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Improved Shuffled Frog Leaping Algorithm and Its Application in Multi-threshold Image Segmentation
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Abstract Aiming at the disadvantages of shuffled frog leaping algorithm (SFLLA),such as high computational comple-
xity and poor optimization efficiency,an improved shuffled frog leaping algorithm (ISFLA) was proposed in this paper.
The following improvements have been made on the basis of SFLA. Firstly, the method which only updates the worst
frog in SFLA is replaced by the method which updates all frogs in each group. This replacement can increase the proba-
bility of obtaining the high quality solutions,omit the steps of setting the number of iterations in the group and then im-
prove the optimization efficiency and operability. Secondly, the method based on local optimum updating and the method
based on global optimum updating are combined into a hybrid disturbance updating method, which avoids the tedious
condition selection steps and further improves the optimization efficiency. Finally, the random updating method is re-
moved to avoid destroying the superior solutions and further enhance the overall performance optimization. ISFLA was
tested on the benchmark functions from CEC2005 and CEC2015,and was applied to the multi-threshold gray and color
images segmentation based on Renyi entropy. The experimental results show that, ISFLLA obtains higher optimization
efficiency and is more suitable for threshold selection of multi-threshold image segmentation compared with SFLA and
the state-of-the-art LSFLA.

Keywords Intelligent optimization algorithm, Shuffled frog leaping algorithm,Image segmentation, Multi-threshold ima-

ge segmentation, Renyi entropy
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Table 1  Result comparison of three algorithms on CEC2005

benchmark functions

B % 5k Mean Std Rank
ISFLA 3.4106e— 14 5.0842e— 14 1
Fy SFLA 2.9731e+02 1.8069e+02 3
LSFLA 1.0736e—03 6.7825¢—04 2
ISFLA 2.6527e— 14 3.5744e— 14 1
F, SFLA 1.0561e+03 3.6302e+02 3
LSFLA 2.0429e—03 1.2390e—03 2
ISFLA 4.6952e+04 3.8142e+04 2
Fy SFLA 1.6510e+06 1.0092e-+06 3
LSFLA 2.0197e+01 1.6432e+01 1
ISFLA 3.4106e— 14 3.5326e— 14 1
Fy SFLA 1.1494e+03 2.9359e+02 3
LSFLA 7.0518e—01 4.4117e—01 2
ISFLA 1.1734e—01 2.2859¢+00 1
Fy SFLA 9.2506e+03 1.1431e+03 3
LSFLA 7.1562e+00 5.9817e+00 2
ISFLA 1.6129¢+01 3.4999¢+01 1
Fg SFLA 2.7252e+06 4.2654e+06 3
LSFLA 3.0904e+02 2.3314e+02 2
ISFLA 2.0432e—101 1.1437e—01 1
F, SFLA 2.1132e+03 1.2274e+02 3
LSFLA 4.0452e—01 8.0965e—02 2
ISFLA 2.0383e+01 8.8836e—02 1
Fy SFLA 2.0403e+01 6.1185e—02 3
LSFLA 2.0384e+01 7.9594e—02 2
ISFLA 3.7248e+00 2.1277e+00 1
Fy SFLA 2.0787e+01 6.7957¢+00 2
LSFLA 2.1415¢+01 4.4525e+00 3
ISFLA 1.5317e+01 4.4153e+ 00 1
Fy, SFLA 3.5699e+01 1.2062e+01 3
LSFLA 2.8537e+01 5.9998e+00 2
ISFLA 5. 1965e+ 00 1.6237e¢+00 1
Fyy SFLA 6.8860e+00 1.4753e+00 3
LSFLA 6.3505¢+00 6.3841e—01 2
ISFLA 1.9022e+04 6.9830e+03 3
Fy, SFLA 2.7148e+03 3.5220e+03 1
LSFLA 1.7868e+404 7.6328e+03 2
ISFLA 1. 1741e+00 2.3612e—01 2
Fy SFLA 1.0889e+ 00 3.9971e—01 1
LSFLA 1.7419e+400 4.3926e—01 3
ISFLA 3.2906e+01 3.9432e—01 1
Fyy SFLA 3.3249e+01 2.2823e—01 2
LSFLA 3.3287¢+01 2.4263e—01 3
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Table 2 Comparative ranking statistics of three algorithms on

