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Abstract - In this paper, an indirect adaptive fuzzy controller is presented for synchronization of the fractional order hyper 
chaotic systems. A new hierarchical type-2 fuzzy neural network (HT2FNN) is proposed for online estimation of unknown 
functions. The proposed HT2FNN, has less free parameters in contrast to conventional type-2 fuzzy neural networks 
(T2FNNs) and effectively solves the “curse of dimensionality” problem. The trainable parameters are online tuned based on 
Unscented Kalman Filter (UKF). The proposed controller is simple, and can be applied to wide class of nonlinear systems. 
The effectiveness of the proposed control scheme is verified by simulation results. 
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I. INTRODUCTION 
 
Over the past decades, synchronization of fractional 
order chaotic systems has been more interesting topic 
to the science communities and engineering and 
many control schemes have been presented for 
synchronization of these systems. For instance in [1] 
by using Laplace transform theory, two identical 
fractional chaotic systems have been synchronized. 
The pole placemen technique has been proposed in 
[2], to synchronize a class of fractional order chaotic 
systems. Adaptive feedback control has been 
proposed in [3] for synchronization of two chaotic 
systems with different fractional orders. Projective 
synchronization of a class of fractional order chaotic 
systems has been investigated in [4]. 
Type-2 fuzzy system’s uncertainty modeling 
capability is more than type-1 [5].  
 
Therefore development of type-2 fuzzy systems is 
important to improve performance. In the past few 
years interval type-2 fuzzy system has been widely 
studied [6-7]. The number of approaches have been 
proposed to train FNNs. The gradient descent 
algorithm has been presented for training of interval 
type-2 FNNs in [8]. In [9], a rule ordered Kalman 
filter algorithm for consequent parts of the recurrent 
type-2 FNNs has been proposed. In [10], extended 
Kalman filter, gradient-decent method and particle 
swarm optimization have been used for training of 
type-2 FNNs. Evolutionary algorithms have also been 
proposed for training of FNNs [11]. In this paper, we 
use Unscented Kalman Filter algorithm, for training 
of the free parameters of interval type-2 FNNs in a 
hierarchical form. 
Another main problem in the design of controller, 
based on approximation property of fuzzy systems, is 
the problem of “curse of dimensionality”. With the 
rise of inputs of a fuzzy system, the number of rules 
exponentially increases. To cope this problem, using 

hierarchical fuzzy systems has been introduced in 
[12]. In this paper, the indirect adaptive fuzzy control 
strategy by using a new hierarchical type-2 fuzzy 
neural network is presented. The trainable parameters 
of HT2FNN are online tuned based on Unscented 
Kalman Filter (UKF). Most contributions of this 
paper are as follows: 
 

 A new hierarchical type-2 fuzzy neural 
network with less free parameters is 
presented that can be applied for 
identification of high order nonlinear 
systems. 

 A nonlinear technique based on UKF is 
presented for training of the HT2FNN. Other 
learning algorithms, such as Kalman filter, 
Levenberg-Marquardt and gradient descent, 
decline the nonlinear model of HT2FNN to a 
linear model based on Taylor series 
expansion. Furthermore in these learning 
methods, the output derivative with respect 
to the trainable parameters must be 
computed. On the other hand, UKF does not 
require such a derivative computation and 
does not approximate the nonlinear model of 
HT2FNN by a linear model. 

 Since, the proposed controller extracts the 
model of plant automatically, the proposed 
controller has a universal property and can 
be applied to a wide class of nonlinear 
systems with less changes in the controller 
design procedure. 

The remainder of this paper is organized as follows: 
The proposed control method is presented in 
section.II. The proposed HT2FNN is given in 
Section.III. The learning method of T2FNNs is 
presented in Section.IV. Simulation example to 
demonstrate the performances of proposed method 
are provided in Section.V. Finally conclusions of the 
advocated design methodology is given in section.VI. 
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nonlinear systems. The effectiveness of the proposed 
control scheme verified by simulation on the 
synchronization of the two non-identical hyperchaotic 
systems. 

 
Fig. 5: The synchronization errors 

 

 
Fig. 6: The control signals 
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