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Improved Squirrel Search Algorithm for Adaptive Image Enhancement

GAO Jie, WANG Qiu-Ping, LI Xiao-Dan

(Faculty of Sciences, Xi’an University of Technology, Xi’an 710054, China)

Abstract: In order to realize the automatic optimization of the optimal parameters of grayscale image enhancement, an
adaptive image enhancement method based on an improved squirrel search algorithm is proposed. A bilateral search
strategy is introduced into the position updating of the squirrels on normal trees to increase the likeﬁhobd of obtaining an
optimal solution. A cyclone foraging strategy is used to update the position of thﬁe squirrels on acorn trees to improve the
convergence rate and search accuracy of the algorithm. In addition, the proposed'squitrel search algorithm with bilateral
search and cyclone foraging (BCSSA) is compared with the bat alg"o.rithm (BA), whale optimization algorithm (WOA),
basic squirrel search algorithm (SSA), and two improved-SSAs on CEC 2017 test suite. The results indicate that BCSSA
has higher stability and faster convergence rate. Finally, the proposed BCSSA is applied to grayscale image enhancement,
and its performance is compared with that of the classical histogram equalization method and SSA in terms of four
evaluation indicaters, which thus validates the superiority of BCSSA.

Key words: squirrel séarch algorithm (SSA); adaptive image enhancement; bilateral search strategy; cyclone foraging

strategy; histogram equalization
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V) TR QB AU FIESER (5 B IR).

(4) MK IR, B a1 AR LR
3 TR
1.1 BEHFIEEE

WM H 1 R (FS), 8 R KR K68 A
d PRI, i (1= 1,2, ,n) KRB ENFS, =
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FIEF LB 1 R (FS ). FS A 38 N7 1 5t
INIERER, BIES W =FS 1, FS 2 HE 4 24 119 3 HUKE, 3
A CRICNFS . A T 3K E LI R, 4 7Y
AR LR A RS B A BN DL, —LETE
SR b 20 A H B R O 1 A B
By 5 R R T B B g BT R, R R
SR £ H AP ARG PR T, Pop 84 I BEN 0.1,
1.3 GG E

CTRBIE A A R T

Case 1. 48T 19 € BUAT A 160 L R Bl B 30

FSii! ={
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" otherwise
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Random location,
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FSy. otherwise
2.4 KIHEE BCSSA LB
A5 H WA $4 2 (bilateral search) FTRJE 5 &
(cyclone foraging) ff] & ﬁ?&%ﬁ?ﬁ’?(B\CSSA) (AR,

H0%:1. BCSSAK % ¢ o

HIREALH B ,
Step L. #1UaHZ A, MEERIRn=50, I KL AR T=1000, 4E%ia=30,
3B A7 LM Pyy=0.1, W K Ge=1.9;
Step 2. BEHLYI Mtk H KB, tnst(1);
Step 3. HHAEAMLE K RAGERFER, W3R(2), HTHFHS, Hi5E i
T B AT U8) 4% TR RSB RT R, A7 R T 1L
BB 1) P B A S LR A
FIEII B
Step 4. While r <T

for 1=1 to ny (n AR TR L RBERIRS B0 K LA 50

if Ri= Py,
1_
FSUI=FS! +dxG x(FS nFSL

FStl  =FSt +rx(FS! —FS! J+éx(FSt -FS})
M R3)BEAT R LR
Else
FS!*1=Random location
End if
End for

for 1=1 to ny (np WU EM [FRE TR B EUEHD)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F 55324 5531

http://www.c-s-a.org.cn

i H AR SN A

if Ry =Pyy

FS:{I :Fsilt+dg><G(-><(FS ;t—FS tm) + VUX(Fan—FSL‘)
Else
FS'*1=Random location
End if
End for
for 1=1 to n3 (n3 B ] LLAZ BRI R 3N ) ERUE 2D

if Ry =Pgp

FSIV=FS! +dgxGex(FS! ~FS') + ryx(FS! ~FS")
Else

FS7+1=Random location
End if
End for
Step 5. THEFTTH LS ., tn(6)
if S <8 min
FSV=FS | +Lévy(d)x(FS y~FS 1)
End if
Step 6. SE T H B B/ MBS pins ()
t=t+1 "
End while g
4 L A B
Step 7. iy Az T LLRZ B AR Yt B AR Ao B R 3 A

3.0 FEHEMNRRBMEFMNSHLE

CEC 2017 A 30 A3 vk ik R e, S0 56 % & 1Y i)
N BRI R, FRATTIE B RUE (F1) . 2 0% (F6.
F9). & (F12. F15. F18) f1E & (F21. F22.
F25. F30) 3t 10 /N AT 5250, Frfs i s i 45 S
INEREF . FITAT 346 R 1) B BUEE [—100, 10017 (565 FE 48 %,
Horha Ayl B 4e . BTk i) R ECk B AN RIS, IF H
BN H S IRFE, TR BCSSA & 52 2IANE J5TH
Pk ¢
3.2 BCSSA SEMEZEMLE

+5 BCSSA &5 BAIY, WOAM™, SSA", i
PSS SIS SO SSA (PSOSSA)!'™! RILELAT [ 3 7 4
CHE LM SSA (ISSAY' HEFT F L, 388 BT
ZHR B WNER 1 s, A T R, 36UEE LR T
e, 7£ Matlab b 3LHE(T 30 kM 5286, i85 T H1E
(Mean) FIAR#EZE (Std).

