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Fuzzy 3-partition entropy multilevel threshold approach based on
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Abstract: A new fuzzy 3-partition entropy approach based on a fast recursive genetic algorithm was
proposed to reduce the repeated computations and to improve the processing efficiency in extraction of
FISH-labelled (Fluorescence In Situ Hybridization) genes. An iteration validation method was presen-
ted to determine the window width of the membership functions and the membership functions consid-
ering the boundary conditions and gray weights were selected to perform the fuzzy 3-partition. To im-
prove the efficiency of selecting optimal thresholds, a recursive algorithm was presented to convert the
computation of fuzzy entropy to a recursive process. Then, the no-repetitive results of the processing
moments were stored for the succeeding genetic algorithm to compute the fitness of each individual.
Finally, the optimal thresholds were searched by the genetic algorithm in a high speed. The result of

the proposed algorithm was compared to those of the several common algorithms and the classification
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probability and run time were analyzed as the test criterion of optimal thresholds. By evaluating vari-

ous types of simulated images and real FISH images, it shows that the run time of the proposed algo-

rithm is 1% that of other common algorithms and the misclassification error is less than 6. 00X 1072,

These results demonstrate that the proposed algorithm is effective for improving the precision and effi-

ciency of extracting FISH-labelled genes.
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Fig.1 Typical FISH image
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Fig. 3 Grayscale histogram of Fig. 1 in green channel
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& 6 9.08 9.33 5. 96 6.95 9.18 9.43 9.63 9.82 5. 96 6.95
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(¢) GA.T\=79 T:=92 (f) PSO,T\=82 7:=95 (2) ACO.T/=83 T:=97 (h) AT, 71=79 75=92
(e) GA.T\=79 T:=92 () PSO,T=82 T:=95 (g) ACO.T\=83 1I:=97 (h) Proposed method. 7,=79 7:=92
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Fig. 4 Comparison of segmentation results of FISH image 4(a) from 5 algorthms

FISH [ 5~6 & Ca) (43 #1245 9 5 b 2% (b)—%, AT HE{EE,PSO, ACO ¥IFE7EA [F #
. A SCHE LR E R 5 X B[94, 15418 ERHBRER K 5~6 HRYE (D (D, (@) F
(129,189 ], R BMH IR GA, UL R 5~6 KRR o XF R R 533 FP, pCerror) {E FIAL 1
M1 (h) L Ce) 5 N T2 i () 25 R B 5~ 6 iy & R A] K F AR SCR s 2 2,3,

1200
1000
2 800
£
2 600
-E 400
200
0
0 50 100 150 200 250 300
Gray level
(@) ¥ R (bR ST £ 200 1 JR 5] (c)Aeh Rz gk £ i L 77 1) (DA THE{EE 7=114
(a) Original image (b) Corresponding gray (c) Corresponding histogram (d) Manual segmentation, 7=114
image in green channel in green channel

() GA.T=106, T-=134 (f) PSO.T:=109, T:=137 (g) ACO,T\=104, T:=140 (h) &3, T=106, T=134
(e) GA,T\=106, T-=134 () PSO.T=109, T:=137 (2) ACO,T=104, T:=140 (h) Proposed method. 7,=106, 7,=134

B 5 FISH & 5Ca) 443 %145 5 %0 1

Fig. 5 Comparison of segmentation results of FISH image 5(a) from 5 algorithms
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(h) Proposed method. 7'=141, T:=167
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Fig. 6 Comparison of segmentation results of FISH image 6(a) from 5 algorithms
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