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System Identification of Nonlinear Time Series Using
the Volterra Series Expansion

TAKAHISA NAGASE!

Recently in the non-linear DSP (digital signal processing), the study of adaptive filter using
the Volterra series expansion is active. It is possible to apply this method to the time series
forecasting, but there is a few this kind of studies. So in our study, we report the results of
applying low-order Volterra series expansion to the chaos time series, the economic time series

etc.
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Table 1 System identification of logistic-map using

Volterra series expansion.

FRIRY— 2 3 4 logistic—map
ho 1.61E-12| -4.2E-12| 1.33E-08
h1(0) 2.41841| 3357038 4.110977 37
hi(1) 4741882 2.402915 —1.65715)
h1(2) -4.19563| -3.45076
h1(3) 14.63703
h2(0,1) 1.96E-12| -3.3E-12| 1.65E-09)
h2(0,2) -26E-12]  6E-09)
h2(0,3) —7.4E-11
h2(1,2) -1.7E-12| 1.26E-08|
h2(1,3) 1.39E-10)
h2(2,3) 1.72E-10
h2(0,0) -3.7 -3.7 -37 -37
h2(1,1) -4.74188| -1.26896| 1.520615)
h2(2,2) 4195628/ -0.5052)
h2(3,3) -14.637
MSE 456E-27| 2.33E-27| 1.33E-22
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Table 2 System identification of henon-map using
Volterra series expansion.

FRIRE— 2 3 4 lhenon—-map
hO 1/ 0.470968| 0.149906 1
h1(0) -4.6E-15| 0.529032| -0.04942
h1(1) 0.3 0.3| 1.199509 0.3
h1(2) -0.15871| 0.014825
h1(3) —-0.26985
h2(0,1) —7.4E-16| 2.95E-16| 1.87E-15|
h2(0,2) 3.68E-15| 2.26E-15
h2(0,3) 1.87E-15
h2(1,2) 1.85E-15 1.49E-15
h2(1,3) 1.77E-15
h2(2,3) 1.17E-16
h2(0,0) -1.4 -1.4 -1.4 -1.4
h2(1,1) —7.4E-15| 0.740645| -0.06918|
h2(2,2) -2.9E-14| 1.259313
h2(3,3) —-6.7E-15
MSE 1.7E-30| 1.40E-29| 1.78E-30
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Fig.1 System identification of ikeda-map using Volterra

series expansion.
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Fig.2 System identification of ikeda-map using AR (5).
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Table 3  Volterra series expansion & AR model for

Canadian lynx data.

MSE
RILTFS 693932.8
AR(2) 798053.3
AR(5) 777958.1
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Fig.3 Volterra & AR (2) for Canadian lynx data.
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Fig.4 Volterra & AR (5) for Canadian lynx data.
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Fig.5 Forecasting using logarithmic transformation.
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Table 4 Volterra series expansion & AR model for
economic time series.

FRIRH— 2 3 4
TOPIX [RILTT 0.000162| 0.000163  0.000161
AR 0.000163| 0.000159,  0.000158
¥/$ RATE [RILTS 0.000423 0.000425 0.000430|
AR 0.000439| 0.000436]  0.000413
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