23 % 410 4] s K% TR Vol. 23 No. 10
2015 4 10 A Optics and Precision Engineering Oct. 2015

NXEHE 1004-924X(2015)10-2943-09

MSERHMHEERMES EY M ESF
RUEENSESHESSE

KER L, F ROk B
(LAgHEA® HENEERE IR R, ME ¥ % 453007;
LAHAGRYEL R SRELEIRBEARFR PO, AE #H % 453007)

FEE 50 = 4 22 B (E R 5 F0 A2 78 19 22 130 (48 3 IR, 32 10 T — 7 3l 25 B8 FABUER A8 S w5 190 A= iy 1 3 2 AR L B vk
(BBOD), B, MW@ T —METIHSMIAWTBE T 0 5% F 8 A & BT B EAE N RAE B I — 3 8 3 K
T OFEER ZREMERE I AT B2 & AR 8 R AE T s AR L B TR AL G AR S, 6 AR AR S 0 R AE 1 T A — A R B
Bl AR TE /N B P 3l DA 4 5 R 45 2R A8 ) RN BRI AT SR B 5 B U W BRI P B B T A /N A SO B TR
A2 BWE R, 2 2 BI(E 4 W SO0 25 AL AR B, AR SR Hh i BBOD B8 3k BB 8 4K A5 fe O 1 B (6 ) S, 3B 47 3 L Mk g 4R
B B0 Fhm 19 28 P s B8 24 4 4k (BBO) 393 . 2k 748 5 19 A= W b 38 2% £ 4k (BBOMD 55 3% . FFA (Firefly Algorithm) il
CSA (Cuckoo Search Algorithm) ,iZ2f7# & FFA B 5 5 LA L. %5 008 T 58 T 85/ 38 O 10 v 4 22 [ {00 fb ik
.

* g W.BEHE; SRS B AT R A F R R DR

FE4HES:TP391. 41 EEARIRAD : A doi: 10. 3788/0OPE. 20152310. 2943

High-dimensional multilevel thresholding based on
BBO with dynamic migration and salt & pepper mutation

ZHANG Xin-ming"?*, YIN Xin-xin', TU Qiang'

(1. College of Computer and Information Engineering,
Henan Normal University, Xinxiang 453007, China;
2. Henan Province Engineering Technology Research Center for Computing
Intelligence & Data Mining, Xinxiang 453007, China)

* Corresponding author, E-mail ; xinmingzhang@126. com.

Abstract: In view of the threshold search difficulty in high-dimensional multilevel thresholding seg-
mentation, a Biogeography-Based Optimization with Dynamic migration and salt & pepper mutation
(BBOD) was proposed. Firstly, a dynamic migration operator was created, and it could add a dynamic
disturbance factor to the feature values without migration occured in candidate solutions to increase
the diversity of a population. Then,a new type of mutation operator was built to produce a salt and

pepper disturbance for the feature values to be mutated, by which the local searching ability and con-
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vergence process of the algorithm were accelerated. Finally, the proposed BBOD algorithm was ap-

plied to the high-dimensional multilevel image thresholding segmentation based on minimum cross en-

tropy. Experimental results show that BBOD is better in optimization performance and faster in opera-

tion speeds than standard BBO (Biogeography-Based Optimization) , BBOM (Biogeography-Based Op-
timization with Mutation) ., FFA (Firefly Algorithm)and CSA (Cuckoo Search Algorithm),and its op-
eration speed is 5 times as fast as that of FFA. The BBOD is fit to the threshold selection in the high-

dimensional multilevel thresholding segmentation based on minimum cross entropy.

