRE & Ak J1EH A AdeyFRT S5 Fe ddA)d
A Tt FBFECl AN FFd AHEHAN 2 FLo A% o
F& UL 2AHon BAANL £ ddE Holrk
2HEHS 7)Y #-E o] {3+ balancing®Hi S thS i 2}
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Xk(Z)7F kAo gy Egolrola Yi(Z)7t ©olRY balance® tracez}
¥ 714 2093 balancing Wi e &3 gk

L [l’zf:lx,-(—lzﬂx,-(m] ”

Y(2) = X (2) I 7 (4-6)
718 & AHE3HE (4-1)342
Yi2) = X (2) % (4-7)

7} "k 99 AA3AL Fourier M3-& o] 831 44 3.

A GGl A o] HAFL 2t B Edol2E AYEY HEHIE
Aol A&3mz 4-74L 7eHTd 2HEHY kA prediction error
filter Ax(Z)$} prediction error filter Awe(Z)E o]l 839 oS3 o] 13
F AUk

N
11x:(2)| VN

Yi(Z) = X (2) 5

X 2)] (4-8)

A3H FHEA

1991d  F3e] ELFEANA FFHAFATAS Aot IMG&G
(Institute of Marine Geology and Geophysics)7t #5522 AR @Auxz
g F5¢ v Ytk olw 60 liter £F2] ojojne HYoz A& 270
ZA49 2770 A AAA AA F 550 kme] OBSAEE 53t (Figd-2).
OBSWlel Wgd oldea eo|Zo 7]2d ANIZEL digitizedte] Wy}
Efols XHoE AP 7|5E A5 A2HEHE 1W @A 79
UA7F AFEE 8-10 HztiFell JFH lonz 4 6-12 Hze W9 LH

& FYsto] ZeS AASLA At Figd-3aE ©] BAZAA AN F
& OBS-129 7|29dF d¥Rott. o7loA, @A4s A7t 60 km
range°| 74l AdGEHJ oY F. 54 Ao ©E JAFAHE BAHF] $
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g o]5 A& wEe] W A FHgol FEHUSL E F Uvh =9
A5 Edo|2EdA & MEof FHFL] eSS B F dEd oHE
FHe2 tau-pRBA] FRY RS IS uXA Aot ©w2bA tau-p HE
Aol ol FHAS LS Slol7] Y3 spectral balancingg A€ Fart gl
t}. Fig.4-3b+ spectral balancing® SSDE A3 ¥ AL Fig4d-3a¢ 3o
o A7l M AR B2 AZAR A3 Asd did a¥xge I
< ZRHoR AAHNLY FEASE Fo] QoSS B £

Fig4-42 OBS-4, 6, 12, 13, 19, 293 229 7|&ddo|t}. 7H71L
rangedl A HAZEE 7 B3 YEIUA T A rangedl A =g3EHY
TEo] YEETW ofYzgt FEo FFo] AA M) oz Lol WEL AR
g g U B2 THFASO] SAT EdolaEe] T QoA o)L HA
sHAl Aleld "art glul Figd-5% spectral balancing® SSDEX A& g
Z1Edd oty AYF 7|EUdoA dad AL Zte AZAR B
d i FFo] aRHoR AAHNOW IPALSE AFI ZHHJSE
 F Ut Agd ARAAE AFANGTFRY d4S 9% @49 JA4E
o] 7Z]R o] Yel=t 7oA Pl, P2, 181 P3= Ztzt H3 & ARzt
23 EA A FAEHAL @A Aol PmPe EZ WA wA}
Hol& 7]&olt}. a2la A rangedlA UEltE Pne BIAERL] WE]
A 285 & AET

2]
9

o
=

A438 428

o] AT AAAAAARRY HEF A& &) 71S2Az9 7S
S JAsI AFE BA%s AEAHY 7P FASAD gAY @A
Auste g8 AU AA ARE o .54 A g e w@A
3 Edolatt domm F&o AA LA %k o] AFAME tBFAd
SR ge A A AMEEHE spectral balancing® SSD (spatial signal
detection)E A8t AT ZH HAVUAIAREU Y FL S EHfHe
2 Yol AsH4EE A2AE = duh
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Fig. 4-1. Multichannel seismic data (a) before and (b) after SSD (from Kong et al., 1985).
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Fig. 4-2. Location map of wide-angle seismic profiles. Circles indicate the OBSs that returned
with seismic signals to enable crustal modeling. Bathymetric contour interval is 200
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Fig. 4-3. (a) Part of record section of OBS-12. Arrows indicate noisy traces of resonant
character. (b) The same section as in Fig.4-3a after spectral balancing and SSD
filtering. Note a significant improvement in data quality.
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Fig. 4-4. (a)-(f) Record sections of OBS-4, 6, 12, 13, 19 and 22, respectively.
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Fig. 4-5. (a)-(f) Record sections in Fig.4-4 after spectral balancing and SSD filtering.
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A14d N &

