K=
Comparison NARMAX, Artifical
Neural Networks, and localized
Lyapunov exponents for
geomagnetic indices prediction
Funding from H2020

Space Research Institute of NASU & SSAU
PhD Student: Serhii lvanov

YctaHoBa: |[HCTUTYT KOCMivyHUX aocnigxeHb HAHY-AKAY
Aonosigauy: IBaHoB Ceprin



KO —=»

Information principle of dynamics

The functional has the form:
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Lyapunov spectrum decomposition

In the application of this principle there is a
decomposition which has the following form
for the global Lyapunov exponents:
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Data for: 06.2015 -04.2016.
Kp(avg) ~ 20;
DST(avg) ~ -18;
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Data for: 03.2013 -12.2013.
Kp(avg) ~ 16;
DST(avg) ~ -9,6;
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Correlation and Phase
dimensions of Kp & DST indices
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Correlation and Phase
dimensions of Kp & DST indices

Fractal Dimension
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DST(avg) ~ -9,6;
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Lyapunov spectrum decomposition
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Lyapunov spectrum decomposition

Lyapunov spectrum decomposition for DST index
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Correlation integral of AE index

Correlation Integral: AE index
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Correlation and Phase
dimensions of AE index
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decomposition for AE index
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Properties
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The functional of estimation

The functional with the Euclidean norm:

d/ = wi=(w? +w? 4.+ w2 | is given by:

ﬁi /In p/ — max,
i=1 j=1

e o] T e )

where a —parameter scale distribution (a >0), m — dimension of phase space, » — cardinal number of

time series, f(d”) — density distribution of distances (norms) 47, H — Shannon's entropy, u —
position parameter.
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NARMAX prediction for Kp index
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* By using the correlation matrix method for DST
and AE index we found the optimal neural
network and the optimal NARMAX model are
the same. We used one neuron to predict the Kp
index. The bilinear summation function of the
neuron is shown in Fig. 1. The neuron is
presented with a sigmoid activation function.
The correlation coefficient is 92% for such an
optimal neuron and the optimal NARMAX model
without multicolinear members.



* By using the correlation matrix method for
DST and AE index we found the optimal neural
network and the optimal NARMAX model are
the same. We used one neuron to predict the
DST and AE indices. The summation function
of the neuron is shown in Fig. 2 and Fig. 3.
These neurons are presented with a activation
function y(z) = x(¢) . The correlation
coefficients are shown in Fig-s.
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Lyapunov spectrum decomposition for Lorenz system
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Lyapunov spectrum decomposition for Ressler system
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Lyapunov spectrum decomposition for Linear system

6 r
— 3
Lyapunov spectrum:
4r /\1 == ;'3 -+ ll
A =034+10b
g 2 Az =0+13
o
= [y
& e
2| B
S—_
_6 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

seconds

400



YncenbHi pe3ynbtatu

ana 6iniHIMHOT cucTtemwm

nat/second

Lyapunov spectrum decomposition for Bilinear system
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