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Abstract: The spatial generalized fuzzy c-means clustering algorithm (GFCM_S) is a popular technique for image
segmentation, but it is not so effective when the image has the features of unequal cluster sizes or the initial cluster centers
we choose are improper. In this paper, for solving the above shortcomings of GFCM_S, a novel algorithm incorporating cha-
os optimization and improved fuzzy c-means (CIGFCM_S) is proposed. Firstly,each size of clusters is integrated into the
objective function of GFCM_S so as to equalize the contribution of larger and smaller clusters to the objective function. Sec-
ondly , the iteratively membership degree and cluster centers are deduced by the Lagrange multiplier method. Thirdly,a new
iterative strategy is used to seek the optimal solutions. In detail , the optimal solutions of next generation are searched by two-
paths ,one path originates chaos optimization and the other is obtained by updating membership degree and cluster centers on
the basis of current optimal solutions, and then the better solutions go to next generation until the end. Lastly, the non-de-
structive testing (NDT) images with the characters of unequal cluster sizes are used for experiments, the results show that
the proposed algorithm has better segmentation accuracy and visual effects.
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(g) Ref[18)54 % (h) IGFCM_S1% {ZL (i) IGFCM_S2%%= (j) CIGFCM_ S1%.4k& (k) CIGFCM_ 8284 %:

18 ¥RINSPN(0.1)J5#NDT3EIE Y73 E 45 5

(@) XHNDT4EUR IR A (b) GFCMH 1= (c) GFCM_S15%. «zL (d) GFCM_S2%.1

GN(0,0.01)& SPN(0.05)/5 1[E 4
() FGFCM‘%"/Z (f) Ref[17] ﬁ iR (g) Ref[18] ﬁ«z (h) IGFCM_S15353%
(i) IGFCM_ S2%.3: (j) CIGFCM_S15: (k) CIGFCM_ 825534