oA B EAle B AHjg 1Yo FHu= Alde] gAF &
vl o] AA AL FF3] oldste] A HHeo] %A HLs = Aol AFY
A& A T8 ¥y o gAY SYoE AgEE £gdrae
aFelY wldR AAstY AMgstEd ol 49 dUXNE FAAIT F
=9 o] He ZIEE FAATZ] Aot olEd EHoz A 9
AR JE AESES NEE] Y8t B ¥ °]-2r-°‘]§i‘:} 53]
FoluEdFxE 7 WA AgHa e ol we3d S9FE HH
3t 71X 5E& 433 JAFeEA Hrh Y& AT fy & @ ] o) & o]
. olzid S€EY W HHE FZ udde], S$9UNE, T, £FEX
Tl Wt 1 SAe] ARdt %%% HER ALEE gde Aol 7HAd

Aol EA7F 4 "= A9 A 7HE L "y Hojmge WS AIEESe
o Safar (1976a, 1976b) 2 Nooteboom (1978) 5-& 7Aool FAE + A=
A XAE AE3eE APAES TR 218 Vaage et al. (1984)2 A A
#E5E T3 AY THeE 7 Yo A wEY AT F¥FH 4A
31X keSS Aoz F9HI vt o). U]'{‘}ﬂzli Laws (1988)= A E4
o] A& W T WA MY FHo HIIE FHFE v Y. A
Strandenes et al. (1992)2 Foluide A NZHAS A3 3t 7|XE F9)
o2 F3% A3 gygo] HAEE FUdH o, Strandenes and Vaage
(1992)= A EL FAHseta FAZ AL FAFS 71¥ JZ 9 v, 7%
F71 59 FL& JAAEH A HEHRY #AE B2 AFES T HEA u
AT

2 cidAe £rdsd 33E g9 S48 249 HEd g &
P AEE Tt T W HE Fo| AA dF XAA 5E AEE 9
|3t 7 FAEAUF vt 1 A ougd ¢S UEYEA
Aoz 1 EAg A AAPS FAs FEA H LA
ok E 2y AFEES T @FRA B0 €A &9 A HIJAEA
AHH S}E & dEFoEA, BA &S ¥4 429 AEE FSItax &
t}.

N
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A 243 o&
2.1 S59 WA 2 H Q%

4w ol H mol 94X 4 wdelA 8, o 3 73 ez A
95= &3 Mikavica et al. (1992)¢] vl o]&& &83t BEE 4 3
=), ZAsst AFAAA 1=2H cos(e)/c FFAoz A Add
dialobe] A TE £ 9 9" g4z 8 S Ao (F85, 199%). F 9
HE AL0,0)F

Aw(8,0) =A4(8,0)+A(0,9)

=[Fs(8,9)+Fg(n-00)e ° 184+ (5-1)

-j2Hcos8

[F,(8,9)-F,(n-8,0)e ° g

o)1, 7)1 A Foul6,0)=fue(6,9)F (8,0}, Fou(n-8,0)=fuy(8,0)F(n-8,9}, CE FFT&
g £%9 1500 m/sece]lth. o] €9 ¥ HHE& Al 49 (time domain)
qx AZLoz FAHW F34 49 (frequency domain) 1A E A&7 A
I AZoz gAY

22. A5¥YE WS

1993 19 Y22 Drake Passaged|A] &% @3¢ &AE %6 Ad @4
o #Au) 2 o]43d A nF BE AN AFAE 1FEY] A AR
98 222 H=3Yd. A8 29 A= Elephant 4 54 W3 King
Georged B2 wgoz 7o & Ao AXNTF AHA F5& AET
24 7 w3} 229} Western AtlasAtol Al AFE 2o Hgo = A2 8 7
A85E AHEE AT
Fig5-1¢] 7}%7 ZAE %3 246 (9 AEL wE=sdq 7 7 FL 4
AN walsle 7123 Aoz Pl Ax P2 A, P1 % P3 A, P3 A# S3
A58 7 7z 2 A 233 A2E NEFAY 4 A7 2 10 2
A 7128909, 3 FIE st 2 FPYE 10 3 HEI}FAC.
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| 51—"3'—% EA487] 913 A 2= Mikavica et al. (1992)¢] vjEo| &4
£ o83t ¥ EE FIHen dFH Al 4% 4 6-1)& A&
sttt ol ;—‘4%%‘_ gy & 2783 @40 AN G Wdd 150 g
B 154HzE AHEETh AE Al Algd 4 4EY HFA
(weighting)® 33 2% £ #dqd oz F A5 IEQ Pa
(peak-to-trough amplitude of primary)2 A}7]7} ®&8A] et WEHA
gt A S R we 5 A5 F Pa @& (7305, 1996)S AHE-3}
At Fig5-29 Fig5-4& FoiE# FujE€S 0 ~ -10dB7HA vEd 3
2t R EXxxo|th o] o 2o] fo]st=E 6(0-1800), #(0-2700) F
25 A3 A T