CEC2005 benchmark functions

HEER S 9l

5

He%—  HEE-  #H4F=Z  FHEAL
ISFLA 11 2 1 1.29
SFLA 2 2 10 2.57
LSFLA 1 10 3 2. 14

F3FIM T 3B BEAE CEC2015 1 F, —Fy; E ISR 45
RORAGIHE TR 3 WS RIETHHEL S, W 4
LA ISFLA R8T 8 IRHEZ S — T RHEA S — KA
HE£ 58 = M8 B0 3R 15 HE A 58 — MO R BUK SR 2 3 P 1k e
Z M, LSFLA W3R T 6 IRHE& %5 — .1 SFLA A T 1
WHEA S — . WTPHHEZ B He 2 B Y & ISFLAL. A7) . 1
Y& LSFLA(L. 80) , 2 & SFLA(2.73),

3 HBBEEAE CEC2015 J i ph ¥ L 09 45 0t He
Table 3 Result comparison of three algorithms on CEC2015

benchmark functions

e % Mean Std Rank
ISFLA 5.5692e+04 5.1442e+04 2
F SFLA 3. 7454e+06 2.0601e+06 3
LSFLA 1.1285e+01 7.0283e+ 00 1
ISFLA 4.3707e+03 5.5878e+03 2
F, SFLA 8. 1566e+07 1.9966e+08 3
LSFLA 1.6119e+03 8.9637e+02 1
ISFLA 2.0358e+01 8.4673e—02 2
Fy SFLA 1.9618e+01 2.2473e+00 1
LSFLA 2.0363e+01 5.7876e— 02 3
ISFLA 1.0350e+01 4,1581e+00 1
F, SFLA 2.9404e+01 9. 8325e+00 3
LSFLA 2.3700e+01 5. 1830e+00 2
ISFLA 6.2018e+02 2.3570e+02 1
Fs SFLA 6.8526e+02 2.7382e+02 2
LSFLA 6.9275¢+02 1.5083e+ 02 3
ISFLA 3.5250e+02 2.1166e+02 2
Fy SFLA 6.2947e+05 3.2523e+06 3
LSFLA 1.4548e+ 02 4,9628e+01 1
ISFLA 6.5489e—01 3.3523e—01 1
F, SFLA 3.6603e+00 1.0383e+00 3
LSFLA 2.0594e+00 1.7604e—01 2
ISFLA 1.1879e¢+02 8.2334e+01 2
Fyg SFLA 3.1064e+03 4.8952¢+03 3
LSFLA 5.5410e+01 2.6146e+01 1
ISFLA 1.0024e+02 8.0075e—02 1
Fy SFLA 1.0123e+02 4.2961e—01 3
LSFLA 1.0042e+02 7.3515e—02 2
ISFLA 3.4732e+02 1.1855e¢+02 2
F SFLA 4.2665¢+03 2.7668e+03 3
LSFLA 2.2729e+02 6. 1636e+ 00 1
ISFLA 1.6211e+02 1.5011e+02 1
Fyy SFLA 1.6906e+02 1.4440e+02 2
LSFLA 2.2291e+02 1.3010e+02 3
ISFLA 1.0213e+02 7.2324e—01 1
Fy, SFLA 1.0939e+02 3.0434e+00 3
LSFLA 1.0459¢+02 8.4567¢—01 2
ISFLA 3.3711e+01 2.6596e+00 1
Fpy SFLA 4.6884e+01 5.2237e+00 3
LSFLA 3.8271e+01 1.7478e+ 00 2
ISFLA 3.3440e+03 2.8455¢+03 2
Fy, SFLA 5.3112e+03 3.4943e+03 3
LSFLA 1.4373e+03 1. 1483e+03 1
ISFLA 1.0000e+02 3.8697¢—13 1
Fy; SFLA 1.0300e+02 3.8474e+00 3
LSFLA 1.0004e+02 1.0228e—02 2

