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Attribute of chirp signal response for a shallow
subbottom sedimentary structure analysis

Chaehyeon Lim

Department of Energy and Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

A subbottom layer is composed of different types of sediments or the
exposed rock, etc. It represents the different physical properties, depending on
facies. Its physical properties and geological characteristic may be useful in
the interpretation of geophysical data. Chirp SBP has been widely used to
study a subbottom layer classification based on acoustic characteristics
analysis. Generally, Chirp SBP provide the seismic data of the envelope type
without polarity and phase information. Therefore, Envelope signal is limited
to expressing subbottom sediments that represent the various physical
properties because it ignores polarity and phase information. In this study, we
analyzed attribute results of chirp signal response for a shallow subbottom
sedimentary structure. We generated a FM pulse according to the frequency
bandwidth, the sampling interval, the window function and composed numerical
model using P-wave velocity, density, attenuation coefficient, thickness of

transitional layer and roughness standard deviation. We conducted Chirp SBP

- viii -
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modeling and derived a chirp raw data. We conducted attributes analysis using
a chirp signal response obtained after a matched filter process on the
acquired chirp raw data. We confirmed the envelope signal of the
corresponding layer and lower layer don’ t appear for the coarse sediment,
subbottom gas, transitional layer. But, when various attribute methods such as
instantaneous frequency and bandwidth were applied to the chirp signal
response, the corresponding layer and lower layer could be confirmed. In the
field survey, it is considered that the subbottom sediment structure should be
analyzed by comparing the results of applying attribute methods such as the
instantaneous frequency and bandwidth to the chirp signal response in the
area where the corresponding layer and lower layer of envelope signal don’ t

appear.

KEY WORDS: Chirp SBP modeling Chirp SBP =X =4l #; Attribute A9} A4 24,

Sub-bottom profiling & H 2] Z&A}; Shallow subbottom sedimentary & ¥ &=,

_iX_
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Chirp SBP sFX]| =@ oA = Chirp SBPY F4 Avle tigh 52 ¢&A

Sea water Chirp SBP

—— Layer 1

<. D

Sea bottom

—1 Layer ¢

) A — Layer i+1
%

- Layer i+2

— Layer i+3

— Layer m

v

Fig. 1 A schematic of acquiring data from a subbottom layer using Chirp
SBP(Rakotonarivo, et al., 2011)
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Fig. 2+ F94 Wz E
19] v EE AHEYES W £ FH4E BYFE.

Table 1 Parameters for generating Fig. 2

(b)

Sampling Weighting
Parameters | Frequency band | pulse length
frequency factor
Value 2-7 kHz 10 ms 70 kHz 1
7_
6,
N
s
oy
5
4
o
[T
3/
% T RO 5 i I8¢ 9 10
Time (ms)
(@)
1 |
__ 05
i
()
(T
-0.5-
o 1 2 4 5 6 7 8 9 10
Time (ms)

Fig. 2 (a) The instantaneous frequency using parameters of Table 1, (b)

FM pulse with the characteristics of (a)
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Fig. 3 10 Hz sine wave in (a) integer and (b) decimal period
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Fig. 4 Power spectral density of 10 Hz sine wave in (a) integer and (b)
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Table 2 The formula of window function

Type Formula
Rectangular wln)=1
Hann w(n)=0.5(1— cos( 2mn )
N—1
Hamming w(n) =0.54— 0.46¢0s( 2mn )
N—1
1 2n (N—1)
= — o
2[1+cos(7T( S (N=1) 1)) 0<n 5
Tukey o(N—1) g
= — L op<=(N-1)(1-=
(0 =0.5) win) =11 2 n<(V-1){1-5)
Lt costr(—te = 24 1)) (V=11 —Z) < n < (V1)
2 o(N=1) o 2
2m™ 41 67N
Black -Harri =0. —0. . —Uu.
ackman-Harris w(n) =0.35875—0.48829cos ( N_1 ) +0.1412cos( N—l) 0.01168cos N—1>
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Fig. 5 Continued.

