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Abstract— The problems of structural and parametric 
identification of nonlinear systems on the set of continuous block-
oriented models, elements of which are different modification of 
Hammerstein and Wiener models, at the system’s deterministic 
input influences are considered. The problem of the structural 
identification is considered according to the classical definition of 
identification of Zadeh. The structure definition criterion of the 
model is developed. Parameters’ estimations are received by the 
method of the least squares by using Fourier approximation. 
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I. INTRODUCTION 
The systems identification is connected with the solution of 

different problems depending on the a priori information about 
the system. The construction of the system’s optimal model in 
many respects is determined by the structural and parametric 
identification problems problem solving. 

The majority of real systems are nonlinear. They are 
generally represented by block-oriented (for example [1-3]) or 
general models, in particular, the Volterra’s functional series 
(for example [4-5]) and continuous and the Kolmogorov-
Gabor’s discrete polynomials [6-7]. 

When representing nonlinear systems by block-oriented 
models the basic results in the sphere of structural 
identification are obtained at the identification by discrete 
models. The determination of the structure of the model for 
continuous nonlinear systems is usually carried out on the 
certain sets of block-oriented models consisting of different 
modifications of the Hammerstein and Wiener models. 

In this work the problem of structural identification of 
nonlinear continuous stationary systems is considered on the 
set of continuous block-oriented models which is "greater" 
than the one considered earlier. This problem is brought in 
correspondence with the L. Zadeh classical determination of 
identification, i.e. it is implied that the classes of models and 
input signals are set. A criterion determining the model 
structure from the class of models is needed to be developed. 

To the problem of parametrical identification of nonlinear 
systems is devoted a considerable quantity of scientific works 
in which that problem is solved on the basis of different 
approaches and methods. At the representation of nonlinear 
systems by the block-oriented models, most of the methods of 

parametric identification is developed for the simple 
Hammerstein model (for example [8-9]). Comparatively small 
quantity of works is devoted to the identification of parameters 
of the simple Wiener model (for example [10]). As to the 
identification of parameters of other block-oriented models it 
is possible to name only several works from this area. This can 
be explained by the fact that estimation of the model 
parameters is difficult, because the majority of these models 
are nonlinear in parameters, and also because of the big 
number of estimated parameters. 

In this work the problem of parametrical identification of 
the second order nonlinear systems is considered at their 
representation by the simple and generalized Hammerstein and 
Wiener models. The problem of parametrical identification is 
solved by the Fourier approximation and by the least squares 
method. 

The developed methods and algorithms of structural and 
parametric identifications are investigated by means of both, 
the theoretical analysis and the computer modeling. 

II. CLASSES OF MODELS AND INPUT SIGNAL 
The model structure is determined by the following class 

of continuous block-oriented models 
                                 { }9,...,2,1== isL i ,                               (1) 

where 1s  and 2s  - the simple and generalized Hammerstein 
models, 3s  and 4s  - the simple and generalized Wiener 
models, 5s  - the simple Wiener- Hammerstein cascade model, 

6s  - the expanded Wiener model, 7s  and 8s  - the generalized 
and expanded Wiener-Hammerstein cascade models, 9s  - the 
simple Hammerstein- Wiener cascade model (Fig. 1). 

The nonlinear static elements which are included in the 
models are described by n degree polynomial functions:  
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where ( ) ( )mjdnici ,,1,0 j  ,,,1,0 LL == - constant coeffici-
ents. 

It is assumed, that the linear dynamic parts, with transfer 
functions ( )pW  and ( )( )4,,2,1 K=ipWi  in the operational  
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Figure 1.  The block-oriented models: 1) simple Hammerstein model;                   

2) generalized Hammerstein model; 3) simple Wiener model; 4) generalized 
Wiener model; 5) simple Wiener-Hammerstein cascade model; 6) expanded 

Wiener model; 7) generalized Wiener- Hammerstein cascade model;              
8) expanded Wiener- Hammerstein cascade model; 9) simple Hammerstein -

Wiener cascade model 

form - p  denotes the operation of differentiation dtdp ≡ , 
which are included in the class of block-oriented models are 
steady. 

To solve the problems of structural and parametric 
identification of nonlinear systems in the steady state, on the 
basis of active experiment, it is supposed, that input variable 
of system ( )tu  is sinusoidal function: 
                                      ( ) tAtu ωcos= .                                (3) 

III. STRUCTURAL IDENTIFICATION 
When on the input of nonlinear system acts the harmonious 

influence, after the termination of transient process in the 
steady state on output of the system forced oscillation is 
obtained, having features for different models from set (1). 

For example below it is given analytical expressions of the 
forced oscillations, obtained on the output of generalized 
Hammerstein model and of Wiener simple model: 
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where i
kC  is binomial coefficient, ( ) ( ) ( )ωωω jVUjW += , 

( ) ( ) ( )ωωω 22 VUW += , ( ) ( ) ( )[ ]ωωωϕ UVarctg= . 
The analysis of output variables models allow defining 

the criteria of a choice model structure on set (1): 
• Hammerstein simple model - constant component of 

periodic output signal does not depend on change of 
frequency of input influence. Output periodic 
function is presented in the form of the sum of n 
harmonics; 

• Hammerstein Generalized model - constant 
component of output signal does not depend on the 
change of input influence frequency. The output 
periodic signal contains only the first and second 
harmonic; 

• Wiener simple model - constant component of output 
periodic signal depends on the change of input 
influence frequency; 

• Wiener generalized model - the difference between 
the constant component and amplitude of the second 
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harmonic does not depend on frequency, and the ratio 
of a square of amplitude of the first harmonic to 
amplitude of the second harmonic depends on 
frequency;  

