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Improved chaotic sparrow search algorithm and application based
on Gaussian cloud

GU Jiacheng, LONG Yingwen” , JI Mingming, ZHENG Yang

(School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620,
China)

Abstract ; The traditional sparrow search algorithm (SSA) has the problems that it is easy to fall into the
local optimum and the search ability is insufficient in the process of optimization. In order to solve the a-
bove problems,an improved sparrow search algorithm (ISSA) based on Gaussian cloud improvement is
proposed. First, Bernoulli chaotic mapping is used to initialize the population to improve the initial popu-
lation quality of the algorithm;secondly,an adaptive Gaussian cloud mutation strategy is introduced in
the update of the finder position to improve the global search ability of the algorithm in the iterative
process;finally, the reverse ¢ distribution learning strategy is used to perform random reverse learning on
the optimal position to improve the algorithm’s ability to jump out of the local optimum. In the simula-
tion experiment, this algorithm is compared with other four basic algorithms with 13 benchmark func-
tions,and compared with other ISSAs. The experimental results show that the algorithm has good con-
vergence and accuracy.and the global exploration ability is greatly improved compared with the original
algorithm. The ISSA is applied to the Kapur entropy multi-threshold image segmentation task,and the
results show that ISSA has higher segmentation accuracy than the other four basic algorithms.
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Fig. 4 Location variable distribution
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Tab.1 Benchmark function
Function d Range Theory optimal
value
Fi(a) = D)2t 10/30/100 [~ 100,100] 0
i=1
Foo) = >l 1+ ] |« | 10/30/100 [~ 10,10] 0
i=1 i=1
Fi(x) = >, ( >l 10/30/100 [~ 100,100] 0
i=1 j=1

Filo) = max{| x [l <i<n) 10/30/100 [—100.100] 0

n—1
Fo(x) = 2,[100Ca, — ) 4 (z — D7) 10/30/100  [— 30,30] 0

i—1
Fo(x) = >, (a2 +0.5)° 10/30/100[— 1. 28,1. 287 0

i=1
Fr(2) = D)iz! +rand[0,1] 10/30/100[— 1. 28.1. 28] 0
i=1
Fy(a) = D) — a4+ sin /[ 2 | 10/30/100 [—500,500] 741%9829
i=1

Fo(2) = Z[r — 10cos(2mz,) + 10] 10/30/100[— 5.12,5.12] 0
Fio(2) :*20exp<, 0.2 |~ 1 Z )—exp[—Ecos(an,)]JrZOJre 10/30/100 [—32,32] 0
Fu(a) = 1+40002 Hcos( ) 10/30/100 [— 600,600 0
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1 a1
F,(x) = %{IOSin(nyl b+ Z (y; — D?*[14 10sin* (wy; 1) + Zu(l‘, ,10,100,4)] s
i=1 i=1
1 K(x; —a)"if x; > a
where y; = 1+ — culxisasksm) {0, —a << x; =a 10/30/100 [— 50,50 0
4 m
K(—xzi—a)"s —a < x;
Fis(2) = 0.1(sin? Gray) + 2 (2 — D[]+ sin® Gra: + D]+ (2, — D
! 10/30/100 [—50,50] 0

sin? (2nx,)) + Eu(\r; ,5,100,4)
=1
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PR X B BE (9 13 A 5 o 5k eR B SR A ) EEAR
T XS LG 53 A 4 RO AR B U v A DO e 4R
F1—F7 (45 R b, ISSA Bk xf F1—F4 i o
BAE d = 10.d = 30.d =100 By -1 &5 - ¥ 45 5 T
HAB LA X e, B RA B &L sE, F6.F7
I bR B &5 1 L TSSA [ 408 &5 51 48 43 5 1 55 b
3K W ANLE d =100 B LA — AN/ 1Y 25 16 7%
JiF SSA Bk, WMifE F5 ok ol B 45 1 b, B

ISSA f) FAE 45 F 08 2 T SSA Bk p FAL4E R . H 2
AHEG T 95 A6 3 A% be B 1 ok 106 3 45 SR 35 4 58 L
NG, AE 20 4K R A F8—F13 il ik 45
S X T FOLF11 4 pR %5, ISSA Al SSA F vk 4B
eI S B B (8 . Wi 7E F8.F10.F13 ik s &,
ISSA B #y g 8 Bufs fme A 09 SRR
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Tab.2 Benchmark test function optimization results
Mean Std Mean Std Mean Std
d =10 d = 30 d = 100

ISSA 0.00X10" 0.00X10" 0.00X10° 0.00X10° 0.00X10" 0.00X10"

GWO  8.43X10 " 3.58X10 ™ 1.44X10 % 1.90X 10 1.47X10 " 1.02X10 "
F1 WOA 9.66X10 7 5.29X10°7" 5.46X10 ™ 2.96 X107 1.15X10°" 6.22>X10"

SSA  9.11X10°* 3.48X107% 1.33X10 * 5.79X10 * 4.95X10°% 2.56X10 "