24. Wid 4 w2 Y Jd

YA AE gge vl g8 B dFs vu
2 g QYA £4E& Jedls £ 2ol HAvE o

A7t JFH WEe] F& oAU W dHHe EAWIE B

%l‘rﬂi Ao AA=Ho e A wdolA A Fd w2} wjd

o 154 Hzol A ¥ Ze wals velga ok A4 F37} 246

Lo BYF ¥HE 23 e Foludy P13 P2 a8lxn P P3 AS

¥Aol Z+ 7+ (a) 046 m, (b) 244 m, (c) 29 mQ A$S 4

Rt 1 A9 Avtyoz A HFe) wE ye e & WHztes gle

U A Fe] NAgsrE WEo] Holx Fa39 FHx (primary strength)

l

=
E=1

7b Al E Wt S Fo] 94 E W Eo] Fol FANFY FETL F7HE
£ A%E JYeldz &= Dragoset (1984)= A wid HFo] 7Me+E
FA5Y Zx7t ZaduE FEFG A2 F 2EHD ok A BFH o] Bl
A 7b7hE Pl2¢t P23 A Atol9] ZAf-dAxe WEeo]l ZA ®¥IA ot A
+Zo] 29 mel P13 A A}oloﬂﬂt BA3] Folxv ¢S Uedth o
g ol dE F o A AEe wzE Fsr] st A BFH
A HE ol8& o8& Y A¥ ZAH#E Figh-3ol EAEAT.

FS AHE 2¥Ys HAE 246 ¢ Folud A9 UEFL e
AL 246 270 1 m HFoz dASA ¥ g YEFL vedn, A
rZ0] 243 m 7tAE WEFY WMt gloyg o ojFdAE FA3 ForAl
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FAS Jeba 9tk Fig5-4% Zujdol &) Figs5-2¢) AE&& 4 2
nR7A 2 A Ry7t 246 22 P13} S1, P29k S2 11 JAHT P3
7 S3 5 4 /| A& P129F S12, P23% S23, P137 S13 5& XFraA &4
R 2 A A Folujdd ZFud e FEE 1 FI BFHANAE H
Z W3yl dxstn ASS YEd I Aok mEkA J1 e o3 g¥}ETG F
Az ZEgE 3y A 718 A BEE HEste Fo| UFo| Fu
Y3 4FE& L F U

Norfr
_g

25 439 34

Axeld L A Fo] FIUY ) SA3 A, A W 4A
A BdHez A AL FRUE srlE ¥bsdch med dddes
A 4ol FAF £ 3k A 14 Deol BE BE AT £,
N EZQ AP o2 Safar (1976b)7F +8 2

D.=62V% (p,/pP,)? (5-2)

¢} Nooteboom (1978)¢] 7 34

D.=51VY" (p,/P,)Y3 (5-3)

°l Atk 4714 V, Pi, Po, Dre 2 2+ A W , A WF 4, A 9
T 4E (), A WF FFE X8 A 6- 2)9Jr (5 -3 o) g3t A
*}°l«1 Ay el FAE F e AE T ¥ YPE AAE E
Ede] A& Eﬁ’é} 2 7% Ds &S 1 53 ¥= Table 5-1°1 Wehi

