55 47 B4 1 ) Y w5 & #® Vol. 47 No. 1
2023 4F 2 A GEOPHYSICAL & GEOCHEMICAL EXPLORATION Feb. 2023

doi: 10. 11720/wtyht. 2023. 2630

EGN, LT IRYRAE. B2 T Shearlet 2840 A9 SR TR A MR MR 75 I [ )] . R 5 L4R,2023,47 (1) :199-207. http://doi. org/10. 11720/ wtyht.

2023. 2630

Wang J G,An Y, Xu Z W. Seismic noise suppression using non-local means algorithm based on the Shearlet transform[ J]. Geophysical and Geochemical

Exploration,2023,47( 1) :199-207. http://doi. org/10. 11720/ wtyht. 2023. 2630

FEF Shearlet 25 # 19 JF Jay FB £ (H Hb 2= Mg 75 s |

EAR 2 F 0 irdkaE’
(1. FEEHAF(F) AKX BESRMNERE L EHE, b 102249;2. #E WA F (4
H) HERPEE L 10220053, F E Ao KK A A R A F I b H A F BRI A A
R, T £% 124010)

8 = TEHRIR T i T RSN R R R A RS S AR REAS B i BRI, SR B MR 5 Th oA m] sl S b TR A
B AN R J SEAL B SR A, AT LA, 22 RUBE LA 34 75 7k DA R D0 34 R s ol e 7 8 40F 5 K
S AR SCHEIRTE Shearlet 380 5 1A AR Jay 88 4 (1 55 0 0 i 7 M P 4 T o, 20500 1 Je X e R 4 5 A7 AR T SR AR
Shearlet 284, S8 )5 2R FAE SR i IL 0 G0 ik Jm R BT B itk — AP AL JFR HI 8 4> Sobel 51l bl A8 2277 [0 2544
XA PRECEA T RICHE | B %) R ECEAT Shearlet SR, 155 M5 IUHLAR TR 5, SEIREE RE WA I TAE SR 5 8
PIEIE IR E A e AT At T AL R | T Pk g 553 ) AR b BAT S A A OR3PV, 7 MR BORHAR B HAT R4 1Y

ST

KGR ; FHLME R ; Shearlet 253 ; Sobel B ; AL JRIHBYIE ; L5

FESES . P631.4 XERFRIRED: A

0 55

BE A AT R Y H a2 3 MR R W E )
VIR LA I B KIS, I
Al A RO APV AT R A 5 93 2L
TR OIS T AR R
B2, anfaf oy AR St m PR — HLORERZ 2 H
MR o BT R A S 2 [ YN R
ORI MRy AL BT VR R BT 43 PR
20— R = AR R IR MR AR R
PEDRIE DA SGA RIS s 5y — S B T8
Hedu F MRk | AR B A e N
Radon 284 DL K 22 ROBEJ LA 0BT &, # R 2 R
JUAT 8 i FE Curvelet Z5 4 Contourlet 75 4

s BHEA. 2021-12-26; f&E HER. 2022-09-27

XEHS: 1000-8918(2023)01-0199-09

Ridgelet 284, 'EATTE £ 8 72 07 FHAE H il b = g
e BRAR T RAFRROER T

Shearlet 28 S Guo 25" M5 5 3 PEHELL 4 3¢
IS S 2 KRB/ i S R Ik Gt 2R Go e = ok
1, B TE IR T /NBR S SR BRI, RS SRR S
TEJUTHERE . {BAE G0 Y Shearlet 28 A HAG EF A
Ve, SRR E ROV . AR RIX — 7]
P AR R R A Shearlet 284 B HUH T 1%
4t Shearlet 2848 11 B SR AE i HOANAUA 5047 1 J7 0]
TR T AR B R n PERE iR B PR A S, 5
Ik 7P AT B A HESh T 2 RO LA 3 A BEIR 1Y
R, TR T B MR e, W T AR 3 5 2L
B SRR SR B BUG S R RE T xlwr
AR AR R KRR Shearlet 283000 U (5 5 #EATI
R, S5 SRR W 5 1k L /N A i i) 22 MR RE T B

