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Hybrid systems are group of dynamical systems whose behavior is described by the interaction
of discrete and continuous dynamical system behaviors. One of the subsets of hybrid systems is
piecewise affine system. Piecewise affine system identification consists of estimating the
parameters of each subsystem and the coefficients of the state-input boundary hyperplanes. In
order to cluster the state-input space and estimate the feature matrixes simultaneously, bounded
error algorithm and adaline neural network are used. It should be noted that in this method, there
is no need to know the number of linear subsystems of the piecewise affine system. Moreover, the
identification method is extended based on on-line data acquisition from system. In continuation,
this method is used to identify benchmark mathematical piecewise affine system. By comparing
the results with the reference paper, it is proven that this method has good performance in
clustering the state-input space and estimating the feature matrixes. Finally,, by using the
proposed method an active water tank whoseequations are described by the form of piecewise
affine system is identified.

Keywords:
Hybrid Systems
Piecewise Affine System
System Identification
Bounded Error Algorithm
Adaline Neural Network

  

1 -   
  

   .

  .
 .

  
 

 
 .  

1 ]1[ .  
 ( )   

    ]1[.
 

 
- ]1[ . 

1- Piecewise Affine Systems

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               1 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

      

  

398  1394155  

  ]2[]3[
]4[]1,5[. 

 
 ]1[ ]3,4[ 

  

   .

 .]6[ 

 .]7-9[
 .

 ]10[
 - 

 .]11[
 .

 

 .]12[
 .

 .]13[ 
  .]14[ 

 .
1 2 )-

)  /
-  

 .
 .

 -

  
 ]1[ 

  
2

 .3 

 .4 .
5 

1- Adaline 
2- Delta Algorithm

 .6

2 -   
 -

3  .
  -  -

- 
]1[.  

RR R 
  

) 1 (]5[:  
)1(  = … … , R

 ) 2 (
)2(  = + , > 0 , = 1,2

) 3)  (4 (
]5[:  

)3(  
( ) =

[ 1] ,

[ 1] ,
, = 1,2, … ,

)4(  = ( ) +

R, = 1,2, … , 
 . 

) 5 (]15[:  

)5(  
= { R : 0 }

R( )× , = 1,2, … ,

 i -
 

 .

]1[.  

 , = 1,2, … , R( )×  .
N ) 6 (]5[:

)6(  = [ ] R , = 1,2, … ,

 .  
1. )  (
]5[.  

 
 .

1 .
1

 .
  

2.   
]1[.  

3- PieceWise AutoRegressive eXogenous (PWARX)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               2 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

     

1394155  399  

   
) , = 1,2, … ,  (

 ), = 1,2, … , (
) , = 1,2, … ,) (1 2.(

3 -   
 . 
 

    

 .

 -
  

  .
) 

)  (
.(  

) 7 (   
)7(  | ( + 1) ( )|

  
) 7 (  

-  
 .

 .

 .
 .

  
   

  

3 -1 -  :   

 /  .
 .

 .)  (
  /  .

 /  

 /
 .

 .
 

 /   
 /

)   (
)  .8 (  

)8(  ( ) ( )

 
 /  .

  

 /  )  .
 

  .

 / .
) 

 (
 /

10  .   
)  /8(   .

 /) 8( 
 /

 .  
   .

)  (  

  
1( ) )   ((

= 1= 1 ( ) =

( ).
2(  ( ) = ( ) + 

= + 1.
3( ( ) 7.
4( ( ) /

-) 8(.
5(  / -)
)8( ) :(1 ( 2) 2 ( 6.
6( > 10) :1 ( = + 1( ) = ( ) = 1 
2) 2 ( = 0.5= 1 ( ) = ( ) 2.
7(   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

      

  

400  1394155  

  
 1   

s s -) i -) 
  

  
)  (  .

 ) 9 (  
)9(  = ( )

 / . -
 

 .1 
  

3-2-  :  

+ 1 
 .

) 8( 
 .

  
 

  + 1 )
 ( .

  + 1 
  + 1 ) 10 (  

)10(  = ( ) ( )

 
 + 1 

 
+ 1 

    
+ 1   

     -
 .  + 1 
     

4 -   
) 8( 

 .

  . 
  

4-1-   
  :1- 

2 - 3- 
 )

 (4-   
 

 .

