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Fig.7 Lagrangian multiplier and number of iterations and reconstruction signal-to-noise ratio
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Fig.8 Under sampling of noise synthetic seismic data
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Table 2 Evaluation parameters of reconstruction results
R EAET RFREHHE ik A A4
SNR=13.1747dB
DCT +10. 1645
PSNR=29.7691dB
SNR=3.0102dB SNR=2.246dB SNR=15.6185dB
PSNR=19. 8125dB PSNR=17. 4515dB Shearlet PSNR=30. 0910dR +12.6083
SNR=17. 1428dB
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PSNR=33.945dB
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Fig.10 Original profile
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Fig. 11 Shearlet+DCT reconstruction of 11 consecutive missing



5

- 1223 -

a—iELEBIR 22

& 12

PIAS BB 5T A 2 4L, DCT J&—Fh T i 2 i i
WA AR B AR, [H I, Shearlet+ DCT 153 8] 115 5

FBCHE ISR , TCTe X ey &8 4 77 38 S B AR KR
AR A0 B AR 8 BUE 256 X Shearlet |

DCT F1 Shearlet+DCT iX 3 Fh 5 ikt 47 T OB, 45
SRR A SO v A A SR AR R R 22 N
AT ARGy b F  JRy A 4 1 AR 55 RS Y . (ERE
B 9 52 A FE B T, B0 AR 4 1 Jm BR P 25 8 W 2
ok, FRATIAE WA 2% S R I 25 A 3
FHEPRAL, AR T Lr (2
ZIch:JEHHT%&FxEm AL Jitter RAE A
FIFEAEEH, CS HYHLIS LR FEHLREE , (HAESE
R I FH Y b R T AT AT A K PRl P B X L
JEREALRAE MR, X T A FR ki 1Y i 2k ok 8
], AR SCHE M ) T TR R AR, BT TR
SRERIC DX, Bl R 22 TE LB, A T
K%ﬁﬁ}iﬁﬁo 28 A Sy AT X T A 4 SR
TR UL, FR 4 BT DL AZ U6 B8 10% LN 1)
LRI | 3 — 0 R B 1 0 R/ B R A AR
o JZ A R TR B A T el /), B =3 1 A AR 3
e B, T 20 5 E ORI R ORGSO

g IS R IR, M R (5 B AT I IF &
AR A0 ey o) BHL AR o FE T vk
Fo

2% 3L Hk ( References) :

(1] KA B/ BT Jivter SRAE Nl 50728 460 ) = 20k b 728 A4l
F[]]. HERYIBIER ,2013,56(5) 11637 — 1649.
Zhang H,Chen X H. Seismic data reconstruction based on jittered
sampling and curvelet transform [ J]. Chinese J. Geophys. ,2013,

56(5) :1637 — 1649.

FERI. BT AR IR K s A bR B e 5 2 [ D ]

bt BiFHE R, 2010.

Tang G. Seismic data reconstruction and denoising based on com-

pressive sensing and sparse representation [ D ]. Beijing: Tsinghua

University, 2010.

ELEERK 22 B

TE PR b—F AR c— N2

a—22 consecutive missing images ; b—reconstruction result; c—absolute error

Shearlet+DCT E &

Fig. 12 Shearlet+DCT reconstruction of 22 consecutive missing

[3]

[4]

[9]

[11]

[12]

[13

s

Leneman O. Random sampling of random processes: Impulse re-
sponse [ J]. Information and Control ,1966,9(2) :347 —363.
Hennenfent G, Herrmann F J. Simply denoise; Wavefield Recon-
struction via jittered undersampling [ J]. Geophysics, 2008, 73
(3): V19-V28.

Herrmann F J, Wang D, Hennenfent G, et al. Curvelet-based seis-
mic data processing: A multiscale and nonlinear approach [ J].
Geophysics, 2008, 73(1): Al — AS5.

Mosher C C. Generalized windowed transforms for seismic process-
ing and imaging[ C]//82™ Annual International Meeting Expand-
ed Abstracts,SEG,2012.

Yang P, Fomel S. Seislet-based morphological component analysis
using scale-dependent exponential shrinkage [ J]. Journal of Ap-
plied Geophysics,2015,118.66 —74.

Men Z,Ning H X,Zhang M G, et al. A method and application of
irregular geometry design based on compressive sensing [ C]//
SEG Technical Program Expanded Abstracts,2019.

Sardy S,Bruce A G, Tseng P. Block coordinate relaxation methods
for nonparametric wavelet denoising[ J]. Journal of Computational
and Graphical Statistics,2000,9(2) :361 —379.

XURCH, FAEA], 38 , 5. 22T Shearlet 2540 (1 b 72 Bl ML IR
JERILI]. AR ,2014,35(4) 1692~ 699.

Liu C M,Wang D L, Wang T, et al. Random seismic noise attenua-
tion based on the Shearlet transform [ J]. Acta Petrolei Sinica,
2014,35(4) : 692 —699.

i, SR EL, B2, T A S i 40 AT 1 R B T T A
ML, Al ER Y, 2012,47(2) 1236 - 243.
LiHS,Wu G C,Yin X Y. Morphological component analysis in
seismic data reconstruction [ J].
2012,47(2) :236 —243.
AR, 50 sk . AT HESE R BE T DCT S5l
TFHHSHHEE S EELI]. AP, 2015,54(5) : 560 —
568.

Zhou Y T,Liu Z ¥ ,Zhang Z W. Seismic signal reconstruction under

Oil Geophysical Prospecting,

the morphological component analysis framework combined with
discrete cosine transform (DCT) and curvelet dictionary [ J]. Geo-
physical Prospecting for Petroleum,2015,54(5) ;560 — 568.