ELWBE. ERARBELLTH (U1562110) ; o EAMPEE AR B H (2016-03-02) 5 3T 7 3l H T J7 Wifa 7= 56 gk R AFSY 5 v 35 5

(2017E-1602)

E—1EE. TENI(1997-) 5 BB g A, Bl T P Al R (AL at) MR IR -5 R TR, B AT ST st skp BE 7 SR SR B9 AR

Email ; wjg4541@ stu. ouc. edu. cn

BIAEE . Z55(1973-) 5, W BIER, P R AR (st Bl A S, 2B AR5 404 e SR AL B S 3 0 fi J2 350000 45 77 T 114

B TAE . Email : yongan@ cup. edu. cn



200 - Y/ 7

5o 5 BV AE Y 3 K  GAGT BBS R NLM B3 3k
b A, kB EE D %45 B B9 B BY; Souidene
SRR N R BRI SR A A B T
S TR A Y AR SR PR AE B B NLMR /i
S, X/ IV FR B T A I SR e AR AN
AN — SR I, 243 22 R I RCRANEE | AT
AR PR AR BROT- A R HUIR 52 £
7592 | N300 i 8 7 48 g 1 25 M 455 DR IR Ry
FRE L BR R REALEE S 15 5 S R BT
Zhie, HK/NMEEP R RS AT R A
HHTBOE SRR FREE S, IFR ] PCA RR4EiE S iz
SRR AU AT R R, AR AR SRR
DU Hir fe/ N Z el 10T BT ) 3 i 3 WA 2
FEFHAE R 3 B AR Y 3 — 2D b B S 90 245 AR 2R
TN GAREIT e IRIAR T SR Gibbs D521,

1EJ2 1T Shearlet 22 46 7 (7 4 25 [8] 40/ i 722 4k
HA W5 %~ , H Shearlet REWAR N X
A, I, AR SCHR S T 2T Shearlet 2841
JRITR B R MR A R Tk . TR B S SRR
A8 3l 1A ok ol R IS 8 B MR B Shearlet AR i 2
J5 B A0 T 2 B0 R A T SR B A0 A R R R R
Shearlet 33 H1 1) R HOF I NLM 553k 47 2o FFoR
FHAS TR 7 ) (4 25 [R) A5 A 51~ LAt . 5 1y 1] — U
5 R A OB AT B KM 2 S R s . A
SCE A S R i S DS B A1 S o b 7 S A Ak 3
B, o AT SRAIE T 25 M TR A S P

1y

1.1 3ETX#¥ Shearlet Z5#: ( NSST)

Shearlet 253124 2 75 A /N I FRIS B Rl b , 4
GO RGN Z R L 387, 1 ) — i 22 RO
JUMRT A3 AT T 38 ek XoF 35 pR B 40 75 55 D0 R P
SEA5 S AR AR A R AN [R) R 9 55 ) pR

— % L 423 [8] T W Shearlet 25 e ( 5 FR K
IR O

SH, f(a,s,t) ={fih,..) (1)
Horr,
Yoo =lde, | g M -0, (2)
0
M =" Yas =BA A = ],Bﬁ= ! ‘],
' 0 Ja Ja 0 1
(3)

KX:a j\JRTEiﬁ’ﬁC,s ﬁﬂ?ﬁw%ﬁ,t ﬂﬂngééjﬁ,Av
A SR B, 9 BT VIR s o bk kgL

(AN 47 %
Shearlet [ AR 32 7R A .
©(® da
Fel ] G, @)
M 00 ol 10
Ba=4b=10,A4, = B, = o
é[ a 5b <J" 0 [D ZD’ 0 [D ID
o E Z_j,s =-1 ,I)lljﬁ
i = detdy [P By = kD, (5)
K, j,l e Z,k e 77 BEALHY Shearlet A5y .
SH,(f)={f .. > (6)
A .
f= <f,¢j,/,k>¢j,z,k o (7)