A HAS w2 Jydx i}o]ilﬂra :q%
A B2 S FxE dofstr] fal 2R
dBo]tHSchock, et al., 1989). watA E = 5
el =% g T F EH SO VM ¥ F EH Fo] JMH F&

T -
Blackman-Harris 9 =$%& XA 3530}

22 8% 2 AR HAZe| BE YW~ WS

221 &% A3

23 Ay} F<(acoustic transfer function)ol W& Ay k& =317 93+
7ML te 2o 9A4, 37 FEAYAE Ao o Syt 5—?37} o™ P
go| A SutE o] A3kE(conversion rate)o] Br] W&o A EHAFS FF U

oI $FA7E ol ol AR ARL2A Soholl T B e s

7] E(Hv_roﬂ(Langh & LeGac, 2004) 3} #] EP“Z/] TzxE= 25 g@Iysica 714
sttt Al HAlE Chirp SBP &AM F BEAH o= st HAE HAZA S
Z¥A 7y EA 2 2 29 dad A xpolrt vy w) i o (Bowels, 1997; Hamilton,
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1972) A HAHZF lﬂoﬂ o3 HhAbgbE FAISEE T vRR|9te 2 Chirp SBPE)
9 YA T EWBTALY BAF HH ] Zo] Y| o] 53t Ha=
T4 FFE Bw= Ao =2 7HA S tHRakotonarivo, et al., 2011).

=

rlr r

o 7Hgo=RE g H A FASTA wWE % Ai e okl 4
(@2} 2HBrekhovskikh & Lysanov, 1991; Panda, et al., 1994).

—Jjwn n—1 —Jjuwr i

- e e

p(w) =pDjl——V;+ X5 ( viIl & 1, .7, ) @
1Ty i=2 GT; m=2

A A HAHEAA ] PR FAQE JEITL o WA A HHF
Pot SEMSE EIT cri TREAS GEE ASolth Vi idA )
A BAFe WAASE JHUL ne 52 ZTTD A4 HHF 5

z?

2 (Dol vehvhs JE2 B 2 @) £F g e o Fed W
< B8 Uehd oz 2 G) 2ol Yed F U

1t
= %/ p(w)e’dw 5
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A S 22 odA Zufoll ofs) BAHE Edolth. 1Yl FEELLS H
Hzol =94 443 21 AL 7AW sFH=E A o8t (Hamilton

1972; Stoll, 1977, A &% 5, 1990).

<37 HAE WellA dud o SEFRAFLLS ok A 6% (N2 &4
& & 913l Table 3o i 29| setnlelE A 2]t thJacobson, 1987; “&A)
7, 1999).

T Ti—1

—qo; (w)ci :
H (w)=¢e 2 ©
In (20)
, — . (7
o; (w) 10 (w/27r)k:p’Z

Table 3 Parameters required for equation (6), (7)

Parameter Description
The coefficient of attenuation by the acoustic attenuation to
Q;
layer i(Np/m)
) The coefficient of effective attenuation by absorption,
P reflection, scattering, etc(dB/kHz-m)
w Angular frequency

g
Ho
‘:o{n
0
e
X
T
rr

N

=l

o] W, AT wjZo ﬂJo}‘ﬂ e R
ol WmE HETolBE 1 TAFE DHATE F7HsHA " okAttwell
& Ramana, 1966; &A17, 1999).

Fukrol AT ARAAAE oAy stAsdd Y8 ol8F RdE AAH
A tHMavko & Nur, 1979; O’ Connell & Budiansky, 1977, Walsh, 1966). 1 %
Biot(1956) ®=d-g 7]z =23+ Biot-Stoll =2 (Stoll & Bryan, 1970)3} A & Aol
A 249 A8ES HIsled 43 Hamilton (1972)9 Axprt HZ7kA Zo)
AREE L AT

Stoll 197N& AHA HA=3 =HE HA=AA Fao o ZHAs

|t
it
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HE 2 8)3 o] veld 4= Qlal Table 40 slg 4¢] delvelE AHls9
th(Rakotonarivo, et al., 2011).

M—1i —JwTy, k
€ ) /
H = —V H> T T
Z(w) kzi( T (),k;};[2 m +0m—1 O,mfl) (8)
(m=M—1)

Table 4 Parameters required for equation (8)

Parameter Description
The reflection and transmission coefficients defined by the
Vo Lok

Snell-Descartes law for a smooth interface
The thickness of a transitional layer in terms of one-way

traveltime(r, =7, — ;)

(Ainslie, 2005).

