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Fig. 1  Original waveform, short window and long window (a), and Allen STA/LTA value curve (b)

1.2 Frfs BHEM T E

TR E BHEN 7 (Akaike Information Criteri-
on, fijFK AIC) WrEE M RAESMES 2 B, 4
SYEIITES 2 AN ARSI, X0 ATC B
AN, B4Ry e/ MEXS AR B, AIC J7 ksl AR

WE2MER, LIS gL # UL AIC R4,
AR - AIC ( Sleeman, Van Eck, 1999; Leonard,
Kennett, 1999) {dif B 0377 118 AIC &, B
AL 2 AN H BIHE R, B EHR R
I H], Maeda (1985) fRAYEET ZFragit it



51 1) 2% AR A SFUIEORBE S R 3

1.0 (a) i E)
© 1 — RIER
S 0.5f : —=—- PREIEEIN
X
I
o 0.0
P
-0.5 I
. :
-1.0f | - . | | |
-2 0 2 4 6 8 10
B8] /s
(b) ! [E45i)
I — AlC
2, 207 -—- PRIFZIN
—~
X
i 1.8}
o
=
1.6}
-2 0 2 4 6 8 10
AiE) /s

A2 R4k HBF AICH2 (a) AR VAR -AIC{a#Z (b)
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SF(2002) $EHEY, HERAHBEEUI G b, il
B 09 5310 B v R (R B AL 75 o =l e T 1
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Fig. 3 Original waveform and kurtosis window (a), kurtosis value curve (b)
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of vertical component (c), P and S filter curve obtained by polarization analysis (d)
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et al, 1989; Bai, Kennett, 2000; Diallo et al,
2006; Amoroso et al, 2012; Ross et al, 2014,
2016) , Jackson &5 (1991) 551 A FAE 5 7
¥ (Singular Value Decomposition, f&jFr SVD) #E47
Pt b, — 20 BIa] 58 G 1Y o A . ZETT I
()i B, A% e W a1 20 BT 5 2 A R 7 11 P
PR SR AP IT 2255 %, Rosenberger (2010) 5| A
AT S (B 0 ik, 3l 3 38 R O £ ok BB i
T T A SR BT AR, S TS
AL PR, Kurzon 25 (2014) Fe Tk fUar 5K 2>
il T MR S I A3 B P o3RRS i, SR
JEAE S . A e (RIR LR BRI P S
B, I H MR R AR BRI R P S Y Ts
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HAHCRBURHIA 2 BUE SR E &, H
REWIE B ARALL P 3 ph 7R UEAIL ) R0 8 2ok i B A8 T
E, PUCE AR 0T IR SRR i, A
HESEPIE T AR HRE  (Poupinet et al, 1984;
Rubin, 2002; Schaff, Richards, 2004, 2011), i%
iR TR BURAF W LR A FIRE B R R (5 5 A
A (Shelly et al, 2007; Peng, Gomberg, 2010),
REAS DU 3 L 1E X H SR 2R 1 g0 5=
( Schaff, 2010; Schaff, Waldhauser, 2010; Gib-
blon, Ringdal, 2006), Yang 4% (2009) #&HEG
= s e BT % (Sliding - Window
Cross — correlation, fij#K SCC), B =405
AHOC Ty 48 BB T A1 A e L R A

HARK IR EHIVELASi, JF H R B S
JEEAR SRS i R A A I 45 5 1 A LM, Brown 4%
(2008) $iH ARG K, REME i SE T P 4
Wi, HAZ TR, Yoon 45 (2015)
FTHYEIZ B 32 ) (Fingerprint And Similarity
Thresholding, fijFx FAST) , FSCHERHAEAUEIIE,
WIS AAHOCTT 0 140 4%, REASTE 2 h N ALZHER
B — S IE B G . FAST JriE A Romig Tt 1
BRI, (HRa B e R AR KR
Kb, A FH A BOT R B AR R TS
SRR I, 18 SRR AR R R T R i )
Shelly 45 (2007) b T #7HBCE Z iR, 221k
WAV T [B0HG 32 Sk A4 EL ARG R A I R [, £
Xof 2 [V 72 A ) 3 I
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HL#$%>] (Machine Learning, f&jff ML) J&—