A Shearlet 284 ish F 1 4 1o H7 547 1 1 A
3tk (LP ) K1) 53 SR ARARE 715 0 g A0, e R8s 1
i S AR R 28 i — A AR I A, B AT B 1 e
PR R T AR I B R S5 /N AR ) i L
W EAT FoRAE UG EHE S AR - 2 22 E g v At
7, PR 7 1) e D A4 4L ( DFB) 43l 24> 7 [n]
T X A AR D R AR S 2 R £
Jr ) 53fid . A9 T (LP) Fl( DFB) WA B B & #E AT
TR RAE, i A Shearlet REOTARTEAL, 7 RIEB AL
I7, B 7 e s RS [R] 5 1) F-e b 5546 170
] 3% £, AF N R #E Shearlet 78 # ( NSST) & 7
Shearlet ZZ 4 A 5Ll AT Rl B AE T RIS X AR
RN SRAE T 1) U U A8 A 45 5 ok AR IS 4 R
JE A7 ) /N5 D ER AR ], A R b 4
T EUR I TUREE B S8 2L 1 2 R
Z I Rk A
1.2 FEHEBHEEZE(NLM)

SRy 24 (B 05 ) B FE AR SR AR R MR A R
) E AR T AR SR R AU, IR e
BRI E AT 1, 3 0 A AR Lo R R AR
BRI T FEB MG R A AR, 18R 1 Bl ik
PR T 0 T RARRUR R IS T, B e S EHR
w BASTHERZ B PR R 5 H PR R j nAer
PMEAT B o T 2 (18 AR P AN A AR R AR L 7
e TR A R R B e, AR .

w(i) = ];i Z(li)elmy(j) uz/;ﬂu(j) . (8)
Hrb Z () AR EL
Z(i) = Z o 1=y 17787 ’ (9)

JES;

b S AL TS S W B E Ly (i) Ly
() FREPIHT 1, j Fon AR PR R A
LS, WEERE T,

XoF A% PRI AN FE WA S T2 B3 JE Ay )



1 T LW FT Shearlet 284 1A J5 8247 {1 1 72 W 7 e i) - 201 -

AEAS BT s AR IR/ Ry 5x5 19\ 7 1]
R, 535315 A O Y PG K 5 B LR, 8 A
Jr 5 A 00,22, 5° .45 67.5° .90° 112, 5° 135°
M 157.5°, TER 1 45 B9 R b AN [R)07 & i AL
w m,nll BT FHAXSH,
d(m,n)=~(i-m)* +(j-n)* , (10)
Ing(m,n) == [d(m,n)* —ulIn2 , (11)

w(m,n) =[g(m,n)] , (12)
HeAr. d m,n0 ZBWE m,nl BIRAOCR E AR N
YIRS < Y QSN SN ST S I 1 [ N
g m,nll R m,nl) RSB,
25 1) L s s 5 AR PN o5 3 R4 R 45
Wy EFH ML RE T BRSNS RGER, ASCRH
J7 ) AR IR BRI, AR A5 i G B ) 3= T 07 1)

0 0 0 0 0 0 0 0 0 0

0 0 0 -1 0 0 0 -1 0 0

A 242 ol 2|-4]=2]o0

0 2| -4 0 1 0 20 -4 2 0

0 0 0 0 0 -1 | -4 0 4 1

0 410 4 0 0 -4 0 4 0

-1 0 4 2 0 0 -2 4 2, 0

0 1 0 0 0 0 0 1 0 0

2 0

0 -1 0 1 0 0 0 -1 0 0

0 0 0 110 0 0 0 0 0

112.5° 7514

135° 77 157.5° 7714

E1 FREFHEHA sobel BEFIEAR

Fig. 1 Sobel operators templates in different directions

He & 1 A IX 8 A 1) R AR 23 3] 5 0L P 1R 4

B ARG R R R 8 > ALY 25 28, Bk ohy DE JiC

JE | PR R VE C BE BT AE U7 [ iz gk 3051, LA

T ) A RS AT A EHR B A AU . i
DO A A RS, 2 B R RE A 3Rk 50N

7(i) = z e FORTORIGN Ry (13)

jes;

