51 % 45 6 ) OB Y M ¥ R Vol.51. No. 6
2008 4F 11 f CHINESE JOURNAL OF GEOPHYSICS Nov. » 2008

Wk 73, BRI, B, T & B BT ARMA BRI PEAR LML & 0 5 T IR IO 58, b Bk B2 4%, 2008, 51
(6):1851~1859

Dai Y S, Wang J L., Wang W W, et al. Seismic wavelet extraction via cumulant-based ARMA model approach with linear and
nonlinear combination. Chinese J. Geophys. (in Chinese), 2008, 51(6):1851~1859

ETHHRRE ARMA HE S ML 540
it 7 F IR B SR AR 5

HE AR 2 (R AO R B S TR BE - ILARARE 257061

O 7o TR GRS AN A BT L AN SORI T A A 3o 3 CARMAD B8 780 X 3 52 7~ 3% #4172 #fk
HEAS L O ORI TR B O PR 1) R L CARMA 015 J5 80 AH 25 6 19 2 B0l 3 7 s 288 B BEAT 5 H0fl
TE A T AE A 5 0 A A 280 2 S0 T 9 2 o R SR B UL 5 i R A 1T 2 . B e A A A SR R WL %07
A B WIS A - — TR R T T DA IR . 3 S B T 6 5 R 3 7 OO b R 0 S O AT BB R 1Y
fhiFR 22 5 —Jr R E 7 T IR BUs AR AR T ARMA BERIA 05 5 5 3030 A 8 10 52 2% L b 4 1 Bl
S T 30 F 2 (MEAD A8 B 405 3 A 3 it 22 2 BB = BIR0 iz B8 MR O 1) AL 90 28 7 T 45 51 3R Wi s 3k A AT

Thy.
KB A BERE, TR A EEHE S LIRSS
XEHS  0001-5733(2008)06-1851-09 FESERS P63l W7 B HB 2007-06-26,2008-08-19 W& & fa

Seismic wavelet extraction via cumulant-based ARMA model

approach with linear and nonlinear combination

DAI Yong-Shou, WANG Jun-Ling, WANG Wei-Wei, WEI Lei, WANG Shao-Shui

China University of Petroleum , Shandong Dongying 257061, China

Abstract ARMA model was used to describe the seismic wavelet on the assumption that the
seismic wavelet is non-causal and mixed phase. A cumulant-based parametric estimation approach
was proposed to estimate the wavelet parameters which synthesized both the linear (matrix
equation) and nonlinear (cumulant matching) methods. In this approach, the cumulant matching
approach is used for accurate parameter estimation, on the basis of the initial guess generated
from matrix equations. Theoretic analysis and numerical simulation demonstrate the feasibility of
the approach. Compared with the potential computational error of the linear methods, this
approach can improve parameter estimation precision. Moreover, it extracts wavelet with high
computational efficiency by avoiding the use of cumulant matching method under MA model
description, and reduces the complexity of initial guess via ARMA model matching approach.
The preliminary application results show that this approach is effective and feasible.

Keywords High-order cumulant, Wavelet extraction, ARMA (autoregressive moving average) ,

Linear and nonlinear combination
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Table 1 Wavelet parameters estimated from seismic traces with different lengths

MR IL KK E ¢ /ms

HETWSH
20000 5000 2000 500
a(l) —3.4500 —3.454240. 0015 —3.469540. 0020 —3.4672£0. 0029 —3.532540.0114
a(2) 5. 0350 5.047420. 0065 5.086540. 0069 5.074740.0076 5.12224-0. 0146
a(3) —3. 4950 —3.509420. 0054 —3.5386220. 0057 —3.51814-0. 0096 —3.520040. 0251
a(4) 1.0500 1.057440. 0010 1.064540.0016 1.055740. 0029 1.0263+0. 0085
b(1) —0. 8000 —0.771740.0074 —0.800640. 0047 —0.8269+0.0109 —0.8110£0. 0180
b(2) 0. 6000 0.6270=£0. 0056 0.6231£0.0152 0.6633£0.0229 0.703220.0436
b(3) —1.2000 —1.227840. 0063 —1.192840. 0137 —1.2730%0. 0144 —1.160240. 0309
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Fig. 1 Wavelets estimated from seismic

traces with different lengths
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Table 2 Cumulant squares of different reflection coefficient series

