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Identification of Dynamic Plants

Descriptions:

• state variable;

• differential/difference equation;

• transfer functions: ,          ;

• impulse response: ,      ;

• step response:          ,         .
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For input signal  we measure respective output signal :nu ny
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Discrete case

We want to determine discrete input response (for              ): 

We have sequence of measurements:

and following tasks:

1) plant is linear:  , but we don’t know the values of parameters 

2) we want to determine sequence of values of

where:

- impulse function

ink

N

N

yyy

uuu

,,,

,,,

10

10





( )ink 

iN1i0i kkk ,,, 

nnu =

ink



Identification of Dynamic Plants
Identification of Impulse Responses

Discrete case

3) plant is nonlinear, we approximate: 

4) plant is nonlinear, we approximate by the sequence of discrete impulse

response

where:

- given function

- unknown vector of parameter
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ad. 1. Linear plant

where:

- given function,     - unknown

Solution of the above system of equations is calculated values of
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ad. 2. Determination of discrete impulse responses values iN1i0i kkk ,,, 
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ad. 2. Determination of discrete impulse responses values

Denote:

Solution:

iN1i0i kkk ,,, 
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Ad. 3. Plant is nonlinear; approximation by          .

where:       - given function,     - unknown vector of parameters

Performance index:

Optimization problem: 
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ad. 4. Plant is nonlinear, we approximate by the sequence of discrete impulse 

responses

Model:

Performance index:

Optimization problem:
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ad. 4. Plant is nonlinear, we approximate by the sequence

Solution:
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ad. 4. Plant is nonlinear, we approximate by the sequence

Since for  equality  holds, we can replace  with 
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ad. 4. Plant is nonlinear, we approximate by the sequence

Let us denote . Then we can rewrite the set of equations:

where:
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– autocorrelation of input signal
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ad. 4. Plant is nonlinear, we approximate by the sequence

The set of equations can be expressed in the equivalent form:

or



iN1i0i
kkk ,,, 

   
=

 −=
N

0k

puuikpyu kpkp ,,  Np ,,2,1,0 =

 
 

 

     
     

      





































−

−

−−

=



























iN

1i

0i

NuuNuuNuu

1uu1uu1uu

0uu0uu0uu

Nyu

1yu

0yu

k

k

k

01NN

N101

N10

N

1

0













,,,

,,,

,,,

,

,

,













yuuuiN

iNuuyu

k

k





1−



=



=



Identification of Dynamic Plants
Identification of Impulse Responses
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For input signal  we measure respective output signal :( ) T
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Continuous Case

We have measurements: ,

and following tasks:

1) plant is linear and we don’t know the values of parameters: ,

2) we want to determine 

where:

- known function,     - unknown vector of parameters
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Continuous Case

3) plant is nonlinear, we approximate: , 

4) plant is nonlinear, we approximate impulse response by 

where:

- given function,     - unknown vector of parameters
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ad. 1. plant is linear and we don’t know the values of parameters:

Solution of the above system of equations with respect gives identification 

algorithm.

( ),,tki 

( ) ( ) ( )  dtukty

t

o

i −= ,

( ) ( ) ( )  dtukty
nt

o

in  −= , Rn ,,2,1 =





Identification of Dynamic Plants
Identification of Impulse Responses

ad. 2. we want to determine ( )tki
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ad. 3. Plant is nonlinear, we approximate: ,

where: 

Model:

Approximation:

Performance index:

Optimization problem:
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ad. 4. Plant is nonlinear, we approximate impulse response by

Model:

Performance index:

Optimization task (minimization of functional):
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ad. 4. Plant is nonlinear, we approximate impulse response by ( )tki
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ad. 4. Plant is nonlinear, we approximate impulse response by ( )tki
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ad. 4. Plant is nonlinear, we approximate impulse response by

for          ,  so 
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ad. 4. Plant is nonlinear, we approximate impulse response by

where:
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ad. 4. Plant is nonlinear, we approximate impulse response by ( )tki
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Thank you for attention


