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Short impending anomaly detection before earthquake based on GPS data
LI Nan, LIN Lili

(College of Computer and Information Sciences, Fujian Agriculture and Forestry University, Fuzhou 350000, China)
[ Abstract] Short impending anomaly detection before earthquake is a key part of the earthquake early warning. With the rapid
popularization of GPS stations, anomaly detection before earthquake based on GPS data has become a hot research area. In order to
solve the problem of strong subjectivity and poor universality in the existing methods, an algorithm based on Martingale theory is
proposed to detect the short impending anomalies in GPS data. The experimental results show that the detected short impending
anomaly from GPS data has a significant correlation with the corresponding earthquake. Compared with the traditional ko analysis
method, the famous anomaly detection model ARIMA, one—class support vector machines ( OCSVM) and two—stage clustering
algorithm for outlier detection (TSOD), the proposed algorithm can reveal the pregnancy of the earthquake more clearly and

accurately, and has less false alarms.
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Tab. 1 Earthquake data

Index  Time  Lat.(°N) Long(°E) Depth(km) Magnitude
1 2003-12-22 357 ~121.1 8.4 6.5

2 2009-07-03  25.1 -109.8 10 6

3 2009-08-03  29.0 -112.9 10 6.9

4 2010-04-04 323 -115.3 9.9 7.2

5 2012-04-12  28.7 ~113.1 13 7

6 2012-12-14 311 ~119.7 13 6.3

7 2018-01-19  26.7 ~111.1 10 6.3

8  2019-07-06  35.8 -117.6 8 7.1
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Tab. 2 Analysis result of TSOD algorithm on P500 station

Stage Corresponding time when anomaly is detected

ZRVG 1] 2010-02-04,2010-02-22,2010-02-25,
2010-02-28,2010-03-01
e ) 2010-02-23
T ) 2009-12-22,2010-01-21
L2 3T 2009-12-22,2010-01-28,2010-02-25

MFE 2 TR Y, TSOD Sk AE PS00 53 GPS 44
i b el i 3 SRy, o PR B RR K A Al
()5 JETERZHIT 40 KA:AT (2010-02-25)  JFHH L 177
YR S AR (76 2009-12-22 L) K% 2010-01-28) .

&5 451 T 2010-04-04 HifE ADA 553517
SR (EVFRYER LS . B 5 FTRIRE
FERE T4 53 B 8] 5 B 46 2R 5 FE — S A XS
B/NYIXIEI, o TR HE R AT RE B — 1 B
TEFE TR A R A — BRI (2 1 A2
) FFUR RN, Ui GPS BE I 4h B, I
TR RN ST IR R HbRR S A Bl A Ak
Bk A T3 RKAR A, PRI b 7 i %) 0 2 A AR )5
B, LA b R T e T ) B b, XA
ADA B3 XF 201004 -04 H 52 1 5 4 K6 00 2 A 5%
(), FL BG4 Fioxsh bb 340 8 B O iz B+ 75
S AN R AT DL
24 SEMUASH
24.1 RESHE

J T3 HTRAE S stable_day XA LT R BE
IR, 7E 2010—-04—04 #1553 34 stable_day 13
R S5.T 9 AT YA ARG 6
FFF7R o

t—‘,arthquuke

4092.834

3410.695

2728.556

M

2046.417

1364.278

682.139

Wi

ok

2009-11-30 2009-12-15 2009-12-30 2010-01-14 2010-01-29 2010-02-13 2010-02-28 2010-03-15 2010-03-30 2010-04-01

Day

5 2010-04-04 3172 ADA EIRIZITER
Fig. 5 Analysis result of ADA algorithm on 2010-04-04 earthquake



66 B o /5 M5 MM

12 %

19 255.092

16 045.91

12 836.728

= 9627.546

6418.364

3209.182

2010-02-21 2010-02-28 2010-03-07

2010-03-14  2010-03-21

earthquake ||

2010-03-28  2010-04-04 2010-04-11

Day

El6 BETRRRESHMN ADA HEER
Fig. 6 Comparison of result with different stable_day

ME 6 Al F H , ANEIAY stable_day SEUH , IFA
SRR 45 3 BOR K2, AN [RBUE T, R
F14) 25 b A 1) 3R 300 Ry A T R G 8 e 1) — B B [ P
LREE I, IFAE LR I 1) — B [A] Py Sk 3 0, X2
I T 24 1 5 iz 2 A AR E I, JT stable_day K1Y
GPS B I A2 I Az R KABAk PRI W 445 2R 1 52 i
AN A RIS e B 0 £ R s [ 225 1 ~