IS 20000 ms 5000 ms 2000 ms 500 ms
1.0000 1.0105 1.0459 1.1066 1. 4842
+0. 00000 +3.7079X10°° +1.611x10* +0.0017 +0. 1041
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Table 3 Wavelet parameters estimated from seismic traces contaminated by colored Gaussian noise with different power ratio

{55 RERE IR L /A R 07 €0 MR 75 E SR

10/3 10/5 10/10
a(l) —3.4500 —3.49024:0. 0014 —3.491740. 0016 —3.44653-0. 0056
a(2) 5. 0350 5.0944+0.0074 5.088140.0119 4.9983£0. 0097
a(3) —3.4950 —3.5208£0. 0064 —3.505540.0123 —3.463640.0116
a(4) 1. 0500 1.0371£0. 0010 1.026040. 0019 1.029640. 0043
b(1 —0. 8000 —0.7280=£0. 0120 —0.704020. 0117 —0.754640. 0155
b(2) 0. 6000 0.6618+0.0133 0.6237+0.0079 0.5967+0.0216
b(3) —1.2000 —1.226140.0154 —1.2310£0. 0121 —1.144440. 0201
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Table 4 Wavelet parameters estimated from seismic traces contaminated

by non-Gaussian noise with different amplitude ratio

15 5 Rl 0B /A 55 3 € 18R 7 e ek

HIET RS
10/1.5 10/3 10/5
a(l) —3. 4500 —3.4734420. 0024 —3.463740.0014 —3.467240. 0020
a(2) 5. 0350 5.0511+£0.0150 5.059940. 0071 5.0863£0.0095
a(3) —3.4950 —3.480340. 0134 —3.506020. 0059 —3.5356240. 0090
a(4) 1. 0500 1.02484£0. 0017 1.053540. 0011 1.062240. 0017
b( —0. 8000 —0.770340. 0107 —0.797140. 0065 —0.819840. 0192
b(2) 0. 6000 0.7013+£0.0107 0.6340£0.0119 0.5685+0.0128
b(3) —1. 2000 —1.237540. 0126 —1.217840. 0098 —1.308440. 0212
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Fig. 3 Wavelet estimated from seismic traces
contaminated by colored non-Gaussian noise

with different amplitude ratio
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Table 5 ARMA parameters when wavelet model over-parameterized

ARMA Hi54 fr %

BB
ARMA(4,4) ARMA(4,5) ARMA(5.3) ARMAG . 4)
a(D —3. 4500 —3. 441820, 0032 —3.45330. 0013 —3.49730. 0015 —3.5090£0. 0006
a(2) 5. 0350 5.0231+0. 0179 5. 0560=£0. 0066 5. 1128£0. 0061 5. 1490-£0. 0037
a(3) —3.4950 —3.4843+0.0159 —3.5161+0.0056 —3.4596+0.0038 —3.4887+0.0048
a(4) 1. 0500 1.047840. 0023 1. 063540. 0007 0.9383+0.0020 0.9413+0. 0063
a(5) 0. 0000 — — 0.0603+0. 0007 0.0705+0.0016
b(1) —0. 8000 —0.72274+0.0130 —0.718940.0115 —0.806340.0136 —0.7557+0.0056
b(2) 0. 6000 0.6251+0.0183 0.6047+0.0169 0.6840+0. 0046 0.7064+0.0043
b(3) —1. 2000 —1.241240. 0202 —1.18300. 0224 —1.2068£0. 0045 —1.1493£0. 0037
b1 0. 0000 —0. 08580, 0099 —0.063140. 0095 — —0.133240. 0044
b(5) 0. 0000 — —0.100040. 0045 — —
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Table 6 The matching error of over-fitted ARMA model
- ARMA ARMA  ARMA __ ARMA _ ARMA
Jzﬁ ARMA@EH (4,3) (4,4) (4,5 (5,3) (5,4)
;%: ARMA(4.5) 1. 0000 1. 2968 1.5699 2. 6643 3.5013
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Fig. 4 Over-parameterized wavelet model
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Fig. 6 Seismic wavelet extracted from

real seismic section
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