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Random noise suppression of marine seismic data based on improved generalized S transform
WEI Jia', YUE Long?, YANG Rui', XU Qingfeng?, LI Zhiqiang®, LIU Yun®

1. Key Laboratory of Gas Hydrate, Ministry of Natural Resources, Qingdao Institute of Marine Geology, Qingdao 266237, China
2. Qingdao Seismic Station, Earthquake Administration of Shandong Province, Qingdao 266001, China

Abstract: Conventional generalized S transform (GST) uses fixed parameters for Gaussian window, which makes it impossible to take into
account the high and low frequency signals in the time-frequency analysis. At the same time, the standard S inverse transform produces filtering
noise when filtering in the time-frequency domain. In this paper, a generalized S transform based on variable frequency Gaussian window is
proposed, and the inverse S transform formula is revised. This method not only improves the focus of the frequency spectrum of the signal, but
also eliminates the filtering noise. By calculating the instantaneous signal-to-noise ratio threshold value of the signal containing random
interference noise, and according to different threshold values, the processing strategy of suppressing the random noise is selected in a targeted
manner. The processing results of synthetic data and actual seismic data show that the method can effectively suppress random noise and
improve the signal-to-noise ratio of seismic data.

Key words: improved generalized S transform; time-frequency filtering; random noise suppression

1 TS 78 e S B FH o i 3 v, DR &2

1 R Mmlﬁmws SERGIEAT TS RS B T X
AR A5 S AR AR T M W kAL

S ZF i 1 2 iy 3¢ [ A9 Bk 4 B %2 &K Stockwell Eﬂ ARSI -1 25 T A A S AL PR

A3 g (R O 75 3 /N 0 A 1 Ll L 4 J S 7B AR g B AR 0 U T il 6 T
9, 5% L A S RN DL A R e, S AR B BE MR M T B M AR RS MR LY, BT Y
S ke 7 O LI g [ A [ B, (I ELAT SRR IR S TR 3 R, TR XS A
AN AR S S AT . T SAS T LA (9 b B VSP B AT AR B IR B MR S A K
RO 3, FLAE A5 5 40 7 R0 A B 4T 8822 3 9T 6 Eﬁ%ﬁﬁﬁa‘rﬁji@%ﬁ“fﬁ e ISR R FH 52 T 2K A i
W TR R A RO RN, B R SR VI BRI A L R A A

BN B - v [ 3t B 25 R 5 H (DD20191003) 5 1 4345 Hi 72 J5 75 4F 2L 4 10 3 (J11702Y)

TEZE I B (1985—), B, 1+, BhRRWES 51, IS5t v ek o 30 4 5 80RO 1 5%, E-mail: chinwjia@163.com
BIRAEE RGN (1969—), 55, W TREIM, M Hb & 4040 43 4b $8, E-mail: 845882668@qq.com

Yrks B #A: 2021-07-28; 2 [E] H #A:2021-10-19.  JEI 7 A it



a2 5 3

JRHEE, 5 6T EOHE R S AR A M AR R BE ML IR A 185

(9 75 T 5 S s i T AR R 0 0 e 22 T R o
PLTIRM ., BRAFAESETIA AR p WA S804 il i
T PR 728 A A e, i IO P e e v e X e R
SHE AR SO FRap e (7 S AR 7 ik AT
B oSN g AR £ 9 > BT RE ), i
% SO0 T B ML T )5 FEv ey T b v S g
HArERE It R, 2 1 S AR 0, DI BR UK
P o 7R TR R INE, B ST A S IR I (i I
F, AR A0 I Ao 15 18 L ) g 0 405 5 A (] Ack L 55 s S B
W I o o ek Ak B AU RRH  SE BR BB, 56Uk A
HETTSCS TE S AR e A BE AL MR 5 ) O TR R AT ot

2 JrikJRE

21 BT XS T
5% u(t) WARIE S IE A ¥ R Eh
[s@p={" uwwe-rpe™ar (1)
K, S (4 RS TFu@ BB, wiz, £)J2 5 5 R
H, AR RIRA N

1 =2
w(t, f) =

e2? )

oV2n
ﬁ¢m=%%%ﬂ%%@ﬁ§mREW%o
PSS AR P U BT/
7 49 25 307 4T O K T A B BT R RRE S 7 e i
SO 7 25 A0 525 {0 B8 e 0 T S S A5 e
ST G A AT, 2 2619 7 A0 S A5 )
SR )N T E B8 A p, H 1k % 5 R
T BT B 75 B8, £ R IR B VR T £
SHAL . FEGIER R T
1
o= rﬂp 3)
R IR 1 2 K 0 o 600 T 725 A i
WP 1) . T 4 A% R T 1 3 3 B i g o
FEA T BB %5 (8 1 B, [ 0 1 1 2
R DT O (. R 09 p (% I PR 1 3
SR 7E 5 0538, BB p 1 3K, TR — A5 30 ig
F U DR W A0/t T 30— 2 U A 5
B 135 5 1 B AR L SR OB 135 2 AR 4
BT Wl o PR [0 S A VA0 41
B 15 125 3 L K S 590 1 75 A4 T B e
T AT AR B 7 1 T
y =sin {3 % [140nt + 40sin (3nt)]} +
sin {3 * [140nt + 40cos (3wt + 120)]} 4)

