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Table 1 Experimental results of different K values on the

Sphere function at 30—dimensional time

K#BfE  mAEME F A wEE BRKRE
3 4.39E-48 1.54E-25 6.90E-25 2493
4 8. 15E-84 2.25E-64 9.56E-64 2 492
5 7.01E-118 6.50E-91 2.91E-90 2 497

6 1.03E-156 9.92E-103 4.39E-102 2492
7 3.71E-153 1.71E-126 7.65E-126 2 500

8 3.16E-165 3.93E-131 1.76E-130 2 495
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Table 2 Standard Benchmark test function parameter settings

B 5 s g U Vpo  SRARAE B AFA

30 [-100,100] 100 0 0.1

fi Sphere

50 [-100,100] 100 1.0

0
30 [-30,30] 30 0 100
/> Rosenbrock
0

50 [-30,30] 30 200

30 [-600,600] 600 0 0.1
f;  Griewank

50 [-600,600] 600 0 1.0

30 [-100,100] 100 0 0.1
S Quadric

50 [-100,1007 100 0 1.0

30 [-32,32] 32 0 0.1
S5 Ackley

50 [-32,32] 32 0 1.0

30 [-5.12,5.12] 5.12 0 100
fs  Rastrigin

50 [-5.12,5.12] 5.12 0 200
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Table 3 Parameter setting of various algorithms

Bk AEAMEE ¢, w T
SPSO 30 2.0 2.0 0.95 5 000
LDWPSO 30 2.0 2.0 [0.9,0.4] 5000
CPSO 30 1.494 45 1.494 45  0.729 5 000
IMPSO 30 1.49 1.49 [0.95,0.4] 5000
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Table 4 Performance test indexes of each optimization

function for each test function

& 4 SPSO LDWPSO CPSO IMPSO
# BE AT SR/% AIT SR/% AIT SR/% AIT SR/%
30 135 0 - 0 - 10 2509 100
) 50 161 0 - 35 - 60 2499 100
- 30 147 0 - 70 - 90 2497 100
s 50 140 0 - 50 - 60 2497 100
30 - 0 165 O 222 0 133 100
g 50 - 0 1780 O 268 0 1022 100
30 257 0 - 0 - 0 2499 100
i 50 134 0 - 0 - 0 2499 100
30 - 0 1952 0 261 0 1197 100
s 50 - 0 1956 0 268 0 1187 100
30 - 0 1922 65 254 0 960 100
e 50 - 0 1847 10 261 0 954 100
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LDWPSO ,CPSO 7E 2 U pREL £, M b, ¥ A B 15 3
FRAS HARE, X T 2 Wk £k £, , R A 5% LDWPSO
RELEAN [F 2 B2 0 ffe 25 ) v 480 2% 38 AR H A flL, (R L
IR, 00 10% 65% o % T B R/, .
S, B IMPSO TE i 23 18] rh 48 2% 21 (1 S5 LA T B T
T3 R, Z R E R B, B IMPSO FIAFEAR
[vi) 4 J3E Ao s ) v S5 O (L O A o Dy 25 8 38 /N F 55 48 3
FhEE XL R BT IMPSO B9 78 BRI 2 4k pR 0
HfsEtE, XT T Z W RE £, £, 55 IMPSO frdd
REN ARG B 5 T A = A, 456 1
R IMPSO vk HAT A 4 S 6E
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Table 5 The experimental result of each optimization function by each optimization algorithm at 30—dimensional time

