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ABSTRACT: In view of the disadvantages of salp swarm optimization algorithm, such as low optimization accuracy, easy
to fall into local optimum, and K-means algorithm for image segmentation easily disturbed by the initial cluster center, an
improved salp swarm optimization K-means algorithm was proposed for image segmentation. Firstly, circle mapping was
used to initialize the salp population. Secondly, Levy flight was introduced into the leader and follower position updating
formula to improve the diversity of salp population and overcome the algorithm falling into local optimum. Finally,
eight benchmark functions were used to test the performance of the improved salp population swarm algorithm. Then, the
improved salp swarm algorithm is optimized with K-means for image segmentation. The improved algorithm improves the
searching accuracy, stability, convergence speed and the ability to jump out of local optimum. At the same time, the
K-means algorithm was optimized by improving salp swarm algorithm to improve image segmentation quality effectively.
The improved algorithm improves the disadvantages of the original salp swarm algorithm, such as low optimization ac-

curacy and easy to fall into the local optimum, and can effectively optimize the K-means algorithm for accurate image
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segmentation, which has a certain reference significance in the field of image segmentation.
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Tab.1 Benchmark testing functions

PREFR A e HRXE BIBHE

F=>x 30 [-100,100] 0

[-10,10] 0

F2=Z‘xi‘+l_[‘x,-‘ 30
i=1 i=1
F=0Qx) 30

i=1 j=1

[-100,100] 0

Fy = max {|x|1<i < n} 30 [-100,100] 0

Fy =Y ix! +rand(0,1) 30 [-1.28,1.28] 0

i=1

Fg=Y[x) —=10cos(2mx,) +10] 30 [-5.12,5.12] 0

i=1

F, = —ZOexp[—O.Z /IZx}J—
nicy

exp {lz COS(ZTE)C[):| +20+e
s

30 [-32.32] 0

1 n 5 n X
Fy=—=— i =] Jcos(==)+1 30 [-600,600 0
= ot e [-600.600]

MNFE 2 LI ES, T8GR F—Fs,
CLSSA 1S Hs 5 ARV A b, JHORS B e o
Btk i F ik, S5 SSA M, CLSSA AL fiF
ATLLRE] 1.00x107°°, FHIME R 1.00x107"%; 1 SSA
FRAGEAL, HA s A 10.0, FHHE K
1.00x10%; P& AL fAs BEAI 22 1.00x107" N EUE 2%
HiR 2 SRR 2 1.00x10 2 MR 9ER 2 . 5 PSO
F1ALO L, CLSSA 588 HA 81 ARSI . X
T LW ek F,—F, , CLSSA TERR%L F, Fll F, i EfT3R
fif By, WSCSIORS ¥ B = BE AL LA B IR 05 5
SSA. PSO Fl ALO #tk, KIHEA BAF 1) FPLAS
SVAITT ., CLSSA 1Y PURS 5 AN A8 %) BRI o o K
ol # 22 W R PR BGIEA TR A, TR B
Jiihh SSA. PSO Hl ALO #BEE LT,

AN, M3 2 AIEH, CLSSA ARk HE LR
SSA. PSO Fl ALO #F2/N, FEHr A7 FEUEI L ok 250
T AR R F) 100% , X R I CLSSA HIFE M
DL Bk ey 5 de A iR AR SEAR F LA SSA . PSO I
ALO; 1fii SSA, PSO #il ALO HA7E F, A k%] 100%,
A At 5 o 0 5 o P B R D R AR Bk 0 JE AT LA
A Hrel A3, CLSSA WSk EE . o Bkt s
TR AL AR SR L R 4R SSA . PSO Al ALO 5 .