. Z+ A9 HF A Rex Avogadro?l o]A 7|Ald] #F & Wysy
T3
3VP;T,\"*
R, = ( 4nPoT,-) (5-4)
g o]

g3t FEATE A71A V, Po, Pi, To, Tiv & 2+ A 73, A o
E % A R 4Y, £, 4 UR 258 F¥U A= ojRE=
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F A Apele] 4 Dgeot F 19 HT HY wF w5 HE A 37 m
9246 ¢ A2 N2 FAH U FolHMEdE AT AFE AEY F
¥, 65~85 Alol9] & T (H719, 1993b). o= 4 (5-2) R (6-3)<
olg3td T MY el FAE F U HA AL HFY Y H
Ds/Re7t 2+ 2zt 10.23% 9.35¢ A& =¥ o, AF HAHe ol A8t
& dAdY UdS& ¢ F Uk 28y A 3F 046 me 246 ¢ A 2
N2 FAEH de FolMids AT FEe AES AF T4l a9
Ax && A fAASL U 2 A FFHE s UgE Aoz @
gtk olg g &3 A wide Agd FLA FAE IAFE HAE
o2 FASHA, FAle] A FHHo mE 7|E F7]9 Fo]FE o] & VX
AEZE JAFES 3AH YsE ¢ & ok

3
d

26. 34 &4 14

Fig5-5& &= Drake PassagedlAl A o] 65 m, A H¥ &= 118
MPa oA 246 ¢ Zo] APHHL dojd o <ALF A4y A5E 53
Feow AT WFE Table 5-20 F3t3Ath ©] AL Fig5-19 Pl Ad#
P2 7, P1 A3 P3 A, P3 A3 S3 A& A 2ug solH, o] w A
AL Z+ Z 046, 290 7.0 moltk. AAHoE A HFHo| FrFFE FA
3 AEQ Par wt F71sh, A HFHo] 046 mel Foluld A9 Pagte
Strandenes and Vaage (1992)¢] #&x¢} vy & YA (A9,
1993b). A Aol FEFE X AUAJL AsA Frlske AL
Fig5-59 AAAHQ FANHE & & Utk 53] 246 £ AE°] A HFHA
wal MEIME doylx Gu FAZ MAFo] FrtHo] WEo] Fold o
T3k o] &3te] Safar (1976b)E 3.126 mo]® Nooteboom (1978)2 2.857 mZE
g o] &9 o3& T3 243 met ¥]ZL3E Nooteboom (1978)¢] o] © &
AeA Aok debA Fighs-5914 A +40°] 29 m °]3t¥ =  Pl, P2&
AYDAEAE dodle 22 H9 U glo FAs 1E Fri7h v ekeg A
Aol 7T milAE 23 F7iete ¥4E veddt 8 P3¢ S3= &)
del &3y dYdFLE H2E P g LM e FH] & Fo
WEe] &atA B B 4T A gtel ZA vehvded, ol A
AN 717 wiEsE = WEH do] FA A AA=E & o7 8AE
7 A F8 9ol E Aoz AZEd. £¥yEde ¥ W&+t 360°
g8 u 2 WA (directivity)o] tF& dlojAl Hlsle] wl$ 53 A A

:.L mlm

=2

s

Pa
vx_].}b

A9
7

o T o

__a
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%9 7 wgor dFPd e +F5& e A2 BRad v Yo
(Harrison and Giacoma, 1984). Z18{y 71X 9] &5°] A diAF WIo=2E
AdHoz mestnz, 2535 Fuldy A9 Zol A dqHFo] FAS
AR FHo2 ¥4 g de oA SAHE 727 FEE SuEd e
& o mAE Aol & wrde, A dAS 4 fX3E oE &
e Ao mAE Y EFde AdAHeE A "o g A A 50
YA Mol ¥ P3 AF S3 A ALE @A FAH W¥goz ¥ FUE
zlde ZAeRY o Y &3V HA HH, Pa gto] AdHeR A Y
ElvA "o

A3d g 54 24

3.1. Wjd &5

Fol R do] ujdaA 59 HFHo| ALY W &0 Hurt HeE A F,
W Eo] FI power’t AAe= FZHL AL=M2E2 FAHT (Johnson and
Dudgeon, 1993) wWid # A Zolo & &&o| 7} & FisFs 44
1630Hz¢} 69Hz oW ot} (35, 1996). oluf Zeo] wjdoA o] 23tE &
o dg Hd FE Fas HAE IF A} Fus fo] d;N F4FH
0.92-21.64m, 352-1630Hzel %3t= F Y FFHsolrt

Zajd A WY Pl FHFEE ¢3¢ EAE VA EHYE E9E
AL M2 olF Hojof &} (A7), 1994). wzghA 2FEs FE % 8
9 Fuld E0] TmeZ HiE ARE de AA &, £l YA e
Al el Far7t 108 Hz W gho] Hojof dirh. dwtxoz Zujdela wid
Aol Fuld 3L ZA AHEEY (Parkes and Hatton, 1986). wehA &
A wiEdel7t 1082 m, FMETE°] Tm & BAF A8 5 A= 7@
THld AE AFERY 382m ¢ HA ALgHooF & Aoz AT, o
AL Fuld T V2 AFAA &3 Fx=7F FU7E H9 MRA (main
response axis)7} @A G ol Ry W 2go <3 F W AL IFAs)
7] W&olt}.
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3.2. $ovid 54

