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TAO Xin-min1, XU Jing2, YANG Li-biao1, LIU Yu1

(1. College of Information and Communication Engineering, Harbin Engineering University, Harbin Heilongjiang 150001, China;

2. Department of Mathematics and Mechanics, Heilongjiang Institute of Science and Technology, Harbin Heilongjiang 150027, China)

Abstract: A novel particle-swarm optimization(PSO) algorithm which coordinates the exploration ability and the ex-

ploitation ability(EEPSO) is presented. This algorithm divides the population of the swarm into the evolutionary sub-swarm

and the randomized sub-swarm. During the evolution, the randomized sub-swarm reinforces the global space-exploration

ability of the PSO algorithm, and uses the multi-species evolution information to generate the best-result-value space,

guiding the particles of the evolutionary sub-swarm to approach this space. In order to improve the convergence rate, the

guidance will be effective only when the evolutionary sub-swarm particles are in the convergence status. This limits the

diversity of the population swarm, preventing the reduction in exploitation ability. The comparison experiments have been

made between the proposed approach with the dissipative PSO and other cooperative particle swarm algorithm. The ex-

perimental results show that the proposed method not only effectively solves the premature convergence problem, but also

significantly speeds up the convergence and improves the stability.
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1 (Introduction)
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2 (Algorithm analysis)
2.1 (Exploration and exploitation)
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2.2 (Coordination be-

tween random and evolution sub-swarms)
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2.3 (Super

particles and best value space generation)
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2.4 EEPSO (EEPSO algorithm design)
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3 (Experimental analysis)
3.1 Benchmark (Benchmark functions)

,

3 Benchmark ,

Rosenbrock Griewank, Rastrigin ,

.

Rosenbrock

f1 =
n∑

i=1

(100(xi+1 − x2
i ) + (xi − 1)2), (5)

[−30, 30], 10, 0,

(1, · · · , 1).

Griewank

f2 =
1

4000

n∑
i=1

(x2) −
n∏

i=1

(cos(xi/
√

i)) + 1, (6)

[−30, 30], 20,

0, (0, · · · , 0).

Rastrigin

f3 =
n∑

i=1

(x2 − 10 cos(2πxi) + 10), (7)

[−30, 30], 10, 0,

(0, · · · , 0).

3.2 (Performance com-

parison of single model function)
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Fig. 1 Comparison of performance of convergence on

10-dimension Rosenbrock function
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1 Rosenbrock(10)

Table 1 Performance of optimization on Rosenbrock

DPSO 1.2046 0.9264 2.4889 0.0164

MCPSO 0.8079 0.6068 1.6038 0.0104

EEPSO 0.5378 0.3924 1.0380 0.0053

3.3 (Performance com-

parison of multi model function)
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2 20 Griewank

Fig. 2 Comparison of performance of convergence on

20-dimension Griewank function

,

, .

2 Griewank

Table 2 Performance of optimization on Griewank

DPSO 0.1094 0.0524 0.1574 0.0468

MCPSO 0.0744 0.0261 0.1058 0.0492

EEPSO 0.0652 0.0263 0.1033 0.0443

Rastrigin
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3 10 Rastrigin

Fig. 3 Comparison of performance of convergence on

10-dimension Rastrigin function

3 Rastrigin

Table 3 Performance of optimization on Rastrigin

DPSO 4.4536 1.7796 7.2016 0.9950

MCPSO 3.2928 2.6058 7.2016 0.9950

EEPSO 1.4472 0.6841 2.9849 0.9950

4 (Conclusion)
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(LÜ Zhensu, HOU Zhirong. Particle swarm optimization with adaptive

mutation[J]. Acta Electronica Sinica, 2004, 32(3): 416 – 420.)

[10] , . [J].

, 2005, 16(12): 2036 – 2044.

(HE Ran, WANG Yongji. An improved particle swarm optimization

based on self-adaptive escape velocity[J]. Journal of Software, 2005,

16(12): 2036 – 2044.)

[11] BERGH F, ENGELBRECHT A P. A cooperative approach to particle

swarm optimization[J]. IEEE Transactions on Evolutionary Computa-

tion, 2004, 8(3): 1 – 15.

[12] , .

[J]. , 2006, 32(2): 251 – 255.

(WANG Junnian, SHEN Quntai. Evolutionary design of RBF neural net-

work based on mulit-species cooperative particle swarm optimizer[J].

Control Theory & Applications, 2006, 32(2): 251 – 255.)

:

(1973—), , , , ,

E-mail: taoxinmin@hrbeu.edu.cn;

(1974—), , , , ;

(1981—), , , ;

(1985—), , , .