KA TR 6 S50 f p X B R S 3T X
S AR, 43 AT XoF I Y B A S SR AR R B L Y p {E /)
AR, A5 5 B A3 A VA i 5 e A iy ) R A R
oy oy B S o R e R o 1 B A R B I p {E G K
AR T, v i il p (B39 R AR 22, 32 p>1 |,
e A s B ™ R AR (] 1a-d) o Y p {E /MK
B A5 5 B 00 % A VR A0 i 174 B 4 2 B8 T 1) 7, T 15
b ) SR AR AN K (] Te fLgoh)o T X
S AR rh S8 2 Al p HURE B 2 (E, o — Pk AR
Al A S 8 0 = I A s B 5 5 R . 475
DL S5 485 SR AT, p (R A A el 3R AR R R
Koo Bk S S AR 32 B Tk p (A AR L kA #, i
5 A=1

p (B R /NS R ARSI g 5 v 400 iy R 4 R JEE i)
REASTR] o o AR A5 5 75 B2 /NI p L, TR0 1 5
T LR pHo REEIT LS AR 7 iof AR Y 5 4
55, K S8 p ORI LM iR B, JD

p=p(f)=a+bf )

Horp, PIIR1E o> 0, 224K h<<0.

16 S AR Pt S A b, T M R /NI R N 0 He,
e KRN 543 BH5 5 B9 Nyquist 55, 783X 4~ 45
U B PR p (R M 3 ek, W) B R E p (1) i
1 a FIAEALR b, ff p (HREW H ShILEAE 5, Bn{s
SRR AT R AR R

TR R R RO, DA RS S R ]
BEAT AR A3 BT X L o 25 5 2 B R AR A
P R L PR TR ARAE 5 R — A 1E 5% A 5 AL,
WAR(6) . E 2 EhrE SAR e, ) S S AR e iy 1
e 7 %8 (p=0.8, A=1) FEkC i |~ LS 78 488 (1% s A3 3% 4]
(p=0—1,2=1) o & 2 A[ A, bRifE S A5 4o 7 0% 7
] BT S IR e i A, BOR T SRS . )
S AR B T B AR TR, SR TR ) AR, T
BCHE ) S 748 v AL A 2 P 9 LA 5 B A S
REEE S, Fx ARG SRR i A, 4
MR T S A5 ¥,

y =cos (68nt — 20m#?) + cos [2msin (Snr) + 120ms] +
cos(168nt + 2871%) (6)

N T BRSBTS AR AR R AR S
3 R A PP e B TN 0 g 0 R Y S B
MWoFR i T AT I3 B o A5 R BN P A7 AE Y1 DL T, )
F B3 = A5 R4 B A A BE L2045 (€ 3) o il
P 3 v S A TRT 5 SF- T P18 G AT, A v S A2 g I
TR B AR 5 23 Mt SR 3R A B e Ay, (F L iy g



186 YRR M J5 5 56 D0 20 b TR

2022 4F 6 H

i %/ Hz

0

0 100 200 300 400 500 600 700 800 900 1000

500

A /Hz

M /Hz

Eﬁl $/HZ

I | Al
100 200 300 400 500 600 700 800 900 1000

LA

] I i) I I |
200 300 400 500 600 700 800 900 1000

100

100 200 300 400 500 600 700 800 900 1000

0
I ]/ ms HF 8]/ ms
I : ‘ ] _

0 0.1 02 03 04

05 06 07 08 09 1.0

B 1 BRARES S S AN R 4 S 500 T SO S AR 6 1 B A
a. FEAH A5 b. p=0.7, A=1 X 7 B I B33 5 ¢. p=0.9, A=1 %t B BY BT I3 1% 5 d. p=1, A=1 bRifE S ZE LI ; e. p=1.2, A=1 Xt B BYIHH5E 1 5 £ p=1, A=1.2 %
IR 5 g p=1, 4=0.9 X} 7 (9 BHBIRE s h. p=1, 1=0.6 X J’7 (4 950335 .

Fig.1 Ideal time-frequency spectrum and time-frequency spectrum of S transform using different control factors

a. ideal time-frequency spectrum, b. p=0.7, =1 corresponding to time-frequency spectrum, c. p=0.9, /=1 corresponding to time-frequency spectrum, d. p=1,

/=1 corresponding to time-frequency spectrum, e. p=1.2, =1 corresponding to time-frequency spectrum, f. p=1, 2=1.2 corresponding to time-frequency

spectrum, g. p=1, 1=0.9 corresponding to time-frequency spectrum, h. p=1, 2=0.6 corresponding to time-frequency spectrum.