Ho N (i) FeR1ZA% K 5% 7 1) 1 DE JE BE £ 340 b, 106
BB BB RN STERROT 0], Rz 8 R i
ATREFRRIN T, BRI T 55 R/NW I TSR,
FESEPRT AR TR TP 70, AR S54RI E 1 R4
Fr—2, TR0 EL RS R R P e = 5 0 1) B
BT RASER, LA R L 2R B A2 H A T R
B, [ NP E AR A AT 3 S R i
FBUE, B AR R B SO 2% 07 a5 L
1.3 EEZXH

BT BEAILIGE 7S 1) He il 3 i R S8 4 T R R R 3
{H MR (NLM) (AN 2, &80 NLM 583 76 4b 2
& B AN GRS BAER 25 5 2R 25 E R
R T PRI A ), AR SCHE S T 3E T Shearlet 38 E
JRTRSAE P MR AE 5 MRk A ek R R
FME(E S EAT AR N R AEE Shearlet 72 #1155 — Z 31

Shearlet T717 240, 1 T Shearlet B2 M i 4% e 19 45
FATLUAE 5 2 R 205 [l 43 il — R 5 I A8
T IRJE RS il ST R R A S 0k
T REEAR R B A (B AL 3L, I 5 1 ARG 1\ 5 )
Sobel A4 U HERA 19 Zx G, e Jm AT IR 72
Herg B A S5

2 PSRRI

N T BAE FIRFIER) MR R T B A
TIST Z A BE Y Pluto 5 750 Ml 52 504 | 12¢ 8 A6 78 T
HP K Z R E PR SRR Z DI 2 A4
Froo FHTER PR e S i AR, TR I A Y T 6 T i
JRE SR S LT 2 A 3 % A o TR R I A 5 S A
FUH . ARYREZ 56 F 3% F = 4% Shearlet 53, 4555 9%
I3 NEEE n=3 4,4 BT UISEL, TR0
e AL S N = 2" 07 8 IR ATEA SO 4%
JUEESR SN 8,16, 16 D7 %L, K2 JE7R T A
JE AR R AR T A2 R T A0, b ] 2a Dl
IBTY) F B R AR 53, A X 73 I 1), B 2b
5 — AN BT U R, B2 M EE AT BT V) R



<202 - w5 b &K

47 %

(a) 1T BIBTE) 2%

(d) E=REWFTEIY 2%

2 Shearlet THRESRTRE
Fig.2 An illustration of Shearlet decomposition

B, 2d SN = AT B R
2.1 RESEWNERE

AR PR SR AR I S 8 b 45 G S DR
B3 VA T R i S W DR UG AR 3 A
SR N RS- 2 ) AT v | sk SR A e i B 1 23R
AR BRI sk /) B 3 R B8 1 S 4 A - AU
HmE 3 prn, R 3 T sigma RARAEIHREE T
M PSS b WA AR M LL BT 9 S 80 A8 f 2 — 1>
EIBRIE Hh 2, AT LAk 304 °F 1 2 800 18 R L AE
sigma [fFIT B HROAS 00 0 25 MR350 R TT b 5 0010 3
BB S RS bR 22 . 7652 Bs TR N
b SR G R PR SR AR R AR i R i
XS MR 22 57 . MR B FAHLE RS

)
40

Par

—x— sigma=0.05
—x— sigma=0.10
»— sigma=0.15
sigma=0.20

20 40 60 80 100 120 140
FiESHh

3 AEBREKFET Py lEFRSHTN
Fig.3 The variation of Py, with smoothing parameters

under different noise levels



134

F NI BT Shearlet 2848 A Sy A (ML R M 75 T A

- 203 -

IR/INTET 2 ] i e 7 i B 3, MR A (R M L i
Wi, MEMR LT Shearlet 43 Ja , #5 I 1) I
FE KA 2 5 300 BB S A RUBE PR3 Mg P i s
Ko BRGEHARRIE 09 RAF A2 5 5 LB B
H5YE s S 4 S e i U NG S B a4 (=R U
ORI R 2 MR A8OR (BT S s o 7R b 52 B 4 Ab B
AR SN MR B AT — AR R R
P2 0 T EA R TS S, 275 R A ] AR
OURER I STRERAAE (9 A B b A SR A I
FIARLLEET 1 B ROT B2 BT S A G i 2 i ke T
AR R SARUER S HER , b7 1E B TR A 4 30
2, TR X AR R AR SE AT — R RCR .

