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Gray level-based fuzzy C-means algorithm for image segmentation
with inhibitors of cluster contribution

ZHU Zhanlong'*’, MA Yanling"*’, DONG Jianbin'*’, ZHENG Yibo™’

(1. School of Information Engineering, Heibei GEO University, Shijiazhuang 050031, China; 2. Hebei Key Laboratory of Optoelec-
tronic Information and Geo-Detection Technology, Shijiazhuang 050031, China; 3. Intelligent Sensor Network Engineering Research
Center of Hebei Province, Shijiazhuang 050031, China)

Abstract: The fuzzy C-means algorithm for image segmentation based on the gray level has the advantage of fast seg-
mentation speed. However, this algorithm cannot effectively segment object pixels from a nondestructive testing (NDT)
image because of the great difference between the background and the object region. Therefore, an improved fuzzy C-
means algorithm based on gray level is proposed. First, an expression called inhibitors of cluster contribution, which is
inversely related to the class size, is constructed. Incorporating this expression into the objective function reduces the
contribution of the larger cluster to the objective function, which then avoids the influence of the larger cluster on the
cluster center of the smaller cluster. Second, a new form of membership degree and cluster center representation can be
obtained by minimizing the new objective function. Lastly, NDT images with a large difference in cluster size are used
for testing. Results show that the segmentation image obtained by this algorithm has a better visual effect and the index

G_mean is higher, thereby further improving the adaptability of the fuzzy C-means algorithm based on gray level.
Keywords: fuzzy C-means algorithm; image segmentation; gray levels; spatial information; non-destructive testing im-

age; denoising; cluster center; objective function
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EnFCM m=2, T=300, &=10 ", a=4, Nz=9
FGFCM m=2, T=300, £=10 ", =3, 2,=3, Ny=9
FNDFCM_P m=2, T=300, &=10 *, ,=3, 1,=3, Ny=9
FCMRFC m=2, T=300, e=10 ", N;=9
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Table 2 Values of G_mean %
K& MK FFCMAF NDFCM EnFCM FGFCM FNDFCM_P FCMRFC
WGN(0,0.01) 55.67 53.18 5227 51.27 52.40 62.34
WGN(0,0.02) 56.83 52.59 50.03 50.72 52.35 60.47
#NDT1
SPN(10%) 53.87 57.79 50.91 60.19 60.59 76.74
SPN(20%) 48.76 51.09 45.06 52.79 55.69 76.47
WGN(0,0.01) 84.94 81.84 78.17 79.33 81.05 94.47
WGN(0,0.02) 83.41 76.35 68.49 70.92 74.75 90.81
#NDT2
SPN(10%) 84.23 81.88 66.12 80.29 82.36 96.95
SPN(20%) 75.18 73.84 53.79 71.28 78.77 96.43
WGN(0,0.01) 81.24 72.78 69.97 71.75 74.54 92.91
WGN(0,0.02) 70.79 65.42 61.70 62.98 65.04 77.11
#NDT3
SPN(10%) 67.49 78.53 62.44 82.33 85.55 99.21
SPN(20%) 65.96 68.19 56.51 69.92 76.42 98.54
WGN(0,0.01) 93.33 91.01 89.36 90.12 91.17 93.23
WGN(0,0.02) 91.71 88.52 85.33 87.01 88.99 90.74
#NDT4
SPN(10%) 92.40 91.59 85.26 90.94 9221 94.19
SPN(20%) 89.29 87.85 78.48 86.20 90.36 93.56
WGN(0,0.01) 84.61 83.59 81.55 84.17 85.01 87.95
WGN(0,0.02) 84.98 82.18 79.22 81.93 83.57 85.42
#NDT5
SPN(10%) 83.75 84.48 75.20 86.23 87.73 91.95
SPN(20%) 82.48 80.96 69.77 80.70 84.96 91.57
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