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Seoahn Lee and Dong-Hoon Sheen, 2021, Quality control of seismic data based on convolutional neural
network. Journal of the Geological Society of Korea. v. 57, no. 3, p. 329-338

ABSTRACT: Installing more seismic stations may result in improving the capability of earthquake monitoring
and shortening the time to report the occurrence of earthquakes or deliver public earthquake warnings. However,
accordingly, it becomes difficult to assess the condition of seismic instrument. The goal of this study is to develop
an automated method for assessing the quality of seismic data, which is based on power spectral densities (PSD)
of one-hour waveform data. We collected 10,309 PSDs of broadband seismometers and 4,452 PSDs of
accelerometers recorded from 2016, 2017 and 2019, and used them as the input of the convolutional neural network
(CNN), a class of deep learning. Two deep CNNs for broadband seismometer and accelerometer were trained to
automatically determine the condition of seismic data: normal and abnormal conditions. We find that the condition
of seismic data determined by the CNNs have an accuracy of 99.9% and they can successfully determine the
condition from PSDs of 15-minute waveforms. The outstanding performance of the trained models indicates that
this can be a very effective tool for assessing the condition of seismic instrument.

Key words: power spectral density, quality control, deep learning, convolutional neural network

(Seoahn Lee and Dong-Hoon Sheen, Department of Geology and Environmental Sciences, Chonnam National
University, Gwangju 61186, Republic of Korea)
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Fig. 1. Waveforms and corresponding power spectral densities. Waveforms of (a) normal condition, (b) abnormal
condition (no signal), (c) abnormal condition (locked), (d) local earthquake, and (e) teleseism. Power spectral den-
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Fig. 7. 15-minute waveforms and corresponding power spectral densities of accelerometer of station BGDB.
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spectral densities are corresponding to waveforms.
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Ehdl Ao =2, HA(BOSB) #&4 Fjy S22
HEN-S) A& A=oldk. HAo= FHF 1A 4
ol9] UL EHUES FAF7 B2 P
B2 &5 Frpseich 13 158 Zoj9 A=E
o83 TATEY U S} FAYTN= o] XA
7F g E Ol ol P E = MFleE HolEh &
AA Q2 AZL o4 AT WA o] 5o A7} oF
45% ol Eehd AFET ohAl, W A RS2
HYATHEHL T BESRY Afo]of] ZE3}
I glom FAE R B7E I jhde, o) Al
57} 45% olAF E3HE AlRE 0] FHR A BES
sl s} EEgendi R gy
Uehte, oAbl BRI o A 1417 2
o] Are] U F7to] Y RuHel Yo
Vs 45 EQ B} ol S AT, wor
Ak o) olE Bl AR BAL BTH
Ho 2 A0S de e g Atk

E Ao A= McNamara and Buland (2004) 2]
el W 147 ole] gadEguE &
A7k BUS AT, 1407 Dol S AlEst
3158 Zole] A2 g o] $3 el au =AU
£ 2 48T 4 98 AT 4 Y T4 AT
g Bof noh e 42| BB RS AY
st} AARE A8 Al JYsE AFolH, ol
ol Y SEAC IS EA S AARE B E4
A AR FAB7E 28 S AR

theFet Adlof osf 71 S5 o ARES
AATE gA B AAET|ARE AN AL
AEE RS AT 2ARE WAL 5 gon
2 AR #AZoA A AR 48
Fasit 0|2 Yol A UARe FAL G 0w
BeT S =S PHT AL TR BAH
=S st

McNamara and Buland (2004)2] ®PH o2 14]
AL ARE YA EYUES Nkl §
70704 FHE S=A 9 AAAE 537070, o]
B 4,9397, & 26714 7FEEA 9] FAM E 2,097
7N, olaake] 235571 o) AT EY U S S35

PRIZAZ ERE 337

et oY) SEAG AswAR Pee] 247
A2 F9E B 5 s BHF AT Y
2 S5ART B A7lA e mde) ok
£99.9% oo Zslol, FHF AFY 713
3 EAB7E wdo] Frho SwA A EAL 2
YIS T WA 4 Y22 L 5 A

£ 479 F9%7 mde] A i FAA
RO 2 BEARY EAL Tk 4 A FEH}
A, BEd H BES Fuste] Yol WA A-F
o o} BT H-Fo] HlrdEYUE Az P
7HE st F97H BP9 S5l 147
ole] Y AHEYAEE AGSHAAT 158 2
o9 ARE 0§ WULHEFTERE BER}
29 32 2 WK BT 5 Yok ueby
5 AN27) RN AR B ZUAZ AR
AR VRS U BER BET S 9 A
2 7|Rfateh. shAler ARBE4 A0 TR )
RS GFL e W), WAL B A
ur} oot A=) 3719 g o) FQHH
29g %A 02 PFohn ANT et ik

