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Abstract: In order to address the problems of uneven initial positions., ease of reaching local opti-
mum, and low search accuracy in traditional particle swarm algorithm (PSO), a novel PSO algo-
rithm based on an improved Sine chaotic mapping is proposed. The improved Sine chaotic map-
ping technique is used instead of the traditional pseudo-random number method for generating the
initial particle population to enrich the population diversity. Two new position update mecha-
nisms are added to the original basic position update formula. A Gaussian mutation operator is in-
troduced to achieve a dynamic balance between the exploration and exploitation performance of

the algorithm, as well as to help particles effectively jump out of the local optima during the itera-
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tion process. For three classical engineering optimization design problems with constraints, simu-

lation experiments are performed for the proposed algorithm based on a benchmark test function

consisting of seven single-peaked functions, six multi-peaked functions and ten fixed-dimensional

functions. This algorithm is then compared with several other popular PSO variants. Simulation

results show that the novel PSO algorithm based on improved Sine chaotic mapping has faster

convergence speed and higher optimization-seeking accuracy than those of other PSO variants.

For the benchmark test functions, it ranked first in 20 of them, accounting for about 87 % of the

total testing functions. The proposed algorithm ranked first in the overall performance of pres-

sure vessel and I-beam design optimization, and can be used to solve some practical engineering

optimization problems.

Keywords: PSO algorithm; chaotic mapping; Gaussian mutation; benchmark functions; engi-

neering problems
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Fig. 2 Convergence curves of algorithms on multimodal high-dimensional functions
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Table 4 Results of algorithms on multimodal low-dimensional functions
HfH
PR 4R AR
NIPSO NIPSO-0 PSO-LDIW PSO-TVAC PSO-RIW GLBEST-PSO

R, 9.98X10"! 9.98x10! 9.98x10! 9.98X10"" 9.98X10"! 9.98x10!
Fy, R 0 0 0 0 0 0

R, 9.98X10! 9.98x10! 9.98x10! 9.98X10"" 9.98X10! 9.98x10!

R, 3.42X10* 4.05X10°* 1.11X10°° 3.45X107* 3.69X10°* 3.74X107°
Fys R 1.68x107" 2.92X10°" 3.65X107° 1.86x107" 2.32Xx10°" 7.57X107°

R, 3.07Xx10" 3.07Xx10" 3.07X10°" 3.07X107" 3.07Xx10" 3.07X10°"

R, —1.03 —1.03 —1.03 —1.03 —1.03 —1.02
Fy R 0 0 0 0 0 1.49X10°2

R, —1.03 —1.03 —1.03 —1.03 —1.03 —1.03

R. 3.98X10"! 3.98X10! 3.98X10" 3.98X10" 3.98X10! 3.98X10°!
Fy; R 0 0 0 0 0 0

R, 3.98X107! 3.98X10°! 3.98X10°! 3.98X10" 3.98X10°! 3.98X10°!
Fig R 0 0 0 0 0 0

R, 3.00 3.00 3.00 3.00 3.00 3.00
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_ o
PREC 4R AR -
NIPSO NIPSO-0 PSO-LDIW PSO-TVAC PSO-RIW GLBEST-PSO
R, —3.86 —3.86 —3.86 —3.86 —3.84 —3.86
Fiy, R 0 0 0 0 0 0
R, —3.86 —3.86 —3.86 —3.86 —3.86 —3.86
R.. —3.27 —3.28 —3.25 —3.29 —3.26 —3.27
Fu R 5.92X10? 5.83X10? 5.99X 10 ? 5.54X 102 6.03X10 2 6.03X10?
R, —3.32 —3.32 —3.32 —3.32 —3.32 —3.32
R, —9.47 —8.98 —6.72 —8.72 —6.88 —3.64
Fy R 1.76 2. 44 3.38 2.45 3.23 1.48
R, —1.02Xx10! —1.02X10! —1.02x10" —1.02Xx10! —1.02X10! —7.77
R, —1.04X10! —9.18 —7.74 —9.70 —7.76 —4,56
F.», R 2.22X1077 2.53 3.55 1.82 3.59 1.71
R, —1.04X10" —1.04X10" —1.04X10" —1.04X10" —1.04X10" —8.11
R, —1.00x10" —9.39 —7.93 —9.61 —6.45 —4.75
Foy R 1.65 2.62 3. 54 2.44 3.93 1.58
R, —1.05x10! —1.05X10! —1.05Xx10! —1.05Xx10! —1.05x10! —8.28
3 0
10 10 - 0.5 —NIPSO 2.0
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Fig. 3 Convergence curves of algorithms on multimodal low-dimensional functions
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4.3 ZHTRERBMHPLLER