B =fA= Chirp SBP FAREH S 53 & cmFH F4 cn7tA] EdL

1=
A=
A F T Wsle] @& chirp ¥H8 A5 E UERE 5 AU
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2.2.4 npg &4

2.2.28°0A A |
o O T nkE E4E HAEY AT dAEHE QALY HEH o
A dojyr 2 2y 2 2y AES 2 F YA HAEANA YErdT
(Hamilton, 1972; Stoll, 1977; A3tz S -
(scattering)s ¥oA & 4 E FLAZIEH o] o] AEA ST 2 A

S7h e W Aok

Chirp SBP7} 41719k 31717} stz FA45o i 2 dAte] FH=E
AE7F F - FARETE HS aHHE o 7FSAQE Eajo)

g Ak FAAQ BES F5E & Q7] wEo B =wolAe Chirp SBP
I H

e

[e]
Amdge TAHol X B g ye T ASGT

Kirchhoff 7}8(1,/A > Dol wat FAJYAR 97t Aotd of whAA =

21 (9), 10)3} 711 Table 5ol |5 219 I2trHE A8 stsd thHEckart, 1953).
~% )

V.= T,e ?
Qj{;j = 2k,0; (10)

Table 5 Parameters required for equation (9), (10)

Parameter Description
o; The roughness standard deviation
k; The wave number
O The Rayleigh parameter
— 19 —
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g, Rakotonarivo, et al. (20112 A@& T3l AX A HA wrALA S
Hsl AEATE A SFEA Fe S dFsd 2439 4945 T8 =9
of Aute v £do FFLERE FAL F AATH AAFE viE £

A
of 23 oF - 10 dBo] £AHong FAY
B =FdA= AFAFe 4% Snell-Descartes©]

e vk el 9P FASHA,

ol

2.3 ZdE #A

A= Chirp SBP A139] Agx g+ $4F Hlo] B & Abo] ~(vibroseis) 4] 2~€l
o] A} FAstt &, HEH F A5AA Fes AAAZI L #4 A
s FZAF)7) 98] % - $A19 Chirp SBP. 2155 o] &3] HgIE AAHS
SR Ha B e OWLQI 2 (1D} 2 tHGutowski, et al., 2002; Schock,

v, (t) = y;(t) X e(t—=7) (1D

714, ,(t)& Chirp SBPl ojs) S48 Auold AL #AS AR 2
22 Yeha e(t—7)& Chirp SBP &9 #7]4#Hautocorrelation) A& =
UEeRA T

Ay HF& FYSA HH B2 dolrt ofd Y Fo) me IEFEE
FAANZLCEZN FAE WAL A SoA S48 9 Ase daAdol e /e
S A HI A FHAHF wAE AEEe SEA Bu. x3, 24 29F
T Mx AsE ?J%—HO% %(rmging) ARE AARAZE F deH, bF
HhAb(multiple) & AAE 4 derw HFZHow Ay FeHrt FEE <
HEA Q1 Bhdul A5 o] Ejr) LE} Quinn, et al., 1997b; Yilmaz, 2001).

Fig. 6 Chirp SBP X 2d &S =3 chirp ¥ A5E AHA37] Y3 &

n]m

=2 Jehd agolth 181 Fig 82 Table 69 Tetn]E S A-83to] Fig.
62 5= wet 2+ FAHES s =AIE Aotk Fig. 7oA A=
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£48 A T Fig. 8(a)+= Blackman-Harris ¢

=< =
=98 #§% Fus Wz Pl Chip SBP AR L L T A5
2~ u

Hzx H25 o]&3to Fig 8@l BF¥ITH AAHES A& A<l chirp vh

255 Yepd Ao Fig. 8@olA ZA E5% chirp 94 A87F 4EH

A B Zol WhALE Aanh B2 Ae & 4 ok Fig. 8(0)& Fig. 8h)<f <l

gy Fg 2 Jepd AS 2 Fig. 8ot gl 4 FAHL=2T YEelA FH

o] sjAol Bolates: HIH+ AS AL & Aok 18 Fig. 8olA w3t
weF T

2
N AAe 7 Fe Zolsh Pot £50) mE PP

Table 6 Parameters for generating Fig. 8

Sampling Weighting
Parameter | Frequency band | pulse length
frequency factor
Value 2-10 kHz 10 ms 65 kHz 1
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h fii:lmgroOfert Setting of survey
28 PIOPERty parameter

in each layer

[ FM pulse }
Acoustic transfer
function
Window function

® :

