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Fast adaptive fuzzy clustering image segmentation algorithm with
enhanced spatial information
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(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China)

Abstract: Addressing the inadequate utilization of image spatial information by the fuzzy C-means (FCM) algorithm,
leading to poor robustness against noise and increased complexity in the adaptive parameter setting for the objective func-
tion, a rapid adaptive fuzzy clustering image segmentation algorithm enhancing spatial information is proposed. Firstly,
a novel operation based on enhanced spatial information is defined. This operation combines local and non-local spatial
information of the image into the FCM clustering using harmonic coefficients to enhance the algorithm’s robustness. Sec-
ondly, a method for rapid adaptive parameter setting is proposed, which efficiently assigns adaptive weights to the original
image and enhanced spatial information. This will enable the swift adaptive computation of key parameters for the ob-
jective function. Finally, sparse regularization is introduced into the FCM objective function, reduced algorithm runtime.
Additionally, a three-step iterative algorithm is designed to solve the sparse regularized FCM model, composed of Lagrange
multipliers, hard threshold operators, and normalization operators. Experiments on synthetic images and real images from
various datasets demonstrate that the proposed algorithm exhibits superior segmentation performance and computational
efficiency compared to other algorithms of similar nature under simulated noise conditions.
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Fig. 1 The centre as well as the neighbourhood are corrupted

by noise
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Fig. 2 Region boundary pixels are corrupted by noise
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Table 3 Performance metrics of all algorithms on synthetic images
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Fig. 4 Segmentation results of all algorithms for synthetic images
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Table 4 Average performance metrics of all algorithms for BSDS500 database

6¢77 Vec /% Vee/ % ACC/ % PSNR/dB

s W? /% 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

FCM 68.0 67.6 66.5 584 45.6 46.7 48.4 49.2 78.8 77.8 76.4 752 23.6 21.7 20.8 19.5
ADFLICM 76.5 77.8 77.4 70.2 31.1 34.4 333 34.6 79.4 82.3 80.1 79.4 269 25.3 242 22.7
N [13]1é#  80.1 774 76.8 74.3 12.1 18.7 239 24.6 82.2 80.7 79.2 77.8 29.9 29.1 283 27.1
FALRCM 945 932 90.8 83.7 2.6 4.1 65 72 980 97.6 954 94.7 304 29.8 28.8 284

SRFCM  95.1 92.1 919 90.1 23 5.6 7.8 92 975 982 94.1 934 294 288 285 274
p *1C# 99.3 98.7 984 982 09 13 15 1.7 98.8 985 979 964 31.7 30.2 29.4 289
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Fig. 5 Segmentation results of colour images by all algorithms
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Fig. 6 Segmentation results of all algorithms for AID images
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Table 5 Complexity of all algorithms
1CH# AN1CI-P@ AN1C=rO
FCM NxKxt 0O(n?)
ADFLICM Nx K xw?xt O(nd)
Y [13] é# Nx2S+12x2+1)2+Nx2+1)2+NxK xt 0o(n®)
FALRCM NxS?x2+Nx@Buw?+3)+NxKxuw?xt 0(n")
SRFCM Nxuw?xov?+QxK xt O(nd)
p *1C# (K+3)N+Nx25+1)2x 20+ 1)>+Nx 2n+1)>+5KN  O(n°)
FCM L ‘ ‘ ‘ ‘ . ing. International Journal of Approximate Reasoning, 2023, 157: 1 —
ADFLICM = 1 32

SCERT 13T 1
FALRCM e 8

SRFCM === Wi J
BSDS500
SCRKE , , F AIP .

[=]
w H
—_
S

15 20 25 30
7 p9lCH#, EWF1C&L$

Fig. 7 The average operation time of all algorithms
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