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Abstract The article summarizes the results of research on the application of the fingerprint method  
in seismology. This method can be successfully used in solving various practical problems. We have used  
it as an effective tool for a thorough analysis of noisy seismograms of regional explosions and earthquakes  
in order to select the optimal filtering frequency. The cut-off frequency selected with the help of fingerprints 
will allow you to design an optimal filter that not only reliably suppresses low-frequency noise, but also 
carefully preserves the signal it hides. Moreover, the method works well when the noise intensity exceeds 
the signal intensity many times over and under conditions of partial overlap of their frequency ranges. 
Fundamental is the initial orientation of the method towards automatic implementation with minimal 
use of additional information. In conclusion, this article proposes to use a neural network expert system 
that allows you to evaluate the quality of the fingerprint algorithm. To create such a system, we needed 
to explore current trends in seismology regarding the use of artificial neural networks. Based on extensive 
worldwide experience, it has been shown that there is a clear renewed interest in the use of small, low-
cost networks. The principle on which they are based lies in their perception as training and input data  
of compact, complexly structured parameters of a high degree of transformation of primary seismograms.  
It is these parameters that include the characteristics taken from fingerprints using the algorithms we 
propose. So our experience in creating a neural network expert system naturally turned out to be successful. 
The reliability of the estimates obtained turned out to be very close to the practical limit of the fingerprint 
method.

Keywords Wavelet transform, fingerprints, low-frequency noise, filtering, earthquake, explosion, deep 
artificial neural networks.

For citation Silkin, K.Yu. (2023). [A neural network expert system that allows assessing the quality of the 
algorithm for choosing the parameters of optimal removal of low-frequency noise from seismograms using 
the fingerprint method]. Rossiiskii seismologicheskii zhurnal [Russian Journal of Seismology], 5(3), 67-82. 
(In Russ.). DOI: https://doi.org/10.35540/2686-7907.2023.3.05. EDN: XXYCLA

Reference

Baluja, Sh., & Covell, M. (2008). Waveprint: Efficient 
wavelet-based audio fingerprinting. Pattern Recognition, 
41(11), 3467-3480. DOI: 10.1016/j.patcog.2008.05.006

Bergen, K.J., & Beroza, G.C. (2019). Earthquake 
fingerprints: Extracting waveform features for simi-
larity-based earthquake detection. Pure and Applied 
Geophysics, 176, 1037-1059. DOI: 10.1007/s00024-018-
1995-6

Brandusoiu, I.B., & Toderean, G.I. (2020). How to fine-
tune neural networks for classification. Bucharest: GAER 
Publishing House, 78 p.

Canário, J.P., Mello, R., Curilem, M., Hue-
nupán, F., & Rios, R. (2020). In-depth comparison 
of deep artificial neural network architectures on seis-
mic events classification. Journal of Volcanology and 

Geothermal Research, 401(5), 106881. DOI: 10.1016/j.
jvolgeores.2020.106881

Del Pezzo, E., Esposito, A., Giudicepietro, F., Marin-
aro, M., Martini, M., & Scarpetta, S. (2003). Discrim-
ination of earthquakes and underwater explosions using 
neural networks. Bulletin of the Seismological Society of 
America, 93, 215-223. DOI: 10.1785/0120020005

Fragoulis, D., Rousopoulos, G., Panagopoulos, T., Alex-
iou, C., & Papaodysseus, C. (2001). On the automated 
recognition of seriously distorted musical recordings. 
IEEE Transactions on Signal Processing, 49(4), 898-908.

Görtler, J., Hohman, F., Moritz, D., Wongsupha-
sawat, K., Ren, D., Nair, R., Kirchner, M., & Patel, K. 
(2022). Neo: Generalizing confusion matrix visualiza-
tion to hierarchical and multi-output labels. Proceedings 
of the 2022 CHI Conference on Human Factors in 
Computing Systems, 408, 13 p.



РОССИЙСКИЙ СЕЙСМОЛОГИЧЕСКИЙ ЖУРНАЛ. 2023. Т. 5. № 3

Нейросетевая экспертная система оценки алгоритма для оптимальной фильтрации … 81

Haitsma, J., & Kalker, T. (2002). A Highly robust audio 
fingerprinting system. Proceedings of ISMIR 2002, 3rd 
International Conference on Music Information Retrieval 
(pp. 107-115).

