A2 % 1 i = Wt 3 Vol. 42, No. 1
2019 4£1 H JOURNAL OF SEISMOLOGICAL RESEARCH Jan. , 2019
7~ N - S — 2 = HS[E SR
S T A B S a0 i T A TE £ B0 iR 3B

o
A 38 th 5 i A AR
1 NERSE ) ;1 w2 1o SR 3
W, BEET, E W, AFL, BIE, 249, LK
(1. =B HRR, = B 650224; 2. BiRBHES#BE HuBkBl#2=Be, Wk =3 065201 ;
3. WRGEFRE EARTRZEGE, 480 A8 230000)
FE. EERN PR RN BIR G, BT ESRREES R&MTIRNGEE, AESEXTTIMESZ
o, SEUFWRECIRAR . RIS A8 i SR I ik o S — 2 . 4R AR AT BUEAR IR, R ]
YRENUE S HATARORA, WBES SEGES BRI S . PRIk SR Iy e T 21 = iR
FES SRR B, SRR . S AR AR IR DY O vk BENE A ShR PO A BE v X R T WA SUE R, R e R
BEEMRL, FAURL TR e k.
KR SAM; EohUR; APATIRUED:; [FMEH
FESES. P315.63 TREERIDAD . A XEHE: 1000 - 0666(2019)01 — 0080 — 08
WRiGsh S E BV, B TFES
0 Bl% MRS B (R 4E, 2014) ., 76 SAR 23

I E SR SF o [ 2012 AR A LK, PR
TR LI BERE, A PR DU M 5E e 70 45 K R
TTHOTRE T R R (EHHSF, 2017), B
7 20T BB CR . sk = M84E (2017) Xf
2011 AELICR 7 T2 )1 MU= 15 5 & 3 5 B9 A U 3l
WLIMEE DA T B B0, M T 48— B RO s AR
ARAE (2017) 42T —Fh A IS 530 3¢ b s e
AERY S IREARE e 77 1% RMS 5k, Ieds T304
By A shfbab 8 BREESE (2017) FIH E 3R
R 90 = MS. 0 M= i i @ A LR b AT 1
XFHCAIFTE s MR A (2017) AT 3 Sl I R X 52
I b 5¢ 89 4% 1] S Ve REAT T R 5T 1w A
(2017) HUAE E IG5 5 RAHRE 5 14 17%
RHIEREAT T8 AR5 ok S0 o 5 2l Y5 A 2% I At
FEBE T RAFB SR (EMAE, 2015), XA
PRINEEA T BE A 535 0T i 00 b Bk A Jot I8¢ 58 ) P 2
ARAL, BIRE DX I A i S M R Y 2 P
HR (B, 2014).

« R A HE: 2018 —07 -24

PR A AT DX 3l R R P A ot 45 4 B AR Ak
PRI (B AME 45, 2018), A JBu i 3 (ks 40 1k
THAAMCHT T o 52 AR 5 (5 W L A2 B (RS2 4%,
2013) . HBFRAR 5 MR . 1678 B IR Jm HAS
AR A AR b 2 32 B MR R 1 T, TEARAE R L
(SNR) fH4LT, RSP AET (XA R,
2015) o T HbERA Y B 2%, MR AR HL BRI
PRAGRE I 22 AW B A0 (BREISE, 2017), &
ARG S EAE KT TIGESZ D (B,
2015) 5 AATA P2 A 0 7 A 1 4% A 40 S B A K
SN, SRAREE I 2 2 BUM R AE 55 M LR,
SIPEARREAR

nfar e DA A5 8 LE 1 i RE AR 5 vh 32 BOA AU
SRR . SRR R TR —,
TR GE (R IR 7 10 R S A T 4 J ) A A Sl Ty vk
PR ¥E LA 43 AT 15 55 19 Jm 30 e M (22 22 1R 4,
2012) o RSN A Jre ARt , G A 1 i pR A
FTLASEIAT 5 09 S 8 40 A, G oo o L o
/NI AR . Gabor 2846 ( Garbor, 1946), Wigner —

EEWAE: HEARPEE (41574059, 41474048, 41174043) , 7 BHEH I H—5)1] 3 3h L5 X M5
BN S35 s A8 (ZX2015 -01) KA MR F I H e (C2-201704) KA HEH) .
SBWEE . B (1965 - ), IEMP TR, ERNFHR T RAPISE . E - mail: runhaiyang@ 163. com.



