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a b s t r a c t

This paper comments on the recently published work related to parameter identification of
fractional-order chaotic systems [1]. In this note, it is shown that according to the sensitiv-
ity issues of chaotic systems to their initial conditions, the criteria for the cost function to
be acceptable are not satisfied.

� 2012 Elsevier B.V. All rights reserved.

1. Comment

Recently, an approach for parameter identification of chaotic systems was proposed in [1]. They have formulated param-
eter identification as a multi-dimensional optimization problem.

In ‘‘Problem statement’’ part of the original paper, parameter identification has been formulated as follows.
‘‘Considering the following n-dimensional chaotic system:

Da
�YðtÞ ¼ f ðYðtÞ; t; hÞ ð1Þ

where YðtÞ ¼ ðy1ðtÞ; y2ðtÞ; . . . ; ynðtÞÞ
T 2 Rn denotes the state vector. h ¼ ðh1; h2; . . . ; hnÞT is a set of original parameters and

a ¼ ða1;a2; . . . ;anÞT ð0 < a < 1Þ.
f ðYðtÞ; t; hÞ ¼ ðf1ðYðtÞ; t; hÞ; f 2ðYðtÞ; t; hÞ; . . . ; fnðYðtÞ; t; hÞÞ. In this paper the fractional-order a is also treated as a parameter to

be identified. Suppose that the structure of the system is known. Then, the estimated system can be written as:

Dâ
�
bY ðtÞ ¼ f ðbY ðtÞ; t; ĥÞ ð2Þ

where bY ¼ ðŷ1; ŷ2; . . . ; ŷnÞT 2 Rn denotes the state vector of the estimated system, and ĥ ¼ ðĥ1; ĥ2; . . . ; ĥnÞT is a set of estimated
parameters and â ¼ ðâ1; â2; . . . ; ânÞT is the estimated fractional-order. To identify parameters, the following objective function is
defined:
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F ¼
XN

k¼1

kYk � Ŷkk2 ð3Þ

where k ¼ 1;2; . . . ;N is the sampling time point and N denotes the length of data used for parameter estimation. k � k is Euclidian
norm. Yk and Ŷk denote the state vector of the original and estimated system at time k, respectively. The parameter identification
can be achieved by searching suitable h� and a� such that the objective function is minimized i.e.,

ðh�;a�Þ ¼ minF; ðh;aÞ 2 X ð4Þ

where X is searching space admitted for parameters and fractional-order.’’
In simple words, they suppose that less ‘‘error between real time series and model time series’’, indicates a better model.

Obviously, it is not possible to know the exact value of initial conditions of real signals due to the measurement and obser-
vation error, noise, etc. (the error may be very small, but not zero) [2]. Consequently, since chaotic systems are sensitive to
initial conditions and have random-like behavior, even if there is no mismatch between the system and its model, the cor-

Fig. 1. Chaotic time series obtained from fractional-order system.

Fig. 2. Chaotic attractor of the system projected into x-y space.
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