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Incremental learning based fuzzy style K -plane clustering

GU Su-hang'-?!, WANG Shi-tong*

(1. School of Digital Media, Jiangnan University, Wuxi 214122, China; 2. School of Information Engineering and
Technology, Changzhou Institute of Industry Technology, Changzhou 213164, China)

Abstract: A fuzzy K-plane clustering algorithm based on double knowledge representations about incremental feature
learning and homogeneous style of data (ISF-KPC) is proposed. Before partitioning data samples into different groups,
i.e., clusters, the feature augumentation is firstly conducted in an incremental manner based on the original inputs. Since
data samples originating from a group share a same homogeneous style, the style information of each group, denoted
by a style matrix, will be iteratively determined. By extensive experiments, the proposed ISF-KPC based on the double
knowledge representations can obtain comparative clustering performance when compared to the adopted comparative
clustering methods, especially it has its best clustering performance on the datasets with clearly homogeneous styles.
Keywords: K -plane clustering; style information; feature augumentation; fuzzy clustering
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PR R L ) T 5 B XU A T X3 S8 vh 2l
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HWD2 MTHWD3. 73 4k, 2 6 SCHk [1], W BE— 2 A
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PRI A 2 BROAH N 1) B S 80 4, 40 Jnll i 44 9 VDL
VD2 A1VD3. 34 H SR AR PR AC B R 2 .
R3 RXHHITERT
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6 FEFXBOBERT

23 HER59H

P 7 R 493 B~ BT i B SRR AE N 3 Bt 4
ErERE R, L4 IEHHF (Acc). F-measure Fl
Rand Index (RI) N #h35 JERY 1) 56 PE 1 48 FRl0-1025,
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P61« -7 REREVESHCR BN E, “——7 K%K
FRUEZE/NT- 1074, Sl B SR IR 38 FH B AR bR Y.
K7 MR 4715t LT 4 ik
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KVEM 8 bR 1T 5, ISF-KPC 2 /b RE S B 7a 4 1 1 3R
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2) X AR PGS, BT AR BE IR BT BRI
% 25, DBSCAN 7E N\ it i 4fs 45 b e 6 U1 AL 4 11 2R
REER.

3) H T ISF-KPC % [& 1 £ XU iR R I&, RIRFAE
52 SRR R (5 B4 21, ISF-KPC SR 5 PERe
W AT 5 & s KU {5 2 1T ISF-KPC_0.