51 1)

gk A S ARSI B 5 VR AR T S IR TR AR B b ) RS 81

Ville RHSHTAE - CRERCE, E53%, 2015), fH2Y
ARAE T 5 TR 5 W0 BA 22 I, A2 58 R
FRIUEPOITE B AR AR BOR o

S Atk — MO AR AR A5 -5 BEAT I BT i A
HOTH, EREHs — 2 A5 5 WS I B T L Y
4GS (BReste, BUR4E, 2005) . Zheng 5%
(2018) i J7 i B 2 B TR B R 55 19
AbEErh, BUG TIRGFRORCR . TS AR B HM
Frrg 2 N R AEE, ol B4 5 Fouirer JEHK AR, f&
FEPUR g 2 3 AL (X5 604, 2006a) , HH
AL e eRABTCA VLSR5 (Stocwell et al,
1996) ,  RIVZZ 8 i A% oK 50 04T R 90 767 I 2 991 23 ) 8 4
IR AGHTE (R T4, 2011) {5 S48
Herp G R BOE S E, BN P52 38—
(BRI, Mansinhan 25 (1997) 45 tHAEXSFRET H B
GST DIt S A ffe, F-HIT 08 Wolf K EHBT 17
SRR Bt o S 72 e kA3 o3 A J7 3 B L
Z, o EfitIrk (XEESE, 2011) FIH S
AR T LR AR S IR IR Y, 45 5 BB L
TIENAR S MO AL B, LR T Q H;
XERAF (2006b) #1213 S A8 He i AE 2 R I 7
Mroridk, Tl ORI DL B 38 7 i UR T8 oy A
AIBIFSE . ARSCRI S A2 Atk I 7 12 % sl
GORMEAT 5545 g amab B, JFE S e A 5
20 HER B0 TE B A 3

1 A i 7 vk J

1.1 STc#

S AR — A1 T RIS 5 TSR/
ARG IR — i S A A 5 T v, RERE AR I BT AR
(R 28 Bl o A A 00, AR 20 RT3 i e e
EERU) e 3 WA NS /R S N s L G A L
B A, R ZEE S M x(1) , Stockwell %5
(1996) $iify S I A0 .

S(r, ) =J_+:x(t)G(T “exp( = 2mifiyde (1)

K 7, ¢ FORMIE]; f R
FCrp i T eR R E S -

N 2)

A (1) AT, S 728 48 2 ply e o e HEE I 72 46 3 i

i e PR A A T, RSB -

S(r, /) = J'j:x(l) /J;TTexp((T__tz)zfz)exp

(= 2mifi)de (3)

{b: 55« () AR S(r, ) T E
S AL AT«

x(t) = fj:[jj:jj: [x(t) /j;TTexp((T__tz)zfz)
exp( - 2mift) ]dtdr }exp(21‘rift)df (4)

w(1) = [ X(exp(2mif)df ()

Ao X(f) R a(e) PEEMNAR, ERR N
X(f) = J_tx(t)exp(—met)dt - J:OS(Tr,f)dT (6)

S AR HR) AR 2 — 16 T B RS & ] Wi
RIS A] LSRN AT 45 21 bR B9 (8 L s e (0]
45, 2010) , EALRER R 155 B I )RR S5 7
IR, T E AT LA Sl AR S B 2 0 B AR A A
[F] 5 e L O (R 5 AR R AR, WA A VF I
AT BRI
1.2 B3RS K AR & T R IR

S gt i T B ISR 0T LURH R Se e 2 i
WU P EAT AR B, PO A RS S AR S T
SR ] ol E ARG A A 2200, o
PIUE WA IERR o SR HT S A I A sk gl 25 M pr) — M
APRIE . OXEUGE 52T S AR BAG RIS, X
{5 S HEAT I 3R 0 A 0 5 A U S e A L. @
EB T B3 8 I 250 X A 2804 5 BEA T I [ RS % 42
i, R N EBE Y 1, BTSN Y
ECE N 0, RIEA R 5 i w4045 Bk
B o (ELSP A3 T PN L A7 1 — 28 3 B /N ik Wi {EL 1Y
TS, Al PR 0 B (E BT 4 ], R
MRIFER TS, KR E RN 0, #—P LBk
TGS, RIEARUS SHH . e Bt A il
W ISR (L 50/ N ) i g P2 PR 7, SR T sl A
XA R 5 i AR . DA 5 28 ik o A sl i8¢
JERRAAT S SRR, RIS A i ks
L SUR i