• Wiener-Hammerstein simple cascade model – the 
difference between the constant component and 
amplitude of the second harmonic depends on 
frequency;  

• Wiener expanded model - all above listed values 
depend on frequency, however the constant 
component and the ratio of constant components’ 
difference at different amplitudes of input influence 
to amplitude of the second harmonic, represents 
trigonometrical functions of frequency;     

• Wiener-Hammerstein generalized cascade model - 
constant component and the ratio of  difference 
between constant components at different amplitudes 
of input influence to amplitude of the second 
harmonic, depend on frequency, however these 
dependences are not trigonometrical functions of 
frequency; 

• Wiener-Hammerstein expanded cascade model -  
constant component represents trigonometrical 
function of frequency, however the ratio of a 
difference of constant components at different 
amplitudes of input influence to amplitude of the 
second harmonic depends on frequency, however this 
dependence is not trigonometrical function of 
frequency; 

• Simple Hammerstein - Wiener cascade model - 
constant component of output periodic signal depends 
on the change of input influence frequency. Periodic 
signal contains n+m harmonics.  

The above listed values - constant components, amplitudes 
of harmonics of the output forced oscillation of the system can 
be defined by means of the numerical harmonic analysis [11]. 

IV. PARAMETRIC IDENTIFICATION 
For the parametric identification of nonlinear systems at 

their representation by Hammerstein and Wiener simple and 
generalized models, analytical expressions of the forced 
oscillation for structural identification are used. With the 
Fourier approximation [12] the problem of parameter 
identification is reduced to the solution of algebraic equations 
system. Parameter estimations are determined by least squares 
method. 

It is assumed, that the nonlinear static elements, which are 
included in the models are described by the second degree 
polynomial function and transfer functions of linear dynamic 
parts of models are defined by expression:  

                      ( ) ( )2,1  
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where ( )2,1 00 => iT i  has dimension of  square of time, and 
( )2,1 0 => iTi  - dimension of time. 

For example below are given the expressions of some 
parameter estimations for Hammerstain generalized model: 

  
2

1

3

1

1

1

2
2
1

2
1

1

4

1

3

1

1

1 1

1

1

2
2
1

2
1

1

2

01
ˆ

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

=

∑∑∑

∑∑∑∑

===

====

n

i
i

i

i
n

i
i

i

i
n

i
i

n

i
i

i

i
n

i
i

i

i
n

i
i

i

i
n

i
i

b
a

b
a

b
a

b
a

b
a

T

ωωω

ωωωω

, (7) 

     
2

1

3

2

2

1

2
2
2

2
2

1

4

1

3

2

2

1

2

1 2

2

1

4

2 2
1

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

=

∑∑∑

∑∑∑∑

===

====

n

i
i

i

i
n

i
i

i

i
n

i
i

n

i
i

i

i
n

i
i

n

i
i

i

i
n

i
i

b
a

b
a

b
a

b
a

T

ωωω

ωωωω

. (8) 

where ( )nibaba iiii ,,2,1,,, 2211 K=     - values of Fourier 
coefficients during iω  frequency. 

V. ACCURACY OF THE RECEIVED RESULTS 
The reliability of the received results at the identification 

of nonlinear systems in the industrial conditions under noise 
and disturbances depends on the measurement accuracy of the 
system’s output signals and on the mathematical processing of 
the experimental data. When running experiments it is 
recommended to use in the system registering apparatuses, the 
inertance of which is much less than the one of the object. 
When using various schemes of the numerical harmonic 
analysis, for example, the Runge’s schemes [11], it is 
recommended to accept  

∑
=

=
n

i
iy

n
y

1

1 , 

as the value of the output signal at the certain time moment, 
where y  is an estimation of the mathematical expectation of 
the value of the output function at the present time moment, n  
is a number of the experiments or the processing periods. In 
the industrial conditions it is possible to use the calculators 
realizing the algorithm of the Furrier coefficients calculation 
using the integration operation (for example [12]) for carrying 
out the numerical harmonic analysis. It is well-known that, 
theoretically, increasing the integration time, we can decrease 
the interference effect to the minimum. Besides this the 
method of least squares used for parametric identification 
gives reliable results with respect to noise immunity. 

VI. COMPUTER MODELLING 
The investigation of the algorithms of the structural and 

parametric identification of nonlinear systems with the 
feedback was carried out by means of the computer modelling 
based on using MATLAB at input sinusoidal influences of the 
system. 
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Figure 2.  The dependences ( )ωfa =0 : (a) for Hammerstein 
generalized model, (b) for Wiener simple model 

We used both, the tool of package Simulink-toolbox for 
the system modeling and tool Symbolic Math Toolbox for 
the solution of the equations. 

Upward, the dependences of the constant component of 
the output periodic signal on the frequency of the input 
sinusoidal signal ( )ωfa =0  (Fig. 2) for some nonlinear 
models of the set (1) is given as an example.  

When investigating the algorithms of parametric 
identification the programs corresponding to such 
algorithms were made. Using such programs the estimations 
of unknown parameters have been obtained. Below, as an 
example the results obtained for the Hammerstein 
generalized model are given. In the experiment the 
following values of the parameters 

1 ,5,0 2, ,5,1 ,2 2021010 ===== TTTTc  were used at the input 
sinusoidal signal with amplitude 3=A  and with frequency 

rad/sec 2=ω . Following estimations of the unknown 
parameters    are obtained:      ,9528,1 ,4709,1 ,2 1010 === TTc  

9729,0 ,4882,0 202 == TT . 
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