3w P iz i

PROGRESS IN EARTHQUAKE SCIENCES

wE

1979

ISSN 2096-7780  CN 10-1665/P

B B 2R YRR R AR v O S DU B 2 ST AR
%4, Bk, B, XK, REY
Deep learning model for co-seismic response detection of fixed-point deformation data

Peng Zhao, Shao Yongqian, Li Yingnan, Liu Wenbing, and Zhao Liming

TEZRIR]IE View online: https:/doi.org/10.19987/1.dzkxjz.2024-156

L] RERRGBR A HAN S

Articles you may be interested in

PR DX FEATA RS SEATAY L 5= T [R] = Me L R 45 B

Fusion analysis of co—seismic response between broadband tiltmeters and broadband seismometers in Chengde area
HE R R, 2025, 55(1): 21-29

] B4 % 1 PIE VPSS R SCEE X EE 2B

Comparative analysis the data of two sets VP broadband inclinometers at Jixian seismic station

HUZ Rl FHERE. 2024, 54(9): 575-583

WA B A AT T AL WA S b R R R Rl 23 A

Data fusion analysis of broadband deformation observation meters and seismometers in Huangmei, Hubei Province
HZ Rl FERE. 2024, 54(12): 840-850

=R RGR SRCTALE ROE LRI R B E IR

Preliminary study on co—seismic deformation steps of digital fixed—point and double earthquakes in Yunnan Province
2Rl F . 2020, 50(2): 32-35

KATHUR B VPSSR R UL R 34T 55 Ak P

Analysis and treatment on common faults for VP broadband tiltmeter at Changting seismic station

HZ R FIEE. 2023, 53(10): 462-468

VLVHA BN 5= O sl DSQ B /K A BRI A5 VS AT B 2R W] = ey Xk EE 734

Comparative analysis of observation data between DSQ water—tube tiltmeter and VS vertical pendulum tiltmeter at Ganzhou seismic

center station in Jiangxi

HZ Rl FHERE. 2023, 53(9): 409-415



http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2024-156
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2024-156
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2023-118
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2024-084
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2024-127
http://www.gjdzdt.cn//article/doi/10.3969/j.issn.2096-7780.2020.02.005
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2023-098
http://www.gjdzdt.cn//article/doi/10.19987/j.dzkxjz.2023-066

B55E HoW ok B R Vol.55 No.9
20254E 9 A Progress in Earthquake Sciences Sept., 2025

ZH, GRKHR, 2R, . aUTE 28 B W) R i oy e 0 R R A ST AR [T]. b RR R AE R, 2025, 55(9): 521-528. doi:10.
19987/j.dzkxjz.2024-156

Peng Z, Shao Y Q, Li Y N, et al. Deep learning model for co-seismic response detection of fixed-point deformation data[J]. Progress
in Earthquake Sciences, 2025, 55(9): 521-528. doi:10.19987/j.dzkxjz.2024-156

[feccscsccsaseg,
U 7}—; A g i
¥ 13 m

TE = 2 32 S 4E [5] 22 i oz 46 U 3R =2 ) A B
gAY EKHE EEMD UCRD e

1) REET =R, KHE 300201
2) iR, B 200062

HE EAMEZHENEEMNERANEMEEREALRSL, WARLAE RN T EZRANNA. K
XMW L4 A€ SR BEWEE\MANEELFIEA, ZER A TEES VP I W WA H
o b B3 A A U ] R e R S R I X BORAT AL AL, BN 3 AR AR R B R A I
WHREAAE A AR IR, ¥ EANE BT EFELN G R fok T4 2 8 AF % 83 L, %t Al
ETRENBELRBAP KB EEZNNHE LN KK AEALLERFNLNERE, 28 £ 6 %4
BAE LR AR AR AT IR AR E RN EF4, TS K NEL AT KR
2, AE BT 75%, R E AR B A fr — B A L A TR TRAHR A,

KB SUBAR; WA RATI; BRI R s VP S ARHY

HMESES. P315.61  XEKARIEE: A XEHES: 2096-7780(2025)09-0521-08

doi: 10.19987/).dzkxjz.2024-156

Deep learning model for co-seismic response detection

of fixed-point deformation data

Peng Zhao", Shao Yonggian”, Li Yingnan", Liu Wenbing”, Zhao Liming"
1) Tianjin Earthquake Agency, Tianjin 300201, China
2) Shanghai Earthquake Agency, Shanghai 200062, China

Abstract Co-seismic response identification of fixed-point deformation data currently relies on manual selection,
and no automatic co-seismic response detection method has yet been applied. This study proposes the first deep learning
model for the co-seismic response detection of fixed-point deformation data in China, which is used to detect co-seismic
response signals quickly and accurately on the second dataset of a single vertical pendulum broadband tiltmeter. The
model was constructed using the transfer learning technique; it introduces three representative pre-trained models for

earthquake detection in seismic data as feature extractors, migrates their knowledge and capabilities of earthquake
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detection in seismic data to fixed-point deformation data, and then designs and adapts supporting data converters and

classifiers. Tests on real observational data showed that the model provided a good detection performance. The application

of continuous data from Jixian station proved that the model was not only capable of detecting all the co-seismic response

events recorded manually, but it also found events that were not recognized manually, with an accuracy rate of no less

than 75%. Compared with traditional manual processing, the detection efficiency, detection capability, and consistency are

greatly improved using this model.
Keywords
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Fig. 1 M?7.8 Tiirkiye earthquake in 2023 recorded by (a) ver-

tical pendulum broadband tiltmeter and (b) broadband

seismometer at Jixian station
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Table 1  Pre-trained model selected in this paper
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Table 3 Seismic events included in the two segments of test

data

i 7 i 7 A5 1) B R IE/km
ENEN D Ey 2024-01-09 04:48 6.6 4011
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B LG 2024-04-2305:19 5.2 1854
B 2024-04-23 05:24 5.0 1856
BRI 2024-04-23 0531 53 1849
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Fig. 3 Test results of model using data from Jixian station recorded on January 9, 2024
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Table 4 Performance of different pretrained models using test data from Jixian station recorded on January 9, 2024

T A R e xf £ M 1 5L T 41 24 liLIES 4[] % F173 %4
EQT PTM 3 0 0 1.00 1.00 1.00
CCFE PTM 2 0 1 1.00 0.67 0.80
CRED PTM 3 4 0 0.43 1.00 0.60

£S5 OARFETNGBALEE E G 2024 4 4 H 23 HIAEE LRI

Table 5 Performance of different pretrained models using test data from Jixian station recorded on April 23, 2024
Tl A5 B x4 M AR £ [ERITES UL S FEREES F153%%
EQT PTM 6 0 4 1.00 0.60 0.75
CCFE PTM 5 0 5 1.00 0.50 0.67

CRED PTM 7 4 3 0.64 0.70 0.67
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model detection and manual selection at Jixian station
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