AR SCHR R 1) R MR BT SR T B R R 7T
R L 2121, HRUER RS2 U =
S ARSI RN A — U, B RN R i
SR T ORI RV NI RIS A IERUEN & IS U e
BTN I ) 5 2% B s A AR A [ B R /s
FUR LR 5 MBI R XS R /NG B A BEHLAE
AR R AN 3 e DR U 2 8 ok ] JiAs | Rt 2

Es
255

128

382 509

f/ms

® 1

f/ms

B R E 1 R/NR 2121,
2.2 RERE

W RSO E T IR S BN R
Bl SR 5 B A S 2 M Ty 1k o7 P 8 b 7% S 7R 5 40 o
(E 4) , i THE R E L & A S B A BE
NSRBI E T, 75 B AN [ M s 8 B R A
RIFEAT 0T, A SCR H M R AL B b i FH Py, 1S,
PEAT IR . X AL NLM J7 32 FIAS SCO7 3%
i — S50, A BRI 5.6 AR, WML NLM 3 5
SRUG(EL {5 MR i, (HSR 4 A Bl 58 BB, B K
WA RUFS (K] 5b) | A8 SO HIS # Ji ok 1 AR
SRR N AN S LR 2 9 R 2 TR AR il 2 ok, b
FEEREMFEE, & &5 0 45 AU E 43 Lo A
73. 5%t = 2 85. 5%,

X ] 7 H I AR R I AR ik ) 4R
PEET AR AL BB R AL ] 7d I 2L Bl ik, A e
BRI AR B T 7a PR (S5 15T, T A
Te 1, NLM B39 A6 % I A8 b 2 38 43 S s 7™ J 2k
A 1 fpb M R 5 T P S 200 T8 B JR S R kA X

Es
255

1 128

101

201

301

401

501

a— AR FI T 3 b— % BE AL 7 3] i

a—the original profile ; b—simulated a profile with random noise
4 AHMEIER

Fig. 4 Synthetic seismic record

382

509

@ 1

201

f/ms

301

401

1

b 1

a—H AL NLM 005 LR 5 1045 R s b—i 2 Bl i
a—denoising result with traditional NML algorithm ; b—the residual profile
5 HEBEHELEER
Fig.5 The results of model data



£ 204 - w5 b B 47 %

509

101

201

f/ms
f/ms

301

401

501
a—ARSCTT R MR RYLE AR b—R 22

a—denoising result with the method in this paper;b—the residual profile
6 REHIRARLER
Fig. 6 The results of medel data

(a) 0.5 (b) 0.5

£ 0 £ 0
-0.5 ~ BB 0.5

100 200 300 400 500 100 200 300 400 500
x/m x/m

0.5 0.5

(© (@)

g

S 0 £ 0
0.5 0.5

100 200 300 400 500
x/m

100 200 300 400 500
x/m

a— SRS S AR s b— A BELIE 7 S A0S ; o— M NLM B3 5 d—A SR ik
a—raw seismic data;b—simulated a profile with random noise ; c—traditional NLM algorithm ; d—the algorithm of this paper
7 F-Ki&5H

Fig.7 Frequency-wavenumber spectrum

oA, AniEl 8 B, IR TE R A bl LA H

1.5

H1F Shearlet 582 KU 07 15050 BS54 3 Lol A NI ShearNLM
BEvk (LT WA B B S R S S I T Ny
LB (25 2 O 6 30 T 0 NLM. B0k (428 ) 3% o
A 00 AR TR B 2 AT 4 B4 b 8 2 T 5 8
SRR R GRS TR (5 0