ZAe 2

o] QI 71437171 See-At 7] &L AT(KMIPA
2017-4030) 8] A Yo =2 FPEAFULE IS4
4 BS2 AT 2 VRN Y2 =YY A
28 AT A AE) £ F AFAIALA
ol FAEYUTh B3 AALHS B B
oA A1 o] YA UST A DA BAL
SRR

REFERENCES

Aster, R.C., McNamara, D.E. and Bromirski, P.D., 2008,
Multidecadal climate-induced variability in microseisms.
Seismological Research Letters, 79, 194-202.

Cherry, S., 1974, Earthquake ground motions: Measurement
and characteristics. In the engineering seismology and
earthquake engineering edited by Soines, Noordhoffleiden,
315.

Cho, B.-J., Sheen, D.-H., Jo, B.-G., Park, S.-C. and Hwang,
E.-H., 2009, Development of a standard background
noise model for broadband seismic stations of KMA.
Journal of the Geological Society of Korea, 45, 127-141



338 OlMet - AIESE

(in Korean with English abstract).

Guenaga, D.L., Marcillo, O.E., Velasco, A.A., Chai, C. and
Maceira, M., 2021, The silencing of U.S. campuses fol-
lowing the COVID-19 response: evaluating root mean
square seismic amplitudes using power spectral density
data. Seismological Research Letters, 92, 941-950.

Hasselmann, K., 1963, A statistical analysis of the gen-
eration of microseisms. Reviews of Geophysics, 1, 177-210.

Ioffe, S. and Szegedy, C., 2015, Batch normalization:
Accelerating deep network training by reducing internal
covariate shift. Proceedings of Machine Learning Reserch,
37, 448-456.

Kanai, K. and Tanaka, T., 1961, On microtremors VIII.
Bulletin of Earthquake Research Institute, University
of Tokyo, 39, 97-114.

Kim, S.K., Nam, S.-T. and Ryoo, Y.G., 2004, Characteristics
of the background noise of seismograph stations in
Korea. Journal of the Geological Society of Korea, 40,
515-536 (in Korean with English abstract).

Koper, K.D. and Burlacu, R., 2015, The fine structure of
double-frequency microseisms recorded by seismometers
in North America. Journal of Geopysical Research:
Solid Earth, 120, 1677-1691.

McNamara, D.E. and Buland, R.P., 2004, Ambient noise
levels in the continental United States. Bulletin of the
Seismological Society of America, 94, 1517-1527.

McNamara, D.E., Hutt, C.R., Gee, L.S., Benz, H.M. and
Buland, R.P., 2009, A method to establish seismic noise
baselines for automated station assessment. Seismological
Research Letters, 80, 628-637.

Peterson, J., 1993, Observations and modeling of seismic

background noise. U.S. Geological Survey Open-File
Report, 93-322.

Poli, P., Boaga, J., Molinari, 1., Cascone, V. and Boschi, L.,
2020, The 2020 coronavirus lockdown and seismic mon-
itoring of anthropic activities in Northern Italy. Scientific
Reports, 10, 9404-9411.

Ross, Z.E., Meier, M.A. and Hauksson, E., 2018, P wave
arrival picking and fist-motion polarity determination
with deep learning. Journal of Geophysical Research:
Solid Earth, 123, 5120-5129.

Seo, G.J., 2019, Study on automatic quality control scheme
for realtime seismic monitoring. M.S. thesis, Chonnam
National University, Gwangju, 71 p (in Korean with
English abstract).

Sheen, D.-H. and Shin, J.S., 2010, Earthquake detection
thresholds of boradband seismic networks in South
Korea considering background seismic noise levels.
Journal of the Geological Society of Korea, 46, 31-38
(in Korean with English abstract).

Sheen, D.-H., Shin, J.S. and Kang, T.-S., 2009, Seismic
noise level variation in South Korea. Geosciences Journal,
13, 183-190.

Srivastava, N., Hinton, G., Krizhevsky, A., Sutskever, .
and Salakhutdinov, R., 2014, Dropout: A simple way
to prevent neural networks from overfitting. Journal of
Machine Learning Research, 15, 1929-1958.

Received : April 1, 2021
Revised : April 26, 2021
Accepted : April 27, 2021



	합성곱 신경망을 이용한 지진자료 품질관리
	요약
	ABSTRACT
	1. 서론
	2. 지진자료 품질관리 기술
	3. 토의
	4. 결론
	REFERENCES


