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Abstract

This article is devoted to the development of multi-agent systems for predicting the time of earthquakes based on
seismic signals. The work uses a dataset from laboratory signals, which used to calculate the time predicted before the
next earthquake. The MadKIT platform and the Python programming language are used to build multi-agent systems.
The "tsfresh™ package is used to calculate a large number of time series characteristics, so-called features, from seismic
signals for further use in regression. The article considers one of the regression models - LightGBM. Using it, a set of
data was processed and the predicted time of the earthquake was obtained. This article shows the relevance and prospects
of the research area, describes the functionality of the created agents.

Keywords: multi-agent system, earthquake prediction, models of prediction, regression models, agents, artificial
intelligence.

Anoamna
A.A. Abroposa
an-Dapabu amvinoazvl Kazax ¥nmmeix ynugepcumemi, Anmamer K., Kazaxcman
MYJbTUATEHTTIK )KYWEJIEPAI AN JAJIAHBII )KEP CIJIKIHICI YAKBITBIH BOJIKAY

Bepinren Makana celiCMHMKalbIK CUTHAJIAp HETi3iHIe JXep CUIKIHy YakbIThlH OOJpKay YIIiH MYJIBTHAreHTTIK
Kyitenepni a3ipieyre apHaiFaH. byj )kyMmbIcTa 3epTXaHalbIK CHTHAJIIAP apKbUIbI KeJieci JKep CUIKiHICI OOJnKaHAThIH
YaKBIT KY3€re achIphUIATHIH JEPEKTEp JKHHAFBI KOJMAHBUIABI. MyNbTHATCHTTIK >Kydenepmi Kypy ymid MadKIT
wiatopmacsr koue Python 6araapiaamanay Timi Kongasbuiisl. Jlepektep ®HUHAFbI TEK €Ki CUIaTTaMajiaH KypajaFaH COH
"Tsfresh" makeTi ceficMUKaNbIK CHTHAJIAPJAH KOCHIMIA CHIIATTAMANIAPbl €CENTEeN INbIFApyra CeNTiriH THUTI3i.
AJTBIHFaH HOTHOKEJIEP apbl Kapail MoJIeNbIiH OipiH/e perpeccusaa KoaaaubuLasl. Makaiaaa perpecCusuIbiK MOACIbACPIIH
6ipi - LightGBM xapacteipbutrad. OHBIH KOMETiMEH JEepPEeKTEp KUBIHTBIFBI OHICNTII, JKep CUIKIHICIHIH OOKaMIbIK
YakbITBl aibIHABL. byl Makamajga 3epTTeNeTiH cajaHblH ©3€KTUIIT MEH KeJeMIeKTeri Maiaachl KepCeTUIreH JKoHe
KYPBUIATBIH areHTTEPiH (HYHKIMOHAJIbI CUIIATTAJFaH.

Tyiiin ce3mep: MyTbTHATCHTTIK XYHe, )Kep CLIKiHICIH 00JDKay, 00IKay MO, perpecCrsiIbIK MOICbIED, aTeHTTED,
KacaH/[bl HHTEIUICKT.

Annomayus
A.A. Abioposa
Kazaxckuil Hayuonanvuwlll ynusepcumem um. aib-Papabu, . Armamei, Kazaxcman
MMPOIrHO3UPOBAHWE BPEMEHU 3EMJIETPSICEHUM C UCITOJIb30BAHUEM
MYJBbTUATEHTHBIX CUCTEM

Cratbs nocBsiIeHa pa3padOTKe MyJIbTHAI €HTHBIX CHCTEM JJIsl IPOTHO3MPOBAHHS BpEMEHH 3eMJIETPSICEHUIT Ha OCHOBE
ceiCMHYECKHUX CHTHAIOB. B paboTe ncnonb3yercss HaOOp AaHHBIX U3 1aOOPaTOPHBIX CHTHAJIOB, C MTOMOIIBIO KOTOPOTO
OCYILECTBIISIETCS BpEMs, IPOrHOZUPYEMOE A0 CIEAYIOIIEro 3eMaeTpsiceHus. [yig mocTpoeHHs MyJIbTHATEHTHBIX CHCTEM
ucnonb3oBana mwardopma MadKIT u s3e1k iporpammupoBanus Python. IMaker “tsfresh” npuMeHeH 11 BeIYHCIICHHS
0O0JIBILIOTO KOJIMUECTBA XapaKTEPUCTUK BPEMEHHBIX PSI/IOB, TaK HA3bIBAEMBIX IPU3HAKOB, N3 CEHCMUYECKMX CHUT'HAJIOB JIJIS
JTATbHEHIIeTo NCIIONB30BaHUs B perpeccur. PaccMoTpeHa oaHa U3 perpeccHoHHbIX Mofeneit - LightGBM. C momomsio
Hee 00paboTaH HabOp OAHHBIX M TIOJNyYEHO IPOTHO3MPYEMOE BpeMs 3eMIleTpsiceHHsA. B naHHON cTaTbe MOKa3aHa
aKTyaJbHOCTh U MEPCIIEKTUBHOCTH MCCIEAyeMON 00IacTH, ONMcaH (PYHKIIMOHAJ CO34aBaEMBIX areHTOB.