I AT 4 BE H o 3 K, AR I Rk O ik AR
P R T (L D82 1) 7 3 iR AT 25 1, o AR e L
O3 2 R (] I T U i e R e T
SCS 7 8 B IR BT RO T e AR R 1) SR AR
{ELAE AR W B 2 LT 3 A2 — R, N 8] 7 B R A8
250 BUHERY)T S AR MIAR S 7 e 7 AR I i 69
A 20 A AR LT, 7 e A9 i o £ A0 MR ) B 0 TR
A, 0 EL A5 A B RE e LB E , B B o)
K o AT RAFR B ) S 7R 0 X Ml 7R BB}
130 M s BRI O, R S AR AL

2.2 Bt S A STIR K

T S A FLAT A A DAL T LR A
PSS TE ST S B S B D H A AL S
SR A U R PG, f) 5 S AR AL,
it 45 S5 I Dl 4, U2 25 e o
BB BA R

w0 =~ _[7 S@pHFE peardr ()

S, e, f) SR I BB L TR %



ERVECE KB RHEE, S5 HEFBCHE 7 SC S AR 1) Vg I b AR R ML R A 187
a 0 b 0 ' c 0 1.0
100 100 100 0.9
200 200 200 0.8
300 300 300 F0.7
400 400 400 F0.6
= 500 = 500 = 500 Fo.5
= E= =
600 600 600 L 0.4
700 700 700 103
800 800 800 0.2
900 900 900 0.1
1000 1000 1000 0
0 50 100 150 0 50 100 150 0 50 100 150
A%/ Hz R/ Hz B %R/ Hz
2 ERUES I E

a. bRME S B4, b. |7 X S B H (p=0.8, 2=1), c. B#EIK) X S B He (p=0—1, 1=1) .

Fig.2 Synthetic signal time-frequency spectrum

a. the standard S transform, b. conventional generalized S transform (p=0.8, A=1), c. improved generalized S transform (p=0—1, 1=1).
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Fig.3 Time-frequency spectrum of seismic signal with random noise

a. the standard S transform, b. conventional generalized S transform (p=0.8, 2=1), c. improved generalized S transform (p=0—1, 1=1) .
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Fig.4 Effect of time and frequency filtering of standard S inverse transform

a. synthetic signal, b. time and frequency filtering of synthetic signal, c. filtering effect of time field.
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Fig.5 Accurate filtering result and difference calculated by different filtering methods

a. accurate filtering result, b. difference calculated by standard S inverse transform (red) and difference calculated by improved S inverse transform (blue).

E/NT r A5 Epean(t, /) BYRHEE, 7€ SOZ R S 1
W, R R, AR R T r 0 Epean(s, ) BY
P A , R LS AT ) R AEL D 25 7 175 1) Eean(t,. )5 FHE
Qb P 27 i RS 5 7 4G [ I J 3

T S B O FH R, AR B S5 s 3 52 TR B A O
AT S 2, RIS Y o A L, B RE ] BE AL
W, SCRE PR AP o W3 i 1) A RUA 5, O a0 0 A
LT

3 AT IR

T KT ik A O, B e A AR TR e

T 48 I 2 M = WSO R Y ML B AL S, A
BEAIL e P e, T ACE ) S S A8 4 X 52 3 SR s
] it AL e (AT 6) o it JBC B Tt 7 A U058l X L
RE A% 15 T Hb 7 Hh Ak )™ SO S A8 46 1 Al Bl ML R P A
ROR, JUH DR AR AR e L A5 5 18 B A Uk 2
(7)o it B s g BBOR, vl B B4 28U 5 i
WA LAOR B, AL IS A5 2 A RO (K 8) .

4 SCBRTORML B

N T KSR A SO Y ) S ATy AR SR
A B IO AR, , e v o B R I R M R A

a o0 b 0 c 0
w 500 500 5001
g £ 3
B
E
= T il

1000 10007 1000

i i
1500, 1500 L bttt 1 1500 Ltk :
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Bl6 M 52 ic 5% 25 M UR 1

a. 48 AL AL, b, & WA BRI R IL %, ¢ BRI AT BRI R Il 5%

Fig.6 Denoising effect for seismic records with noise

a. 48 channels simulated seismic record, b. simulated seismic record with white noise, c. simulated seismic record after denoising.
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Fig.7 Comparison of single channel signals

a. comparison of single channel signals with noise and those without noise, b. comparison of single channel signals without noise and

those after noise reduction.
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Fig.8 Comparison of filtering effects in time-frequency domain
a. time and frequency spectrum of simulated seismic channel without noise, b. time and frequency spectrum of simulated seismic channel with white noise,
c. time and frequency spectrum of simulated seismic channel after noise reduction.
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Fig.10 Comparison of noise suppression effects between two methods

a. denoised profile by improved generalized S transform, b. denoised profile by traditional generalized S transform, c. noise removal by improved generalized S

transform, d. noise removal by generalized S transform.
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