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In the paper the functional linked GMDH-wavelet-neuro-fuzzy system that is hybrid architecture of 
computational intelligence is proposed. The robust learning algorithm based on logistic 
optimization criterion is synthesized. Such hybrid system allows to process signals under significant 
level of a noise with abnormal outliers. 
Keywords: GMDH, functional linked networks, wavelet-neuro-fuzzy system, robust learning 
algorithm  

 

   

- - - - , 

 

   
.         

.              

.

 

 
: ,   , - - ,   

  

         

 

  

,    
,    ,     

 

 
.  

 

   
,  ,    

,       
[1].   

,   

 

     
- ,      
, ,   ,        

.

 

   

 

, 

 

     

  

     

[2, 3],  - 

 

  
[4],  - 

 

 -     
[5-7],     ( -



  
- - - 

  
   

,  2, 2010

 

16

  
) 

 
- ,     (     

), - ,   

 
    

[8-10].       

-
-  ( - ) 

    
.

 

1.    - - 

 
    

   

[1]         
- 

.            
,     -   

- ,   - 

 

     
.

 

    

 

  
- 

, 

 

  

 

,   -  
« »     .

 

                 

( ),  
. .

 

, 

 

  [8-10]       
- .     -     

, -   
,      .

 

 -

 

 
[12]    -   

,          -                

. 

  

      

- - - ,     

 

W-     
[11].    

-   ,

 

 

 

 
,      

 

     

 

[12].  ,              

k
nC ,  n -       

- - - , k

 

-     (

 

  
2k ,              

).        
,    .     

 

        

,       .          

.         



   
. .,  . .

 

17

 

  

,      ,        
,    

.  .

 
1     

- - - .

   

. 1.   -

 

          

.  

 

W-   

 

,   
.

 

2  ,

 

 ,

 

  -  
. 

  

. 2.  W-    

 



  
- - - 

  
   

,  2, 2010

 

18

  

          

k

 

        

1 2( ) ( ( ), ( ), , ( ))T
nx k x k x k x k .      -    

R - ,   -  

  

1( ( )) ( ( ) ) ( ( ) ) , , 1,2, ,T
j j j j j jx k x k c Q x k c j h ,  (1)  

jQ

 

-     ( - 

[13]).

 

   

,    

 

        
- 

X ,     W- .

 

   

[14, 15],  ,  -      
, 

 

 - 
-  [16]

  

2 2( ( )) (1 ( ( )))exp ( ( )) 2j j j j jk x k x k , (2)  

1( ( )) ( ( ) ( )) ( )( ( ) ( ))T
j j j jx k x k c k Q k x k c k , j

 

   

- (0 1).   

j

 

        

W- ,    0

 

 -  
,  1

 

 - «Mexican Hat»,   
0 1

 

-   .

  

      

-     
jw

  

1
0

1

( ) ( ) ( ) ( ( ) ) ( ( ) ) , ( )

( ) ( ( ), ),

h
T

j j j j j
j

T

y k w k w k x k c Q x k c k

w k k

 

(3)  

0( ( )) 1k , 1 1 1 2 2 2( ( ), ) (1, ( ( ), ), ( ( ), ),k k k

 

, ( ( ), ))T
h h hk , 

0 1 2( ) ( ( ), ( ), ( ), , ( ))T
hw k w k w k w k w k , 1( ) ( ( ) ) ( ( ) )T

j j jk x k c Q x k c .  

, ,

 

     

 

,       
.

 

2.      -

 

 
,     ,     

,    



   
. .,  . .

 

19

 

       

.     
,  ,  -  

« » ,     
,   .

 
          

[17],              
[18, 19].     

  

( ) ( ) ( ) ( ) ( ) ( )Te k y k y k y k w k k

 

(4)    

 

[18, 19]  

2( ) ( ) ln cosh ( )E k f k e k , (5)  

 

-  ,           
.  

,    (5)    - 
.

 

    

 

.        
( jc

 

  1
jQ )     

 

 

(5),       
,     -

- , , - ,     -
, , - , 

 

    -
.

 

         

  

1
1 1 1

( 1) ( ) ( ),

( 1) ( ) ( ), 1,2, , ,

( 1) ( ) ( ) , 1,2, , ,

( 1) ( ) ( ),

j j

j

w w

j j c c

j j jQ

w k w k E k

c k c k E k j h

Q k Q k E k Q j h

k k E k

 

(6)   

wE

 

- -  (5)  w , 
jc E

 

- ( 1)n - -  

(5)  jc ; E

 

- -  (5)  ; 1( ) jE k Q

 

- 

( )n n - ,    E

 

  1
jQ ; 

w , 
jc , 1

jQ
, 

 

-    . 