KR E L VR, . BT R AT AEOR (Y Shearlet 4
AR [ ], £t o BR 4y B B 4, 2017, 52 (2) 1 220 -
225.

Zhang L,Han L. G,Xu D X, et al. Seismic data reconstruction with



© 1224 - Y/

7 46 %

[14]

[16]

[17]

[18]

Shearlet transform based on compressed sensing technology [ J].
0il Geophysical Prospecting,2017, 52(2) : 220 —225.
I, ke oivR R B T 5 (L th R e A 3t R I FE T Bk
[J]. PR 514K ,2016,40(4) 1750 — 756.

Xu W, Zhang H,Zhang L Y. A study of seismic data reconstruction
based on complex-valued curvelet transform [ J]. Geophysical and
Geochemical Exploration,2016,40(4) ;750 —756.

AR, B TR, 56, — R T L -L, 0B Bk s 1
M SOEOT R[] RS AR, 2019,43(4) 851 - 858.

Shi Z Z,Xia Y Q,Zhou H L, et al. Seismic reflectivity inversion
based on L;-L,-norm sparse representation[ J]. Geophysical and
Geochemical Exploration, 2019, 43(4) . 851 —858.

FLI 25 SO B, 4. BT MRAS UEHE B 75 143 e A 1L i
XA W B )] PR 54,2016 ,40(3) 1467 - 474.
Kong X,Mi W T, Mo X, et al. Metallogenic prediction of gold de-
posits with weighting of evidence based on MRAS in Huaihua area,
Hunan Province [ J]. Geophysical and Geochemical Exploration,
2016, 40(3) . 467 —474.

Wu R S,Geng Y, Ye L. Preliminary study on Dreamlet based com-
pressive sensing data recovery [ C]//SEG Technical Program Ex-
panded Abstracts,2013.

T3l R R AmE , 4. FE T HE N K-SVD A9 RE R PR 2
WFFE[I]. MRS 4L, 2020,44(2) 1362 - 371.

He Z,Cao S Y,Hao H J, et al. Research on energy leakage recover-
y of adaptive K-SVD [ J]. Geophysical and Geochemical Explora-
tion,2020,44(2) :362 — 371.

kP, SRR ZRRAR 5. MCA HESL T Shearlet il DCT 741
AR E A ], AR B, 2019,54(5) 112

[20]

[21]

[22]

[24]

Zhang K, Zhang Y K, Li Z C, et al. Seismic data reconstruction
method combined with Discrete Cosine Transform and Shearlet dic-
tionary under Morphological Component Analysis framework [ J].
Oil Geophysical Prospecting, 2019,54(5) :12.

Li X,Guo M J,Li W H, et al. Sparsity promoting reconstruction
with compressively acquired land data| C]//SEG Technical Pro-
gram Expanded Abstracts,2019.

Zwartjes P, Gisolf A. Fourier reconstruction with sparse inversion
[J]. Geophysical Prospecting,2007,5(2) ;199 —221.

AT, MR, TR A BT RO R T A ) Sk 1 R
PUMEFS R )] RS 1R, 2017,41(5) :907 - 913.

Guo Q,Zeng Z F,Yu C X, et al. Seismic random noise suppression
based on the high-precision dictionary learning algorithm [ J]. Geo-
physical and Geochemical Exploration,2017,41(5) ;907 —913.
Kumar R, Wason H, Herrmann F J. Source separation for simulta-
neous towed-streamer marine acquisition—A compressed sensing
approach|[ J ]. Geophysics,2015,80(6) : WD73 — WD88.

Mosher C C, Kaplan S T, Janiszewski F D. Non-uniform optimal
sampling for seismic survey design|[ C ] //74"™ EAGE Conference
and Exhibition,2012.

Neelamani R,Baumstein A, Gillard D, et al. Coherent and random
noise attenuation using the curvelet transform [ J]. The Leading
Edge,2008,27:240 —248.

B BG5BT XU R B R 1 3 RE VOB AL
WS W [ J]. MRS AR, 2018,42(3) 608 - 615.

Luo Y,Mao H B, Yang X H,et al. Seismic random seismic noise at-
tenuation method on basis of the double sparse representation [ J].

Geophysical and Geochemical Exploration,2018,42(3) ;608 —615.

Seismic data reconstruction based on segmented random sampling and MCA

WANG De-Ying', ZHANG Kai’, LI Zhen-Chun®, ZHANG Yi-Kui’, XU Xin'

(1. Research Institute of Petroleum Exploration & Developmeni-Northwest ( NWGI) , PetroChina , Lanzhou 730030, China ;2. School of Geosciences , China
University of Petroleum , Qingdao 266580, China ;3. Wuhua Energy Technology Co. ,Lid,Xi‘an 710067 ,China)

Abstract: Dala reconstruction is a critical preliminary work in the processing of seismic data. Compressed sensing (CS) has been well
applied in data reconstruction. The key to CS is random sampling, which converts the mutual coherent alias caused by regular under-
sampling into lower-amplitude incoherent noise. But traditional sampling methods lack constraints on sampling points, resulting in ex-
cessive noise interference. The segmented random sampling ( SRS) method can effectively control the distance between sampling
points. Furthermore, a single mathematical transformation will lead to incomplete sparse representation and impact data reconstruction.
The morphological component analysis (MCA) can decompose a signal into several components with outstanding morphological features
to approximate the complex internal structure of data. A new dictionary combination ( Shearlet+DCT) has been found under the MCA
framework , and the block coordinate relaxation (BCR) algorithm has been used to get the optimal solution to obtain desired reconstruc-

tion results. Tests of real data have proven that the proposed method can produce good effects when used to reconstruct the SRS data.

Key words: compressed sensing;segmented random sampling ; morphological component analysis ; data reconstruction
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