P 9 SRy AR SCT VBN AT 5 BT | oy P ] 1o
DIE Y, oy DRI Ab BT | JEAAS AN 5 i i 2 K5 A 2 ST 20 I
WA EIE LA 70 Ha 2 JR 955 52 50 T 0 8 60 i S
FIRCR AR BB AR SO VR e 2 R4 M R M B

R BT A R

Fig.8 Original data,noisy data and the results of two
denoising methods in single trace comparison



14

T4 M55 . FET Shearlet 285 1) A1 Joy 355 X4 1 M 72 1

I 7 e 1l - 205 -

80 100

120 140

140

fz

B9 RGHIEE (a)  SREEHTL

80 100

(b)) AT IRIE N A

120 140

i (c)

Fig.9 Original data spectrum,noisy data spectrum and the results of this article spectrum

N . Wi 2 52 F R0, 18 B AR SO A 2 W 1) [R) 5 RE A &%
S \{%{”: ‘l_ll i .
3 bR PR3 2 AN SR A AR B L&lEEﬁTﬁi
VeI Z 48 22 45 H) R 4 ) SEBR A= Bkt i W T AR 5 PR M LU AR R T2 S 2 A5 T
ARSI ESAT LA WK 10 s, W10 A] TR SR RITERR 1
UL, 8 I MR 'JEE'JI—J*H%E iﬁéi Wi 25 B YR BT
W Crm—————— ) e e
s0f ;_f’ ::'_4_._ S s04 - e
. 100 e ‘7 100 L 100
E s £ E
150 150
2004 200
A 2sohmEs 25018
50 100 150 200 250 50 100 150 200 250
ES ES ES
B 10 FHREEEE(a) % NLM 23 (b) AKX FELE(c)

Fig. 10 Original post-stack data (a) ,traditional NLM method processing(b) and the method in this paper(c)

ZLGCT/%#H T —Fh 3T Shearlet ZE 4 ) 4 J 3B 45
(Ml 2 e 75 TR ) 07 1%, %07 WA T Shearlet 728 4 73
bFﬁE’J%, XTTHRFE@?W}H%{E&%ﬁ TEHM M

(2]

SR 0] IS SR DL P B AN AN 7% B R R B 2 i 3 i
ST BT HIEEHE L, R T4 NLM J5 64

Gy EREEFE B ), 3 e A AR S N S P 7R
FORHO A PR 12 AR A RPN MR
SERCHIL PR BT o e R I ) b SRR A L, X T A o
BB AR W) B WA E G H R R A R ARl 4T
P,

(4]

52 3Lk ( References) :
(1] ZEPOB. E R B 6 1 i B — o PR i R R R 8 TR

FIFEL M. JE5t A Tl R, 1993 1-196.
Li Q Z. The way to obtain a better resolution in seismic prospec-
ting: A systematical analysis of high resolution seismic exploration
[ M]. Beijing: Petroleum Industry Press, 1993 1-196.

YR, B S A PR R BORME BEEOR ERAR [ T B A
L5t ,2016,37(1) :112-119.

Cao S'Y,Yuan D. A review of high-resolution seismic data process-
ing approaches[ J]. Xinjiang Petroleum Geology,2016,37(1) ;112
-119.

X 2K . MR BORHE IR LU AS T LA vk [ 0], A bk
B, 1997,32(2) :257-262.

Liu Y, Li C C. Some methods for estimating the signal /noise ratio
of seismic data[ J]. OGP,1997,32(2) :257-262.

SO, AR R ME LM EPE [ D). AL P EREE AR
2 ,2015.