& K % E I8 AR SPSO LDWPSO CPSO IMPSO
FARAL 2. 01E+00 2.01E-01 1. 39E-01 3. 16E-165
fi 30 Mean 4.23E+00 4.27E-01 4.28E-01 3.93E-131
Std 1. 38E+00 1. 73E-01 2.32E-01 1. 76E-130
FAAAL 2. 78E+02 4. 26E+01 4.38E+01 2. 79E+01
b 30 Mean 5. 01E+02 8. 60E+01 6. 98E+01 2. 83E+01
Std 1. 58E+02 2. 14E+01 1. 68E+01 2. 17E-01
FARAL 1. 81E+00 1. 16E+00 1. 51E+01 0
£ 30 Mean 3.31E+01 4. 65E+01 7. 18E+01 0
Std 5. 00E+01 6. 82E+01 3. 94E+01 0
RAAL 5. 02E+00 3.33E-01 3.24E-01 5. 96E-165
fi 30 Mean 7. 95E+00 8. 17E-01 9. 61E-01 9.01E-137
Std 3. 05E+00 2.81E-01 4.57E-01 3. 18E-136
FARAL 2. 76E+00 2. 33E+00 1. 23E+01 8. 88E-16
fs 30 Mean 1. 22E+01 8. 75E+00 1. 50E+01 8. 88E-16
Std 6. 77E+00 6. 90E+00 1. 69E+00 0
RAMAL 1. 71E+02 4. 47E+01 1.21E+02 0
fs 30 Mean 2. 17E+02 1. 04E+02 1. 84E+02 0
Std 2. 96E+01 4.51E+01 4. 17E+01 0

®6 50 A&MBMUEENS MK BHPIELER

Table 6 Experimental results of each optimization function by each optimization algorithm at 50—dimensional time

& H Y% JE 35 AR SPSO LDWPSO CPSO IMPSO
R 4. 06E+00 8. 10E-01 4. 10E-01 1. 44E-161
fi 50 Mean 6. 84E+00 1. 41E+00 1. 07E+00 7. 44E-126
Std 1. 64E+00 5. 54E-01 4. 83E-01 2. 84E-125
FARAL 4. 52E+02 1. 36E+02 1. 34E+02 4. 79E+01
b 50 Mean 8. 88E+02 2. 21E+02 2. 02E+02 4. 84E+01
Std 2. 36E+02 7. 07E+01 5. 12E+01 1. 83E-01
FARAL 4. 96E+00 1. 33E+00 1. 28E+02 0
/s 50 Mean 1. 31E+02 7. 66E+01 2. 52E+02 0
Std 1. 11E+02 1. 15E+02 1. 22E+02 0
FARAL 1. 36E+01 1. 55E+00 1. 63E+00 3. 49E-164
fi 50 Mean 2. 40E+01 2. 79E+00 3. 80E+00 6. 67E-131
Std 6. 84E+00 9. 83E-01 1. 73E+00 2. 71E-130
FARAL 5. 87E+00 3. 96E+00 1. 35E+01 8. 88E-16
1 50 Mean 1. 73E+01 1. 23E+01 1. 73E+01 8. 88E-16
Std 4.24E+00 5.91E+00 1. 62E+00 0
FARAL 2. 28E+02 1. 91E+02 3. 34E+02 0
fo 50 Mean 3. 96E+02 2. 63E+02 3. 95E+02 0
Std 6. 85E+01 4. 98E+01 3. 81E+01 0
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An Improved Particle Swarm Optimization Algorithm
Based on Nonlinear Decreasing Inertial Weights

HUA Yong, WANG Shuang-yuan, BAI Guo-zhen, LI Bing-chu

(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract: An improved Particle Swarm Optimization (PSO) algorithm based on natural selection and nonlinear
decreasing inertial weights is proposed to solve the problem of premature convergence and non-convergence in PSO.
In the process of algorithm iteration , the particle boundary velocity is limited by the nonlinear decreasing strategy of
maximum velocity, and the nonlinear decreasing of inertia weight is used to balance the global search ability in the
early stage and local optimization ability in the later stage. In order to keep the diversity of the population in the
evolutionary process,the second order oscillation strategy is used in the standard particle swarm optimization to keep
the diversity of the population in the evolutionary process. On this basis, the selection mechanism of genetic
algorithm and particle swarm optimization are combined to improve the applicability of the algorithm. The proposed
algorithm is verified by several benchmark functions and compared with other existing algorithms. Experimental
results illustrated that this algorithm has more obvious advantages in search accuracy and optimization ability,
especially in complex nonlinear optimization problems such as multi-dimensional and multi-peak optimization, the
proposed algorithm has a strong competitiveness.

Key words: particle swarm optimization algorithm; inertia weight; natural selection; maximum velocity

nonlinear degression
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