4) ¥4 ISF-KPC. ISF-KPC_0 % ] 5 KPC }% F-KPC
P A, A S S B &5 A J b B0 T $2 908 B KUk {5 B
FH TR S R R R A Ak
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SD1 SD2
Methods
Acc  F-measure RI DB Opt Acc  F-measure RI DB Opt
FCM 0.3499 03487 0.5463 0.0088 _ 0.8483 0.7532  0.7422 0.0078 _
(0.0077) (0.0010) (0.0013) (0.0001) 0) —— - 0)
0.3503 0.3505 0.5454 0.0087 0.8050 0.7073  0.6855 0.0078
K- i K = K =2
medolds 008 1) (0.0012) (0.0017) (0.0002) 3 ) ©0) ©  ©
0.1887 02077 0.6398 0.0067 0.5350 0.6103 0.7077 0.0074
AP PR = —82.12 PR = —-27.31
©  —— - o0y RT7F © © - - f=-2rs
DBSCAN 0.5590 0.7082 0.8369 0.0123 Eps = 0.20 0.9000 0.9100 09176 0.0095 Eps = 0.15
(0) — 0) ) MinPts = 13 (0) (0) (0) 0) MinPts = 6
0.3886  0.3580 0.5494 0.0612 0.5050 0.4985 0.4992 0.0243
KPC K =3 K =2
(0) (0) ©) (0.0305) (0) 0) (V] 0)
04294 03701 0.5625 0.0213 0.7333 0.6566 0.6082 0.0086
F-KPC K = K =2
(0.0102) (0.0061) (0.0033) (0.0051) 3 ) 0) ) 0)
0.4482 04008 0.5122 0.0422 e 0.7983 0.7654 0.7229 0.0452 N
ISF-KPC_0 (0.0245) (0.0487) (0.0534) (0.0520) A=10 (0.0638) (0.0464) (0.0376) (0.0210) A=10
ISF-KPC 0.6062 0.5943 0.6179 0.0991 A =10 09900 0.9864 09816 0.0062 A= 10*
(0.0712) (0.0493) (0.0901) (0.0210) o1 = 10%, 52 = 10 (0.0033) (0.0044) (0.0032) (0.000 1) o1 =10%,02 =10
SD3 SD4
Methods
Acc  F-measure RI DB Opt Acc  F-measure RI DB Opt
FCM 0.7748 0.6858 0.6501 0.0086 B 0.9467 09042 0.8983 0.0053 B
© - 0 —- —  —= = -
0.7668 0.6778 0.6414 0.0086 09467 09042 0.8983 0.0053
K -medoids K =2 K =2
(0) 0) ©0) 0) - — - __
0.4665 05128 0.5775 0.0078 0.9467 09042 0.8983 0.0053
AP PR = —4031.25 PR = —-0.79
(0) (0) 0)  (0.0002) (0) () 0) (0)
DBSCKN 0.8284 0.7746  0.7638 0.0064 Eps = 2.15 09733 0.9802 0.9800 0.0051 Eps = 0.15
(0) (0) 0) ) MinPts = 25 — (0) 0) 0) MinPts = 9
0.7534  0.6705 0.6274 0.0220 0.7733 0.6625 0.6471 0.0116
KPC K =2 K =2
(V) 0 0) 0) (V) 0 0) 0)
0.8642 0.7928 0.7646 0.0087 0.5689 0.6455 0.5127 0.0155
F-RPC 0.0025) (0.0036) (0.0037) —— K=2 0.0567) (0.0248) (0.0194) (0.008 0) K=2
0.8939 0.6987 0.6745 0.0101 0.8283  0.8430 0.8099 0.0954
ISF-KP! =1 =1
s co (0.0247) (0.0078) (0.0247) (0.0015) A 0 (0.0279) (0.0334) (0.0095) (0.0467) A
ISF-KPC 09008 09046 09141 0.0301 A=1 0.9600 09716 09725 0.0049 A=1
(0.0169) (0.0858) (0.0898) (0.0217) o1 = 102, 55 = 102 (0.0851) (0.0841) (0.0893) (0.0098) o1 = 102,05 = 102
SD5 SD6
Methods
Acc  F-measure  RI DB Opt Acc  F-measure  RI DB Opt
FCM 09004 0.8722 0.9364 0.008 1 _ 09465 09236 0.9102 0.0062 _
(0.1614) (0.1985) (0.0988) (0.000 3) —— —— - 0)
.. 0.6845 05656 0.7839 0.0082 . 0.9638 0.9477 09373 0.0053 .
Kemedoids ) 0.0001) (0.0001) (0.0004) K=4 - ©) —— (0.0006) e
0.7579 0.7612 0.8992 0.0078 0.3008 0.2696 0.4747 0.0082
AP PR = —1235.1 PR = —-1197.
0) —— —— (0.0005) R 35.18 (0) ) —— (0.0001) R 97.86
DBSCAN 09921 09921 0.9961 0.0057 Eps = 1.00 09981 09976 0.9970 0.0027 Eps = 2.00
(0) (0) (0) 0) MinPts = 2 (0) (0) 0) —— MinPts = 3
0.5142 05056 0.6839 0.0126 03815 04478 04600 0.0447
KPC K=4 K=3
0 ) 0) 0 (V) ©) 0) 0)
F-KPC 0.6766  0.5340 0.7681 0.0148 K—4 04985 0.5013 04956 0.0250 K=3
(0.0449) (0.0581) (0.0285) (0.0007) (0.0266) (0.0221) (0.007 8) (0.0044)
0.7202  0.5324 0.7675 0.1005 0.7226 0.6678 0.7124 0.1078
ISF-KPC A=10"2 A=1
-0 (0.0804) (0.0290) (0.0144) (0.0019) 0 (0.0943) (0.0789) (0.0328) (0.0515)
— 4 _ —3
ISF-KPC 1 1 0.0080 A =10 0.9846 09812 09771 0.0035 A =10