,      (2)  -

 



  
- - - 

  
   

,  2, 2010

 

20

   
2 2

3

2 1

1 3

( ) tanh ( ) (1 ( ( )))exp ( ( )) 2

tanh ( ) ( ),

( ) tanh ( ) ( ) ( ( )) (2 1) ( ( ))

exp ( ( )) 2 ( )( ( ) ( )) tanh ( ) ( ),

( ) tanh ( ) ( ) (

j

j

w j j j

w

c j j j

j j j c

j j j

E k e k x k x k

e k J k

E k e k w k x k x k

x k Q k x k c k e k J k

E k Q e k w k x

1

2

2 2

( )) (2 1) ( ( ))

exp ( ( )) 2 ( ( ) ( ))( ( ) ( )) tanh ( ) ( ),

( ) tanh ( ) ( ) ( ( ))exp ( ( )) 2

tanh ( ) ( ).

j

j

T
j j j Q

j

k x k

x k x k c k x k c k e k J k

E k e k w k x k x k

e k J k

 

(7)  

, 

 

     w , 

jc , 1
jQ

 

 

 

   

 

w , 
jc , 1

jQ

 

 . -         

,  ,     .    

 

  
, -  

[20],      :

   

1 1 1

1 1

2

2

1 1

( 1) ( ) tanh ( ) / ( ) ( ) ,

( 1) ( ) ( 1) ,

( 1) ( ) tanh ( ) / ( ) ( ) ,

( 1) ( ) ( 1) ,

( 1) ( ) tanh ( ) / ( ) ( ) ,

( 1) ( )

j j j

j j j

j j j

j j

w w w

w w w

j j c c c

c c c c

j j Q Q Q

Q Q

w k w k e k J k k

k k J k

c k c k e k J k k

k k J k

Q k Q k e k J k k

k k 1 1

2

( 1) ( 1) ,

( 1) ( ) tanh ( ) / ( ) ( ) ,

( 1) ( ) ( 1) ,

j j

T

Q Q
Tr J k J k

k k e k J k k

k k J k

 

(8)  

( 10 1,0 1, 0 1,0 1
j j

w c Q

 

-   - 

, { }

 

-   ), -    

- -  -
-    ,    -

.

 



   
. .,  . .

 

21

 
3.  

 
    

- 
- - -         

,   . -      

  
-

 
[21] ( ,    - 

-  -      - 
),           

 

(   )

    

1
0( ) 0.5X chF x x tg x , (9)   

0x

 

 

, ch

 

  ( 0)ch , x

 

 
( ( , )x ).      

  

-

  

( 1) 0.3 ( ) 0.6 ( 1) ( ( )),y k y k y k f u k

 

(10)   

( ( )) 0.6sin( ( )) 0.3sin(3 ( )) 0.1sin(5 ( ))f u k u k u k u k

 

 

( ) sin(2 250)u k k , k

 

 
.  ( 3), ( 2), ( 1), ( )x k x k x k x k

 

    
( 1)x k .  ,       

4n ,        -
- -    2

4 6C .   -  

 

0.5w , 0.5c , 0.5Q , 0.5, 

0.99,w c Q

 

1 0.99
j j

w c Q
.    

1(0) (0) (0) (0) 10000
j j

w c Q
.    

2000 ,       

 

    
2000   .   1000 -     

.     - 
( ( )) 0.6sin( ( )) 0.3sin(3 ( )) 0.1sin(5 ( ))f u k u k u k u k

  

( ) sin(2 250)u k k

  

2001 2500k

  

3 2( ( )) ( ) 0.3 ( ) 0.4 ( )f u k u k u k u k

  

( ) sin(2 250) sin(2 25)u k k k

  

2501 3000k .   -        
0.1

 

 
0.1.  

.

 

3 a     -  
, 

 

 .

 

3 

  

  
;  ,        - 

,    

 

.

 



  
- - - 

  
   

,  2, 2010

 

22

  

                

-       
,  - 

,        
,     -    - 

. 

  

a)  

 

)

 

. 3.  

  

     

-     

 

 
.           

- 
.                   

- 



   
. .,  . .

 

23

  

 

.     -       
,  -

, « »      - -  
,   .

 
    

. 1.

 
 

1

 
 

 
 

 /  

 

.   / 
.   