F 4 BB CEC2015 FE ik bR AL L A5t b HE4 Si it
Table 4 Comparative ranking statistics of three algorithms on
CEC2015 benchmark functions

4 % i OR B0

HeF—- HE2FZ HEE=Z P HA
ISFLA 8 7 0 1.47
SFLA 1 2 12 2.73
LSFLA 6 6 3 1.80

M3 Rl B Mean B A1 Std {8 A9 % b o Al LE L 7E
CEC2005 45 JLxf L v, ISFLA 3R75 1 B ik 45 BB B ik T 9
AR RN AL B CEC2015 %5 55 o0 & 2% 1 3k o R BT, B
SR ISFLA 5 LSFLA 2 [A] ) 25 BE 9 45 /)N » A1 B 22 18] (14 52 4 57
TP BN AE ISFLA BR800 25 RARSR R B et iy . LU 25 2R
Xof b Fe B L ISFLA BLAT 58 4 04t 16 P g, DA TT UE B 17 AR S i
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Table 5

Runtime comparison of three algorithms on CEC2015

benchmark function

(AT s)
EE- ISFLA SFLA LSFLA
Fy 0.8958 2.0913 1. 6421
F, 0.7899 2.0736 1.6165
F3 0. 9966 1.5290 1.6346
F, 0.8239 2.0964 1.6310
Fs 0.9916 2.0678 1.6913
Fg 0.9212 2.1690 1.6825
F; 1.0098 2.2867 1.8112
Fg 0.9411 2.1255 1. 6980
Fq 0.9612 2.3339 1. 8420
Fig 1.2433 2.4394 2.0167
Fiy 1. 8526 3.0579 2.6848
Fi, 1.0553 2.4566 1.9486
Fig 1.2108 2. 4390 1.9990
Fiy 1.2213 2.4416 2.0396
Fis 2.1929 3.5570 3.1043
F 4 B 1. 1405 2.3443 1.9361

M5 AT LU L X T i /Y e 40, ISFLA 19 R B 2
O, HOLHW B, 72 F AR B, LSFLA (L. 9361 s) Fil
SFLA(2. 3443 )23 iK% T ISFLA (1. 1405 ) (9 1. 6 {570 2
L E L 3 FhAE AR CEC2005 3 e 5R 51 b 1932 47 1 18] % 1
576 CEC2015 Sk pfi £ I 1 25 SR 25 81, 52 5 i B i, /S 7 2%
i, DL EXT IR ISFLA AR A S 7# ., T ISF-
LA J& SFLA W8GR L L SFLA 5% % ISFLA 1)
WHEZREIATHN. $WERITAERENEEFEGMW
A D B 0 o8 BT R B, AR 4H 52 I i E B 9 MINFE A
S5 WO R R MR E A R AE R s 2O Bk B B R
BEXEE. DR BEREBTWLBEERER TR E HE
B

XL 1 RS EE 1 T LI & BEL ISFLA fil SFLA By F 8 X
STE T X 75 ek e BF A 41 22 5 i AN SE BT ALl . SFLA 3 i

o UCEHL N TR AR X B 22 110 75 e 300 7 BRI, 3 AR A T BT IR
%%zﬂif"ﬁ L2 H 3, P EHIREN Luw * 2, WA, EH
AN LR HE T TS R B EREN
OG®) on NHNFF A, 1 ISFLA X240 4 A4 sk b 47
s FLTUH B 2 R, AR A DG SR n 38 /N T L
2, H ISFLAWRAHANHFMERE R O, Hik, ISFLA
B35 2% B B AR T SFLA. % 4h, SFLA R £ 4 F %
Bk FOREXT A7 pRBCEAT BB AT TS T ISFLA R T AT
BRI AT N B X EEERENIE T 3R 5 WY IB AT B A X L
R,