(0) (0) ) (0.0004) o =102 ——  (0.0001) (0.0003) —— o1 =102 05 = 10,05 = 10
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EEG-D1 EEG-D2
Methods
Acc  F-measure RI DB Opt Acc  F-measure RI DB Opt
FCM 05225 04990 0.4987 0.0584 _ 0.5265 04978 0.4997 0.0699 _
(0.0105) (0.0030) (0.0010) (0.0015) 0.0195 0.0031 0.0028 0.0019
0.5850 0.5108 0.5120 0.0666 0.5100 0.6600 0.4977 0.0060
K -medoids K =2 K=2
©  © = —— e e )
0.5006 0.6644 0.4975 0.0732 0.4925 0.6034 0.4867 0.0305
AP PR = —-1262.1 PR = -2 .
0) (=—) (—=—) (0.0006) R 62.13 0) —— —— (0.0002) R 553.33
DBSCAN 0.5750 0.6383  0.5088 0.068 1 Eps = 3.00 0.5900 0.6307 05138 0.0337 Eps = 3.95
(0) 0) 0) (0) MinPts = 15 0) (0) (0) 0) MinPts = 20
0.5150 0.6630 0.5302 0.0956 0.5400 0.6329 05211 0.0974
KPC K =2 K =2
(V) (V) ©) ©) (V] - (V) -
F-KPC 0.5367 0.5488 0.5295 0.0979 o 0.5883  0.6562 0.5795 0.0897 K —9
(0.0455) (0.0605) (0.0642) (0.0044) N (0.0861) (0.0902) (0.1069) (0.0113) -
0.5260 04986 05001 0.1134 a2 05190 04965 0.4984 0.1186 PR
ISF-KPC_0 (0.0254) (0.0040) (0.0043) (0.0014) A =10 (0.0086) (0.0012) (0.0008) (0.0072) A =10
ISF-KPC 0.6325 0.6618 0.5289 0.0422 A=1 0.6521 0.6839 0.5638 0.0603 A =102
(0.0100) (0.0008) (0.0010) (0.0085) o1 = 10,52 = 10 (0.0025) (0.0685) (0.0001) (0.0274) o1 = 10,02 = 10
ECG-D3 HWDI
Methods
Acc  F-measure RI DB Opt Acc  F-measure RI DB Opt
FCM 0.4500 04277 05265 0.0502 B 0.5542 0.5122 05058 0.0072 _
—— —_— 0) 0.0022 — (0) —— ——
., 03690 04040 0.4966 0.0436 0.5659 0.5169 0.5092 0.0072
K-medoids = K =2
(0.0030) (0.0001) (0.0006) (0.0003) (0.0184) (0.0087) (0.004 3) (0.0002)
03564 0.4822 0.3379 0.0825 o 02813 03822 0.6182 0.0048 0
AP o L ©)  (0.0002) PR = —2684.71 ©) o e (0.0002) PR =10
DBSCAN 0.5600 0.5208 0.5578 0.0069 Eps = 2.55 0.5093 0.6560 0.5006 0.000 1 EPS = 1.00
(0) 0) 0) 0) MinPts = 5 0) 0) 0) 0) MinPts = 11
03667 04923 03626 0.0773 04802 0.6348 0.5094 0.1057
KPC K =3 K=2
(V) (V) ) 0) 0 -— (V) )
F-KPC 03522 04878 03589 0.0208 K —3 0.6674 0.6643 0.5931 0.0233 K —2
(0.0042) (0.0020) (0.0035) (0.0028) (0.1364) (0.0017) (0.0762) (0.0113)
ISE-KPC 0 0.5467 0.5065 0.6424 0.1023 \ = 102 0.6797 0.5771 0.6014 0.0503 A =10°
~ (0.0156) (0.0245) (0.0125) (0.0147) B (0.1156) (0.0568) (0.0588) (0.0204)
ISE-KPC 0.6191 0.5542 05645 0.0119 A=10""1 0.8081 0.7028 0.6899 0.0314 A =10°
(0.0167) (0.0062) —— (0.0041) o1 =10 (0.0059) (0.0098) (0.0072) (0.0002) ¢ = 10%, 05 = 10~ !
HWD2 HWD3
Methods
Acc  F-measure  RI DB Opt Acc  F-measure  RI DB Opt
FCM 0.5038  0.5147  0.4999 0.0090 _ 03773 0.3399 0.5562 0.0053
0) 0) 0) —— —— —— —— (0.0008)
K -medoids 0.5397 0.5238 0.5083 0.0090 _ 03845 0.3440 0.5570 0.0055 K —3
(0.0511) (0.0026) (0.0127) (0.0004) - (0.0040) (0.0016) (0.001 1) (0.0007) -
03472 04291 0.6367 0.0053 0 0.1990 0.2057 0.6320 0.0066 9
AP PR = -1 PR = -1
—— —— ——(0.0002) R 0 —— —— ——(0.0003) R 0
DBSCAN 0.5058 0.6528 0.5006 0.0003 Eps = 2.25 03473 04877 03683 0.0012 Eps = 3.00
0) 0) 0) (0) MinPts = 10 0) (0) 0) 0) MinPts = 4
0.5287 0.6361 05127 0.1104 03862 04853 03620 0.0568
KPC K=2 K =3
(V) -— ) - 0 (V) -— )
0.6990 0.6282 0.6239 0.0284 05927 0.6679 0.6938 0.1028
F-KP K =2 K =
¢ (0) 0) 0) 0) (0.0055) (0.0091) (0.0100) (0.0074) 3
0.6591 0.5795 05722 0.0522 0.6100 0.6616 0.7109 0.1053
ISF-KPC_0 A =10 A =106
~ (0.1040) (0.0647) (0.0657) (0.0299) 0 (0.0623) (0.0267) (0.0314) (0.0347) 0
ISF-KPC 0.7138 0.6019 0.5984 0.0348 A =107 0.6185 0.6700 0.6977 0.3297 A =107
(0.0595) (0.0543) (0.0509) (0.0082) o =102 (0.0499) (0.0523) (0.0718) (0.1213) o =103
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VD1 VD2
Methods
Acc  F-measure RI DB Opt Acc  F-measure RI DB Opt
FoM 05111 04951 04975 0.0070 0.5000 04955 0.4972 0.0076
0 -— ) - (V) - - (V]
0.5056 04952 0.4973 0.0070 0.5000 0.4955 0.4972 0.0078
K -medoids K =2 K=2
© —= (O] (0) ) - - __
05167 0.5085 0.4978 0.0076 0.5056 04952 0.4973 0.0070
PR = —788.07 PR = —655.85
© - 0 - © - 0 -
DBSCAN 0.4944 04768 0.4988 0.0066 Eps = 2.50 05611 0.5810 0.5047 0.0072 Eps = 2.15
- 0) - MinPts = 20 0) 0) 0) 0) MinPts = 19
0.5078 0.5101 0.4984 0.0450 0.5278 0.5636 0.5008 0.1195
KPC K =2 K =2
0 -— ) 0) -— ©) 0) 0
05037 0.5422  0.5098 0.0762 K—o 0.5300 0.5229 0.5326 0.0664 K—o
(0.0224) (0.0362) (0.0087) (0.0321) N (0.0091) (0.0106) (0.0055) (0.0187) N
0.5300 0.5286 0.4995 0.0848 0.5556 0.5249 0.5047 0.0621
ISF-KPC_0 A=10 A =10
(0.0152) (0.0382) (0.0017) (0.0831) (0.0256) (0.0390) (0.0049) (0)
0.6220 0.5775 05021 0.0471 A=10"2 0.6167 0.5803 0.5195 0.0549 A=10"2