*1 BFENSHRE

2.5 BCSSA HIBTE|EZ2E o 4h

AATRE BCSSA I 8] 52 2% FEEAT 73 i, 1 B2 2%
PSRBT HIaA A . 15 2R AR 0 5 B A KB AR IR,
s & RPN, R 2 M4 50hd, e kik
RIRBUCNT, BCSSA AR IR A1 2 T

(1) FIAEAFREERY B BRI (8] 52 44 FE R O ().

(2) I&RLFE TR FR R (A R 4 FE R O(T xnx d).

(3) R FH LA 45 2% 5 W B 7 7 e A [l B g

A% B R B AR T ZE I T R AN O(T'X. |

(np +n3) X d), FHny Mg 73 591 79 3 B 0] #5446 0 1]
LA BB A2 20 )RR A Y .

(4) SR FH S8R DR £ SR WG SESHT AR B L i) 1Ly A bk A
3 1 B A TR I 8 B 2 R O(T Xy X d),
Horn A0 L AZ B B 30 7R R B

(5) ERILIR (2)—(4), BB I KEARIRELT.
Ut, BCSSA IS [8] E 2 FE 5 SSA fREF—EI NO(Tx
nxd).

3 CEC 2017 MRS Fr# a5

ML AE CEC 2017 F#E ek 2 F kAT 1) — &R 5
LI PR AT, BAE T BCSSA 7E AR UeHUE AL, 6] 5
7 THI A 5.

Sk SHRE
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MM, 752N Tk e o M BT HERK. 555
EREA G, BRI SR AR P e 23 52 2520 . AR H
Ut SSA BhAS A% R i fE o f B E, LI MGG 3. 15
— AL AESE 4 Beta BREF (u) R IE AP

F(u=

X

fut“_l(l —t)ﬁ_ldt} (14)

0

Jemta = an

Hr,0<a, g<10.

®2 6 FEVETE CEC 2017 FEEI i ea £ b A 45 3

REL FEbR BA WOA SSA PSOSSA ISSA BCSSA
El Mean 8.8189E+10 3.9679E+08 2.1251E+10 2.0045E+10 2.1007E+10 6.7189E-+05
Std 2.2185E+10 1.9237E+08 3.0949E+09 2.0582E+09 2.5041E+09 2.6417E+05
F6 Mean 1.2720E+02 7.4443E+01 6.3817E+01 6.8317E+01 6.9949E+01 5.9846E+01
Std 1.3331E+01 1.2732E+01 5.3027E+00 7.7650E+00 5.0881E+00_ | 4.3212E+00
Fo Mean 2.9161E+04 9.4320E+03 5.5747E+03 5.8983E+03 5.8804E+03 " 4.4151E+03
Std 7.0856E+03 3.9318E+03 1.2834E+03 1.0081E+03 | 9.1120E+02 6.7415E+02
pp Mean 2.2378E+10 1.9644E+08 2.5331E+09 3.277u§+09_ 3.6104E+09 2.2102E+07
Std 6.4345E+09 1.9498E+08 5.6284E+08 5.9671E+08 7.1178E+08 2.0157E+07
Els Mean 3.7838E+09 7.6731E+05 9.7091E+06 ";. 3.9281E+06 4.2484E+06 3.2403E+04
Std 2.2623E+09 2.2619E+06 5.6162E+06 3.9477E+06 2.7498E+06 2.0897E+04
18 Mean 3.9929E+08 5.7144E+06 2.2767E+06 6.1009E+06 6.3379E+06 9.4809E+05
Std 6.1920E+08 5.2809E+06 1.5672E+06 3.9117E+06 4.8504E+06 6.6462E+05
gy Mean 7.7662E+02 5.0047E+02 4.8997E+02 5.0935E+02 5.1774E+02 4.4794E+02
Std 7.3993E+01 | 5.5104E+01 5.2573E+01 2.1395E+01 2.5085E+01 1.5481E+01
Fyy  Mean 9.0879E+03 5.0560E+03 2.6502E+03 3.2878E+03 3.3219E+03 2.0659E+03
Std 2.4648E+03 2.1394E+03 3.9550E+02 5.0787E+02 3.6202E+02 1.0659E+03
s Mean 8.8681E+03 5.4680E+02 1.1816E+03 9.6825E+02 9.8014E+02 4.3733E+02
Std 2.8067E+03 5.3709E+01 1.2502E+02 5.7264E+01 7.0959E+01 2.7038E+01
30 Mean 2.8635E+09 3.9186E+07 4.9471E+07 9.3807E+07 1.0131E+08 8.9146E+06
Std 1.1980E+09 2.8772E+07 1.7344E+07 3.7171E+07 3.8714E+07 5.6098E+06