Windowed FM
pulse

Matched filter
[Chirp raw signal}

@)4—[ Autocorrelation ‘]

\ 4

Chirp signal .
[ response ’ Envelope ‘J @Convolu’uon

Fig. 6 Flowchart of Chirp SBP modeling
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16 - Sea water 18/ —— Sea water 16} ~— Sea water I
— Sandy sift = Sandy silt | = Sandy silt

18+ ~— Indurated mud 18+ == |ndurated mud 18} —— Ind|.|rated mud
_ — Chalk —_— — Chalk g | —Chalk |
E 20! E 20 e = 20}
£ £ 2
[=% o @ 27:

227 @ 2720 |
8 ' O O

! 4+
24 24
! 26
264 26 i 105
(@) (b) ©
-0.1 —ﬂ.PE 0 D.!]E D.I'I -0.1 -EI.!JE 0 D.PE IZJ.I'I -0.1 —U.!}ﬁ 0 0.1]5 0;1
187 = Sea water 16r : == Spa water | 16 | == Sea water
= Sandy silt = Sandy silt | = Sandy silt

18+ i — Indurated mud 18+ : —== Indurated mud I 181 : | = Indurated mud |
E =Chalk -g =—=Chalk E = Chalk
E 20 E a0 E 20
R il R
© 22 o @ 2.
] (] o

24 24 24

26" 26 25l

(d) (e) (®)

Fig. 7 A schematic of model composed of sea water, sandy silt, indurated mud and chalk in four horizontal layers :
(a) P-wave velocity, (b) density, (c) impedance, (d) attenuation coefficient, (e) thickness of transitional layer, (f)

roughness standard derivation
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1

Relative amplitude

©
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TWT(ms)
(a)
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2
g
® 0 U0
[}
2
%_ : - = 1 =i ] | =S i - J
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TWT(ms)
(b)
5
2
=
£
@ 0.5
Qo
% Il L 1} | f\ | ] 1 J
@ % 22 24 26 28 30 32 34 36 38 40
TWT(ms)

Fig. 8 Results of model composed of sea water, sandy silt, indurated mud

and chalk in four horizontal layers : (a) chirp raw signal, (b) chirp signal

response, (c) envelope of (b), red line : TWT with geometrical form
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A 3 A AAHH mde] BE FANEPUY

Byl Bl AEXEE B Aag ZLHE gA4AZ T A@E 2
SAE 712% Mol PR ol I AfF F Ut T FHTFERE
A 3 8ld ARl Wik Ad E40] o] FoyAA Hew, o] W @89 £
484, AVO T Odgt B47IWel ALdEd. &4 S EA(seismic
attribute)2 &3 oA Seo] AHF i A W o] tH(Chopra

= A A W& WA (bright spo)e] AddACd o 3

2 Azrstglen 1970dth 2vt 22 g ool o8 AW=x=, +3t

A
Ay
o2t
|
X
)

3}
T, 94 2 F3 S=(nterval velocity) & E#o]2 HA FA4 o] AZEG S
™, 1980 dtholl= X8 HazHoldol NEHAA T £424 YHE
o] 7hut=7] A2+ tH(Chopra & Marfurt, 2005).

S v WA R 2 RE A4S e A-DARE dotstr] fsiM e &4
o JAE3 94, Fya i 240 dasit o3 b £4 @2 g4
A2HE AHAARE 95T F dv B #S gulstes Aoz B =3
A= Chirp SBP A RdE S T3] €& chirp ¥-§ Azl it SAE4

PHE BT I G SEFORM JY HATEE BYsuA sk
311 g2

BT B Egolak 4 (129 o] AYuUd 4 1 Table 79 3 2
o dev el E At th(Taner, et al., 1979).
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F(t)=f(t) +ig(t) = A(t)e?" (12)

Table 7 Parameters required for equation (12)