KiroueBble c10Ba: MyIbTHATCHTHAS CHCTEMA, IIPOTHO3 3eMJICTPSICEHUH, MOZIEIH IIPOTHO3UPOBAHMS, PETPECCHOHHBIE
MOJIENH, areHThI, HICKYCCTBEHHBIH WHTEIUICKT.
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Introduction

The forecast of an earthquake is one of the topical problems of our time, which has not only scientific, but
also serious practical significance. The need for an early solution to the problem of earthquake forecasting is
steadily increasing. Current earthquake forecasting scientific studies focus on three main points: when the
occasion will happen, where it will happen, and how huge it will be.

In the twentieth century, intensive international attempts were made to solve such a dangerous problem for
humanity, but they did not achieve any significant success.

Thus, according to V.1.Keylis-Borok, the existing earthquake prediction systems are able to provide the
following highly probable estimates of the accuracy and its characteristics [1]:

a) the place of the upcoming earthquake-hundreds of kilometers;

b) the possible energy of the expected earthquake is six orders of magnitude;

c) implementation time — years.

It is obvious that such a forecast has no practical value. In addition to generating false anxiety, it can also
generate false calm. This is what happened in 1989 in California, when a strong earthquake was expected in
Parkfield (near the San Francisco in 300km), and it occurred in San Francisco. In recent decades, Geophysics
has been dominated by two radically opposite approaches to assessing seismic risk.

The first approach is based on the direct detection method the epicentre of the impending earthquake —
deformation-geodetic method, which allows, as suggested by his followers, make an accurate forecast of the
hearth and to determine the maximum possible strength of future earthquakes.

The next approach is based on a method for solving inverse problems — from analyzing the behavior of
anomalies in various geophysical fields, the so-called anomaly strategy.

Such a strategy for implementing an earthquake forecast is based on the ideas of detecting the hearth and
tracking the processes occurring in it by scattered indirect signs — anomalies generated by the preparing hearth
in various fields: seismic, deformation, hydrogeological, geochemical and electromagnetic.

Used technologies

The prediction of earthquake as a whole has proven to be a challenge which is essentially impossible. With
modern computing resources, machine learning methods and a dramatically narrow focus, however, maybe
some progress can be made in this important task. One of the technologies in order to achieve the task is multi
agent systems. Multi-agent system — a set of interrelated agents that can interact with each other and the
environment, have certain intellectual abilities and the ability to individual and joint actions [2].

MAS has the following characteristics:

» each individual agent does not have enough information or ability to solve the problem, and thus does not
have a complete vision of the global task to be completed,;

» there is no global control in the system, i.e. there are no agents managing the entire system;

* no centralized data storage;

» agents are at least partially independent;

» limited representation, i.e. none of the agents have an idea of the entire system or the system is too complex
for knowledge about it to have practical application for the agent;

* calculations are performed asynchronously [3].

The aim of this work is to predict the timing of laboratory earthquakes using seismic signals. The dataset
originates from a notable test set-up used to study physics of the earthquake. There are two parameters in
dataset:

- acoustic data - input seismic signal;

- time to failure - remaining time before the next earthquake.

In this project, | consider three agents. First agent formats the data, as our dataset is too large in order to
run it on a normal computer. It is going to convert to an appropriate way for use. As we have a dataset that
consists of only two features - the seismic signal and the time until the next earthquake, we need to make a
prediction when the next earthquake will occur with only one feature, thus we need to pull additional features
from the data, which can be used in regression. This is a mission of the second agent. The last agent will predict
when the next earthquake will occur according to the model (Figure 1).

The total acoustic data in the training set is shown below. Each of the big spikes represents an earthquake
event, and the training set includes around 16 earthquake events. In addition, the training data comprises 630
million perceptions. Orange plotted line is a time to failure.
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Figure 1. Interactions of agents

As you can see, the time to failure decreases linearly until an earthquake strikes, then resets. The mission
of this project is to take a set of 140 000 observations and predict where the orange line could be (Figure 2).
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Figure 2. Acoustic data and time to failure.