4.2 E|GIE5EIE N R 3

BCSSA Ji% 18 1 18 3 5 by £ 12 % R R 4L
55, [FIIR, 3 I8 P52 R 30t 0 e 2l PR A 1) 2 LV
bt o fif e 1 55 A o B 2R DG B I, SRR [18]
T AE RS LGRE. LEBRLE. HIEM
BRI N R R B 7D G R R 2 MR W TR ) SR

A GG R BRI B S I E D i ER M. |

BRI 3 AT A O 58 3502 2 B PR R ox EUE{E: (EREDN
Sl L R G P B B 7 XU
an»=MadMaocua»&EuaxHa»xcu%ﬁ
b, RS, S () H) EU)FIC 1) 5 3
R R (1 R 2 R SR R A R
SURE. Fir (1) WA, BRI 5 Rk A7
4.3 K BCSSA HBIE N ERIEE 5 AL
SR BCSSA 11 1138 7 (8 3ty ek P2
Step 1. N K/INAIM x NI JEGE EUET .
Step 2. 4 JE 44 FEMR 1) 2 B8 45 1 [0, 17, B:
_ S )= Lovin

Lmax - Lmin

u(i, j) (16)

286 MW7t JF & Research and Development

Hrh, £, R EUG AR S G, DIAKBEE, 0 < u(, j) < 1,
Linaxs Lunin 5 IG BRI BE SR, S/AMEL

Step 3. Fi BCSSA sRAf = ke % 1 Bt 5%
R BHITE. | :

Step 4, FIFFIS (1456 19— {1 10 PR 47 25 e

-

‘ u' (i, j) = F(u(i, ) (17)
Hf o<uw ()<
Step 5. HH# I 5 11 IR A XN
F (i, j) =255 %1’ (i, j) (18)

4.4 EREEMRITNIRE

T VRO T K BCSSA T fE, 763 50 K% 1
FUPE Rk T 4 SRR VAL 1 2R BRI R, B
157 % % (mean squared error, MSE). WE{EAS ML
(peak signal-to-noise ratio, PSNR). U %R E4L (edge
preserve index, EPI) FIAHXS 3458 %] LU & (relative enhance-
ment contrast, REC).

PSNR W T 15 AR EOO B 3R iR L EPT 3%
AR E D EAEL PR, REC VL T 1.5
TSI 22/ 0 GRS 4 2 TB) B e P 22 e

77w 2 (MSE) i id 15 5 BRI AR = 2
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JR a5 PG T A5 = AE, SRVPAS 38 5 5L, 5 TR 4 S
12 T RARAL T, SR 5 TSP 3 SR Z IME. MSE 115
NSIWSR

<
=

1
MSE—W;FZO(I (i, ) =13, ) (19)
AR (2 M Lt (PSR! £ 4 il 5 A3 [ — o /&)
AN FRAR, © AL T X AR R SRR ZE, B TR
SR SR B . PSNR (935 2 K9

28-1)’

PSNR = 10><10g10 W

(20)

LZ R B TR H (EPD) & J5UR B TR 5 R 1
KPR BRI FE I LU 3R, EPL TR A ROS:

M N
ZZ Mo G )= T G j+ DI+ G )= L G+ 1, ]
i=0 j=0

M N

DDV D= 1Gj+ DI+ G = 1G+1, )]
i=0 j=0
21

FES 8 500f BEE (REC) AT LA AL 8 9 B8 1 A i
A EIER T 18] 6 ttﬁ%ﬁ B REC fHA BT 5

EPI =

IR G . REC BT (22) 3848
REC =
S S ( 55|
20x1log, | — LG D) - — 1, ))
| MN i=0 j=0 MN i=0 j=0

(22)
4.5 BEfGIEESINERS 5

FH BCSSA %5 B4 AL 2 % I 1 Lena, Jetplane,

Couple Al Pepper iX 4 IR E& (256 15 % x256 5 %) it
AT LU RE 1 . TR i S BRI SSA AT T LA,
A, 4T 3E BCSSA [tEfg, K H 5441 E -
Y4k 771 (histogram equalization, HE) #E4T L #¢.
F 4 A B E VPAN bR xS 3 FhRE P e AT VA
WAL S Ko 1B IR RESVE I SRR B IR, R
HIFUAE n =50, S RKIEARIREL T =50, 440 d =30, & #H
FAAEMEE Py, =0.1, AP K G.=1.9. LI 5y CPU
i5-6500, M 47 8 GB HITH5HL, 1F Matlab 2019a # 1
& LT

% 3 4t} BCSSA FI SSA TE 4 mm@1%LZﬂ4L1T
30 4, B PRI P ik 2 1 L R MU Y
HE J735 1036 B BE (. Fir (1) B RO, BRI 0 55 ke
UF. HEE AP HEI, FTDAE H BCSSA R I fE,
SSA ¥k, HE 7. [RINF, 2y 7 Uk B pri S 1 G o0r
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