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Delay Time (ms) Earthquake
6 Arjmand
5 Boomehen
9 Damavand
19 Eshtehard
22 Firouzkoh
11 Taleghanl
14 Taleghan2
13 Taleghan3
12 Tehran

Table 2. delay time with using average mutual
information
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Tehran Taleghan3 Taleghan2 Taleghanl Firouzkoh

Eshtehard Damavand Boomehen Arjmand Earthquake

1386/3/28  1377/9/28  1377/9/12  1371/12/17  1368/10/30

1369/3/30 1385/12/7 1385/9/29  1386/7/26 Date of

occurrence

5.7 34 4.5 4.4 5.8 7.7 4.4 42 32 Magnitude
(M)

9984 4608 6400 1634 2583 9157 9728 9472 1306 Number of
data

Table 1. Characteristics of the studied earthquakes
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MCE Correlation Number of Embedding  Earthquake
Coefficient Neighbors Dimension

0.4590 0.9541 100 5 Arjmand
-0.2220 0.4704 225 9 Boomehen
-0.0426 0.1236 275 15 Damavand
0.9784 0.4494 300 6 Eshtehard
0.9733 0.5124 125 6 Firouzkoh
0.8777 0.2452 50 9 Taleghanl
0.9615 0.6600 50 4 Taleghan2
0.9395 0.3697 225 7 Taleghan3
0.8167 0.1760 300 14 Tehran

Table 3. The selected embedding dimension for the
studied earthquakes according to error criteria and
neighbors number
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abstract:
The history of the human efforts for safety against earthquakes shows the catastrophic and harmful events,
even nowadays. The majority of decisions in seismic safety policy are based on randomness assumption
for earthquake time series. The accuracy of this assumption assessment, can accurate the strategies
and resulted in more secure decisions. Also in structural control context, seismic time series prediction
in the feedback systems, can reduces the time of control system reaction and in subsequent decreases
structural damages.
Recent studies have shown that dynamical structure of these complex time series can be better
understand using nonlinear dynamics theory. In the present paper, we evaluate randomness
and nonlinear characteristics of 9 earthquakes time series from metropolitan Tehran earthquake
database using chaos theory conceptions. These earthquakes are Arjomand, Bumahen, Damavand,
Eshtehard, Firuzkooh, Taleqan 1, Taleqan 2, Taleqan 3 and Tehran earthquake. To this end, we
reconstruct phase space for delay time calculation using average mutual information function.
Embedding dimension is calculated based on false nearest neighbors. Correlation dimension is used for
earthquake chaotic behavior assessment and local prediction algorithm and artificial neural network are
employed for earthquake prediction. Results illustrate nonrandom nature of evaluated earthquakes.
These earthquakes have high dimension chaotic behavior. Earthquake prediction is good and acceptable
accuracy using chaos theory and artificial neural network. The existence of the specific attractors in a part
of 2D reconstructed phase space for the earthquakes show the presence of a nonlinear processes. This is
an evidence for no stochastic behavior of the earthquakes. Also, reduction in the false neighbors with
embedding dimension increases, shows no stochastic time series. Lyapanov exponent positive gradient
displays a nondeterministic process, although it cannot warranty the chaotic behavior. Correlation
exponents have high values for Taleqanl and Tehran earthquakes. So these earthquakes saturate in large
quantities. Bumahen and Damavand earthquakes correlation exponents have increasing trend and do not
saturate. These observations prove the chaotic behavior of high dimension or random process with
inconsiderable chaos. So these earthquakes cannot be predicted properly. Performing the local prediction
based on the selected embedding dimensions and the neighbor’s number, showed that the predicted
time series are relatively good for the earthquakes of Arjomand, Eshtehard, Firuzkooh, Taleqan 2 and
Taleqan 3. Proper anticipated of trends, upward and downward branches as well as amplitudes illustrate
the chaotic nature of the earthquakes. The correlation coefficient for Arjomand, Eshtehard, Firuzkooh,
Taleqan 2 and Taleqan 3 are 0.9541, 0.4494,0.5124, 0.6600 and 0.3697 respectively. In the case of
Taleganl and Tehran earthquakes, time series amplitudes and peaks do not predicted appropriately,
but the prediction is acceptable. Correlation coefficient of Taleqanl and Tehran are 0.2452 and 0.1760
respectively. Bumahen and Damavand earthquakes do not trace properly.
It should be noted that for each earthquake, 20% of the endpoints of accelerations are used to evaluate
the prediction process.
According to the results of the analysis and earthquakes prediction in Tehran region, using phase
reconstruction and artificial neural networks, we can say that the dynamics governing the earthquakes
in this region are not random, but, chaos with high dimension. Earthquake prediction is good and
acceptable accuracy using chaos theory and artificial neural network.
Keywords: Earthquakes, Phase Space Reconstruction, Embedding Dimension, Delay Time, Artificial
Neural Network
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