Parameter Description
F(t) Complex trace
F(t) Seismic trace(real number of complex trace)
Hilbert’ s transform of f(t)(imaginary number of complex
g(t) trace)
A(t) Envelope
0(t) Instantaneous phase

duleme AT 3Er 48 A5 g Wl v B Yen
W Eol Aslx E1te) wAT 4% WslE BAY 4 k. wAT ZEe] Ay
= Edols 5o Hul, HAHRTG 940 MHE Ao E3] og s
o]0zl Efol AAolA UGt ®=F, dwzzr) 2
o WA, RAEY, aAde] 4%

=
L AL b, 53] 7hn REA

AN

A Zroll W& 1x wE AW ZHenvelope derivative)e M 2ol A7F
dA( )

& Ang vehhed s

NA FEE GBE WS AN BN A0S 343
5. 2005 Azt wArelEe] oL WakE o 2

L FAT 3o Ay olUA §5 mTE gAsEE AR

r& rr

A Zrol W 2xF wE AW =E I Zi(second derivative of envelope)& Wl 2

_ dPA(t)

e UehiE WA AARS UenitE a3t 2%

HE dEEres gA49 9y Yo EAste EE S AARS Rosr o
A8t FZA43% H3lE HoFEHTomecka-suchon & Marcak, 2015).
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312 «3t A

= A o(t)S BT Ba Efolxe 94 AR fGoz 2 (137 2o

3.13 &3t F3=

=3tk

Z3}<=(instantaneous frequecy) w(t)= Alzrel w2 94 WH3lL&=EH
21 (14)¢F Zo] vErd 4 SltKTaner, et al, 1979).

d

w(t) = Etan_l(g(t)/f(t)) (14

2 (10 #3094 4 13l diYskd

wlt) = %mﬂ(%) a5)
dg(t) df(t)
() = (@) dt —9(t) dt (16)
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32 A3

TFARAY S FRPFo RN HEH chlrp A Ao AHIPE FAHLS AR
S ¥& chirp ¥k& A& Fig. 99 zFo] 6719 &9 SAEA WS 48

shlth S SAEA A9 AWEE Azke] WE 13 BB AWzE A

2ol mhE 2% P AWEIL, &7 9, £ FoE 20 A9F 5 F 67
o e A g3t

3}A17]® A Chirp SBP 4

Chirp signal
response
( N\ ( )
» | Instantaneous
Envelope < >
phase
\. J \. J
\ 4
4 ) ( )
Envelope r o : ] Instantaneous
ddasy < Seismic attribute >
derivative L J frequency
\_ J \ J
( Second ) ( h
derivativeof e . Instantaneous
bandwidth
_envelope L y

Fig. 9 Flowchart of experimental method in this study
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ox
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X
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o & N &5

50

¢l AL =9 FA otk Marfurt & Kirlin, 2001). Widess (1973)= # o]
=9 FY(tuning & ol tigk AFE PSP o] Fdaddo o

2
.
o=

=7t AgEty AFGskA . =3k Robertson and Nogami (1984)= $FS =&
2257] 98] Ricker 38 QA2 o|&aA HEH 5o BT SARA v
HS ALste] B3kt kAN, chirp signalg o] &34 HEH A5 &
Aut A S F 86l gk T2 AX st 97 glilth

# 7] =d(wedge mode)E A3l 4R 3d W FXNRY AFA F3Psle=
718219l wdl 24 # x| ol(pinch-out) +%, 8-S Fd A (salt pillow)e] 7}”1}

g, B3 75 E(permafrost) 5 /‘axﬂi AFZA et eE 5d7Tx

EARRIG o] w #7] mde ghe 5o F(tuning)adtel] tie Aol F=

AHg-#EHCooper, et al., 2010). metA B AFd A= Fdadgd 7IHA= ¢

& F< AAS7] f@l Fig 109 #)7] 2dolA ZAHH chirp ¥h& A3 o
)

ST £ B4 PSS HEAART

o

£ o ¥ FA 25 ~ 30 msellAl
2 BT &84 Hg Ayolt) Fig 11@% #)7] =
%olH, Fig. 11(b) ~ (@« AAAE chirp ¥F A5
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(b)