) ) 8(( .
 /

 :  .
1 -  

10 2-  
) 

10   
)10 (10 

 )10 (  

 .
 .  -

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               4 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

     

1394155  401  

 . 
 .

 . 
) ( -

 .

)  
 .(
 .  

  
2  

)< 0.5() = 3 (
 . )> 5(

 .2 
 

 .
1   .

 
 -

4-2 - 

 .
- 2 

 . 
 .

  
  

2  1

1- Knee Point
2- Levenberg-Marquardt Method 

4-3-   

 10  .
 

 .

 
 .

  

4-4 -   
 

 .
0 10  .

 ) 9 (  
 ( )  
 ( ) 

 . 

 .
 

  

5 -   
5-1- 1

) 11 (  

)11(  

( )

=

[1 2] ( 1)
1

+ ( ) , ( 1) = ( ) = [ 4, 1],

[ 1 0] ( 1)
1 + ( ) , ( 1) = ( ) = ( 1,2),

[1 2] ( 1)
1 + ( ) , ( 1) = ( ) = [2,4],

= 3= 0= 1 = [ 4,4]  . 
( )

  .3)  11 (

60 = 0.05 
 .

 .
 

)lb 4 = 4 ( .
 3.92  = 3.97 .

60 = 0.9 )2 (  .
 ) 12 (

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               5 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

      

  

402  1394155  

y(
k)

u(k -1)    

3 ) 11 (50 

= 0.05  

  

y(
k)

  

u(k -1)    

4  1 
  

)12(  =
3.97 ( 3.92)

60
= 0.1315

) 13 (

)13(  

= [0.9458 1.8628] , = [ 3.9200, 0.6325]

= [ 1.0649 0.1299] , = [ 0.5010, 1.9975]

= [0.9716 2.0787] , = [2.1290, 3.9683]

6325/0 -  .
1 - 

 .

  .4
  

  
 .

 ) 14 (  

)14(  

= [1.0584 2.1701] , = [ 3.9200, 1.0270]

= [ 1.0578 0.0483] , = [ 0.8955, 1.9975]

= [0.9716 2.0787] , = [2.1290, 3.9683]
  

  

y(
k)

  

u(k -1)    

5  1   

  

y(
k)

  

u(k -1)    

6 1 = 0.01  

6325/0- 0270/1-  .
 .

 .5

 ]1[ ) 15 (  

)15(  

= [0.9738 2.0485] , = [ 4, 1.005]

= [ 0.9922 0.0701] , = [ 1.005, 2.1118]

= [0.8673 2.4388] , = [2.1118, 4]
)  )  14((

) 11 (  

 .6 7

)11 (= 0.01 = 0.12  .
 -

) 6 .(

= 0.12 )7( .

 .

-4 -2 0 2 4

-2

0

2

4

6

u(k-1)

-4 -2 0 2 4

-2

0

2

4

6

u(k-1)

-4 -2 0 2 4

-2

0

2

4

6

u(k-1)

-4 -2 0 2 4

-2

0

2

4

6

u(k-1)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               6 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

     

1394155  403  

  

y(
k)

  

u(k -1)    

7 1 = 0.12  

  
8   

5-2-  2

 .

 . 
2 9  8

 
) 16)  (19 (:  

   

)16(  = 2 0.15 , 8 < < 9

   

)17(  = 0.6 0.1 , 6 8

   

)18(  = 1.5 0.25 , 3 6

   

)19(  = 2.5 0.3 , 2 < < 3

  
 ) 20)  (23( 

  
   

)20(  ( + 1) = ( 0.15 + 1) ( ) 2

   
)21(  ( + 1) = ( 0.1 + 1) ( ) 0.6

   
)22(  ( + 1) = ( 0.25 + 1) ( ) + 1.5

   
)23(  ( + 1) = ( 0.3 + 1) ( ) + 2.5

  1  
 .  ) 24( 

:  

)24(  

( + 1)

=

[0.85 2][ ( )1] + ( ) , ( ) = ( ) = (8,9),
[0.9 0.6][ ( )1] + ( ) ( ) = [6,8],
[0.75 1.5][ ( )1] + ( ) , ( ) = ( ) = [3,6],
[0.7 2.5][ ( )1] + ( ) , ( ) = ( ) = (2,3),

) 24( = 4= 0= 1 = (2,9)  . 
( )  

   . 9 )24 (
 150 = 0.05

 .7 
) 24 (

) 24(
 ) ulb = 2  = 9 (   .

u = 2.06  u = 8.82 .
150  8/0  .

