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Abstract

In this paper syncronization of chaotic networks based on impuslive structure is studied. Most of the studies on time-varying
networks are based on the time-varying topology of the network. Time-varying dynamics in the nodes of networks is a new topic in
this field. In this paper, time-varying conditions are considered on the topology of networks and dynamics of each node of networks
simultaneously. Chaotic networks are one of the most applicable networks in real-world applications. In these networks, the dynamic
of each node is a chaotic dynamic. Considering time variation in chaotic dynamics is a challenging problem that has been studied in
this paper. This synchronization is done using impulsive control theory. According to the complex structure of networks we use
fuzzy logic to simplify systems to design controllers. Simulation example has been verified the performance of the proposed method
in this paper.
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1. Short Introduction

Synchronization of chaotic networks has attracted significant attention due to its wide applications in engineering and science. In
recent years, time-varying networks have become an important research topic because of their ability to model real-world dynamic
systems. However, achieving synchronization in such networks is challenging, especially in the presence of time delays and
structural uncertainties. Most existing studies assume fixed network structures and neglect the combined effects of dynamic topology
and delays. Therefore, developing effective control strategies for synchronization of time-varying chaotic networks remains an open
and important problem.

2. Proposed Work

The model classifies dermoscopic images into melanoma and benign classes and is evaluated using accuracy, precision, recall,
Fl-score, ROC-AUC, PR-AUC, balanced accuracy, and MCC.
In this paper, a novel approach based on fuzzy-impulsive control is proposed for the synchronization of time-varying chaotic
networks. A suitable controller is designed using fuzzy system techniques to handle system nonlinearities and uncertainties. The
proposed method considers both the dynamic behavior and the time-varying structure of the network. In addition, the effects of time
delays and uncertain topology are incorporated into the model. This integrated framework provides a more realistic and effective
solution compared to previous works.

3. Conclusion

In this paper, the problem of synchronization of time-varying chaotic networks using a fuzzy impulsive control approach is
investigated. A novel framework is proposed in this context. Based on a fuzzy system approach, an appropriate controller is designed
to achieve synchronization. Furthermore, a time-varying network structure is taken into account. Considering both dynamic
variations and structural uncertainties for the synchronization of networks with time delays and uncertain topologies represents an
aspect that has not been previously addressed.
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     {      e ′ .    ( t ) =   𝜆  m     e ′  ( t ) ,     t ≠   𝜏  k     e ′  ( t ) =   𝜆  k     e ′  ( t ) ,               t =   𝜏  k                   e ′  (   t 0 + ) =   e 0 ′                                                                          


  0   ≤   𝜆  m      (   𝜏  k + 1 −   𝜏  k ) ≤   − l n   ( 𝜌     𝜆  k )


  𝜌 > 1


     {        x . 1    ( t ) =  ( 25 𝛼 + 10 )  (   x 2 −   x 1 )                                                                   x . 2 =  ( 28 − 35 𝛼 )   x 1 −   x 1   x 3 +  ( 29 𝛼 − 1 )   x 2                     x . 3 =   x 1   x 2 −  ( 8 + 𝛼 )   x 3 / 3                                                                                


    x 1 ,   x 2 ,   x 3


  𝛼 ∈   [ 0 , 1 ]


  𝜶 = 𝟎 . 𝟓 𝒖 ( 𝒕 ) + 𝟎 . 𝟐 𝒖 ( 𝒕 − 𝟎 . 𝟏 𝟓 )


  R u l e   1 :   i f       z 1   i s     M 1  (   x 1 )   t h e n     X . =   A 1 X


  


  X ( t ) =    (   x 1  ( t ) ,   x 2  ( t ) ,   x 3  ( t ) )  T


    A 1 =  [    − 25 𝛼 − 10  25 𝛼 + 10  0   28 − 35   𝛼  25 𝛼 − 1  − 30   0  30  − ( 8 + 𝛼 ) / 3 ]


    A 2 =  [    − 25 𝛼 − 10  25 𝛼 + 10  0   28 − 35   𝛼  25 𝛼 − 1  30   0  − 30  − ( 8 + 𝛼 ) / 3 ] 


    M 1  ( x ) = 0 . 5 ( 1 −     x 1  d )   )


    M 2 ( x ) = 0 . 5 ( 1 +     x 1  d )  


  d = 30


  p = 1


  C = d i a g ( 1 , 1 , 2 )


    L 1 =    [       − 2  1   1  − 3     0  1   1  1      0  1   1  1     − 2  1   1  − 3 ]


    L 2 =  [       − 1  0   1  − 1     0  1   1  1      0  0   1  1     − 1  1   1  − 3 ] 


      X . i ( t ) =   q     ∑  l = 1 2   w l  (  x 1  ( t ) )  (  A l  X i  ( t ) )     +   ∑  j = 1 4    L ij   C    X j ( t )


     {        Y . i  ( t ) =   q     ∑  l = 1 2   w l  (   y 1  ( t ) )  (  A l   Y i  ( t ) )     +   ∑  j = 1 4    L ij   C     Y j  ( t )       t ≠   𝜏  k         Y  i  (   t + ) −   Y  i  (   t − ) =   q     ∑  l = 1 2   w l  (   y 1  ( t ) )  (  B l   E i  ( t ) )                                 t =   𝜏  k    


     {        E . i  ( t ) =   q     ∑  l = 1 2   w l  e 1  ( t )  A l   E  i  ( t ) + p   ∑  j = 1 4    L ij   C     E j  ( t )   + q     ∑  l = 1 2    w  l  (   y  l  ( t ) ) −   w  l  (   x  l  ( t ) )  (  A l   X i  ( t ) )           t ≠   𝜏  k                               E  i  (   t + ) −   E  i  (   t − ) =   q     ∑  l = 1 2   w l  (   e 1  ( t ) )  (  B l   E i  ( t ) )                                 t =   𝜏  k    


  u ( t ) = − q     ∑  l = 1 2   [   w  l  (   y 1  ( t ) ) −   w  l  (   x 1  ( t ) ) ]   A  l     X  i    


    𝜆  m


    𝜏  k =   25   m s e c


  B = − d i a g ( 0 . 9 , 0 . 9 , 0 . 9 )


  𝜶 ( 𝒕 )


    e 11


    e 12


    e 13