SCA  3.24X10°" 1.66X1071 8.55X10" 1.11X10! 9.98X10° 5.04X10°

ISSA  8.03X10"® 4.40X107"7  1.90X107""  8.05X107"" 1.52X107'"7  8.30X107'”

GWO 1.26X10°" 1.85Xx10° " 1.66X10"7 1.00X10""* 4,06x10"" 1.43X10°"
F2 WOA 1.24X10°*% 3.15X107% 1.24X107% 4.38X107% 1.96X107% 3.66X107%

SSA  3.77X10°% 1.29X10 % 1.09X10* 5.90X10 % 4.76X10°% 2.60X10 *

SCA  1.27X10° 2.13X10°° 3.38X107! 6.84X107" 1. 96 X10" 1.12X10"

ISSA  6.37X107™ 0.00X10" 1.64X107"  9,00X107"™ 2. 16X107' 1.18X107"*

GWO 6.43X10 " 1.93X10° " 7.67X10°* 1.23X107" 4.03Xx10° 2.89X10°
F3 WOA  7.83X10 1.05X10° 6.58x 10" 1.95X 10" 1.07X10° 3.98X10°

SSA  1.23X10°% 4.80X107 1 1.08X10° " 5.88X10°" 3.27X107" 1.70 10"

SCA  5.58X107" 1.67X10° 1. 35X 10" 5. 66X 10° 2.90X10° 7.96 X 10"

ISSA  7.79X107% 4.27X107% 2.95X107* 1.61X107* 7.99X107% 3.64X1077

GWO  2.44X1071% 9.25X1071" 1.01X10° 7.95X10°" 6.70X10° 4.35X10°
Fe WOA  6.77X10° 1.08X 10" 5.42X10' 2.69X10' 7.28X 10! 2.52X10'

SSA  6.44X10°7 3.02X1078 2.42X1078 9.63x10"¢ 3.44X107°8 1.72X1077

SCA  6.91X10* 1.36X10"" 4. 77X10' 1.08X 10! 9.20X 10! 3.02X10°
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Mean Std Mean Std Mean Std
d =10 d = 30 d = 100
ISSA 3.16X10" 1.17X10°° 2.75X107? 8.04x10° 1.26X10 2 3.21X10*?
GWO 6.92x10° 5.82X107! 2.72X10* 6.12>X107" 9.83X10! 4.51X107!
Fs WOA 2.20X10! 7.68X10! 2.84X10" 3.45x107! 9.83X10! 1.42X107!
SSA  2.90X107* 9.71X107* 3.24X107° 7.98 X107 9.85X107? 1.76 X1072
SCA 7.98X10° 1.03X10° 7.95X10° 1.16X10° 2.07X10% 8.10X107
ISSA  2.85X107° 3.84X10°° 1.37X10° 2.43X10°° 7.55X107° 1.74X107"
GWO 1.67X10* 6.36X10* 8.98X10! 3.60X10°! 1.18X 10! 1.05X10°
Fg WOA 2.96X107° 5.16X10 2 8.29X107! 3.01X107" 6.34>x10° 1.27X10°
SSA 3.87xX10 ¢ 7.85X10 ¢ 3.02X10° 6.02X10 ° 6.46X10 ° 1.04X107"
SCA  4.86X10°! 1.72X107! 1.55%10° 1. 87X 10? 1.90X 10" 9.70X10°
ISSA 3.18X107* 3.35x10°" 5.47X10°* 4.06X107* 3.85X107* 2.52X107¢
GWO 4.23X10°* 2.59X107* 3.83X107° 1.48X107° 1.48X10 * 4.16X107°
r7 WOA 2.22X10° 2.74X107° 6.01x107° 5.86X107° 8.92X107° 1.15X10 2
SSA 4,97x10* 2.90X10"* 7.50X10"" 7.14X10°" 6.61x10" 6.65x10""
SCA 3.08X10°° 3.37X107° 4.30x10! 5.07X10! 2.09X10% 9.94x10!
ISSA  —3.81X10° 4.34X10° —1.23X10* 3.19X10"? —4.14X10* 2.00X10*
GWO —2.68X10° 3. 58X 10? —6.11Xx10° 8.20X10% —1.51X10* 3.37X10°
rg WOA —3.32X10° 6. 30X 10? —9.93X10° 1.64X10° —3.35X10" 5.90x10°
SSA —2.84X10° 6.05X10* —9.50x10° 2.47X10° —3.62X10" 5.50X10°
SCA —2.10X10° 1.90X10? —3.75X10° 3.32X10* —6.64X10° 5. 84 X 10?
ISSA 0.00X10" 0.00X10° 0.00X10° 0.00X10" 0.00X10" 0.00X10"
GWO 2.45X%X10° 3.35X10° 8.02X10° 6.69>10° 4.08x10" 2.98X 10"
F9 WOA 4.32X10° 1.23X10" 3.79x10° " 2.08x10 M 3.79x10° " 2.08x10 "
SSA 0.00X10° 0.00X10° 0.00X10° 0.00X10" 0.00X10° 0.00X10°
SCA 5.83X10° 1.30Xx10! 6.38X10! 4.31X10! 2.97X10° 1. 37 X10?
ISSA  8.88X107'¢ 0.00X10" 8.88X107 "¢ 0.00X10° 8.88X 107" 0.00X10°
GWO  2.68X10° "  4.95X10 %  1.09X10°  3.70X10°°  3.14X10°*  9.02X10°
F1o0 WOA 4.56X10 1 3.43X10°" 5.98X10° " 2.75X10° " 7.16X10° " 3.58X10° "
SSA  1.18X10° % 5.08X10° " 2.43X107" 9.22x107" 1.08x10° " 5.19x10° "
SCA 5.74X107! 2.01X10° 1.49X10! 7.32X10° 1.90x 10" 3.77X10°
ISSA 0.00X10° 0.00X10" 0.00X10" 0.00X10° 0.00X10° 0.00X10°
GWO 3.29X10 * 3.08X10 * 8.15x107* 1.05X10 2 1.54X10 ? 2.43X10 *
F11 WOA 1.21X107! 1.85X107! 3.70X107 ' 2.03X107" 0.00X10° 0.00X10°
SSA 0.00X10" 0.00X10° 0.00X10° 0.00X10" 0.00X10" 0.00X10"
SCA  1.60X10 ! 1.95X107! 2.24X10° 1.37X10° 1.82X10° 9.55Xx10!
ISSA 1.89X10° 4.06X10° 3.31x10° 5.81X10° 1.15X10° 1.97X10°
GWO 5.12X107° 1.01X10° 5.45X10% 2.88X10% 3.87X10" 8.39X10*
F12 WOA  1.95X10" 9.94x10" 4.84X10° 3.56X10% 9.80Xx10% 4.06X10*
SSA 2.11Xx10° 3.21X10° 1.72X10° 6.10X10° 8.94X107 1.95X10°
SCA 1.13X10" 3.97X10* 6.43X10° 1.69X10° 5.17 %108 2. 28 X108
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Continued Tab. 2