B bk 23 A~ FE I3 R B0 PE AN D AN iR A
— R DL TR oo A B R B i IR 2
Jo7 FH e Bk SR i D S B ) TR [, A EE T R
PRIER . K 22 B L TR ) R P o G A S AR A [ s
Lhr R E TR T2 R A HE R, FHit, @y
B[R] SR DAl T B A Rt B R Y, EART
L FEZEME T 3 A2 AR TR ) R SRR R
AESE RN g TN
4.3.1 FEBZF&RFEAA

42 T TR [ P 3 7 PR SO O 2 S T i T
AR, SRR BEITR A 4 TR

B4 BERitrE
Fig. 4 Schematic of welded beam design
A5 RBERHKALER

Table 5 Optimization results of welded beam

AL G 4 DA I H W R 4 A2
B I R BRI B 2 R
X = (21, 220 2355 2, |=[h, L, T, b]
SRR
F(X) = 1.104 Tlxta, +0. 048 1layx, (14 + a,)

a2
PR
g1 (X) = (X)) —13600<C0
g:(X) = o(X) — 30000 << 0
g:(X) = 0(X) —0.25 <0
g (X)) =a, —x, <0
(13)

g5 (X) = 6000 — P.(X) < 0
g (X) = 0.125 — 2, <0
g (X) = 1.104 72 +

0.048 11y, (14 4 2,) —5<C0

AR X IA] 0, 152y 5 2250, 1<y » 3210
K (X)) . 0(X) . 0(X) P (X) S W3CHK[14],

H AR SCHR 1 R 5 A LA 28 Ok T R B
FLA , B BORL T 80k 50, AR ECH 2 000, AN FE
IBAT 30 W, KRR WK 5 s, Hrp,
FIEB &y vxo vy vy K A R BT B (B, 45 SR R,
NIPSO W BHEHETE T 45 3, )07 25 HEAE 1755 — %%
AP REUIX F PSO-LDIW,

EER 7R

iglEs

NIPSO NIPSO-0

PSO-LDIW

PSO-TVAC PSO-RIW GLBEST-PSO

AR 2, 0.202 176 348 0.206 255 720 0.205 729 640  0.205 729 640  0.249 476 496
AR 2, 3.541 303 954 3.463 857 219 3.470 488 666  3.470 488 666  3.164 449 042
BAMMETE 25 9.057 535495 9.027 687 635  9.036 623 910  9.036 623 910  7.767 779 883
EAMETE 20 0.205 630 509 0.207 432 435 0.205 729 640  0.205 729 640  0.278 429 637
HFReREUR LM 1.725 663 669 1.736 149 430 1.724 852 309  1.724 852 309  2.003 557 464

HAFrsRECEME 1.759 370 331 1.787 255 971 1.724 853 192  1.746 512 758  2.581 131 980

0.205 729 640

3.470 488 666

9.036 623 910

0.205 729 640

1. 724 852 309

35.026 587 450

HAFr R 7% 0.044 582 233 0.056 761 658  0.000 003 837  0.046 562 673  0.446 561 517 182.254 384 200

BhrkBom22(8  1.881 898 788  1.992 858 908  1.724 873 025  1.909 054 135

3.873 4420 580 1 000. 000 000 000

4.3.2 EABZBXKARA
F 1 A AT I ) 32 B 28 R T A A 0
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Fig. 5 Schematic of pressure vessel design
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0
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g (X) =— nafx, — %7‘(13 + 1296 000<C0

g (X) =2, —240 <0
(15)
X[ :1X0.062 52, » ,<99X0.0625;

