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Fig. 1. The principle of parameter estimation for

fractional-order chaotic systems.
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Fig. 2. The simulation figure of 8 scrolls.
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Table 1. Statistical results from the three algorithms with no noise.

R4

ik a b c o B vy J t/s
HAH 1.0000  1.0000  0.6000  0.9000  0.9000  0.9000 — —
PSO 1.0011 0.9998 0.5998 0.9002 0.8998 0.9001 2.13 x 10~4 —
el STA 0.9996 1.0001 0.5999 0.9001 0.9000 0.9001 1.19 x 106 —
PDSTA 1.0000 1.0000 0.6000 0.9000 0.9000 0.9000 3.12 x 10717 —
PSO 1.0017 0.9984 0.6012 0.9021 0.8974 0.8817 3.21 x 1073 231.4
AR STA 1.0009 1.0011 0.6013 0.8984 0.9020 0.8912 6.12 x 1074 71.2
PDSTA 1.0003 1.0005 0.5997 0.9009 0.8989 0.9013 2.17 x 1077 70.3
PSO 1.2101 0.9762 0.6132 1.0001 0.9789 0.8164 4.02 x 1071 —
ek STA 0.9769 0.9871 0.5831 0.9781 0.8243 0.9437 1.23 x 1072 —
PDSTA 0.9934 1.0034 0.5956 0.9056 0.8912 0.9243 5.77 x 1076 —
0.09 T T T 1.4 T T T
] —_—
0.08 | ——PDSTA | 19 ]
: —— STA
0.07 -l: ---- PSO
~ 0.06f 1
§ 0.05 [} 1 1
e
= 0.04 ; ]
0.03 | i |
0.02 E
0.2 ]
0.01 - R
Y| N ittt R 0 . . .
100 150 200 0 50 100 150 200
ERE ERREL
K3 JomgE s Hbr ek Hutk Al h 2k KI5 Jom s o b s A h 2
Fig. 3. The convergence process of fitness value aver- Fig. 5. The convergence process of fractional-order

aged over 200 runs with no noise.
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Fig. 4. The convergence process of parameter values

averaged over 200 runs with no noise.
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Fig. 6. The convergence process of fitness value aver-

aged over 200 runs with noise.
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Table 2. Statistical results from the three algorithms with noise

Rk a b c e? B vy J t/s
HiH 1.0000 1.0000 0.6000 0.9000 0.9000 0.9000 — —
PSO 1.0123  0.9974  0.5899  0.9021  0.9018  0.9041 2.87 x 10~1 —
AR STA 0.9986 1.0021 0.5971 0.8981 0.9008 0.9022 3.21 x 10~ —
PDSTA 1.0001 0.9998 0.6008 0.9009 0.8996 0.9007 4.03 x 10~ 14 —
PSO 1.0345 0.9621 0.5781 0.8712 0.9134 0.8734 4.46 x 10~1 255.8
I STA 1.0201 1.0089 0.6100 0.8897 0.9076 0.9082 1.08 x 1073 78.6
PDSTA 1.0011 1.0021 0.5989 0.8989 0.8982 0.9020 2.21 x 10~7 72.4
PSO 1.4087 0.9589 0.6209 1.0201 1.0301 0.8198 9.56 x 10~1 —
w2 STA 0.9699 1.0912 0.5790 0.9645 1.0032 0.9491 1.03 x 1071 —
PDSTA 0.9874 1.0134 0.5885 0.9102 0.8900 0.9414 8.91 x 10~5 —
1.4 1.4
—
1.2 -r_\ 1.2 ¢ ——B
1ol R = Lol TS o ]
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Fig. 7. The convergence process of parameter values

averaged over 200 runs with noise.
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Fig. 8. The convergence process of values fractional-

order values averaged over 200 runs with noise.
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Parameter identification for fractional-order multi-scroll
chaotic systems based on original dual-state
transition algorithm™

Wang Cong Zhang Hong-Li'

(Xinjiang University, Department of Electrical Engineering, Urumgqi, Xinjiang 830047, China)
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Abstract

Parameter estimation for fractional-order chaotic systems is a multi-dimensional optimization problem, which is one
of the important issues in fractional-order chaotic control and synchronization. With the orthogonal learning strategies
and the original dual learning mechanism, the original dual-state transition algorithm is proposed for solving the prob-
lem of parameter estimation in fractional-order chaotic systems. The orthogonal learning strategy is presented which
can increase the diversity of initial population and improve the convergence ability. And the original dual learning
mechanism is presented which can increase the space ability of states, and also can improve the search capability of
the algorithm. In the process of identification, we adopt Radau ITA method to solve the fractional-order differential
equation. The simulation of the fractional-order multi-scroll chaotic systems with or without noise is conducted and the

results demonstrate the e?ectiveness, robustness, and versatility of the proposed algorithm.

Keywords: fractional-order multi-scroll chaotic systems, parameter identification, original dual-state

transition algorithm, orthogonal learning mechanism
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