N ENTE A CLSSA Myl S it #e,
CLSSA FIXT LB 32 135 7 J2 o ok 50 i St 4 L 1]
1, FF EHXFIAARARECLL 10 S 555 A0 48 BURE A R 1 1y
FEAE . AL 1a—b J2& HLlg R T Sk Sl Ze 1A
le—d J&Z W R T3St R KT . AR 1a—b
AR H] CLSSA Bk i oLk B, HIE M
AWk R R R, SRS A . LLE 1a A,
CLSSA Bk S0 Sl . WSIohs B v, JF ELAE
Bl 3 AR R B AN AR K, i St S DBy Bk H ) 3
RAE; 1M SSA WBIUERNE . MIEEAL, &5 BA )R
A ; ALO Ml PSO WS te H SRS B Ak M
Kl lc—d AT & F], CLSSA ikl Sl B bl H ik
RESSU R FcfE(E ; T SSA . ALO F1 PSO Y8k 245
12 HUCSIOR B4, LT 1, CLSSA HA—&Em
AT PRI A

4.2 CLSSA 4 K-means B & 54 | 5216

4 T iFB] CLSSA {4k K—means 8. 347 B4 4>
FI R AT AT PE A R, EECL ML Rice.png A |
Liftingbody.png &l . Lena.tiff K| Fll Tire.tif & #1725
i, 52864 ] K-means. PSO ff:ft K—means
( fAiFx PSO-K ). SSA flift. K-means ( & F} SSA-K )
FISCR ) CLSSA fifb K—means ( f&#% CLSSA-K )
HEATXE I, RS EE 5.0 B —E, PR
B Ry 30, FhEERRIERIRECH 50, HAME 4 1A
Y K-means H.3E54r, 4 Rice . Liftingbody &
1 Lena IR R A H O EUE k=4, Tire BRI IH R
Fru i k=6, I H X RER MR TS5 20 K.
S Ay FEI SR TR 2E (omse ) DA SO AE {7 1 H
( Ppsng ) "1 2 A~ sofefr e 40 S EUS R = A A 5
2 o owse 8/INU TG IH 2351 5 9 G0 SRR 4T 5 Pronr
AU B 43 B S R 4R RS AR AL . omse BT Prsar
M XL (15) — (16 ),

OMsE :M;w(ii(f(x’)/)_f(xa)/))zJ (15)

x=1 y=1

2
Fosng :10><1g[255 J (16)

OwMsE

Ko f(xp) Ff(x,0) 503009 43 SR 5 46 P
1G5y 5 i S

B Ay 4 FhE X Rice & | Tire 8], Liftingbody
I F1 Lena 34T EIZ53 HI A 25 3 WL IE 2—5

MIE 2—5 AT LI Y, CLSSA—K F3 & 3R AL
75 . X Rice FM%, MK 2 ]l EFF], K-means Fl
SSA—K 3 F AR BEANTE W FIAH ; PSO-K 43119
SRR AR T WP R SO BTk, HUR ISR SO 43
FIRCRATEMWT 3 T CLSSA—K 431 1) 45 5 503 7 i
BB o X Tire %, WK 3 Hhn] F F], K-means
A PSO-K 43 HI R RURANEIAE , ARER 4T M



212 m % TR 2022 4F- 5 H
F2 AREEKRBHEEILE (4E=30)
Tab.2 Comparison table of different algorithm solving accuracy (dimension is 30)

3 EiEL7D CLSSA SSA PSO ALO
best {H 1.50x107%8 8.29x107° 1.02x107"! 5.64x107"
mean {E 5.43x107" 1.27x10°® 4.32x107% 1.05x107%

h std {& 1.78x107"® 2.69x107° 9.00x107% 8.55x107%
SR {H/% 100 100 100 100
best {H 3.63x107"S 5.47x1072 3.37x107% 9.91x107*
mean {H 1.15x107° 0.842 2.56x107% 2.60x10""

e std f& 5.93x107° 0.966 4.73x107% 3.96x10"!
SR {H/% 100 0 93.33 0
best {H 1.98x107%° 55.7 4.61 3.82x10?
mean {4 7.38x107"® 2.93x10? 13.4 1.08x10°