82 WwoE o R 0%

REH AR S « (1) B9 S AZHnl RN :

S(r, f) =St[x(1) ] (7)
VLIS A5 -
H( ) 1, te[tl’tz]vfe[fl7f2] (8)
I3 =
! {m Hi
e o ARURETT]; SARFIE,
RS LR
1, e=A
a@:{ 9)
0, e<A

) (L0 0 23 3
F(i, /) =5(t, /) xH(t, /) xC(e) (10)

WRPE (10), ERBURIENS, FHE S RL s
F(t, f) ¥Rl b ¢ g dod 2

7 J2 2l P TP 2 6 A TR LU L R A9 0 S AT
BN, A0 0 R I TR AR, R
R ISR AT (L U O, A P AU e i
BR{EE ) BEAT 005 5 1O 0 22 15 B DR BB Al , d
TG 8 A X5 5 AR A BEAT IR, DR
SE U KR 5 S A B I ] ek

RBHRE SR %, (1) (i=1,2,3,-+,n), i
PR 5 0 LU e B R S 2B A T =

D(t) :sum[xl(tl ,tz) +x2(t1,t2) +x3(t1,t2) +

$ D(v) Az e,

Dst(t, f) =ST[ Di(t) ] (12)
(R A8 A -
1, e=A
C(e) = { (13)
0, e<A
DB A AR A -
G(t, f) =Dst(t, f) xC(e) (14)

XEIREE . (0) (i=1,2,3--n) R HE
S(7, ), NIRRT RAR I B A -

R(t, f) =S(7, /) xG(¢, /) (15)

FRR IS5 R (e, f) AR EI IR i) 5538 1) i
P Bty FLRY o A8 PRl IR 530 Js8 i e 2 00 B2 g R A
B R 5 W I R A I A R, A RE Ik F
ARGF BB CR o

2 BERHH

2.1 —#ESmMERTE

BUEBAIE B e A — b MR (R
S la fros, SRR 100 Hz, RHE AT
2000, SREEMFE] 20 s, $% 0 A ] BR A 15 15 e L
PEATANIR] B BEAIL IR PS4, A s ARG i 1 s 4%
EREM Ao 11, 9, 7,5, 3, 1, -1,

w1y ,t) + o+, (4 ,) ] (11y =3, =5, =7, =9, — 1L B 1 AhRiEE S
1 Ay T A T T T
0.5
I\IE%!
B,
S 0
|
T 05
=]
1.5
500 "
¢ ¥
B4 e
¥t1000
L 0.5
1500
2000

1 2 3 4

5 6
HEIEHE

7 8 9 10

Al ARERERS (a) AWARLAMAEERES (b)

Fig. 1

Standard seismic signal (a) and adding random noise in different proportions to original signal (b)
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Fig. 7 Comparison of effects before and after processing the raw data by different filtering methods
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Application and Study of S-Transform Time-Frequency Domain Filtering

Method in Active Seismic Source Data Processing
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(1. Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)
(2. School of Earth Sciences, Institute of Disaster Precention, Sanhe 065201, Hebei, China)
(3. School of Civil Engineering, Anhui Jianzhu University, Hefei 230000, Anhui, China)

Abstract

In the active seismic source detection, the receiving station with a large source ranging has a weak signal

energy and various interferences, and the effective signal is extinguished in the interference signal, resulting in a

decrease in the signal-to-noise ratio of the signal. The S-transform time-frequency domain filtering method is

used to simulate the 1-D and 2-D noise-added data respectively. It is found that this method can effectively iden-

tify random signals and improve the correlation between the output signal and the original signal. Then, the S-

transform time-frequency filtering method and frequency filtering method are applied to filter the data of Gaoxing

station in Binchuan active source. The results show that the S-transform time-frequency domain filtering method

can effectively suppress noise in active source data processing and improve the signal-to-noise ratio of seismic

signals, and the effect is better than that of frequency domain filtering method.

Keywords: S-transform; active seismic source; time-frequency domain filtering; signal to noise ratio