Cai B. The research of non-local means denosing algorithm [ D].
Hefei ; University of Science and Technology of China,2015.
TARA. ST HE R A E IR P i R LBk [ D]

IRV



- 206 -

e

23 471 %

[9]

[10]

[11]

[13]

[14]

[15]

[16]

WA JRBERE T K2 ,2019.
Wang Y J. The study of image denoising methods based on the non-
local means[ D ]. Harbin: Harbin University of Science and Tech-
nology ,2019.
SRS PR R R E R R R =M ()] {5 S A B, 2013,
29(8) :1043-1049.
Zhang L G. Fast non-local mean for image denoising [ J]. Journal
of Signal Processing,2013,29(8) :1043-1049.
R WA, 2R A5 — Pl A TR (Y R R B 24 1R
KRAIL[]. TS (U274, 2014 ,28(3) :334-339.
Zhao Q P, Chen D B, Jiang E H, et al. Improved weighted non-lo-
cal mean algorithm filter for image denoising[ J]. Journal of Elec-
tronic Measurement and Instrumentation,2014,28(3) :334-339.
Guo K, Labate D, Lim W Q. Wavelets with composite dilations
[J]. Electronic Research Society,2004,10(9) ;78-87.
Han B, Kutyniok G, Shen Z. Adaptive multiresolution analysis
structures and shearlet systems[ J]. SIAM Journal on Numerical
Analysis,2011,49:1921-1946.
Liang X Q,Li Y, Zhang C. Noise suppression for microseismic data
by non-subsampled shearlet transform based on singular value de-
composition [ J ]. Geophysical Prospecting, 2018, 66 (5) ; 894 —
903.
F— R T 3B T ORFE Shearlet 25 4 14 [&] 45 25 W 505 B 52
[D]. P4% . P92 TR, 2013,
Guo Y M. Image noise reduction based on non-subsampled shearlet
transfor[ D]. Xi‘an; Xidian University,2013.
REEE BEMGTC AU, 5F. B Shearlet 25 44 5 25 5 Hh 72 WY
BAHERI]. O HERYT IR 2021, 56 (5) :992-1000.
Guo A H,Lu P F,Yu B, et al. Improving post-stack seismic data
resolution basedon Shearlet transform [ J]. Oil Geophysical Pros-
pecting,2021,56(5) :992-1000.
TR, EAER, R, A RUBE G 0 = 4k Shearlet 75 4 i 72
BEALIGE S PR [J]. 0 H ek 4 B 8, 2019, 54 (5) :970-
978.
Cheng H,Wang D L, Wang E D, et al. Seismic random noise sup-
pression based on scale adaptive 3D-Shearlet transform [ J]. Oil
Geophysical Prospecting,2019,54(5) :970-978.
TR, L, RBE, 5. 3T Shearlet 2548 1) F 35 17 4 7% 9k
FEALIRE S PR ()] 0 b R BB ¥R, 2019,54 (4) . 744 -
750.
Tong S Y,Gao H,Liu R, et al. Seismic random noise adaptive sup-
pression based on the Shearlet transform [ J]. Oil Geophysical
Prospecting,2019,54(4) :744-750.
/N FETFIE B SIS Shearlet 28 8 1) fifc b 7% B H e 7=
JERIFE[D]. KAF Mo, 2018,
Jiang X Z. Denoising algorithm for microseismic exploration based
on joint Bivariate Shrinkage in Shearlet Transform [ D ]. Chang-
chun Jilin University ,2018.
T S B9 DI B O AR SE U R [ 7] . 45 PR i~ e
AR FARARIAERR, 2014,27(3) :463-468.

[17]

[18]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Feng Y, Xue R. Advances in theory and application of Shearlets
[J]. Journal of Xinyang Normal University: Natural Science Edi-
tion,2014,27(3) :463-468.

XNWF BRAELR, AR, 45, JE T 4E T RAF shearlet 7540 1 T3l
AL R [ )] o H AR ,2016,35(1) :128-129.

Liu X,Chen Z B,Wang D H, et al. Microseismic random noise at-
tenuation based on non-subsampled shearlet transform [ J]. Coal
Technology,2016,35(1) ; 128-129.

TR, W AT RS RIS E R M ] B
AR ,2018,41(11) :99-102.

Wang S T, Jin C. Non-local mean image denoising based on edge
extraction [ J ]. Electronic Measurement Technology, 2018, 41
(11):99-102.