g5 TR  ISFLA JR BT 5845 0t Ak v B Ak B (4328 17
TR AR A LR 3 PR A A A DTG B E T R e A A
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5.2 SHEBRGSEZR
A2H SEH K ISFLA B3 T 2 B & 43 0 LUBS TR H:

e PG 43 E0% F P RO AT B0 . SR ISFLA 78 K & % b it
F13EF Renyi i (14 S 53 51 5256 . 325 Wi BT B , A SC Ak B 43
2 TR R B P8 Lena. jpg BB (L IRR 24077 jpg 1F 0
R U SR AE 2~ 5 A PR 4 0 0 B 1) 98 R AR
T 52 6 D 60 %0 D P A% 43 S 1 2 ) RTIRL 2 o) s R JEE TR
1% Lena. jpg B E FEANE 2(b) Fiw , % @ EI{E 24077, jpg ()
3 AN R BT B 2D — B 2CD B R, b, b Ak AR
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Fig.2 Two images and their histograms

J AL, 3 B ISFLA B9 BE K /N N=30, i Kkt
WH MaxDT AR 45 B S0 R TR 2h & P8 8, 78 2 BI{H .3
.4 B A S B R 43 80 52 3 R i L 43 ) D 40,705,104,
142, 540 ARIE 3 BB MNFE 5 N * MaxDT, HAl
BH W E ISFLA B HE m=6, BN H M F K n=5;1%
B LSFLA 1 m =75, Lo, =9, beta=0. 6; % SFLA fift i F %
Beom=6,L,=5.n=>5, il i X B LSFLA il SF-
LA A HEBE R 2 AT A Al 2 5008 8 ) LA B A 2 2% SCilk .

H i % F ER 0 £ B E 5 B3R %A — A2 BB e
R QY N KRR (ST T S ST 5 A 0 AT T e o
W 3 P BB VE AL BRI R 43 B 43 BN ST B AT 30 3K, IR H
AR R KA (B A8 1) Renyi B {8 (Vo0 A0 H X W A 5 16 994
] 8 Coptimal thresholds) fi: N & % ki, A1 5% 6 Fir 8,
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Table 6 Optimal Renyi entropy values and their corresponding Mazx Je/MHE Min B HIKE NS (number of success, Rl &
optimal threshold vectors YO B AT R B0 Renyi #5555 6 192 % 47 Wi (1R X L
B A Optimal thresholds Vor FAE) B AR A TR 1 YO AT
z 73‘??;5?@ lf:ij 3 U 1 22 AR ) A A R 2 SR L 7 BT A L R
Lena ) 769011 w5 5e10 ISFLA % Lena. jpg 37 3 R A 4 B & 53 ) 09 25 5 w0 & 3
5 65.105.143,177.213 66. 1370 i, IR 7H Max (H—#20] LIE . % F ISFLA Ml SF-
2 75,145 12,0513 LA, JFA7 1500 F #4551 K 19 Renyi 58 ; LSFLA 75 41 %
ot e o (FG 2 0 2 BAELAN 5 BAELPE 925 1o 5 78 8K 0 Renyi A
. o0 121 166211 o 3500 M (FL 2 AT 0 20 19 4 R TR 30 o 1 2 6 055 R R
2 96.168 12.9164 15 5 5 KB Renyi %, 76 A0 X 07 &5 48 09 5 [ (8 &% 5 #
ot 63.121,184 24, 6380 AR AT AR A Renyi WM. M2 7 o Min fli—R2 0 U F
' . th RN BL T ISFLA 03 92 £ (Min () b3 8] T R K 9
; N T Renyi A {E T 3G A0 B0 50 50047 150 . WA Mean (81— K2 7T
o 68,128,189 24, 5536 BIF MO B F L ISFLA 9 Mean 4635 B T 5 K 9 Ren-
L 59,109, 158,207 14,7089 i BB L T 95 6 LG B 9 B0 Meean 1158 /K 95 3 31 B2 K
5 54,97,135,174,213 77.8534

Renyi %5 {H .

