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METHOD FOR IDENTIFICATION OF NONLINEAR NONAUTONOMOUS DYNAMICAL SYSTEM
Identification of ordinary differential equation (ODE) system from time series of its variables is actual in many fields of science and engineering. This problem becomes more complex for nonautonomous ODE systems, which are depending not only on constant coefficients, but also depending on variable input actions. It was noted in [1] that the identification of a nonautonomous ODE system in most cases requires simultaneous knowledge of the time series of input actions as well as observed variables of the system.

Consider ODE system, which have 
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 and all of them are observable. ODE system have polynomial right-hand sides of equations with 
[image: image4.wmf]m

 constant coefficients 
[image: image5.wmf]ij

c

, 
[image: image6.wmf]1,,

in

=

K

, 
[image: image7.wmf]0,,1

jm

=-

K

 in each equation. Some constant coefficients 
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 (one or several) are replaced with unknown time series of input actions 
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The aim of the research is to develop nonautonomous ODE system identification method, which can identify structure of system's equations, numerical values of constant coefficients 
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 and time series of unknown input actions 
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 from time series of observable variables 
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. It is assumed, that rate of change for unknown input actions 
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 is lower comparing to rate of change for observable variables 
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To solve the problem under consideration, a nonautonomous ODE system identification method was proposed in [2], which is based on idea from [3]. Let time series 
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 have a time duration 
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. Let also a section (a "window") of length 
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 is selected from the time series. Let some well-known method for identifying an autonomous ODE system, for example, a least squares method (LSM), is applied within the window. As a result, the constant coefficients values 
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 will be obtained, which are related to the window position 
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. When start of the window is shifted to position 
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, a constant coefficients values 
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 will be obtained and so on. Thus, repeating of window shifting and an autonomous ODE system identification allow to obtain time series 
[image: image24.wmf](

)

ˆ

ij

ct

. Article [2] demonstrate, that correct result of identification of input actions 
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 should be shifted in time 
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 on some unknown time 
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. The analytic study of system with additive input action, where 
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, show that time shift is 
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. This means that the result of autonomous system identification 
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 should be positioned at the middle of the window. Basing on the significance [4] values and analysis of graphs 
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, it is possible to determine, which coefficients of unknown ODE system are zero, which are constants 
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 and which are input actions 
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The proposed method was used for identification of several nonlinear ODE systems with 
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 observable variables. For a system with additive input action, where 
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, a structure of equations was identified, a numerical values of constant coefficients 
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 were determined and time series of input action 
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 was identified. For a system with multiplicative input action, where 
[image: image38.wmf](

)

(

)

(

)

(

)

33,512

xtctxtxt

=++

&

KK

, an identification was performed and a relation 
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, which was analytically obtained, was experimentally confirmed. For a system with two input actions, where 
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, time series of input actions 
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 were identified simultaneously. For an ODE system, in which all 6 constant coefficients 
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 were replaced with input actions 
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, time series of all input actions were identified.
The proposed method allows to identify a nonautonomous ODE system with unknown input actions, which have low rate of change. Unlike [3], this method allows to identify not only time series of input actions, but also a structure of equations and numerical values of constant coefficients in the system. Method can be generalized by using of identification methods, other that LSM, within the window. Another way to generalize the proposed method is to use it for identification of nonautonomous ODE system from a single observable variable.
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