FENEE SIS, FET R T RE Y e R F
BAREGHERR, KEU A ML T BIE AT
PR 2% 35 7k (Artificial Neural Networks, faj FK
ANN) , 3% 2 FhBE R A A 455 A AR B840 11| A Y A
RITRINGH AR 2 BB, ANN 2 ML 54, H
a7 PR BRBCR A T I 25, AL v B A R A A
MR AR, LT (2014) IR 2G5 9EAT T
7338, ML 13 58 X4 A B A AR 2 U A v
B2 EZE PRI S3 2K 0], Rawles Fl Thurber
(2015) FEAURE RE AL H A AP Bk ) o T 7 R AH 1Y)
F AN, Kortstrom 45 (2016) i F 3¢ 1] &
PLI5E:, BET 20000 AN R R AR B AR e sR B, A\
I ZR g8 A SO 0 R T o3 B R R R 1R Ao i <R
. Maggi 55 (2017) {EIBENLARAMITIESL I 1 &
H SRR, 2 G ul nEIE FmE
FREZH G, X JERE il B i b 7 A 31740 26
A (2012) fdff 1 S 1) 4% 49 P 22 ) 465 43 2K T
AL . Esposito 2 (2013) i ] 22 2B
&R pig A8 4 T 1A KL ) R A A
Horstmann 5§ (2013) fifi J1] [ 21 2L 5 it 25 1) 2 K
A3 52 . Giudicepietro 55 (2017) £ )2
BT R . XBRRFILRR .

FEAH Bl 5 BT R B 1) A% R 22 ) 2%
(Back Propagation Neural Network, f& #% BPNN),
Wang il Teng (1995, 1997) il i K i 67 2 1
T2 6 R IEAE A Wk, 5§
STA/LTA AHLL, 745 WORS B2 FVIG AR W8 Lo 3k v |
B —E 3, Dai Fll Mocbeth (1995) %} ANN ¥¢
FEAHZII 45 O T AP REHEAT 1T, TR R
(1998) i FHj = 73t b 52 B9 19 K FE BEAE Oy ANN
A, e R ARV $S BB, Zhao I Takano
(1999) f{diJ1] BPNN A IRIS ¥ffs hmn i) 2, HIT
Ho 0 45 K J2 B A% BF 55, Gentili Al Michelini
(2006) FHHA @iz A RE T B4 8 #2824 TU-
ANT2 $5HL P 1S 7B AH .

1.7 RE5HH

STA/LTA . AIC., PAI - /K. TR¥IE/Hr)E T B4
FRIETTEL, Pl FH B RRAIE PR M TP 1 53 1 e —
T JLIRHE, A AT AR B & S, ARR B
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M, BEIUE, AIC 5k e85 o E 2, w il
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&E 2013; Rastin et al, 2013; B2 HT, REF,
2015)
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FERFEE m o AT, SRR BE 22 Z S5
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WA AE N S AT AR SR A 7 ] o i 4t
JURPERL T . Setke ik AR T i, MK 5%
ZEHRy AT 43 S 4 X0 v 7 2 A 5 6 5 v o

JUfRT 5 2 2541 FH 349 29 4 JoE I J7 FE A0 JLART 0
W, TeFm FAERE E R A, R R e
M EZITE, WA A A)IE. 2
o BOMEEAIR, JUImETERRE ISR 2
AR T B

AMENTT kR Geiger (1912) $i1, H
AR i PRUE A OC TR IR 25 SR AR et 7 R 2 A
BYRIT, WAL IrBal, M/ ZRiER
fife, I EIEERSRIRIESE. R TS
B L S R A TE i 22, 7E Geiger J7 125 ik
filh EAA: AR Z2 i B J5 ¥ . Douglas (1967) 42
Y JED J5 i H1 Dewey (1972) $2 i) JHD J5 ik,
INHERZEH Gl N M Z LR, 5IAG
VEREIE R B IE; Crosson (1976) #2Hi#y SSH 5
%, WOAER AR ZE M S W 2ET DR, R T
b AN L T R 5 S

2 WHIRR A AETE A — AR X, JF HARRIX
3 FEL /N TR G i RE RS, AR E ARSIk X
A 3l BT 223 ) R AR 26 IR o AR TR Y, s i
R PR 5| 3 4 2 I 25 I ARUAE 45, PRI T AR
2 SRR E I 2202 AR IR A Y R E S E Y, A)
FZ AR E N ITERR Z AR ERL T . A
T3 LA— e OBTHERf O M= Ve S 28 S, Xt
JEL L Ho A b 5= AT AR X 2 i (Evernden, 1969a,
b; Spence, 1980), M T &N F LA E 2%
FAFRE T, FFAF TR E A7 32 B —E R
flilo Waldhauser (2000 ) #2 M X 25 & 1 J5 ¥k
(DD), K2 DX BE 2 A0 1) L 52 A ) 7 T, Al
FHEEEXT A B 22 2 AR B, AT 2 5
1, &S E T