Fig. 10 A schematic of wedge model : (a) P-wave velocity, (b) density

Table 8 Parameters for generating Fig. 11

Sampling Weighting
Parameter | Frequency band | pulse length
frequency factor
Value 2-10 kHz 10 ms 64 kHz 1
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(a)
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1
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04
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(b)
Fig. 11 Results of wedge model for TWT 25 ~ 30 ms : (a) chirp signal

response, (b) envelope, (c) envelope derivative, (d) second derivative of

envelope, (e) instantaneous phase, (f) instantaneous frequency, (g)

instantaneous bandwidth
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Fig. 11 Continued.
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Fig. 11 Continued.
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da Edol29t D] 24Ho] yebdel wekA gt 2719 A7 yelhg
H o Fukeol o3 UEhE HhAbThel] HlE| Zo] FiHoR F AS g9l
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Fig. 12 A schematic of model composed of coarse sediments in the surface layer
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. (a) P-wave velocity, (b) density,

(c) impedance, (d) attenuation coefficient, (e) thickness of transitional layer, (f) roughness standard derivation
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Table 9 Parameters for generating Fig. 13

Sampling Weighting
Parameter | Frequency band | pulse length ; fact
requency actor
Value 2-10 kHz 10 ms 70 kHz 1
© o T
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Fig. 13 Results of model composed of coarse sediments in the surface layer
for TWT 25 ~ 28.3 ms(eft), 30.7 ~ 34 ms(right) : (a) chirp signal response,

(b) envelope, (c) envelope derivative, (d)

second derivative of envelope, (e)

instantaneous phase, (f) instantaneous frequency, (g) instantaneous
bandwidth, red line : TWT with geometrical form
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(Anderson & Hampton, 1980; A& &, 2012). o] =} Chirp SBPE ©]-&
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Fig. 14 A schematic of model containing a shallow gas layer in a sedimentary layer
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. (a) P-wave velocity, (b) density,

(c) impedance, (d) attenuation coefficient, (e) thickness of transitional layer, (f) roughness standard derivation
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Table 10 Parameters for generating Fig. 15

Sampling Weighting
Parameter | Frequency band | pulse length
frequency factor
Value 2-7 kHz 10 ms 64 kHz 1
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Fig. 15 Results of model containing a shallow gas layer in a sedimentary
layer for TWT 25 ~ 28.3 ms(eft), 45.5 ~ 48.8 ms(right) : (a) chirp signal

response, (b) envelope, (c) envelope derivative, (d) second derivative of

envelope, (e) instantaneous phase, (f) instantaneous frequency, (g)

instantaneous bandwidth, red line : TWT with geometrical form
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Fig. 15 Continued.
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Fig. 16 A schematic of model containing a transitional layer in a sedimentary layer
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: (@) P-wave velocity, (b) density,

(c) impedance, (d) attenuation coefficient, (e) thickness of transitional layer, (f) roughness standard derivation
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Table 11 Parameters for generating Fig. 17, 18

Sampling Weighting
Parameter | Frequency band | pulse length
frequency factor
Value 2-10 kHz 10 ms 70 kHz 1
1r iy s
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‘506
=
(1]
)
2 0.4F
©
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L = \ L ) 2 1 |
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Fig. 17 Envelope of chirp signal response with thickness of a transitional

layer for model containing a transitional layer in a sedimentary layer
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Fig. 18 Results of model containing a transitional layer(Ar=2m) in a
sedimentary layer for TWT 25 ~ 28.3 ms(left), 30.1 ~ 33.4 ms(right) : (a)
chirp signal response, (b) envelope, (c) envelope derivative, (d) second
derivative of envelope, (e) instantaneous phase, (f) instantaneous frequency,

(g) instantaneous bandwidth, red line : TWT with geometrical form
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Table 12 Chirp SBP survey parameter
Parameter Value
Frequency band 2-10 kHz
Number of sample 15386
Sampling interval 0.013 ms
Pulse length 10 ms
Shot interval 1s
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Setting of survey
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‘ FM pulse \
Window function

Windowed FM
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| Matched filter JI
Chirp raw data
*
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Autocorrelation

A

Chirp signal
response

@ Convolution

Inverse filter
design

Final chirp data

Fig. 19 Flowchart of data processing using Chirp SBP field data
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Fig. 20 (a) Chirp raw data, (b) Final chirp data
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Fig. 21 Attribute results of Final chirp data: (a) envelope, (b) envelope

derivative, (c) second derivative of envelope, (d) instantaneous phase, (e)

instantaneous frequency, (f) instantaneous bandwidth
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