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Geoacoustic Modeling for Analysis of Attenuation Characteristics
using Chirp Acoustic Profiling data

Jae-Kyeong Chang and Sung-Jin Yang
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Abstract : We introduce a new acoustic parameter for the classification of seafloor sediments from chirp sonar acoustic
profiling data. The acoustic parameter is defined as a derivative of the unwrapped phase of the Fourer transform of
acoustic profiling data. Consequently, it represents the characteristics of attenuation by dissipative dispersion in sediments.
And we estimated acoustic properties by geoacoustic modeling using Chirp data obtained from the different sedimentary
facies. Our classification results, when compared with the results of analysis of sampled sediments, show that the acoustic
parameter discriminates sedimentary facies and bottom hardness. Thus the method in this paper is expected to be an

effective means of geoacoustic modeling of the seafloor.
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Fig. 1. A schematic configuration of Chirp sonar system (model:
DataSonics CAP6000W).
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Fig. 2. Processing sequence in Chirp sonar system. (a) a typical
return signal from sea bottom, (b) matched filtered return signal
shown in the rectangle in (a), (c) envelope of matched filtered signal
in (b).
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Fig. 3. Map showing the synthesized seafloor image, Grab/Diving sampling positions, and acoustic data acquisition positions offshore
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Table 1. The result of bottom sediment analysis (S=Grab sample,
D=diving Sample), (3=5-21, 1995)

Sample Sediment texture (%) T Mean Standard
no. Gra. Sand  Silt  Clay P (@) deviation
S-01 99.94  0.06 - N 212 064
S-02 9992  0.08 - S 243 0.59
S-03 9988  0.12 - S 206 070
S04 216 9763 021 ; ©S 231 106
S-05 027 9957 0.16 - @S 193 082
S-06 99.78 022 - S 2.18 0.69
S-07 99.82  0.18 - S 217 0.64
S-08 99.78 022 - S 227 0.64
S-09 99.50  0.50 - S 2.35 0.65
S-10 019 9967 0.4 . @S 146 083
S-11 99.89  0.11 - S 2.16 0.67
S-12 5277 4677 046 - sG <098 168

S-14 362 3508 823 2047 msG 239 492
S-15 790 4764 1509 2936 gmS  4.68 4.57

D-05 9995  0.05 - S 222 0.65
D-06 9995 005 - S 1.97 0.70
D07 9993 007 - S 2.01 0.69
D-08 99.83 017 - S 234 0.61
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Fig. 4. Processing sequence for extracting an attenuated signal for
geoacoustic modeling. (a) ten-consecutive bottom reflected signal,
(b) after band-pass and matched filtering, (c) after time alignment
for K-L transform, (d) the reflected signal component after K-L
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206 x]-x]] 7(:;1 . ool—_g_x]

Conelated RK-2 CON MSD FS1 ‘
Chirp Wavelet - g 1 3 1 1 1
% 1 (a) § uwmw/m]\/\/v\/vwm/m () % OVWVWM/\WV\/W\/\/\/M (a) E O—M\V\{U\M (a) % OM/\/VU\/W
@ ? °] g -1 § -1 i 14 § A
§ A ° 10 1" 2 9 10 11 12 9 10 1 12
3 10 ki) 2 | Time (’"“" Time (msec) X Time (msec) Time (msac)
Time (mees) é 19 g 19 g 10 é 10
g 10 ®) % (b) ‘§05 () Fos (b} E“-ﬁ
® g o0 00 foo £ 00l
Soo 109 104 e -
s g D..=0338 g DJ.=0295 D1.20.313 g D1.=0210
% D1.=0.15 © £°% © §o © #9057 (© £°%
g !
0.0 [i 2 4 H ] 10 2 ] 8 8 10 x
2 4 L] 1] 10 2 4 L] B8 10
i T+ & 5w Froasency (éte) Froquency &) Frequency (k) Froquoncy ()
Frequency (kHz)
RK-1 - RK-3 voc GsD Fs2
; . 3 . ' é 1 % 1
i
@ g o NMW/\/WWWWM (@ 5; o W @ E NM,\AN\/U\W (a) § [ f/ww (@ Mww\f\ Wnanamnnn
i -1 g i e -t € - & v
R 3 ) ™ Py s ) 11 Py 9 o Rl 2 [ 10 14 12
Time (msec) Time (msec) Time (msec) Time (msec} Time (maec)
%0 g0 P § 10 é 10 ) é 10
[ £ &
® % () Fos \// ® o ® Eo.s \//\ ® gu.s \/
£ 00 § o0 § 00 £ o0 [
X 1.0 10 0 10
g 1 DL =0.420 | D1 %0260 H D1 = 0.301 § D1 =0222 é DL =021
© §°° © F°° © £°° (0 £°° (© $°°
§c.o- J b NN J— %o-om ébﬂm ioom ioo I‘N v \ v“

2 4 & g 10 2 4 a 8 © 2 4 LI ] 2 4 [ [ 10 2 H [ a 10
Frequency (kHz)} Frequency (kHz) * Fraquency {d42) Frequency (kiHz) Frequency (kHz)

Fig. 5. Processing sequence for computing acoustic parameter. (a) an attenuated signal for geoacoustic modeling, (b) unwrapped phase
spectrum, (c) the derivative of (b) and the estimated dispersion index.
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