R R — R LM S ) A, AT DA AR
AT ok, ENWARZHE, &I
A Powell Jrik (FERE%, 1979) ., e % (1K
B, 2RSS, 19955 FRHERAE, 1999; ECHE, E
RE, 1999) AR ki (A5, 2002; FhaN,
2016) . PRI GRUIPAT, REEHE, 2005; R4k
BL, MR AR, 2011) , FRAiIE i (ERAE, 1994),
ARLMETT R Fo T LU i 4 235 R By AR
WM, BB 5 a2 s TNk,

TR 9% R i e 119 25 [ SR A 2 AR 78 E iR iy

ZNLH, MR E AR S R BGR A ZOR, T
YR E AL 2T | A PSRRI LS R 25 R
Zepkie B 2E, I R TR . AR
FAES 6] b B A, ik — e AR SR E R A
DD S5 FH X 5 37 7 ¥k B9 R 264 DD J5 1 H i 2
eE W LR R, B E R R T R R T R 7
(B IR 4%, 20085 fjar AR 4%, 20115 75 4 4% 4%,
2013; 5K)7HAE, 2014)

3w E LTI BR

B I S 7 TR AR R U TR AR 2 I
R, PURIRE ) 32 T A AR R, AR A
SRR TC IR B fl A A, AR TR E
A E RS E N FIRBIRE . —IRRESRTI LEZA
BUFPIE IR, TEARR G uic sk s 4T
FEARIIR, SRR X R 2 & uh AR R R R Y —
Mk WA B N7 AN T A G I PR R A
KA, P G U T s R, AL
Y, REARUERIME, 3R e R R R AE
BORTRE . fTAl. TUEAC, K M D A5 4B 0T 15
RMORII A BN, A S N J7 i & e+ 3 i,
ALK I R 2 28 — KR T sl Ir B n e i
L RE R AR DT, XTIk el e, A
A RAR, WA Y 32 5m e s M T 45 AN %)
B)52 0 ( Mcmechan et al, 1982, 1985; Gajewski,
Tessmer, 2005) ; 53—/ B35S INFFE R B 1Y 52
VR #5 7 #: (Source Scanning Algorithm, &
SSA) KHATATI

SSA 1 Kao #1 Shan (2004, 2007) #&H, 7&
KREHE RIS EBIEO T, RIS R E A
R E], B A A 6 3l 3 — A 010 55 4R 1R 48 %)
B, 1330050 B ek H0R R AE A RIIA D 2 d AR i
Baker 4 (2005) HH Pt sgefs&m, JEol AKE
IRE R EEHEYE (Kirchhoff reconstruction method ) .
Gharti ¢ (2010) A4S W, ARECEE I
e BATERIRAR, IR RIBHE PR S Dk gk ik
78, Grigoli 4 (2013, 2014, 2016) 7E SSA
Dy LAl A STA/LTA A R ik R B0k T &
o, IS EFATRARIE G B IEm, P
P E NG, Langet 55 (2014) D42 ) 2k T %
SR FE pRBSCN D A% 2 i TFOI RS

AR VCHCE AR (Matched Filter Technique, fAjFR
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MET) Z5GIE BAHCH G S MER, ¥ £ imiE
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Developments of Research on Automatic Aftershock Recognition Technology
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Abstract

Base on the important significance of the automatic identification of aftershocks for earthquake monitoring,
emergency response, determine the seismic structure, forecast analysis and scientific research, the present situa-
tion and future development of the automatic identification technology of aftershock are summarized and ana-
lyzed. First, we summarized automatic phase identification method and characteristic function of single station,
including common single feature method and cross correlation method and machine learning method. Second,
we summarized conventional methods which base on phase arrival time and migration stack methods which base
on characteristic function. Finally, we analyzed and proposed the future of aftershock recognition technology,
the improved performance of migration stack methods will be important development direction for after shocks i-
dentification. The deep learning is a new technology, which will play an important role in areas of seismic data
processing, which include phase picking and aftershocks identification.

Keywords: aftershocks; automatic identification; automatic phase picking; travel time location; migra-

tion stack