& std f& 2.82x107"7 2.56x107 7.05 4.57x107
SR 1H/% 100 0 0 0
best & 2.59%x107'¢ 2.28 0.392 4.02
mean {H 2.82x107" 9.02 0.618 12.4

e std 15 5.42x107" 4.45 0.172 3.50
SR {H/% 100 0 0 0
best {H 4.72x10°° 2.94x107? 4.48x1072 3.34x1072
mean {E 8.89x107° 9.17x1072 8.32x1072 0.101

& std & 8.11x107° 3.80x1072 2.09x1072 3.81x1072
SR {H/% 100 0 0 0
best {4 0 19.9 20.2 38.8
mean {H 0 60.9 46.3 75.3

o std {E 0 20.8 13.4 17.9
SR {H/% 100 0 0 0
best {E 4.44x107"5 1.34 3.06x10°° 0.931
mean {& 1.33x107"° 2.27 1.29x10°* 2.24

F7 std {8 3.17x107"° 0.56 4.11x107* 0.95
SR fH/% 100 0 96.67 0
best {E 0 3.87x107% 2.33x107"2 2.50x107*
mean {H 0 8.52x107° 1.03x10 2 1.29x1072

i std 0 1.25%1072 9.96x107* 1.28x1072
SR fH/% 100 53.33 36.67 23.33

e Hrb i R B .
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Fig.1 Average convergence curves of some benchmark functions
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Fig.2 Comparison of Rice image segmentation results
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Fig.3 Comparison of Tire image segmentation results
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Fig.4 Comparison of Liftingbody image segmentation results
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Fig.5 Comparison of Lena image segmentation results
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WA SSA-K B,

AN TR BTE A T MG 43 B0 A B 48 Aot HE L2 3.
M 3 AJ 1, K—means X 4 05 £ M UG 3617 43
B, ovse BRI, Ppsne BRAER/MI; X T Rice
. Liftingbody K1 Lena /¥, SSA-K # PSO-K 4}
EN 1S E) ) oyse M Ppgnr FIEET K—means FH AR K
i, - H PSO-K i F SSA-K; 1fi%}F Tire [,
SSA-K 7 EIFHI ouse Ml Pesag #HIETF PSO-K Fll
K-means; 5 K-means &% . PSO-K F1 SSA-K L,
CLSSA-K XJ Rice EIF1 Tire K4 EI15 21 opmse 22
/N, Pesng #hE I KB, H AT, CLSSA-K 43
EIRORE T, BA— T T ik
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Tab.3 Comparison of the segmentation index of algorithms

ESEEA (RS YiriRE EEEMLL
K-means 37.584 3 32.380 7
PSO-K 5.074 0 41.077 3
Rice
SSA-K 7.417 3 39.428 3
CLSSA-K 3.9858 42.1257
K—means 116.867 8 27.4539
PSO-K 17.220 6 35.770 3
Tire
SSA-K 8.754 2 38.708 7
CLSSA-K 5.6757 40.590 6
K-means 20.969 3 349150
PSO-K 6.670 7 39.889 1
Liftingbody
SSA-K 7.6551 39.2913
CLSSA-K 4.529 7 41.570 1
K-means 16.290 6 36.0114
PSO-K 5.6380 40.619 6
Lena
SSA-K 6.365 4 40.092 7
CLSSA-K 4.7259 41.386 0
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J T R T EUR A BB i, SO B e i
BB AL K—means B 3L EMRE] . BF R RHE
IR TG AL A 5 A 2R 5 fl K-means
FIEZOIR RIS PO T IR, $2H A Circle Bt
SPF Levy ®AT AR HERE L, SRE A HAE M
K-means 75T R 3H) . 38 3 50 50 50 i g
3, 5EGERERE L (SSA) | kL FREE L (PSO)
AR L L (ALO ) AfEL, SCH BB SR B
L W | FacE TR, DL B Bk R
AR ASH; 5 K—means Bk . JFIAREESA L
(SSA) ki FHEF L PSO )N JF Ui 725 #5515 ( SSA )
A, SCh B EN L K-means 53 0047 FS
E, 9300 omse B/, Pessr IR, #E— 2B
R T EREI SO .
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