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Generalized Fuzzy Gibbs Random Field and Research on
Algorithm for MR Image Segmentation
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Abstract A soft image segmentation algorithm based on the generalized fuzzy set is presented in this paper. We incorporate
Gibbs random field into the generalized fuzzy set to compensate for the spatial information, and a generalized fuzzy Gibbs
random field model is proposed, and the generalized fuzzy Gibbs segmentation algorithm( GFGS) is developed. Each class is
considered as a generalized fuzzy class, and the segmented image is regarded as a generalized fuzzy set on the label set in the
proposed algorithm. With the proposed algorithm, the outliers in the image data are described by the negative part in the
generalized fuzzy membership function, and can be dealt with effectively. Maximum a posteriori ( MAP) is used as the
statistical segmentation criteria, in which the generalized fuzzy Gibbs random field is used to obtain priori knowledge. Every
class center is updated by the centroid of the generalized fuzzy class. Experimental results on both MR real data and the
stimulated brain data show that the proposed algorithm is robust, which can filter the noise and partial volume effect
significantly.
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(a) RESK (b) GFGS A HER

(¢) FCM B RIGER
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B 1 MR MR ERJLAR RE k4 815 R 1

Fig.1 Comparison of segmentation results on a real MR image
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Fig. 2 Comparison of segmentation results on an MR phantom
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Fig. 3 Comparison of segmentation results on an MR phantom corrupted with 9% Gaussian noise
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GFGS ¥ FCM H#:
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(2) B2 REEREBHER

GFGS ®¥: FCM ¥

CcGS E#:
(b) B3 REARS HER

ML ik

B4 FRAEETHREAREHER

Fig.4 White matter of original image in Figure 2 using different algorithms
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RIARTILMAREREARRSEERLT,
B 2 (a) #9445 % (misclassification rate, MCR )
MCR, %0 % E LA REROBERN, BRLUE
BREBBRE N,

MCR = N, 100%
= W‘ X 0

H UL ET LUE 0 T M7 58 LB/ S O, LR
AR RN EA K T 2 W7 5 38 i, JLRP
BRESRMNERAB XA M TAXNEE, Ha0
S5 i YR 7 3 BE B3 0 T R A R, T X T
T4 4y Fe 38 IR BE LK o

®1 FRARETLHEZNES X

Tab.1 Misclassification rate with different noise level

(%)

wrEaR(®) GFGS B FCMBEH: CGSEYE MLEE

5 5.7 5.5 5.8 6.8
7 5.8 7.1 5.9 8.9
9 6.0 9.7 6.2 11.8

ATHEEXIABEERDE MBS, X
SCR I E & % (overlap metric) 1 4 T BER A7 B %
HBENIT . ERERETERANSHER PR —
HAMEZBRE, BIAMU, R EE GFCS Bk
FEATRIMEFE T 1 4 RIS R i B RS R 75 4 B 4
RPHHAFEERR,ICA NEREERYEERW
ABRGRENES, B ARFBRRATEASEHSARK
HERENERS, FAWAEERMERE
BER

card(A N B)
card(A U B)

Hp,cad(A) RERF A TR M. MRESR
BLOUNRARERERAEMNE SR, R2.RIMK
4 /354 8T GFGS.FCM,CGS i ML & ¥ 5t | 2
(a) TR ENERERERRBRFRET R
ZRMAR . KEMREBROEER, ¥ TF FCM,
CGS M ML E ¥, HAR KEAMBH RN ERRY
J I R 75 3R B I 386 0 T R S /DS, % F GFGS Bk,
W@ EE, Txt FHERERERT,GFCS B
MESXOLEREMN XIRBEAEERITFHN
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F2 JIHAZETARETERERE
Tab.2 Overlap metric of white matter with

different noise level

BHREEBE(%)
MEEE(%)
CFGS By FCMEY: CCSE¥®: MLEME
1 98.35 97.54 97.16 88.27
3 95.46 93.61 91.74 73.36
5 91.80 89.15 90. 81 69.38
7 89.30 83.37 88.70 65.21
9 86.71 75.86 85.41 61.05

£33 LMELETRARETRRERE
Tab.3 Overlap metric of gray matter with

different noise level

B KRERE(%)
B ER(%)
GFGSHY: FCMEY: CGSHY¥: MLEM

1 97.74 96.88 96.37 87.24
3 93.98 91.62 87.54 77.32
5 89.31 86.13 87.45 72.03
7 86. 46 79.34 85.24 65. 00
9 83.60 69.80 80.80 58.10

R4 LAHZERARFTREAERE
Tab.4 Overlap metric of cerebrospinal fluid with

different noise level

WYBEER(%)
BEER(%)

GFGSE3¥: FCMEW: CGSHYE: MLEX
1 92.77 93.34 91.04 91.08
3 88.08 87.79 80.32 85.63
5 83.71 83.79 81.02 80.56
7 - 82.08 79.01 71.07 73.38
9 78.73 65.30 72.55 64.51

4 Zik5itie

BT SRR & C 2 0 i B B R AL B Y
— SRR, A SO SR T R T SRR R
Gibbs BERY SRV LAy BE R, B L T — P M B K
o FIB %, BT SCEH Gibbs 2} HIB 3%, EREN
£ FCM B % M2 F Gibbs BV W B LK T

My . B ERBEE WL, LaEH B
BRI BARRNL . &g U7 E B R E TR
MR BI§ 0 LB HE, W AR %S FCM H ik .CGS
BYEAM MLEERH#TTXHER, TREY, FX
FRENAEEERE, AR RER T HMEE, B
BAXMABEXRGBLETEEEEYIEIR
(intensity nonuniformity artifact, INU)® g MR
8. XA INU gl MR E4GHTTA MK ERS
BIERA SRR RAMGS . ERMEE INU
hER—-EEEENRE, EEHET—SHT
e A BT A EIRE
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