Key words: image segmentation; multilevel thresholding; optimization algorithm; biogeography-based

optimization algorithm; minimum cross entropy
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Tab.1 Minimum cross entropy values and corresponding

optimal thresholds of two images
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Tab. 2 Comparison of threshold searching results among 5

optimization algorithms on House image

d Method Std Mean Max Min NS
BBO 5.7918e-3  0.160 80 0.198 61 0.15777 0O
BBOM  1.3789%¢-2  0.161 61 0.229 21 0,157 74 46

6 FFA 2.5319e-2  0.177 71 0.26558 0.15777 0
CSA 2.3258e-5  0.157 74 0.157 90 0,157 74 47
BBOD 0 0.157 74 0.15774 0.157 74 50
BBO 2.2310e-3  0.126 94 0.13355 0.12411 O
BBOM  7.1454e-3  0.127 13 0.150 19 0.123 97 30

7 FFA 1.4669e-2 0.148 63 0.178 81 0.12611 0
CSAT  7.3956e4 0.12412 0.128 76 0.123 97 35
BBOD 0 0.123 97 0.123 97 0.123 97 50
BBO 2.6955e-3  0.09992 0.10534 0.09757 O
BBOM  8.1366e-3  0.102 61 0.121 28 0.097 34 31

8 FFA 1.1254e¢2  0.12502 0.16341 0.09874 0
CSA 8.2017¢-5  0.097 37 0.097 85 0.097 34 39
BBOD 0 0.097 34 0.097 34 0.097 34 50
BBO 1.6628e¢-3  0.080 64 0.086 27 0.07937 0
BBOM  5.3399e-3  0.083 41 0.096 96 0,079 31 24

9 FFA 9.7298e-3  0.107 43 0.13891 0.09262 O
CSA 2.6579%¢-3  0.080 12 0.089 99 0,079 31 19
BBOD 0 0.07931 0.07931 0.07931 50

Fx3 SHMBAEEN Flame BRBIEM RE Rt

Tab. 3 Comparison of threshold searching results among 5

optimization algorithms on Flame image

Images d  Optimal thresholds Vop
6 56,81,104,127,158,195 0.157 74
7 50,68,85,105,128,158,195 0.123 97
House
8§ 49,67,84,102,115,132,160,195 0.097 34
42,58,72,86,102,115,132,160,
9 0.079 31
195
6 19,34,58,102,161,217 0. 290 85
7 18,30,46,70,110,164,218 0.228 76
Flame
17.28,42,64,99,143,185,225 0.179 03
16.25,35.49,71,103,144,185,
9 0. 146 58

225
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M B 1] &, T H BBOD 15 31 /9 38 S 5 A ff
(8 A 7 22 #8 F /N s CSA Al BBOM 7 K% 1Y 6
&9 AR 50 Wiz 17 AR Ak % BT i A 5
B ) A, H L E(E Ly 28 AR R A{E #8R &% BBOD
Bk, B ER BBO Bk FFA B3k (BT
Flame [ J (1% 6 B 4N 48 245 3] 19 3¢ S0 (A 1
SRAEIE e AE B Z Je L fE . I AT AT, BBOD
SVE AR T d /N A8 UM e 4 22 (A R b BB 8
B ARAS 4 JRy S AR O HJC AR A M i R R B AR
F BBO # ¥k . x &K 8 BBOD %%k i it 3 54

D Method Std Mean Max Min NS
BBO 1.4999e-2  0.30229 0.36866 0.29133 0
BBOM 5.6172¢-3 0.29206 0.31977 0.29085 46

6 FFA 2.5388e-2  0.31566 0.36523 0.29085 1
CSA 1.5612e¢-5  0.290 86 0.290 96 0,290 85 43
BBOD 0 0.290 85 0.290 85 0.290 85 50
BBO 5.2410e-3  0.236 05 0.249 34 0.23013 0
BBOM  2.6481e-3  0.230 62 0.234 46 0.228 76 28

7 FFA 7.7091e-3  0.240 20 0.26451 0.23046 0
CSA 1.3649¢-3  0.229 16 0,23443 0.228 76 35
BBOD  1.3601e-3 0.229 10 0.23443 0.228 76 47
BBO 7.0179e-3  0.184 23 0.21150 0,17917 0
BBOM  2.0877e¢-3 0.17959 0.18988 0.179 03 13

8 FFA 1.2395e2  0.197 88 0.22529 0.17922 0
CSA  2.8210e4 0.17910 0.18104 0.17903 15
BBOD  1.7905¢-5 0.17903 0.179 07 0.17903 41
BBO 5.3635e-3  0.154 06 0.164 02 0.146 66 0
BBOM  5.0891e-3  0.150 90 0.160 27 0.146 58 18