 

RMSE  

-

 

/    
(  )

 

(8) 
3/3 0.0493  

-

 

/    
(  ) (8)

 

3/2 0.0557  

- /    
(   

) (8)

 

4/2 0.0899  

- /   (6) 4/2 0.1398  
- /   

 

4/2 

 

-  /   

 

4/2 1.4436  

, ,              

.

  

        

-       
- -

- ,                       

« -
».    W- ,    -   

( , , , ), -  

 

 
,   -  

.

  

1. Pao Y.-H. Adaptive Pattern Recognition and Neural Networks. - Addison-
Wesley Longman Publishing Co., Inc.  Boston, MA, USA, 1989.  309 p. 

2. Park J., Sandberg I.W. Universal approximation using radial-basis-function 
networks // Neural Computation. 

 

3. 

 

1991. 

 

P. 246-257. 
3. Poggio T., Girosi F. A Theory of Networks for Approximation and Learning // 

A. I. Memo  1140, C.B.I.P. Paper  31. - Massachussetts Institute of Technology, 
1994. - 63 p. 



  
- - - 

  
   

,  2, 2010

 

24

  
4. Bishop C. M. Neural Networks for Pattern Recognition. - Oxford: Clarendon 

Press, 1995. - 482 p. 
5. Chui C. K. An Introduction to Wavelets. - New York: Academic, 1992. - 264 p. 
6. Billings S. A., Wei H.-L. A new class of wavelet networks for nonlinear system 

identification // IEEE Trans. on Neural Networks. - 16 (4). - 2005. - P. 862-874. 
7. Zhang Q. H. Using wavelet network in nonparametric estimation // IEEE Trans. 

on Neural Networks. - 8(2). - 1997. - P. 227-236. 
8. 

 

. .      
. - : " ", 1975. - 311 .

 

9. 

 

. .      
. 

 

: , 1969  392 .

 

10. 

 

. ., 

 

. .  . 

 

.:  
, 1984.  295 .

 

11. Bodyanskiy Ye., Pavlov O., Vynokurova O. Outliers resistant learning algorithm 
for radial-basis-fuzzy-wavelet-neural network in stomach acute injury diagnosis tasks 
// Eds. by K. Markov, K. Ivanova, I. Mitov Int. Book Series Information Science and 
Computing , Number 2. 

 

Sofia: Institute of Information Theories and Application, 
2008.  P.55-62. 

12. 

 

. ., 

 

. .   : 
, , . 

 

: .  2004. 

 

372 .

 

13. Itakura F. Maximum prediction residual principle applied to speech recognition 
// IEEE Trans. on Acoustics, Speech, and Signal Processing.  1975.  23.  P. 67-72. 

14. Mitaim S., Kosko B. What is the best shape for a fuzzy set in function 
approximation? // Proc. 5th IEEE Int. Conf on Fuzzy Systems Fuzz-96 . - V.2. 

 

1996.  P. 1237-1213. 
15. Mitaim S., Kosko B. Adaptive joint fuzzy sets for function approximation // 

Proc. Int. Conf. on Neural Networks ICNN-97 . 

 

1997. 

 

P. 537-542. 
16.  Bodyanskiy Ye., Yegorova E., Vynokurova O. Radial-basis-fuzzy-wavelet-

neural network with adaptive activation-membership function // Int. J. on Artificial 
Intelligence and Machine Learning.  2008.  V.8.  II.  P. 9-15 

17. Rey W.J.J. Robust Statistical Methods. - Lecture Notes in Mathematics. - 
Berlin-Heidelberg-New York: Springer-Verlag. - V. 690. - 1978.  128 p. 

18. Cichocki A., Unbehauen R. Neural Networks for Optimization and Signal 
Processing. - Stuttgart: Teubner, 1993. 

 

544 p. 
19.  Holland P.W., Welsh R.E. Robust regression using iteratively reweighted least 

squares // Commun. Statist., Theory and Methods.  46.  1977.  P.813-828. 
20. Bodyanskiy Ye., Kolodyazhniy V., Stephan A. An adaptive learning algorithm 

for a neuro-fuzzy network // Computational Intelligence. Theory and Applications, 
Ed. by B. Reusch. - Berlin-Heidelberg-New York: Springer. 

 

2001. - P. 68-75. 
21. Narendra K.S., Parthasarathy K. Identification and control of dynamic systems 

using neural networks // IEEE Trans. on Neural Networks. 

 

1990.  1.  P. 4-26.  


