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Backtracking search optimization algorithm
assisted multilevel threshold for image segmentation
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Abstract ; The threshold method is a simple and effective image segmentation technique. However, the amount of
calculation for solving threshold appears to be exponential amplification with the increase of threshold. This results
in a huge challenge for multi-threshold image segmentation. This paper utilizes Otsu and Kapur methods as the tar-
get function in order to deal with image segmentation.In this paper, image segmentation is considered as an optimi-
zation problem whose objective function is formulated according to Otsu and Kapur methods, respectively. The
backtracking search optimization algorithm is used to solve these two objective functions and to realize multi—thresh-
old image segmentation. The proposed approach is applied to nature image segmentation and compared to other algo-
rithms. The results showed that the multi —threshold image segmentation technique on the basis of backtracking
search optimization algorithm is feasible and the segmentation effect is satisfactory

Keywords ; threshold method ; backtracking search optimization algorithm; image segmentation; Otsu; Kapur; PSNR
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Table 1 Multi-threshold Otsu fitness and PSNR obtained by MOT and BSA
HIEZY (& MOT BSA
RS HH gD WEMNE  PSNR I (] WENfH  PSNR
2 85,143 2895.36 12.67 85,156 2923.59 13.65
L 3 74,120,164 3136.52 15.83 71,127,181 3174.28 17.16
ena
4 66.105,137,173 3238.31 18.01 63,111,150,192 3271.09 19.38
5 59,88,115,142,176 3276.55 18.93 61,105,138,164,200 3309.50 20.94
2 69,143 392790 11.14 64,141 3929.46 11.12
3 59,121,157 4010.71 12.72 54,118,155 4012.30 12.85
Camera
4 59,116,148,173 4053.73 16.13 36,90,136,167 4069.13 16.38
5 45,97,135,162,196 4092.03 19.87 31,81,122,149,172 4103.01 19.17
2 65,132 3142.25 12.505 3 71,147 3180.47 12.87
3 61,116,164 3364.89 15.16 66,129,183 3396.53 16.57
Pepper
PP 4 57,100,136,171 3445.22 16.28 46,90,135,185 3476.78 17.69
5 44.,79,110,143,173 3498.36 17.04 42,83,121,158,193 3533.00 19.47
2 99,145 1566.10 12.49 119,177 1742.75 15.85
b 3 86,121,154 1722.19 13.93 101,146,188 1865.12 18.22
Baboon
4 73,106,132,158 1782.34  14.64 86,127,162,196 1934.25 19.69
5 42,81,110,133,161 1821.35 15.22 85,120,146,173,203 1967.98 21.53
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Table 2 Multi-threshold Otsu fitness and PSNR obtained by BFA, PSO and BSA
Wi A BFA PSO BSA
K% H R i WERE  PSNR R i WERIE PSNR [E LN WERIE PSNR
2 84,155 2923.58 14.75 85,156 2923.59 13.65 85,156 2923.59 13.65
3 78,138,186 3165.87 17.21 71,127,181 3174.28 17.16 71,127,181 3174.28 17.16
Lena
4 62,105,133,190 3243.88 18.55 63,110,150,192 3271.09 19.27 63,111,150,192 3271.09 19.38
5 60,81,107,140,181 3281.39 19.83 62,106,138,165,200  3309.50 20.81 61,105,138,164,200  3309.50 20.94
2 64,141 3929.46 11.12 64,141 3929.46 11.12 64,141 3929.46 11.12
. 3 56,115,152 401073 12.60 54,118,155 4012.30 12.85 54,118,155 4012.30 12.85
amera
4 22,87,124,161 4056.59 14.33 36,91,137,168 4069.16 15.94 36,90,136,167 4069.13 16.38
5 40,75,106,142,166 4090.59 16.16 29,79,121,149,173 4103.20 17.86 31,81,122,149,172  4103.01 19.17
2 73,147 3180.16 12.79 71,147 3180.47 12.87 71,147 3180.47 12.87
, 3 69,127,183 3394.44 1525 66,129,183 3396.53 16.57 66,129,183 3396.53 16.57
epper
o 4 40,94,125,177 3454.18 16.55 47,91,136,185 3476.79 17.68 46,90,135,185 3476.78  17.69
5 50,93,144,169,193 3506.14 17.78 43,84,122,159,194 3533.05 19.20 42,83,121,158,193 3533.00 19.47
2 118,176 1742.52 15.10 119,177 1742.75 15.85 119,177 1742.75 15.85
B 3 107,154,199 1856.36  16.97 101,146,188 1865.12 18.22 101,146,188 1865.12 18.22
aboon
4 73,132,168,208 1905.70  19.59 88,127,162,197 1934.27 19.69 86,127,162,196 1934.25 19.69
5 79,110,133,166,200  1961.01 21.20 82,118,147,172,202  1968.39 21.25 85,120,146,173,203  1967.98 21.53
%3 BFA Ei% PSO HEF BSA EiEKERH Kapur % H{E B R RELEREF PSNR
Table 3 Multi-threshold Kapur fitness and PSNR obtained by BFA, PSO and BSA
Wi A BFA PSO BSA
(SIS 45 ] &R PSNR B &R PSNR R fil WERME PSNR
2 92,173 17.72 14.62 92,173 1772 14.62 92,173 17.72 14.62
3 66,127,191 21.95  17.02 72,127,188 21.98  17.03 72,126,188 21.98 17.10
Lena
4 40,91,133,179 25.63  18.84 52,92,140,189 25.84  19.19 51,92,140,189 25.84  18.96
5 47,83,126,186,211 2922 19.72 48,87,128,172,207 29.52  20.46 48,87,129,172,208 2952 20.71
2 125,192 1756 11.66 124,192 17.56  12.08 124.192 17.56  12.08
. 3 36,99,194 21.95  15.60 37,100,192 21.97  15.69 37,100,192 21.97  15.69
amera
4 57,100,143,196 2629 19.13 37,92,143,196 26.54  18.99 37,92,143,196 26.54  18.99
5 19,75,118,152,201 30.23 2091 18,56,95,143,196 30.50  20.23 18,57,94,144,196 30.50  20.05
2 81,161 18.14  13.22 81,161 18.14  13.22 81,161 18.14  13.22
, 3 61,118,180 22,52 16.64 62,121,180 22,53 16.34 61,121,180 22,53 16.49
epper
o 4 64,111,154,209 26.55 18.64 61,113,163 ,214 26.66  18.79 62,113,163,214 26.66  18.89
5 52,81,114,159,217 30.40  19.55 43,82,122,166,214 30.59  20.02 43,82,124,169 214 30.59  20.21
2 93,170 17.22 1481 93,170 1722 14.81 93,170 1722 14.81
B 3 83,133,194 2142 15.59 71,127,184 21.48 1675 71,126,184 21.48  16.80
aboon
4 48,91,128,191 2535 17.71 48,93,138,189 25.44  17.78 48,93,138,190 25.44  18.15
5 44,79,132,164,204 28.99  18.62 48,88,128,168,205 29.13  20.16 46,88,130,169,205 29.13 2034
. . . . S e
4.2  Kapur HiEHEWER NAE b 584 T BFA SR A 1) B 5 bR BGE 1A,

22 3 5 TOREMT A B SR B Kapur 22 BI{EAY

HURER Horp 200 4.1 AL,

3 AT i, BSA S35 5K M 19 H A ek i

1M A% BT PSNR 7EfE, BSA 23k T BFA Bk,

J35M5 PSO Bk #, BSA FEVL SRR H A% R EE

NAEFEA AL, {24 B T PSNR, BSA 57 19 £ [/
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