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Abstract: A fast image segmentation method with multilevel threshold of two-dimensional entropy was
proposed based on the firefly algorithm to overcome the large amount of calculation and long compu-
ting time. Firstly, the principle of two-dimensional entropy threshold segmentation was analyzed, and
the single threshold segmentation of two-dimensional entropy was extended to multilevel threshold
segmentation. Then, the bionic mechanism and searching optimization process of the firefly algorithm
were analyzed, and the multilevel threshold segmentation method of two-dimensional entropy com-
bined with firefly algorithm was proposed. Finally, typical image segmentation experiments by using
the proposed method were performed and the results were compared with those of two-dimensional en-
tropy exhaustive segmentation method and the multilevel threshold segmentation method of two-di-
mensional entropy based on Particle Swarm Optimization(PSO). Experimental results show that the

speeds of the proposed method in single threshold segmentation, dual-threshold segmentation and the
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three threshold segmentation are 3. 91, 1 040. 32 and 8 128. 85 times faster than those of the two-di-

mensional entropy exhaustive segmentation method respectively. Moreover, the threshold selection

accuracy and running speed of the proposed method are both better than those of the multilevel thresh-

old segmentation method of two-dimensional entropy based on PSO. Therefore, the fast image seg-

mentation method with multilevel threshold of two-dimensional entropy based on firefly algorithm can

quickly and efficiently resolve complex and multi-target image segmentation problems.
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Fig. 2 Two-dimensional multi-threshold histogram
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Fig. 3 Flowchart of two-dimensional multi-threshold

fast segmentation based on firefly algorithm
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Tab.1 Thresholds and two-dimensional entropy function values of three methods
- 55 0k PSO Z 4 4 i A SCTT Ik
- 0 — 4 0
it R I {1 *Tﬂfﬁ (i1 ffﬁrﬁ I {i fﬂ?
PR BB PR AL A PR BB
Lenna 1 (106,107) 13.775 6 (106.107) 13.775 6 (106,107) 13.775 6
2 (84,84) 19. 341 8 (82,83) 19.338 8 (85,84) 19. 341 4
512X512 (139,135) (139,135) (139,136)
3 (84,84) 26.925 8 (85,85) 26.914 9 (84,84) 26.921 1
(139,135) (138,139) (139.134)
(202,212) (203,212) (202,212)
Peppers 1 (85.,79) 14.888 1 (85,80) 14.884 6 (85,79) 14.888 1
2 (73.,74) 21.031 8 (71,72) 21.025 6 (73,75) 21.031 2
512 X512 (139,137) (136,135) (139,137)
3 (73,74) 33.274°5 (56,56) 33.076 1 (72,73) 33.272 1
(138,137) (123,123 (138,138)
(222,223) (208,223) (222,223)
Baboon 1 (94,104) 15.430 8 (94,104) 15.430 8 (94,104) 15.430 8
2 (73,75) 21.203 3 (68,70) 21.181 0 (68.,73) 21.203 2
500 X480 (128,122) (128,122) (128,121)
3 (68,73) 33.557 6 (55,62) 33.327 2 (65,68) 33.542 2
(124,124) (94,106) (122,122)
(192,192) (173,192) (191,191)
QFN 1 (74,75) 7.481 0 (74,75) 7.481 0 (74,75 7.481 0
i 2 (92,95) 13.725 3 (87,90) 13.638 7 (93,97) 13.7250
" (209,203) (180,178 (209,203)
395 X395 3 (87,90) 20.579 9 (87,87) 20.523 2 (87,90) 20.546 7
(167.167) (173.173) (167.167)
(237.,237) (235,235) (236.236)
QFN 1 (74,74) 8.279 0 (74,74 8.279 0 (74,74) 8.279 0
2 (98,101) 14.451 0 (98,99) 14.429 8 (97,101) 14.439 6
BN (183,181) (178,175) (177,178)
398 X398 3 (98,10D) 21.195 7 (106.114) 21.045 9 (98,10D) 21.172 0
(172,171) (169,171 (170,170)
(235, 230) (235.230) (230, 230)
®2 3#AEMITEREF PSNR EH I
Tab.2 Computation time and PSNR values of three methods
o {1 ZERS PSO — 44 AT ik
A% PSNR/dB 3156 E /s PSNR/AB it EE/s  PSNR/AB i & B /s
Lenna 1 8.838 3 13.98 8.838 3 5.33 8.838 3 3. 10
512 X512 2 11.778 2 4 165.78 11.799 4 5.79 11.806 9 3.90
3 17.638 6 36 582.42 17.546 2 6.78 17.665 4 4,47
Peppers 1 7.966 4 14. 32 7.959 9 5. 66 7.966 4 3.23
512 X512 2 11.950 0 3924.95 11.757 6 5. 90 11.921 3 4.03
3 19.938 8 36 243.21 21.156 0 6.62 20.042 3 4.41
Baboon 1 9.498 6 13. 64 9.498 6 5.06 9.498 6 3.73
500 X480 2 12.216 4 4 259.17 12.146 0 5. 89 12.138 8 3.82
3 19.856 4 36 975. 88 17.646 9 6.29 20.100 8 4,37
QFN 1 14. 375 6 13.59 14.375 6 4. 88 14. 375 6 3.73
BEA 2 17.048 5 4 005. 94 17.086 4 5.06 17.025 7 3.96
395 X395 3 17.142 8 33 294. 14 17.168 0 5. 66 17.151 6 4.09
QFN 1 12.664 8 13.16 12.664 8 4.92 12.664 8 3.74
PR 2 15.494 8 4 093. 88 15.482 4 5.34 15.473 6 3.92
398 X398 3 15.485 2 33 684.14 15.299 7 5. 86 15.508 5 4. 38
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