F 73 PRI R Renyi I {H Y 45 R X 1L
Table 7 Renyi entropy comparison of three algorithms
A & ] 18 % Ho% Mean Std Min Mazx NS
ISFLA 12.0583 1.8067¢— 15 12.0583 12.0583 30
2 SFLA 12.0583 2.4849e—04 12. 0570 12.0583 28
LSFLA 12.0582 3.9242e—04 12.0567 12.0583 24
ISFLA 21.9349 1.0840e— 14 21.9349 21.9349 30
3 SFLA 21.9118 5.1439e¢—02 21.7770 21.9349 15
LSFLA 21.9336 1.7448e—03 21.9271 21.9349 11
bena ISFLA  38.5510  7.2269¢—15  38.5510  38.5510 30
4 SFLA 38.4748 1.2109e—01 38.2259 38.5510 11
LSFLA 38.5127 4.5883e—02 38.3341 38.5505 0
ISFLA 66. 1370 2.8908e— 14 66. 1370 66. 1370 30
5 SFLA 65.9384 2.4107e—01 65.2011 66. 1370 2
LSFLA 66.0594 5.2320e—02 65. 8764 66.1302 0
ISFLA 12.0513 1.8067e— 15 12.0513 12.0513 30
2 SFLA 12.0513 1.4138e—04 12. 0505 12.0513 29
LSFLA 12.0513 7.7520e—05 12.0510 12.0513 26
ISFLA 22.7257 3.6134e—15 22.7257 22.7257 30
3 SFLA 22.7219 7.4058e—03 22.6959 22.7257 14
LSFLA 22.7244 1.2753e—03 22.7207 22.7257 9
24077 (R)
ISFLA 41,3320 6.5073e—04 41,3286 41,3322 29
4 SFLA 41.3216 2.2856e—02 41.2324 41.3322 14
LSFLA 41.3261 6.0769e—03 41. 3037 41,3322 4
ISFLA 72.3769 4.4324e—02 72.1422 72.3850 29
5 SFLA 72.2957 1.1407e—01 72.0848 72.3850 7
LSFLA 72.3530 2.1097e—02 72.3003 72.3814 0
ISFLA 12.9164 3.6134e—15 12.9164 12.9164 30
2 SFLA 12.9163 4.8690e—04 12.9138 12.9164 27
LSFLA 12.9163 2.5974e—04 12.9152 12.9164 22
ISFLA 24.6380 1.4454e—14 24.6380 24.6380 30
3 SFLA 24.6352 9.0823e—03 24.5894 24.6380 18
LSFLA 24.6372 9.1812e—04 24.6336 24.6380 11
24077 (G)
ISFLA 45.2946 2.1681e— 14 45,2946 45,2946 30
4 SFLA 45.2819 3.1006e—02 45.1708 45,2946 21
LSFLA 45.2768 1.0469e—02 45. 2498 45,2946 1
ISFLA 78.6387 1.8727¢—02 78.6082 78.6498 22
5 SFLA 78.5891 5.8496e—02 78.4599 78.6498 6
LSFLA 78.5900 3.8390e—02 78.4744 78.6462 0




o 2 A N YEL A 3 M E
55 8 5K B L A5« ROE A TR A ik R Ak N LA 22 1A 1T 5 0 P B 61
(830
A 1% IR ok Mean Std Min Max NS
ISFLA 12.8674 5.4202e—15 12.8674 12.8674 30
2 SFLA 12.8673 1.9962e—04 12. 8664 12.8674 28
LSFLA 12.8672 4.8657e—04 12. 8647 12.8674 21
ISFLA 24.5536 1.0840e— 14 24.5536 24,5536 30
3 SFLA 24.5536 1.6650e—04 24.5528 24.5536 22
21077 (B LSFLA 24,5531 8.7326e—04 24.5502 24.5536 7
ISFLA 44,7089 1.4454e— 14 44,7089 44,7089 30
4 SFLA 44.6938 4.5348e—02 44.4671 44,7089 12
LSFLA 44.6991 5.3075e—03 44.6865 44,7089 1
ISFLA 77.8534 0 77.8534 77.8534 30
5 SFLA 77.7425 1.3113e—01 77.4089 77.8534 2
LSFLA 77.8121 1.8875e—02 77.7598 77.8421 0