Iulkova, V.M., & Shilovskii, G.V. (2019). [Artificial 
neural networks. Deep learning]. Monitoring. Nauka 
i tekhnologii [Monitoring. Science and Technology], 
4(42), 68-72. DOI: 10.25714/MNT.2019.42.010. EDN: 
XSPOLJ

Kislov, K.V., & Gravirov, V.V. (2011). Earthquake 
arrival identification in a record with technogenic 
noise. Seismic Instruments, 47(1), 66-79. DOI: 10.3103/
S0747923911010129

Kislov, K.V., & Gravirov, V.V. (2017). Use of artificial 
neural networks for classification of noisy seismic sig-
nals. Seismic Instruments, 53(1), 87-101. DOI: 10.3103/
S0747923917010054

Kislov, K.V., Gravirov, V.V., & Vinberg, F.E. (2020). 
Possibilities of seismic data preprocessing for deep neu-
ral network analysis. Izvestiya, Physics of the Solid Earth, 
56(1), 133-144. DOI: 10.1134/S106935132001005X. 
EDN: OZIJRL

Lin, J.-W., & Chiou, J.-S. (2019). Active probability 
backpropagation neural network model for monthly 
prediction of probabilistic seismic hazard analysis in 
Taiwan. IEEE Access, 7, 08990–109014. DOI: 10.1109/
ACCESS.2019.2932991

Liu, H., Song, J., & Li, Sh. (2022). Seismic event iden-
tification based on a generative adversarial network and 
support vector machine. Frontiers in Earth Science, 10, 
ID 814655. DOI: 10.3389/feart.2022.814655

Lu, J., & Wu, B. (2022). A Loss function base on softmax 
for expression recognition. Mobile Information Systems, 
6, 1-6. ID 8230154. DOI: 10.1155/2022/8230154

Miao, F., Carpenter, N., Wang, Zh., Holcomb, A., 
& Woolery, E. (2020). High-Accuracy discrimination of 
blasts and earthquakes using neural networks with mul-
tiwindow spectral data. Seismological Research Letters, 
91(3), 1646-1659. DOI: 10.1785/0220190084

Mousavi, S.M., & Beroza, G.C. (2022b). A dataset of 
published journal papers using neural networks for seis-
mological tasks. Zenodo. DOI: 10.5281/zenodo.6386952

Mousavi, S.M., & Beroza, G.C. (2022a). Deep-learn-
ing seismology. Science, 377, eabm4470. DOI: 10.1126/
science.abm4470

Mousavi, S.M., & Beroza, G.C. (2023). Machine 
learning in earthquake seismology. Annual Review of 
Earth and Planetary Sciences, 51(1), 105-129. DOI: 
10.1146/annurev-earth-071822-100323

Perol, Th., Gharbi, M., & Denolle, M. (2018). Con-
volutional neural network for earthquake detection 
and location. Science Advances, 4(2), e1700578. DOI: 
10.1126/sciadv.1700578

Prilepov, E.V. (2018). [Assessment of the quality of algo-
rithms based on the inaccuracies matrix]. Evraziiskii 

soiuz uchenykh [Eurasian Union of Scientists], 8-1, 
55-58. (In Russ.). EDN: YZJIJN

Ramasamy, S., Natarajan, Yu., Rathinakumar, A., Lee, D.-E., 
Choi, Yo., Park, Y.-J., & Yi, Ch.-Yo. (2022). A Stacked 
generalization model to enhance prediction of earth-
quake-induced soil liquefaction. Sensors, 22(7), 7292. 
DOI: 10.3390/s22197292

Rojas, O., Otero, B., Alvarado, L., Mus, S., & Tous, R. 
(2019). Artificial neural networks as emerging tools for 
earthquake detection. Computacion y Sistemas, 23(2), 
335-350. DOI: 10.13053/CyS-23-2-3197

Ross, Z., Meier, M.-A., & Hauksson, E. (2018). 
P wave arrival picking and first-motion polarity deter-
mination with deep learning. Journal of Geophysical 
Research: Solid Eiarth, 123(6), 5120-5129. DOI: 
10.1029/2017JB015251