4648.585
~WS=5-WS=7-SW=10

3873.821

3099.057

= 2324293

1549.528

774.764

0

2010-02-21 2010-02-28 2010-03-07

2010-03-14

3K, HMSHON 5 W, B E AR B I A
o L, SRR E SR stable_day BEE A S,
2.4.2 I 4T

T AT B KN window_size XA SCTF
VPR RE 1 B2 R, 7E 2010 - 04 - 04 HbRE [ 4y A
window_size VBN 5.7 A 10 #E47 T S5, Tt (E 1)
A A 7 FR

earthquake

2010-03-21  2010-03-28  2010-04-04 2010-04-11

Day

B7 ETAETEEEONADA EHEER

Fig. 7 Comparison of result with different window_size

MW 1 window_size FIHUER/INGE  FERRE
PEHUY B TSR ¢ RIWEE G RREH T 75 SR FE AR
o> | R T 25 ) 52 B B REAS I S I X S 0
ARSI B AR . AR 7 BB W, X HE window_size
=7 Fl window_size = 10, >4 window_size = 5 5}, 7EH0
RRAETT—H BT R A G212 4 i
AE I P B P 0 Wt AE b R A A i e e B, TR
F window_size = 7 Fll window_size = 10, F-HUE I If

SR 08 B B ) A A B 2500, PR
R T R E A B, S5 TR window_size T E
HTHCREH,
243 AFIEBEGH

R T TS IR S h X AR SO M RE R R
£ 2009-07-02 Hb7& b 434 h B2 5001 000
F12 000 AT TS5, FEEUE 022 G an &l 8 i
No



57

H, A FET GPS Bl B AR I S AG 67

4052.639

-H=500-H=1000-H=2000

3377.199

2701.759

= 2026.319

1350.88

675.44

2009-05-21  2009-05-28

2009-06-04  2009-06-11

earthquake

2009-06-18
Day

2009-06-25 2009-07-02  2009-07-09

B8 ETAREELESEMN ADA HEER

Fig. 8 Comparison of result with different &

MK 8 A E H, X T 2009-07-02 Hi5Z,3 Fs
IESHOE T BE Y R & A W — BLt
[F) P 2 i e, 3 55 SCHR [ 1) TP R S5 B A — 2, B4
G B AR ET 30 RAA IR, IR T ILR N
FIEONEER, EAEERNE, Y8 L R ENE
/IN(500) B TS 1 I 06 22 s B, 25 R B0 1
DA, AN E] GPS Kl Hh BRR F S I
X i — R /T 1000 38K 5] 2 000 DL |,

1.0
0.9
0.8
0.7
0.6
0.5

0.4

fraction of missed earthquakes

0.3

0.2

0.1

0
0 0.1 0.2 0.3 0.4

I, 2% h = 1000 A1k =2 000 () FRHYEHZ LT &
Ho HTBKMIEIES B S0 0 T i ] AR
fRTRE, SLE R A BEE N 2 000,
25 BEMKRIE

T RIE ADA BRI GPS i th AR
(ARG S 5 0T 7 Ml 7 =2 T A7 76 DG I, AR ST fifi
Molchan I E " FEF 1 FiR ) 8 W) EikfT
T a2 R A 9 FR

0.5 0.6 0.7 0.8 0.9 1.0

fraction of alarmed cells

9 8 EHIH Molchan BIR S TER
Fig. 9 Analysis result of ADA algorithm oneight earthquakes by Molchan error diagram

P9 v B AR BRI ] o5 A7 38 AR BR R AH
LI AR AP A 5 A BT B AL SR 4 1 45 A
JE LA R 55 1 2 320 4 A L ) i AROR i 1 AR
/N O 50 B T A R e, o I A 4 R T
9 Fr R BT A L, SRR T 5 vk TS T
S A R A D 0 AR SR o« R IR AME R frome
KHVG rear RAVE A& BILL [t — front ,t + rear ] 1E
PRI TRIVE o bR K A AR I ] B DU 3R

INTVE R, B front F1 rear BYHUE L2 ]
FIZ%, DAIET 9 Fal LI i, ADA S35k i i ] 4 A7 %
&SRR DOt Pl W Ui DI R  Nibob el
S5 08 I b R 2 T A7 S DGR

3 HRIE

R A T M S D e R U D A ) R, A
SCHR MY ADA 53k REAE R AN AT D5 1 A7 AE 1 SE



68 OB it B

L5 B A

12 %

PEBE IS PR R 22 RO AL, 8 72 A1) B S B 4
UESE T ADA FEVE AN 2] ) S I S 5 5 7R 22 ) £
TERFAR , T300, A SCUR L S EE AT 1Tk
et

SR, 7= s I P R — I AL 55, &
HAERMRR A A -HZ-RUR-AEE R 5L
ANEEIR . L, Anger 25 5 0 2 5 PR AR ok 2t 47 5+
AR N — L BIBFFE T

Sk

[1] KONG X, LIN, LIN L, et al. Relationship of Stress Changes and
Anomalies in OLR Data of the Wenchuan and Lushan Earthquakes
[J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing,2018,1(11) :2966-2976.

[2] ABBASI A R, SHAH M, AHMED A, et al. Possible Tonospheric
Anomalies Associated with the 2009 Mw 6.4 Taiwan Earthquake
from DEMETER and GNSS TEC [ J]. Acta Geodaetica et
Geophysica, 2021,56(1) :77-91.

[3] WANG T, ZHANG J, KATO T, et al. Assessing the Potential
Improvement in Short - term Earthquakes Forcasts from
Incoroiration of GPS Data [ J ]. Geophysical Research Letters,
2013,40(11) :1-5.