) 9( ) 25 (

)25(  =
8.82 2.06

150
= 0.0451

10  .
 = 0.8 .

  .
) 26 (

)26(  

= [0.91 2.51] , = [8.03,9.03]
= [0.92 0.82] , = [6.02, 7.99]
= [0.69 1.704] , = [3.01,5.94]
= [0.84 2.04] , = [2.01, 2.97]

 )  24(
 -

.  

6 - 

 .  :

 .

  

 .

 .  

-4 -2 0 2 4

-2

0

2

4

6

u(k-1)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html


    

      

  

404  1394155  

y(
k)

v(k -1)    

9 ) 24 (150 
= 0.05  

  
10  2  

 
 .

7 - 
[1] G. Ferrari-Trecate, M. Muselli, D. Liberati, M. Morari, clustering

technique for the identification of piecewise affine systems, Automatica,
Vol. 39, pp. 205-217, 2003.

[2] R. e. Vidal, S. Soatto, Y. Ma, S. Sastry, An algebraic geometric approach to
the identification of class of linear hybrid systems, 42nd IEEE
Conference on Decision and Control, 2003. Proceedings., Vol. 1, pp. 167-172,
2003.

[3] A. L. Juloski, S. Weiland, W. P. M. H. Heemels, bayesian approach to
identification of hybrid systems, IEEE TRANSACTIONS ON AUTOMATIC
CONTROL, Vol. 50, pp. 1502-1533, 2005.

[4] A. Bemporad, A. Garulli, S. Paoletti, A. Vicino, bounded-error approach
to piecewise affine system identification, IEEE Transactions on Automatic
Control, Vol. 50, pp. 1567-1580, 2005.

[5] H. Nakada, K. Takaba, T. Katayama, Identification of piecewise affine
systems based on statistical clustering technique, Automatica, Vol. 41, pp.
905-913, 2005.

[6] W.F.Xie, Y.Q.Zhu, Z.Y.Zhao, Y.K.Wong, Nonlinear system identification
using optimized dynamic neural network, Neurocomputing, Vol. 72, pp.
3277-3287, 2009.

[7] M. Sayed-Mouchaweh, N. Messai, clustering-based approach for the
identification of class of temporally switched linear systems, Pattern
Recognition Letters, Vol. 33, pp. 144-151, 2012.

[8] Z. Lassoued, KamelAbderrahim, An experimental validation of novel
clustering approach to PWARX identification, Engineering Applications of
Artificial Intelligence, Vol. 28, pp. 201-209, 2014.

[9] Z. Lassoued, K. Abderrahim, Comparison study of some PWARX system
identification methods, 17th International Conference on System Theory,
Control and Computing (ICSTCC), 2013 pp. 291-296, 2013.

[10] A. Núnez, B. D. Schutter, D. Sáez, I. Skrjanc, Hybrid-fuzzy modeling and
identification, Applied Soft Computing, Vol. 17, pp. 67-78, 2014.

[11] L. Li, W. Dong, Y. Ji, Z. Zhang, An improved parameter identification
approach for piecewise affine model, Control Engineering Practice, Vol.
21, pp. 54-64, 2013.

[12] M. E. Gegundez, J. Aroba, J. M. Bravo, Identification of piecewise affine
systems by means of fuzzy clustering and competitive learning,
Engineering Applications of Artificial Intelligence, Vol. 21, pp. 1321-1329,
2008.

[13] B. Moaveni, H. Khodadadi, M. S. Mosavi, S. Bargandan, Nonlinear system
identification using neural networks and wavelet networks, in 1st
National conference on Soft Computing and Information Technology
(NCSCIT2011) 2011. (In Persian)

[14] R. D. Hosseini, J. Asgari, Nonlinear mechanical system identification
using Haar wavelets, in 16th Iranian Conference on Electric Engineering
(ICEE2008) 2009. (In Persian)

[15] S. Paoletti, A. L. Juloski, G. Ferrari-Trecate, R. e. Vidal, Identification of
hybrid systems tutorial, European Journal of Control Vol. 13, No. 2-3,
pp. 242-260, 2007.

  

2 3 4 5 6 7 8 9
3

3.5

4

4.5

5

5.5

6

6.5

7

v(k-1)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
33

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.33.7
https://mme.modares.ac.ir/article-15-7905-en.html
http://www.tcpdf.org