Mean Std Mean Std Mean Std
d =10 d = 30 d = 100
ISSA 4.51X10°¢ 8.32X10° 2.21X10° 5.63X10° 2.63X10° 4.92X10°
GWO 1.73X10* 3.69X10* 8.08X10" 2.61x10" 7.61Xx10° 5.82X10"
F13 WOA  6.76X10° 7.62X10° 9.00X10" 3.88X10" 3.62X10° 1.16X10°
SSA 6.50X10° 8.82X10° 2.85X10° 6.60X107 3.38X10° 5.87X10°
SCA 3.85X10" 8.40X10* 1.12X10° 2.41X10° 8.82X10° 3.41X10°8
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Fig.7 Comparison of convergence curves of five algorithms
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Tab.3 Performance comparison between ISSA and ISSA1
_ ISSA1 ISSA
Function
Mean Std Mean Std

F1 1.00X10* 5.50X10°% 0.00X10° 0.00X10°

F2 2.84 X107 1.55X1078 0.00X10° 0.00X10°

F3 4,43% 10 1. 69X 107 0. 00X 10° 0.00X10°

F4 7.40X 107" 2.91x 10 0. 00X 10° 0. 00X 10°

F5 7.30X10° 3.08X 107 6.80%X10° 2.26X10?

F6 8.15%X10* 7.23X 10" 8. 45%10" 7.10X 10

F7 —8.94X10° 2.86X10° —1.21X10* 6.37X10%

F8 0.00X10° 0.00X10° 0.00X10° 0.00X10°

F9 8. 88X 101 0.00X10° 8.88X 101 0.00X10°

F10 0.00x10° 0.00x10° 0.00x10° 0.00x10°

F11 1.65X10° 2.87X10° 6.61X10° 9.90X 10"

F12 8.19X10° 2.04X 10" 5.54X10° 1.58X 10"

F13 1. 46X 10° 2.68X10° 8.35X10° 1. 70X 10°
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Tab.4 Comparison of threshold segmentation results

Test image s ISSA SSA GWO WOA SCA

12.305 12.256 12.305 12.305 12.343
15.423 15.321 15.291 15.243 15.275
18.614 18.268 18.083 18.373 18.336
21.424 20.995 21.264 21.367 21.219

Cameraman

12.547 12.467 12.256 12.547 12.164
15.622 15.225 15.614 15.133 15.339
18.457 18.339 17.913 17.986 17.919
21.163 21.116 20.976 20.963 20.999

Lake

10.852 10.394 10.492 10.549 10.637
13.377 13.127 12.968 12.951 13.319
15.750 15.137 15.462 15.258 15.530
17.737 17.696 17.413 17.534 17.147
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Fig. 10 Segmentation convergence curve
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