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Collaborative Partition Multi-View Fuzzy Clustering Algorithm using Entropy Weighting
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Abstract: There are two weaknesses of current multi-view clustering technologies based on collaborative learning. Firstly, the
approximation-criteria of collaborative learning between each view is not clear for its physical meaning and is too simple to control the
approximation-performance. Secondly, the existing algorithms assume that the significance of each view is equal, which is obviously
inappropriate from the viewpoint of adaptively adjusting the importance of each view. In order to overcome the above shortcomings, a
novel approximation-criteria of cluster partition based on the Havrda-Charvat entropy is proposed to control the similarity of cluster
partition between each view. Then, an adaptive weighting strategy for each view based on the theory of Shannon entropy is presented to
control the significance of each view and enhance the performance of the clustering algorithm. Finally, the collaborative partition
multi-view fuzzy clustering algorithm using entropy weighting (EW-CoP-MVFCM) is provided. As demonstrated by extensive
experiments in simulation data and UCI benchmark dataset, the proposed new algorithm shows the better adaptability than the classical

algorithms on the multi-view clustering problems.
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Fig.1 Principle of processing the multi-view clustering task by using the traditional FCM algorithm
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Fig.2 Principle of processing the multi-view clustering task by using Co-FKM algorithm
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Fig.3 Principle of processing the multi-view clustering task by using EW-CoP-MVFCM algorithm
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MATLAB 7.0.
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Fig.4 Original dataset and the corresponding datasets under different
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M6 2 (K )5 P B REAT 20 A TR ASSCI T AT Co-FRM S35 70 Bt L 5t DY 3 848 1 A SO LAY
—E BRI A AR AR B WL 4 AITE ML A 1 B A AR S R A R R T AL A 2
RS 3 (07 1) R 7 e P AN Wik, e ol R A SR 03 FRY DX2 THT LA A ™ B A B ISR, IR, 2 Co-FKM X 8 8
235 1) Kl 7 T S 85 45 () S0 8 B 3 2% WU A M AN SR A () SR SRAT 55 I SR PR AT Rk b e e 2 B RE Y
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ST S Fos TR A 1S AR 10 T R 3, DR SR AR R B A (1 75 B AT e 24 SR IR MR 1 B
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Table 2 Comparison of performance indices NMI & RI of several algorithms on the synthetic datasets

R 2 BPEEAER A B P RE FLER

Dataset Index LSSMTC CombKM Co-Clustering Co-FKM EW-CoP-MVFCM

NMI-mean 0.746 8 0.895 7 0.652 7 0.9229 1
4 NMI-std 0.012 6 0.1679 0 0.124 3 0
RI-mean 0.900 3 0.916 6 0.722 4 0.968 4 1
RI-std 0.006 4 0.134 2 1.17¢-016 0.051 3 0

1.0

E 0.8

S 06

0.4

o
=03
0.0

view-1 view-2 view-3

Fig.5 Weight of each views for target A with EW-CoP-MVFCM algorithm
K5 EW-CoP-MVFCM SEIREUIFY) A #-AL A B &L

4.3 UCIERERIR A

J T X EW-CoP-MVFCM 597 (1) 58 28 P 8 A s s 3 A AL A a3k — 20 R 5 40 W, A 150K 0 1 508 0 %
EW-CoP-MVFCM Sk BEAT I (1) FE T UCT Hudli i v i 48 BUECH 4 TRIS, 0 A SO 7 1% 5 424 A AU &l 43 I
o f A AR B RE AR 2P BV, HL AR S G B LR 4.3.1 ;5(2) R UCT 2uds 2 A il 48 i 22 30 £ 2 dis
4 Multiple Features.Image Segmentation /%, Water Treatment Plant X A 3C A7 4 532 Mk BE A HE 550 78 43 B PP,
() By 5 A DC B2 R AT LU 43 A A 1 B 2508 1 28 A5 8 L3k 3.

Table 3 Classic UCI datasets
£3 UCI & sl di

Dataset Description Size | Dimension | Cluster
IRIS Class of IRIS plant 150 4 3
Multiple features (MF) Handwritten numerals represented by multiple features | 2 000 649 10
Image segmentation (IS) Outdoor images 2310 19 7
Water treatment plant (WTP) The daFaset came from the daily measures of 507 38 13
sensors in an urban waste water treatment plant

4.3.1 IRIS S50 Hr

FT RIS B — 2 O P4 A0 )X S AR AR 23 A1 5 AR I (1 o A A g R e g — AR 0 0T 2 P B0 23 A
WIE 6 Fros. kT I JR PR AR SC 3% P e B 4, 5 6 SL A — YR AE A AE — N UAL B0 K JR A 1) TRIS 0l #F A 4%
IY B 4 MFREALE S TR A SCRE AT R0 LR 45 B 7 FISR 4 iR,
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Fig.6 Datasets of each views for IRIS
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Table 4 Comparison of performance indices NMI & RI of several algorithms on the IRIS datasets

F 4 SFEILA IRIS B4R LIt v RE L 4

Dataset Index LSSMTC CombKM Co-Clustering Co-FKM EW-CoP-MVFCM
NMI-mean 0.726 0 0.741 2 0.758 2 0.836 6 0.8711
RIS NMI-std 0.047 0 0.053 7 1.17e-016 1.48e-016 0.012 8
RI-mean 0.8879 0.863 6 0.879 7 09341 0.9519
RI-std 0.0219 0.051 1 0 0 0.005 3
1.0

0.8
0.6
0.4
0.2
0.0

Weight-Value

view-1 view-2 view-3 view-4

Fig.7 Weight of each views for IRIS with EW-CoP-MVFCM algorithm
7 EW-CoP-MVFCM AR RIS % HLA AL 15 5