Souidene W ,Beghdadi A, Abed-Meraim K. Image denoising in the
transformed domain using non local neighborhoods [ C ]//New
York: 2006 IEEE International Conference on Acoustics Speech
and Signal Processing Proceedings, IEEE ,2006.

DR, VPR L T i e A 40 bR =l ) 0 42 {1 ot 722
BEBLME PSRRI [ 1], TR B2 41, 2021,18(2) : 153-161.

Sun S L, Liu H S. Suppressing seismic random noise based on cur-
velet transform and fast non-local mean [ J]. Chinese Journal of
Engineering Geophysics,2021,18(2) :153-161.

SN 3K Shearlet BLAE IR H6HS (0 L9 22 0. B8 Tl
1k,2011,1(3) :63-71.

Zhang X H,Zhang Q. Image denoising with non-local means in the
shearlet domain[ J]. The Journal of New Industrialization,2011,1
(3):63-71.

ZER JETA], ZE A5 B8, 4F. Shearlet 33 T3 J) 3 ¥4 {8 14 4 72
{55 2M [ 1], mPREEI,2021,44(11) :101-114.

Li M,Zhou Y T,Li M Y,et al. Denoising of seismic signals based
on non-local mean in Shearlet domain [ J] . Journal of Chongqing
University,2021,44(11) .101-114.

VR R, X8Rk, 6T E R0 B AR BLAY Shearlet [ 38 107 15 45 <]
G EMR[ )] AL, 2015,35(1) :235-238.

Xu Z L,Deng C Z. Image denoising based on nonlocal self-similari-
ty and Shearlet adaptive shrinkage model [ J]. Journal of Computer
Applications,2015,35(1) :235-238.

Guo K H,Labate D. Optimally sparse multidimensional representa-
tion using shearlets [ J]. SIAM Journal on Mathematical Analysis,
2007,39(1) :298-318.

Easley G, Labate D, Lim W. Sparse directional image representa-
tions using the discrete shearlet transform [ J]. Applied and Com-
putational Harmonic Analysis,2008,25:25-46.

Tasdizen T. Principal neighborhood dictionaries for nonlocal means
image denoising [ J]. IEEE Transactions on Image Processing,
2009,18(12) :2649-2660.

ZENS. FET 7 W FRIE A R Z R
TR ,2020.

Li Y S. Research on image denoising algorithm based on direction

feature [ D]. Xi“an; Xi’an University of Technology ,2020.



1 T LW FT Shearlet 284 1A J5 8247 {1 1 72 W 7 e i) - 207 -

Seismic noise suppression using non-local means algorithm based on the Shearlet transform

WANG Jin-Gang'* AN Yong"?, XU Zhen-Wang’
(1. State Key Laboratory of Petroleum Resource and Prospecting , China University of Petroleum , Beijing 102249, China ;2. College of Geophysics ,China U-
niversity of Petroleum ,Beijing 102200, China ;3. Research Institute of Petroleum Exploration and Development ,Liaohe Oilfield Company , PetroChina , Pan-
jin 124010, China)

Abstract: Owing to the limitations of both the field environment for seismic data acquisition and the performance of instruments, the
seismic signals collected in seismic exploration are inevitably mixed with strong noise, thus greatly affecting the subsequent processing
and interpretation. In recent years, multi-scale geometric analysis methods have become an important topic in noise suppression owing to
their unique advantages. This study proposed suppressing the seismic noise using a non-local mean (NLM) algorithm in the Shearlet do-
main. First, the non-subsampled Shearlet transform (NSST) was performed for seismic signals. Then,the decomposed coefficient subset
was further processed using the NLM method,and the weight function was improved by using eight Sobel operators to approximate the
omnidirectional structure. Finally,the inverse Shearlet transform was performed for the coefficients to obtain the denoised seismic sig-
nals. Experimental results show that this combined algorithm can effectively suppress the random noise and preserve the weak events,
thus showing high practicability in the seismic data processing.

Key words: random noise ; Shearlet transform;Sobel operator ;non-local mean;structure preservation
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