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A comparative study between ICSS and AR-AIC algorithms
on onset time estimation for seismic signals

He Yan Jin Ping® Xiao Weiguo Wang Hongchun

(Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: This paper introduces another onset time estimation method, cumula-
tive sum algorithm (CUSUM f{or short), which is different from AR-AIC algo-
rithm. As a sequential analysis method, CUSUM is mainly used to detect the
onset time of anomalous signals with the assumption that background noises are
quasi-stationary. This paper mainly introduces the improved CUSUM method,
iterative cumulative sums of squares algorithm (ICSS for short) and its applica-
tion to onset time estimation for regional seismic signals. The results indicate
that, in comparison with AR-AIC algorithm, ICSS algorithm has a certain ad-
vantage of minor error in estimating onset times of regional S and Lg waves,
and it takes less time to compute than AR-AIC algorithm.
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Fig. 1 A regional earthquake record and onset time estimation results by ICSS
(a) Original seismic waveform; (b) Filtered seismic waveform; (c) ICSS curve after the first
iteration; (d) ICSS curve after the second iteration; (e) ICSS curve after the third iteration;

(f) ICSS curve after the fourth iteration
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Fig. 2 A regional earthquake record and onset time estimation results
by ICSS after the estimation conditions are modified
(a) Filtered seismic waveform; (b) ICSS curve after the first iteration; (c¢) ICSS curve
after the second iteration; (d) ICSS curve after the third iteration; (e) ICSS curve

after the fourth iteration; (f) ICSS curve after the fifth iteration
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Fig. 3 Comparison of time windows selection for onset time estimation
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Fig. 4 The onset time estimation results by ICSS combined with automatic
seismic signal processing method

(a) Original seismic waveform; (b) ICSS curve of P wave onset time estimation; (c¢) ICSS curve

of S wave onset time estimation; (d) ICSS curve of Lg wave onset time estimation

3 ICSS BiE5 AR-AIC RS RXT L R o
AR-ATC 535 23 I 30 0 S B UE W) 2 L 00 0 A 28019 1600 T S TCSS 3 i 58



fiu - #ESF . IAACRAF I AE kS A [ 2 o Rk

2 W i W07 25 5 B G5 o 0 L B 215

55 B B HER R B R A, A S AR-AIC A —XF . 1 %8 X AR-AIC
Bk —T = 4.
3.1 AR-AIC &EE®N

AR-AIC Bk JEAEAF 5 il &R 00 A 6 b UAS 0 % fish 2 BsF ] g v o A — B2 B0 90 A
JBINAG R O, BOEE D RETA TR MES, e A TGS, 20 a RS fE S
J By AR BB, g (55 Wi sh BRI A & A, FMEFS FI{E 5 1 AR L7 43 514004 1
=14 AE M—k+1 00 HEAG 3R, IR EMNIR AIC{H. AP

AIC(k) = (b— Dlné’ + (M — k+ 1)1né?, (5)
A, e, e MBI IIGRZETI e, (DR e, (DI TITRMAE. BHig b, 24 b HEBRIE S0
B AIC(R) B /IME.

MEMR K E 50 8l bW W, %A T LT s i 2 5 5 00 3l s H S AE MR L
RAR S A5 S W 2t AN B o T AT R 3 B R M IR 25, Ry AR S5 B R A 2 8 el ik s
) AR-AIC 51k CEMG 44, 2003).

3.2 ICSS &k

TEN ] 1ICSS S AL A5 5 SN0 B & B, >4 R P 48 60 i (i AR 7 e (B kA7 R AR

TR, A AT DL 3 5 A oA Y 45 R HLTE A A R 8 48 (Der, Shumway, 1999). RIJEA

B BT J7 IR SCrr s ) =5 a2 254 S (v 1) =3 | |+ BEURIG 10 24 2 I {545

AZ.

TR JE .l it STA/LTA KA 2 925 R 5 52 b 21 kA L id O i, PN it
SR L I e 22 AT Ok AT B B AT A B R A 45
3.3 HEERMWILESHR

e IPUHT 98 407 5 ML SR BN A 330 A RRAIC RAF A AEA Bl (BU 4% P, S Il Lg 5B AD . 1
[7i) 25 Ak S5 2% AT A ] #4242 G 00 s T % [ AR £ 20 9042368 38 ATt 73 31 SR P 0 i A4 5053 F
S R AHIEAT B AL SR PR 7 2 e A B 0 B R 22 G A R UL AR 1, B4R 22 0 A 1 00 I

F 1 ICSS FI AR-ATC P b 55 vk i 15 2 /) 52 A 20 Al 350 3% 22 45 R e 1
Table 1 Statistic results of the errors in onset time estimation using ICSS and AR-AIC methods
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A Jrik <0.5s <0.8s <2 OB Wirg/s
ICSS 54.13% 74.31% 94.50% 0. 44 0.76
P AR-AIC 69.72% 85.32% 92.66% 0.27 0.76
ICSS 45.87% 65.14% 85.32% 0.54 1.17
S AR-AIC 35.78% 52.29% 81.65% 0.73 1.56
ICSS 32.11% 43.12% 75.23% 1.01 1.79
Le AR-AIC 20.18% 30. 28% 60.55% 1.41 2.26
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