Featuring extraction and modeling

Once there are only two features available in the dataset, then | have to get additional features. Some of the
features are simple aggregate functions such as a segment mean, IQR, standard deviation and so on. However,
to get better results, | use more complicated features that are prevalent in the analysis of time series.

For this reason, the “tsfresh” module of BlueYonder Tech will be helpful. This module extracts up to 1100
time series related features. In the table given below shown the formulas of the theory of probability used in
method. All with one method only.

Table 1. Statistical features

Measure Formula Description
Mean - X txpt et The average (mean) value is the sum of all
X = - " -
n values in the dataset divided by the number
or of values in the dataset.

_ XX
X =—
n
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Median n + X Position The average score for a data set that was
2 ordered by order of magnitude.

Mode None Most frequent

Standard Nz Ix — ul2 A measure of the number of changes or

deviation variance in a set of values.

Kurtosis 1 < x; — Mmy* It is an indicator that reflects the sharpness
Z ( ) of the vertex and the thickness of the tails of

n—1 Sd - . L

i=1 a one-dimensional distribution

Skewness An asymmetric  distribution can be

1 v x; — Mny\® h
—1 Z ( Sd ) characterized by the terms
i=1

The structure of the agent for featuring parameters consists from the model and agent classes. Both of them
are child classes of generic Mesa classes: Model and Agent.

class FeatureParamAgent(Agent):

def _init__ (self, uni_id, mdl):
super().__init__(uni_id, mdl)
self.wealth = 1

class FeatureParamModel(Model):
"A model with certain nmber of agnts."
def __init__ (self, N):
self.num_agnts = N
# Create agents
for i in range(self.num_agnts):
a = FeatureParamAgent(i, self)

The extracted training data demonstrated in the figure 3 below.

temp = statistical_features.join(rollingwindow_features)
data = temp.join(fourier_features)

print(data.shape)

data.headiﬂ

(4194, 132)

mean std max min abs_mean mean_first_10000 mean_first_50000 mean_last_10000 mean_last_50000 abs_std .. img_FFT_5quantile img
0 4384113 5101106 1040 -93.0 5.576567 51820 496210 4899007 501594 4333325 -1605.470156
1 4725767 6.588824 181.0 -154.0 573467 47772 4.69840 4.712293 469448 5732777 . -1859.559966
2 4906393 6.967397 140.0 -106.0 6.152647 46814 470610 4.886771 481588 5805945 . -1944.064062
3 4902240 6922305 1970 -199.0 5933960 5.0364 4.84364 4.882936 4.83663 6.061214 . -1889.301741
4 4908720 7.301110 1450 -126.0 6.110587 4.9405 4.89116 4.923021 494855 6.320485 . -1965.867577

5 rows % 132 columns

Figure 3. Training data

When all the features are extracted, it is time to start modeling. There are several of the popular regressors
that are currently available for the modeling: SVM, OLS, Bagging Regressor, XGBoost, CatBoost, Random
Forest, Light Gradient Boost Method. CatBoost and LGBM are more recent, and their tree computing method
is slightly different, although | personally found LGBM to be generally the fastest of the three. Above is a list
of the features that LGBM determined were most important.

The architecture of multiagent systems looks like as in the figure 4,5 below. The process starts from the
input data illustrated in the left side. Seismic detectors receive signals, put through sensor processing and starts
the preprocessing level. The preprocessing level load input parameters, then feature more of them. All obtained
data stored and used in the next level — modeling. As shown in the figure, user interface is available from the
beginning till the end.
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Figure 4. LGBM features
Preprocessing level
Loading Data
. 4 L o
INPUT DATA Feature H “
| R e Extracting Agent
Sensor
)
[!- ] _f_, Processing
Sejsmic
signals E"'""""“""."‘""""""“"""" Linear RegressinnAgent
g : = Random Forest
ul — b ik
{ : XGBoost Agent
2l L"‘““‘ Support Vector Machine
Agent
Modeling level
Figure 5. MAS architecture
Conclusion

After running the modelling in LGBM, the pivot score was 2.4175. This is a good result, where the ideal
result is 2.26589. LGBM’s one of the best advantages was its rapidity in standard computers. In this work, |
learnt how to work with huge data — divide into segmentations and build the model. For the future, I plan to
use DASK computers, which can easily run many millions of data rows in different regression models in
parallel. It allows me to figure out which model suits my project best. Overall, one of the agents will select the
model that will give the prediction with the least amount of error.
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