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Application of Approximate Centroid in Interval Type-2 Fuzzy Clustering
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Abstract: In view of the high computational complexity of the existing centroid solving algorithms leading to the
unsatisfactory running speed of interval type—2 fuzzy C—means (IT2FCM ) clustering algorithm, two approximate centroid
solving algorithms, including half iterative method and one—time iterative method, were proposed. Firstly, based on a
direct approach for determining the switch points in the Karnik-Mendel algorithm, with the help of the idea of binary
search, a centroid solving algorithm based on binary search was constructed. Based on this algorithm, by limiting the
search range, and considering the nature of the relationship between the two conversion points and the skill of calculating
the difference, the half iterative method was obtained. Finally, the one—time iterative method was obtained by considering
only one search. Five data sets (IRIS, SEEDS, WINE, WIFI_LOCALIZATION and HTRU2) on UCI verified that the
clustering performances of the two algorithms were not reduced by solving approximate centroid. Further, eight groups of
incremental data were constructed on ANURAN CALLS data set to compare the running speed of IT2FCM based on
different centroid solving algorithms and IT2FCM based on the proposed approximate centroid solving algorithm. The
experimental results showed that IT2FCM based on approximate centroid solving algorithm ran faster. Therefore, the
proposed approximate centroid algorithm can alleviate the high complexity of IT2FCM to a certain extent.
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Table 1 data description
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Table 3 Number of iterations

¥4 IRIS SEEDS WINE WIFI_LOCALIZATION HTRU2
HRAHGEE 1—3 1—3 13 1—5 1—5
Ak 2 2 2 2 2
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Table 4 Running time of KM algorithm S

|

1 2 3 4 5 6 7 8

1 1.92 4.38 7.87 12.34 18.09 27.54 27.60 44.76

2 1.89 3.71 8.01 14.01 17.80 24.44 31.41 39.99
3 1.89 5.66 10.15 12.40 20. 16 24.22 39.43 40.27
4.37 8.80 11.00 22.64 27.50 31.32 39.61

12 1.96 4.93 8.84 13.68 18.05 27.51 35.70 39.31
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Table 5 Running time of EKM algorithm s

Faz |

1 2 3 4 5 6 7 8

1 0.81 1.87 2.70 3.65 4.25 5.80 7.70 9.57
2 0.8 1.97 2.91 5.62 7.15 5.71 5.95 8.26
3 0.86 1.79 2.34 4.30 5.60 5.06 6.71 8.34
11 1.00 2.47 3.31 4.85 5.10 8.23 7.32 7.87
12 0.85 1.51 2.31 5.15 5.14 5.03 6.66 8.12
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1 2 3 4 5 6 7 8 Table 10 Time comparison S
1 1.31 2.29 3.46 5.39 6.79 7.38 8.83 10.17 m Al
2 1.35 2.01 3.41 3.92 6.88 7.48 8.58 11.27 % RE
1 2 3 4 5 6 7 8
3 1.24 1.97 4.28 4.62 6.03 8.23 7.71 10.22
KM 5% 1.97 4.88 8.43 13.05 20.14 25.89 33.15 42. 11
11 1.08 2.65 3.41 3.50 6.76 7.47 8.63 12.72 EKM #7% 0.91 1.85 2.80 4.25 4.95 5.75 6.87 8.25
12 1.22 2.30 3.91 4.56 6.06 8.15 9.57 9.98 DA % 1.20 2.39 3.61 5.07 6.86 7.54 8.87 10.23
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Table 7 Running time of DAND algorithm ¢ FHEMRE 150 2.33 3.49 4.91 6.21 8.07 9.06 11.43
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Table 8 Running time of half iteration algorithm S ,."/ __,:—:::Z::::-"' -
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1 2 3 4 5 6 7 8 B
1 1.43 2.04 3.03 4.15 6.98 8.41 8.78 12.69 (a) FFEILESR 1
2 1.50 2.30 3.47 4.69 6.75 9.31 8.52 8.97 12
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3 1.29 2.12 3.87 4.75 6.02 7.68 10.63 10.11

11 2.13 1.97 3.07 5.43 7.61 7.30 8.64 10.26
12 1.23 2.97 3.93 4.90 5.98 7.26 9.02 11.60
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Table 9 Running time of one iteration algorithm S
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1 2 3 4 5 6 7 8

%ikEh

0
1 1.36 1.64 2.73 3.22 4.21 5.90 6.26 7.60 o0 a0 e w0 1000 1500 1400 T e00
2 0.93 1.94 2.44 4.92 4.32 5.21 6.52 7.38 Bojn bt
3 0.93 1.56 2.46 4.77 5.31 5.82 8.75 7.39 (b) BEIEEEZ 2
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Fig.2 Time comparison
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11 1.06 1.36 2.13 3.79 5.39 5.76 7.59 7.17
12 0.87 1.98 2.78 3.80 4.71 7.05 5.46 8.54
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