()3 B 73 #4521

(b)4 {5 53 %) 45 21

3 Lena ERHY 2 [ B 73 5 45 21

Fig. 3 Multi-thresholded results for Lena image

PL b X o4t S W] L ISFLA 76 5 T Renyi 7 19 22 B {8
{5 5y E0 i B P LA RE A8 R SR R SR O A A L AR R R K
B9 Renyi {8 I T B4 09 B AL BE Iy, AR F 70 F kL 53 3k
T3o s N Std (8 —FE0T LU L fE BT A 1 0 T . ISFLA 3875 /9
SRR R T AR T Renyi B89 2 B {8 B % 4 &
B ISFLA Wfa et 3 Ak vh oy . DN AS e 4 5
1E NS — 25t o ISFLA Y A2 28 8 S e i 0L B 3 e —
e FIA S T 100%, Xt T 55 40 B RR G v L A T L SE-
LA G085 - F LSFLA, H o % b ] & & F LSFLA,
AT LSFLA B AR 7 % S B 3 v oR £ 16 1) 880 1 R B0
TESRAY TS S B AE A T IE T Renyi W9 22 1515 &1 4% 43 1
B P AN A S 3 G A P 1 22 1 M 3 R A AL IR R,

AR SEE I PR ARIC S T 3 R AL R AT ML gk 8
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Table 8 Runtime comparison of three algorithms for multi

threshold segmentation

H % 7] 8 ISFLA SFLA LSFLA
2 0.0428 0.0618 0.0636
3 0.0687 0.1081 0.1133
Lena

4 0. 1097 0.1607 0.1693
5 0. 1307 0. 2202 0.2414
2 0. 0446 0.0619 0.0627
3 0.0651 0.1079 0.1122

24077 (R)
4 0. 1003 0.1603 0.1674
5 0. 1521 0. 2208 0. 2357
2 0.0443 0.0621 0. 0632
3 0.0719 0. 1084 0.1122

24077 (G)
4 0.0746 0.1599 0. 1684
5 0. 1509 0. 2208 0.2359
2 0.0442 0.0618 0.0631
3 0.0782 0.1085 0. 1124

24077 (B)
4 0. 1055 0.1605 0.1676
5 0. 1498 0.2224 0. 2370
T 0. 0896 0.1379 0.1453

N 8 T LI H L ISFLA Y328 17 i i) 8 & 2> F 55 40
R 1, O 24938 47 0 ] (0. 0896 s) HAF SFLAC0. 1379 s) Fll
LSFLAC0. 1453 s) [ 64. 97 % F1 61. 67 % » AT W T ISFLA
BAEBRNBEITHRE,

25 FRTR LV ISFLA 7E3E T Renyi % 9 22 19 & 14 43 %1 19
Vo (1 1] 5 4 3R 0o A P R I T AT A O A P R RN R i AT R
B L AR 48 2% B AR XI5 8 1 B 1] &t 15 B T Je K19 Renyi 5
B ARAR T Joe o 0 BB 26, R L T BAE Y O A AL DA T 36 TE
THJUT 2 B AR 5> B A 80k

B5RIE N TP SFLA FAAE R Rl A, SCH 42 iR 1 — F
Bk SFLA : 25450 SFLA AP () Bt AL 5 7 7 20 Ak A g B
T i 22 7 ek 1 O 2 R TR AL N BT A T e O 2 K T
Je 8 S5 P T B4 7 1 AN I T A SR I B T 0 O Rl S — R
RABH TR ik, X E k4R & T 5k iy R fb tE gE Mg 11
TR, S pRBURT BG4 # S5 50 45 R AR W L ISFLA AR 47
fift e T SFLA B A2 SR BAR 31430 45 4% o sy 460 ) JL , 3
G T 22 WA 43 0 v i 11 AL AL e 2

T — 2 W B 5 A 0 — 4 et ISFLAL I 2238 R F %
SR A BT 22 TR AT £ Ak )
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