FollEL AZ o7t Oool™ FRAHQ dFe] 7ZIEAHCSZ in-line (6
=900, ¢=00) HHoZ FAHHT (Figs-1 &%) J &8 7IFXNE I 2
% EX¥X=EH A3 (normalization) A7l FXol AFPH Folujdd
Fig5-2¢lA W% 179508 HA A= @Ad Al dad F2 4
Zo] AHAN = vt wepA WFo] Aty oz uf Yol WdAHe §
#7F ZA 7Y HA = &&=

33, Zujd =4

ditxy oz ZujE A/ WYL 712 2 A2 Zolrl & Zoz AA
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Table 5-1. Equilibrium radii and minimum separation distances for

linear interaction of sleeve-guns on the R/V Onnuri.

Safar’'s Ds

Nooteboom’s Ds

v Re Dg —
D,/R.,  (Ds/Re=10.23)  (Ds/Re=9.35)
(£) (m) (m)
(m) (m)

0.16 0.124 1.267 1.158
0.92 6.57

0.33 0.156 1.597 1.460
1.22 6.91

0.66  0.197 2.012 1.839
1.52 7.00

1.15  0.237 2.424 2.216
2.13 8.45

1.64  0.267 2.730 2.496
2.13 7.43

2.46  0.306 3.126 2.857
2.4 7.97

2.46  0.306 3.126 2.857
0.46 1.50

2.46 _ 0.306 3.126 2. 857
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Table 5-2. Acquisition parameters employed for the far-field
signature test.

Description Antarctic survey (1993)
Location Drake Passage
Survey vessel R/V Onnuri (1442 ton)

Recording Instrument | SN358/DMX

Recording Polarity SEG Normal

Digital Tape Format SEG-D 8015, 6250 BPI

Record Length 10 sec

Sampling Interval 2 msec

Energy Source 22.61 1 (1380 in®) tuned sleeve-gun array

operating at 13.3 MPa (1929 psi) and 11.
MPa (1711 psi)

Gun Number 16
Shot Delay 50 msec
Source Depth 6.5 m
Streamer Length 2400 m
Number of Groups 96
Group Interval 25 m
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Fig. 5-1. Configuration of the source array on the R/V Onnuri. The array is composed of two
identical sub-arrays, each with 3 x 150 in® sleeve-guns.
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Fig. 5-2. Three-dimensional radiation pattern with distance for the cluster array comprising

two 246 £ guns.
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Fig. 5-3. Beamwidth for the cluster array with distance at 154 Hz (dotted line). The heavy
solid line indicates the gun distance of 0.46, 2.44 and 2.9m.
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Fig. 5-4. Three-dimensional radiation pattern with distance for the wide array comprising

four 2.46 ¢ guns with distance at 154 Hz.
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Fig. 5-5. Descriptive parameters with distance for the cluster comprising two 246 £ guns
with distance at 154 Hz.
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Fig.5-6. An idealized sleeve-gun signature. The symbols used in the figure are as follows :
V¥  (gun volume”®, P. (peak-to~trough amplitude of primary), Ts
(primary-to-bubble period), Pp (peak-to-trough amplitude of bubble), Pax (2nd
peak-to-trough amplitude of bubble), T; (peak-to-trough Time), P/B
(primary-to-bubble ratio), Pa (zero-to trough pulse amplitude), -Ps (negative
zero-to trough pulse amplitude), Pws (zero-to trough amplitude of bubble), —Pw
(negative zero-to trough amplitude of bubble), Pzxa (2nd zero-to trough amplitude
of bubble), -Paa (2nd negative zero-to trough amplitude of bubble).
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Fig. 5-7. Variations in (a) V*® (gun volume"), (b) Ps (zero-to trough pulse amplitude), (c)
-Ps (negative zero-to trough pulse amplitude), (d) Py (peak-to-trough amplitude of
bubble) as functons of gun volume. The solid and heavy solid lines represent the
theoretical lines and least-square fits, respectively.
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Fig. 5-8. Variations in (e) -Ppa (negative zero-to trough amplitude of bubble), (f) Pma (2nd
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amplitude of bubble), (h) Paa (3rd zero-to trough amplitude of bubble) as functons
of gun volume. The solid and heavy solid lines represent the theoretical lines and
least~-square fits, respectively.
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