F9  HINRA G #NDTAER 17 E 45 5
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£4  HEMNDTIHNDTS EIRISEIR SA 1 ARI $5HR1E
#NDT1 4% #NDT?2 [E1{% #NDT3 [E1% #NDT4 1%
ik e
SA ARI SA ARI SA ARI SA ARI
// 0.9391 0. 8782 0. 9998 0. 9996 0. 8763 0.7527 0. 6029 0. 2059
GFCM GN(0,0.02) 0. 6746 0. 3491 0. 5340 0. 0681 0. 6098 0.2197 0. 5944 0. 1888
SPN(0.1) 0.9257 0.8513 0. 9445 0. 8890 0. 1384 -0.7233 0. 2391 -0.5217
GN(0,0.01)& SPN(0.05) 0. 7640 0. 5280 0. 6884 0.3769 0. 6408 0.2816 0.6177 0. 2354
// 0.9482 0. 8964 0.9951 0. 9904 0. 8447 0. 6894 0.9914 0.9827
GFCM. S1 GN(0,0.02) 0.9099 0. 8199 0.5593 0.1187 0. 7308 0.4617 0.6512 0. 3025
- SPN(0.1) 0. 8708 0. 7415 0. 6328 0.2657 0.7210 0. 4421 0.7578 0.5156
GN(0,0.01)& SPN(0.05) 0. 8983 0. 7965 0. 5989 0. 1558 0. 7603 0. 5205 0.7182 0.4363
// 0.9479 0. 8959 0. 9994 0.9989 0. 8810 0.7620 0.9920 0.9841
CFCM. 2 GN(0,0.02) 0. 8810 0. 7620 0. 5526 0. 1052 0.7150 0. 4300 0. 7445 0. 4889
- SPN(0.1) 0. 9398 0. 8795 0. 9888 0.9775 0. 8748 0. 6627 0. 9885 0.9771
GN(0,0.01)& SPN(0.05) 0.9213 0. 8427 0. 5556 0.1112 0.7725 0. 5450 0. 9665 0.9329
// 0.9459 0.8918 0.5022 0. 0044 0. 8556 0.7112 0. 6226 0.2451
FGFCM GN(0,0.02) 0. 8885 0.7770 0.5677 0. 1353 0.7210 0.4421 0. 6426 0. 2852
SPN(0.1) 0. 9340 0. 8680 0. 5421 0.0841 0. 8291 0. 6582 0.7279 0. 4559
GN(0,0.01)& SPN(0.05) 0.9190 0. 8380 0. 5528 0. 1056 0.7745 0. 5490 0.6372 0.2744
// 0.9877 0.9753 0. 4358 -0.1283 0.9621 0.9242 0. 1340 -0.7321
Ref. [ 171553 GN(0,0.02) 0. 7701 0. 5402 0. 6136 0.2271 0. 6687 0.3373 0. 6264 0.2529
SPN(0. 1) 0. 8504 0. 7009 0. 9288 0. 8576 0.9871 0.9742 0.9013 0. 8026
GN(0,0.01)& SPN(0.05) 0. 8886 0.7772 0. 8262 0. 6524 0. 8567 0.7135 0.9356 0.8712
// 0. 9854 0.9708 0. 3966 -0.2068 0.9777 0. 9554 0.9334 0. 8669
Ref. [ 181553 GN(0,0.02) 0. 8827 0. 7655 0. 6022 0.2044 0.7417 0.4835 0. 7663 0.5327
SPN(0. 1) 0.9510 0.9020 0. 8731 0.7462 0. 9808 0.9617 0. 8991 0. 7981
GN(0,0.01)& SPN(0.05) 0. 8783 0. 7566 0.9146 0. 8291 0. 8893 0.7785 0.9327 0. 8654
// 0.9911 0.9821 0. 4967 —-0. 0066 0.9073 0. 8146 0. 1475 -0.7051
IGFCM S1 GN(0,0.02) 0.9770 0. 9540 0.6518 0. 3036 0. 8746 0. 7491 0. 9850 0. 9700
- SPN(0. 1) 0.9749 0.9498 0.7483 0. 4966 0. 8380 0. 6760 0.9817 0.9634
GN(0,0.01)& SPN(0.05) 0.9776 0.9553 0. 6658 0.3315 0. 8454 0. 6907 0.9843 0. 9686
// 0.9912 0. 9825 0.4574 -0.0851 0. 9485 0. 8971 0.1196 -0.7608
IGFCM 2 GN(0,0.02) 0.9742 0.9484 0.6111 0.2223 0. 8610 0.7219 0.7579 0.5158
- SPN(0. 1) 0. 9858 0.9716 0. 4754 -0.0491 0.9463 0. 8926 0.9893 0.9787
GN(0,0.01)& SPN(0.05) 0.9797 0.959%4 0.6417 0.2833 0. 8944 0. 7888 0. 9852 0.9703
// 0.9911 0.9821 0. 9848 0. 9697 0.9073 0. 8146 0. 9890 0. 9780
CIGFCM S GN(0,0.02) 0.9775 0. 9551 0.9817 0. 9635 0. 8886 0.7771 0.9831 0. 9661
- SPN(0. 1) 0.9728 0. 9456 0.9841 0.9683 0.8714 0.7429 0. 9825 0. 9649
GN(0,0.01)& SPN(0.05) 0.9737 0.9475 0.9847 0. 9695 0. 8639 0.72717 0. 9820 0. 9640
// 0.9911 0. 9822 0. 9854 0.9709 0. 9552 0.9104 0.9918 0. 9837
CIGFCM S2 GN(0,0.02) 0.9703 0. 9406 0. 9820 0.9641 0.9180 0. 8360 0.9812 0.9624
- SPN(0. 1) 0.9862 0.9724 0.9839 0.9679 0. 9561 0.9122 0. 9898 0.9796
GN(0,0.01)& SPN(0.05) 0.9791 0. 9582 0.9822 0. 9645 0.9267 0. 8534 0.9832 0. 9664

(2)Ref. [ 1784 Ref. [ 18] 3 H1 IGFCM_S #p
2 R AR B ok B 2 v R AT 2Ok 20 B AN e
PERTENR B 5 B A i e ft , B IGFCM_S H A7 —
FE BT

(3) GFCM ,GFCM_S % FGFCM %4 v 4y %455 2% (1 )i
PRI T AL 1) H AR RN IS

5 #Hit

H T ik GFCM_S B3k i A Bk [, BIVE A RES

G0 BRI G A AN Y 285 9 1T 45 A0 oy W B33 Jg 3 e U A
Pl T TR LR PO AR ML R IR L
HIRE A 9 CIGFCM_S 509k, H oM HER s B5IA T 5
— 2RISR B Z R, XA — i R B b 4 A R A
XS FAR ok B TR, S8 5 R B JBE 04 SR 26 oL R D
ACRE DA — R & TRk S R e R R
DU BE 71, di Jm 3t oo AT K JEE 73 A AN 32 45 R A1k 1)
NDT B #EAT 17 oy B 9256, 45 R Ui B CIGFCM _S 5332
RS 4K 21 2 JRy SR A A, W TE 1 59 0 A — JE i e
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