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Improving Particle Swarm Optimization using Fuzzy Logic

M. H. Noroozi Beyrami M. R. Meybodi
Electrical and Computer Engineering and Information Computer Engineering and Information Technology
Technology Department Department
Islamic Azad University Amirkabir University of Technology
Osku, Iran Tehran Iran
mh.noroozi@gmail.com mmeybodi@aut.ac.ir

Abstract: Particle Swarm Optimization is a population based optimization technique that based on probability
rules. In this technique each particle moves toward their best individual and group experience had occurred.
Fundamental problems of a standard PSO algorithm are fall into local optimum trap and the low speed of the
convergence. One of the methods to solve these problems is to combine PSO algorithm with other methods such
as fuzzy logic and genetic algorithms. In this paper two PSO algorithm based on fuzzy logic are proposed. The
proposed algorithms try to solve the above mentioned problems. For evaluation purpose, the proposed
algorithms are tested on number of standard optimization functions. The results of experimentations have shown
the superiority of the proposed algorithm over standard PSO.

Keywords: Particle Swarm Optimization, Local Optimum, Fuzzy Logic
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Problem 2.22 §| | 1.:1[| | [-10.10]" ‘:
n-1
_ oy 2\2 _1)\2 —
Rosenbrock F(x) = iz_ll[].OO(Xm %)+ (% —1) ] [-30,30]" a’
£(x)= Y ix," + random[0,1) -
Quadric i.e. = i Tt , \ 3
Noise = [-1.28,1.28]" ’3
Generalized N i
Schwefel’s FO02 % sinx) [-500,500]" -'
Problem 2.26 =
Ackley zb gl p cabizeo Slasl 31 ool cawas gl (F) Jguo
KEYRTA KevaLs KEYEA
v 95!
Lgie Hlade Slade o en bugie Jlaie Slade oy s Lugie i Slade oy s
0.219 2.15e-12 0.076 2.66 e-15 0.056 8.88 e-16 FPSO1
0.175 3.82e-11 0.051 2.66 e-15 0.032 8.88 e-16 FPSO2
1.198 4.25e-2 0.044 1.25e-5 0.019 4.26 e-8 TPSO
4.890 2.43 4.011 1.96 3.349 1.64 WPSO
7.664 4,72 6.457 3.05 5.488 2.31 SPSO




Quadric gb (gl alie slesl 31 soel Comway glis (8) Jguo

KETATA RETARS RETHA _
PSERYL]
bgio ade | Mk g | lawgie ade | e cp e | legte Jlade | e 0n
47.93 4.46 e-46 73.20 2.83 e-101 88.03 4.88 e-149 FPSO1
31.56 8.73 e-40 53.18 3.71 e-56 190.38 1.67 e-63 FPSO2
35.13 3.56 e-8 16.97 4,34 e-10 11.73 3.49 e-15 TPSO
49.67 6.35e-1 63.58 7.51 89.42 415.29 WPSO
33.73 2.55e-8 18.18 1.13e-13 9.31 247 e-15 SPSO
Rastrigin gb gl cilizke olesl 3l sl comway gulis (8) Jguo
KETATA RETAR RETHA _
PSERYL]
bgio ade | Mk g | Bwgie ade | ke cp e | laegte Jlade | e 0n S
2.031 1.203 2.328 0.388 0.777 0.301 FPSO1
2.134 1.148 1412 0.535 1.235 0.406 FPSO2
6.560 1.923 3.912 1.638 3.710 1.479 TPSO
3.599 2.845 2.219 2.063 1.773 1.549 WPSO
15.558 6.991 15.012 6.532 14.586 6.324 SPSO
Sphere gb sl cilizo szl 31 sl oy g (V) Jgao
KEYRTA o ). KT _
!
Lo lade Slade o s Lo lads Slade oy s Lwgio Hlade Slade oy s
120.65 2.11e-84 50.51 3.66 e-223 47.55 9.18 e-275 FPSO1
349.79 7.61 e-61 294.49 3.45e-90 286.13 3.67 e-170 FPSO2
300.86 7.70 e-41 280.19 6.81 e-60 261.12 2.07 e-116 TPSO
73.06 6.26 e+2 125.71 8.55 e+2 183.49 8.86 e+2 WPSO
295.48 2.43 e-26 287.23 1.35 e-45 262.86 4.16 e-133 SPSO
Schwefel’s Problem 2.22 xb gy cilisko slasl 31 okl cwas zulis (A) Jou
KEYRTA KevaLs KT _
w595
bogie jlade Slade oy g bogie jlade Slaie oy g bgie jlade SIie (ys g
128.25 6.12 e-99 7.37 2.45e-123 1.02 1.46 e-159 FPSO1
382.89 2.58 e-40 22.29 8.77 e-43 2.02 4.21e-103 FPSO?2
667.03 1.81e-31 40.95 4.41 e-34 3.85 1.88 e-67 TPSO
32.13 0.854 8.68 0.313 0.23 2.79 e-3 WPSO
8194.24 0.402 60.66 6.61 e-2 6.01 5.26 e-10 SPSO
Rosenbrock gt (sl caliso olzsl 31 ool oy gl (1) Jgaor
KETATA KeTAR KETHA _
w2 395!
bogio lade | ke g | hawgie ade | ke cp e | begte Jlade | jlade on g
62924 0.7943 24551 0.3214 20677 0.0278 FPSO1
178012 1.0185 209051 0.8850 138578 0.1309 FPSO2
657842 2.6661 525734 1.3962 451038 0.1628 TPSO
7854 9.3214 7124 7.6965 6919 4.8573 WPSO
175491 125.1253 99851 51.2411 38405 33.4833 SPSO




Quadric i.e. Noise gl gl p ciliseo dlasl 3 ol Cowas gulis (1+) Jouo
&b ¢l» 3 & 9

KETATA RETAR RETHA _
PSERYL]
laugie jlade Slade (s g laugie jlade Slade oy g lugie g Slade oy g
0.066 6.77 e-3 0.079 1.47 e-3 0.106 1.78 e-4 FPSO1
0.106 7.14 e-4 0.108 1.88 e-4 0.128 1.01e-4 FPSO2
0.105 3.06 e-3 0.112 1.54 e-3 0.139 252 e-4 TPSO
0.065 2.70 e-3 0.081 1.58 e-3 0.112 6.08 e-4 WPSO
0.183 1.15e-2 0.210 3.92 e-3 0.561 9.85e-4 SPSO
Generalized Schwefel’s Problem 2.26 ab g1y ciliizeo dlasl 3l svel cawas gubs (1) Jgus
KETATA RETAR RETHA _
PSIBY LS
laugie jlade Slade (s g laugie jlade Slade oy g lugie g Slade oy g
-269.28 -3020.19 -366.30 -2796.61 -416.52 -2323.21 FPSO1
-351.03 -3812.01 -386.27 -3419.63 -408.60 -2458.30 FPSO2
-238.83 -2901.24 -288.98 -2756.32 -330.50 -1949.02 TPSO
-170.06 -2844.72 -184.74 -1739.35 -245.57 -1540.86 WPSO
-185.77 -2741.21 -270.95 -2252.12 -283.04 -2037.16 SPSO
a Fitnass for Acklay Function i Fitnass for Quadric Function
b =0 K
B Do
Al ‘::::3; 1
=0 4
A0k 4 ——FPS01
-5 o8 8—a—a—8-19 B
et b | e
(@) (b)
R i |
. 70 -
(c) (d)




Change of Fitnass for Schwafel's Problam 2.22 Funetion Changas of Fitnass for Rosanbrock Funetian
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