Sadhukhan, B., Chakraborty, S., & Mukherjee, S. 
(2023). Predicting the magnitude of an impend-
ing earthquake using deep learning techniques. Earth 
Science Informatics, 16, 803-823. DOI: 10.1007/s12145-
022-00916-2

Shi, Y., Zhang, D., Ji, H., & Dai, R. (2019). Applica-
tion of synchrosqueezed wavelet transform in microseis-
mic monitoring of mines. IOP Conference Series: Earth 
and Environmental Science, 384. DOI: 10.1088/1755-
1315/384/1/012075

Silkin, K.Yu. (2020). [Using wavelet analysis as an 
additional criterion for identifying the nature of a 
seismic event]. In Struktura, veshchestvennyi sostav, 
svoistva, sovremennaia geodinamika i seismichnost’ 
platformennykh territorii i sopredel’nykh regionov: 
materialy XXII Vserossiiskoi s mezhdunarodnym uchastiem 
nauchnoprakticheskoi Shchukinskoi konferentsii. Pod red. 
L.I. Nadezhka, T.B. Silkinoi [Structure, material com-
position, properties, modern geodynamics and seis-
micity of platform territories and adjacent regions. 
Proceedings of the XXII All-Russian scientific and 
practical Shchukin conference with international par-
ticipation. Eds. L.I. Nadezhka, T.B. Silkina] (pp. 328-
334). Voronezh, Russia: VSU Publ. (In Russ.). EDN: 
VHXKWM

Silkin, K.Yu. (2022). [Fingerprints of seismogram 
wavelet analysis results as a tool for creating a compact 
signal image for the purposes of neural network rec-
ognition]. Rossiiskii seismologicheskii zhurnal [Russian 
Journal of Seismology], 4(4), 42-55. (In Russ.). DOI: 
10.35540/2686-7907.2022.4.03. EDN: EMMMDC

Silkin, K.Yu. (2023). [Automatic denoising of seismo-
grams using fingerprints: Algorithms, properties, lim-
itations]. Vulkanologiia i seismologiia [Volcanology and 
Seismology], 17. (In Russ.). (In press).

Silkin, K.Yu. (2023). [Seismogram fingerprints as a 
tool for automatic filtering of low-frequency noise]. 
Seismicheskie pribory [Seismic Instruments], 5. 
(In Russ.). (In press).



РОССИЙСКИЙ СЕЙСМОЛОГИЧЕСКИЙ ЖУРНАЛ. 2023. Т. 5. № 3

82 К.Ю. Силкин

Ul’ianov, N.A., Iaskevich, S.V., Dergach, P.A., & Iab-
lo-kov, A.V. (2021). [Detection of records of weak 
local earthquakes using neural networks]. Geofizicheskie 
tekhnologii [Geophysical technologies], 2, 13-23. DOI: 
10.18303/2619-1563-2021-2-13. EDN: YDFWLR

Wang, A.L.-Ch. (2003). An industrial strength audio 
search algorithm. Proceedings of ISMIR 2003, 4th 
International Conference on Music Information Retrieval 
(pp. 7-13).

Yoo, J., Hong, S., & Ahn, J. (2021). Seismic ground 
response prediction based on multilayer perceptron. 
Applied Sciences, 11(2). DOI: 10.3390/app11052088

Yoon, C.E., O’Reilly, O., Bergen, K.J., & Beroza, G.C. 
(2015). Earthquake detection through computation-
ally efficient similarity search. Science Advances, 1(11), 
1-13. DOI: 10.1126/sciadv.1501057

Yuan, X., Li, L., Zhang, H., Zhu, Ya., Chen, G., 
& Dagli, C.H. (2023). Machine learning-based seis-
mic damage assessment of residential buildings con-
sidering multiple earthquake and structure uncertain-
ties. Natural Hazards Review, 24(3). DOI: 10.1061/
NHREFO.NHENG-1681

Zhu, W. (2021). Applications of Deep Learning in 
Seismology. PhD diss. Stanford: Stanford University, 
201 p. DOI: 10.13140/RG.2.2.11835.18720

Information about author

Silkin Konstantin Yurievich, PhD, Associate Professor, Researcher of the Geophysical Survey of the Russian Acad-
emy of Sciences (GS RAS), Obninsk, Russia. E-mail: const.silkin@ya.ru