[4] COLOMBELLI S, ALLEN RM, ZOLLO A. Application of real—
time GPS to Earthquake Early Warning in Subduction and Strike—
slip Environments [ J |. Journal of Geophysical Research; Solid
Earth, 2013, 118(7) . 3448-3461.

[5] HO S S, WECHSLER H. A Martingale Framework for Detecting
Changes in Data Streams by Testing Exchangeability [ J]. IEEE
transactions on pattern analysis and machine intelligence. 2010,32
(12),2113-2127.

[6] B r T, ZEHi8%. T SVD HI ARIMA )i %5 7 51 43 fif 5 Tt il
(1], HAHLTRE, 2021, 47(3) :53-61.

[7] HU M, JI Z, YAN K, et al. Detecting Anomalies in Time Series

Data via a Meta — Feature Based Approach [ J]. IEEE Access,

2018 6 :27760-27776.

L BIRISC, JERER, S BT PR BER M B AR S S W
J!lﬁ{i%[ 1. AR, 2021, 43(8) : 163-168.
COLOMBELLI S, ALLEN R M, ZOLLO A. Application of real—
time GPS to Earthquake Early Warning in Subduction and Strike—

—
<)
[

—
=)
[

slip Environments [ J |. Journal of Geophysical Research; Solid
Earth, 2013, 118(7) : 3448-3461.

[10] KANUNGO T, MOUNT D M, NETANYAHU N S, et al. An
Efficient K - means Clustering Algorithm: Analysis and
Implementation [ J ]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2002, 24. 881-892.

[11]JAKHOONDZADEH M, SANTIS A D, MARCHETTI D, et al.
Anomalous Seismo—LAI Variations Potentially Associated with the
2017 Mw = 7.3 Sarpol—e Zahab (Iran) Earthquake from Swarm
Satellites [ J]. Advances in Space Research, 2019, 64(1) :143—-
158.

[12]PENG H, KATSUMI H,JIANCANG Z, et al. Evaluation of ULF
Seimo - magnetic Phenomena in Kakioka, Japan by Using
Molchan’s Error Diagram[ J]. Geophysical Journal International ,
2017, 208( 1) :482-490.

( - HE5 58 1)

[2] ZHANG W, WANG C, ZHANG Y, et al. Credit risk evaluation
model with textual features from loan descriptions for P2P lending
[J]. Electronic Commerce Research and Applications, 2020, 42.
100989.

B 05 ARATAE AR FIIEZS 53 b 9 KU B C B [ 0] v [ e il
1998(11) :26-27.

KOTSIANTIS S B, ZAHARAKIS I, PINTELAS P. Supervised

machine learning: A review of classification techniques [ J ].

—
W
[

—
N
P

Emerging artificial intelligence applications in computer
engineering, 2007, 160(1): 3-24.
KOKKINAKI A I. On atypical database transactions; identification

—
W
[

of probable frauds using machine learning for user profiling[ C]//
Proceedings 1997 IEEE Knowledge and Data Engineering
Exchange Workshop. IEEE, 1997. 107-113.

[6] jA A7, BEER . By 105 R IRVER Rt T)
HLE H.,2006(12) :63-65.

(7] A0t , Zbors. S8 TR0 — 3 K — W il 187 S 345 1) S LAY £ T
SHEFELT]. G5 PR,2018,34(5) :66-70.

[8] XU, £, ARLN, 55, JTRA BP M2 M 4850 0k i 15 R 1M
AT R T T]. BHECE BB SY,2011,31(17) :206-210.

[9] DORNADULA V N, GEETHA S. Credit card fraud detection
using machine learning algorithms[ J]. Procedia computer science,
2019, 165 631-641.

[10] BRsior , e, 254, JLTF XGBoost BB AfE K32 5

WOt

WRAEFRINBFELT] . TSN I BESE, 2020,37 (S1) : 111-112,
115.

[11]ImFAE BET , ML, 2T KNN-Smote~LSTM [197H % 4:fil
ARG ASHIAS A —— DU AE FH R R VERC I R B [ T]. RGBS 5
2 .2021,41(2) :481-498.

[12] YADAV A, VISHWAKARMA D K. Sentiment analysis using
deep learning architectures: a review [ J]. Artificial Intelligence
Review,2020,53(6) :4335-4385.

[13]KIM J Y, CHO S B. Towards Repayment Prediction in Peer—to—
Peer Social Lending Using Deep Learning [ J]. Mathematics,
2019, 7(11); 1041.

[ 14]VASWANI A, SHAZEER N, PARMAR N, et al. Attention is all
you need[ J]. Advances in neural information processing systems,
2017, 30.

[15]ZHANG W, WANG C, ZHANG Y, et al. Credit risk evaluation
model with textual features from loan descriptions for P2P lending
[J]. Electronic Commerce Research and Applications, 2020, 42.
100989.

[16] HINTON G E, SALAKHUTDINOV R R. Reducing the
dimensionality of data with neural networks[ J]. science, 2006,
313(5786) : 504-507.

(17 3RERAT ATk, T BERVE (8 OpL3E 5 B AR ITAG [ T]. B
AREFFHEBIHIFE,2020(11) :80-84.