WAE2 4 KI& 7 8 R AT LUR LIS N T4 8ot 58 K S 4 R0 — SR IR RE, i T A SCRE AT oA
P T S A A0 Ay AT Soe AR A A BB K 21 7 o A, TR T 56 £ BELAR) 25 () &) 23 45 2R A NMIL A R PR Y
Wb Bt m] LU A SO SEAR K J LR 5 5 Sk A5 S D A7 280 R IR P 7 (0 MR A L S m AT e W] T
AL RE O 0 1L B F b e BT B S e A A B R 0 45 RO 5 B P T SR P LR B
432 ZAMESEERE SR T
AR WS 2 S8 PE UCT R 3 AR 2 MRFPE B 46:1) MF $dlagk:2) 1S B4k,
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3) WTP %idfs 4 i R H _Fodk Bl B, 2% 5 A ST e EW-CoP-MVFCM S0 7E AL #5052 22 40 A 2R AT 55 I HL bk
REMIA RE N 70 IX 3 Pl S 6 B (RO R A0 7 58 0 WL R B 5 AR SR 4 3 = DR 8l 41 10 25 R A R AR 41
B VE LR 5. AL BT 03K 3 o 0 S Bt A O SVE PR RE LR S5 2R T LR 6.
Table 5 Description of MF-dataset, [S-dataset and WTP-dataset and the construction of each view
|5 MFEIS K& WTP $udla R fif A L2 98 1045 00 4L

Dataset View The composition of current view Dimension Size
Mfeat-fou view Contains 76 Fourier coefficients of the character shapes 76 2 000
Mfeat-fac view Contains 216 profile correlations 216 2 000
MF Mfeat-kar view Contains 64 Karhunen-Love coefficients 64 2 000
Mfeat-pix view Ontains 240 pixel averages in 2 x 3 windows 240 2 000
Mfeat-zer view Contains 47 Zernike moments 47 2 000
Mfeat-mor view Contains 6 morphological variables 6 2 000
IS Shape view Contains 9 features about the shape information of the 7 images 9 2310
RGB view Contains 10 features about the RGB values of the 7 images 10 2310
Input view Contains the first 22 features describing different input conditions 22 527
Output view Contains the 23th-29th features describing output demands 7 527
WTP P'erformjcmce Contains the 30th—34'th features describing 5 527
input view performance input demands
Global performance Contains the 35th-38th features describing 4 527
input view global performance input demands

Table 6 Comparison of performance indices NMI & RI of several algorithms on the datasets of MF, IS and WTP
R 6 KIILA MEIS & WTP $fli 4 L0 TERELL AL

Dataset Index NMI-mean NMI-std RI-mean RI-std
LSSMTC F - - -
CombKM 0.688 3 0.0337 0.899 1 0.011 9
MF Co-clustering 0.702 4 0.028 7 0.910 4 0.012 6
Co-FKM 0.786 8 0.071 5 0.9417 0.022 6
EW-CoP-MVFCM 0.782 6 0.0352 0.948 3 0.012 2
LSSMTC - - - -
CombKM 0.4815 0.028 3 0.798 1 0.017 6
IS Co-clustering 0.5182 0.010 5 0.8189 0.020 8
Co-FKM 0.5422 0.0353 0.829 3 0.019 5
EW-CoP-MVFCM 0.5817 0.036 2 0.840 8 0.025 5
LSSMTC - - -
CombKM 0.176 1 0.012 1 0.704 2 0.003 7
WTP Co-clustering 0.202 9 0.0103 0.705 1 0.006 1
Co-FKM 0.198 6 0.014 0 0.705 6 0.004 4
EW-CoP-MVFCM 0.212 8 0.005 8 0.707 7 0.002 0

HH T LSSMTC 5592 7 B ARAIE 5% 58 AT 45 10 4 50— 30, IR DL AE T S MIF,IS & WTP 25 8 M0 A0 4 3035 AR A1 28 11
T AR B G T 725 A P 7 47, 300 3o 00 ¢ L A 4 B ) MIF 50808 4R (K 3R 28 45 R T DU R I T Z AL 1) Co-FKM KA
SCIEAT A BRI R 38 A2, K MIF B30 I JCAT AR 4L A A7 6 W 58 16 R 432k, B, 85 400 ) 2 P R A 1)
i, F IR SR M AF AR SCHT R 575 Co-FKM VLI SR 45 A NMI A& RI P K FabR 13948 L& e #2301 A
07 22 B AT AR T A ST ¥y 3 R e 7 LR IR E T A SR R B K956 T Havrda-Charvat 45443 (1) 5 41 £
V) e 73 38 30 M JO0) LA A P A B AR R M A0 70 20 T4 R0 A T ) A ARL A 3 — AR LR IE T AR SO VR R IR IS
AT B0 45 Fe 2 AN KB R A o T 1S B 86, A SO iR R i3t — 20 T EW-CoP-MVFCM $7%
BT Rtk B fa T I 6 WP Ba 48 (10 s 56 25 e i, R ARt nT 49 80 5 F IR KB 45 — 30 458 45 b @ i 41
FLSE 2 WA s A 100 SE 30 55 00 A, BATT AT LAAS 21— AN B A 1) 45 10, B, 22 A0 SR S BV LAE R 3L % 2 A Ak
PRI BREAT 55 I — I8 A0 Tl 22 W0 A SR 2 B0, 1T LA S s bl ) 2% >0 6 ) SR A 1B R M 1) EW-CoP-MVFCM
S SCEAR T DA (0 22 A0 A0 RSB0 A e A SCRA IR E R A3 31 T 7 4 I BRI 55 e
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