9 FFA 5.6327¢-3  0.163 65 0.17906 0,15203 0
CSA 2.6944e-3  0.147 48 0.156 79 0.146 58 24
BBOD  1.3788e-3 0.146 77 0.156 33 0.146 58 49
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Tab.4 Running time comparison among 5 optimization

algorithms (s)

d/FEVs T BBO BBOM FFA CSA BBOD

H 0.0684 0.0684 0.2844 0.0579 0,054 5

6 /3700
F 0.0680 0.0685 0.2909 0.0664 0.0549
H 0.0971 0.0877 0.3905 0.0733 0.0700

7/ 4620
F 0.0871 0.0880 0.3681 0.0742 0.070 4
H 0.1119 0.1101 0.4568 0.0907 0.086 5

8 /5620
F 0.1092 0.1110 0.4574 0.0906 0,086 6
H 0.1385 0.1349 0.5488 0.1115 0.1050

9 /6700
F 0.1349 0.1341 0.5520 0.1075 0.104 2
Average Time 0.1019 0.1003 0.4186 0.0840 0.0790

¥ 3 4T F X BBOD kA fb v g
M50, 78 BBOD 8. i 1T S804 i 1
F, B & 5% W £ f 1 R 11 B 3 2 S 800 i oAb 2 8%
7£ H T BBO Bk M & SCilk h E/ETHEY . R
THEFE F XL ERE MR s S8 F 40 0 BUCH
F=0.1.F= 0.3.F=0.5 1 F=0.7.3F5 F iy
A V8% (Dynamical Modulation, DM) J5 % #t47
Ledss, FRTf e, A House BIR 347 52 55,
TEHESBAZREN T . BBOD 524 373547 50
WA 6,7,8 A9 B{E 1 K 1Y i K1H Max, -3
{8 Mean, /5 25 Std. fz/ME Min, 8 2% B9 5% 21 K 5L
NS ZERWE 5. NE S ITUEH . 6 REER
H,F=0.3 fl F=0.5 LA} DM 150 T . 3k A3 1
PRALBICR S i o B 3R 8 100 %6 4 1 78 At 154 {5
R A PRI B A, e 228, T 2E R
P50 T U B BN A VR R R A 1) R R A
flngE 7.8 A1 9 B, BBOD &k e F Ash &7
By BT AR AR 1Y BT K BUER Ry 50, L) F R
100%  RIEE T F=0.1,F= 0.3, F=0.5 fl F
=0.7 BFAISE R, F=0. 7 B AL e 2 . X 16
SR FH Sh 25 R 5 T30 R 7 S8 AT AT S Aol HH 3 ol 2
RPN

RS 2% F3I House B HEEZLERNTM
Tab.5 Influence of F on threshold searching

results for House image

d F Std Mean Max Min NS
0.1 1.1509e2  0.15998 0.22909 0,157 74 48
0.3 0 0.157 74 0.15774 0.15774 50

6 0.5 0 0.157 74 0.15774 0.15774 50
0.7 7.3572¢6  0.15774  0.157 77 0.157 74 43
DM 0 0.157 74 0.15774 0.15774 50
0.1 9.4182¢3  0.12931  0.15019 0.12397 30
0.3  6.3428e-3  0.126 50  0.15019 0,123 97 37

7 0.5 4.1549e3  0.126 22  0.15019 0.123 97 28
0.7 1.5673e3  0.12457 0.12878 0.12397 18
DM 0 0.12397 0.12397 0.12397 50
0.1 9.5998e-3  0.10531  0.12128 0.097 34 28
0.3  9.5977¢3  0.104 12  0.12128 0,097 34 33

8 0.5 8.3033e-3 0.10117 0.12131 0.097 34 35
0.7 4, 6419e-5 0.097 40 0.097 51  0.097 34 13
DM 0 0.097 34 0.097 34 0.097 34 50
0.1 7.1570e3  0.08703 0.11312 0.07931 19
0.3 5.5682e-3 0.084 31 0.097 04 0.079 31 27

9 0.5 5.3256e-3 0.084 63 0.089 93 0.07931 7
0.7 3.4811e3  0.08107 0.09023 0.07931 1
DM 0 0.07931 0.07931 0.079 31 50
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