=N

AR

10y, 24,200,

JET AL RN 6 Fros ., o LUA L BR

PSO-RIW Z4b, it A 5 1 #8488 T [F) — s i, {0
JE L BB AT 30 WK S L X 5 25 R o 25 1A
NIPSO#EBHEFE T 55 — , WC7E 12 7] R Y 3K g 1 NTPSO
(14 P BE e i

A6 EHAEBMRALER
Table 6 Optimization results of pressure vessel
K
LD

NIPSO NIPSO-0 PSO-LDIW PSO-TVAC PSO-RIW GLBEST-PSO
T AR 2 0.812'5 0.812°5 0.812'5 0.812°5 0.812'5 0.812°5
AR B 2 0.437 5 0.437 5 0.437 5 0.437 5 0.437 5 0.437 5
BAMETE 25 42.098 445 60 42.098 445 60  42.098 445 60  42.098 445 60  42.071 814 44  42.098 445 60
AR 2, 176,636 5958 176,636 595 8  176.636 5958  176.636 5958  176.966 901 0 176.636 595 8
Abr R Bt 6 059.714 335 6 059.714 335 6 059.714 335 6 059.714 335 6 062.960 814 6 059. 714 335
HARRECF2MH 6 152.816 051 6 399.876 304 6 279.668 706 6 413.091 309 6 500.484 093 6 471.718 241
HFFeRE 72 112.499 744 1 326.521 206 5 155.996 341 2 281.346 957 3 312.187 844 3  406.675 181 5
HArpidim 25 6410.458 597  7332.841508  6410.086 760  7332.841508  7318.708742 7 544.492518

4.3.3 I FREZIFFEA

TR A 2 H AR T R A I
i 5 Fee /N i L [0 A AR pR B0 32 1 3 B i
B TR R AN 6 FT R i )T

MBIt S RO KB 0 h LIRS ¢ Fl e,

" |
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© h
)
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1.
{6 TFRRRE

Fig. 6 Schematic of I-beam design

TR R Ko 2 SO FOR A R
i

:X: [I]s Xo s X3 f/|:|: [ba h7 Ly s tf]o

FI b5 PR
f(X) =
5 000

[xs (2 —22)° J/12 42120 /6 + 222, [(2y —24)/2]

(16)
EA S U
g1 (X)) = 2x,05 + x5 (e — 22,) <O
2, (X) =
182, X 10* +
x5 (x; — 224)° + 225 (4l + 3, (2 — 24))
152, X 107
(2, — Zx,fll)xg + 22523 —6<0
an

/}'ji]f(hij 1O<Il <50;10<Iz <80;O-9<13;

I1<50
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Table 7 Optimization results of I-beam
B HfE
Ei=E 7N :

NIPSO NIPSO-0 PSO-LDIW PSO-TVAC PSO-RIW GLBEST-PSO
AR 2 50. 000 000 00 50.000 000 00  50.000 000 00 50,000 000 00 49,089 183 62  50. 000 000 00
T A I Y 2 80 80 80 80 80 80
EMMETE 25 0.900 000 000 0.900 000 000 0.900 000 000  0.900 000 000 0. 900 000 248 0. 900 000 000
BARMFAIFE 2, 2,321 792 261 2.321 791 750  2.321 792 261  2.321 792 261  2.365 675 907  2.321 789 479
Hbr Bt 0.013 074 119 0.013 074 121 0.013 074 119 0.013 074 119 0.013 087 280  0.013 074 132
AR ECESM 0,015 971 648 0.021 768 410 0. 024 664 236 0.027 561 766  0.021 908 020  0.082 614 837
HFrRE T2 0.015 870 422 0.026 522 994 0.030 054 267  0.032 949 170 0.026 475 759 0. 035 364 734
H 5 oF ¥ 22 1H 0.1 0.1 1 0.1 0.1 0.1
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