ISF-KPC (0.0139) (0.0731) (0.0026) (0.0226) o1 = 102,05 = 10 (0.0056) (0.0041) (0.0007) (0.0362) ¢ = 10~ %, 00 = 1

VD3
Methods
Acc  F-measure RI DB Opt
03556 0.3283  0.5549 0.0096
FCM —

(O] ) —— (0.0014)

03626 03394 0.5494 0.0104

K -medoids K=3
(0.0164) (0.0021) (0.004 1) (0.001 1)
0.3333 03953 0.4974 0.0084
PR = —859.61
04000 0.4386 0.7621 0.008 1 Eps = 2.50
DBSCAN
0) —— 0) MinPts = 5

03733 03601 0.5326 0.069 1
KPC K =3
0 © ) 0)

03963 0.3683 0.5346 0.0535
(0.0246) (0.0321) (0.0968) (0.0161)

03815 0.3523 0.5457 0.1100
ISF-KPC_0 A=10
(0.0221) (0.0162) (0.0105) (0.0286)

04556 04643 05658 0.0367 A=10""1
ISF-KPC
(0.0500) (0.0383) (0.0746) (0.0108) o1 = 10,00 = 10,05 = 1

5) fE BRI R AL B R SRR 2RI OU T 2R HUS ST PRI IR TERE.
1~ 3K, MG R S I R o HL 5 T AT N T 2B B ISF-KPC 5 3 Aot} b B3 g X
RSTEMPIH T PrA M LR E e Bi 4R 1 50, R SR [27) B G-k v i A o0 U SR
MISRERER, B DRSS & MR s REEEREEEAT 0 HT.
o A% B3R5 AT, B3RS IR R M 5, ISF-KPC 1 2GR 7 % EH A Fe M1CD A R
P B S Bt B UG R i SRS A At Ay (BT Fp HI T8 12 0 TIN5 R ) AR v (R
SRRV SR BRI =, ISF-KPCAEZAUNG UL N RENE i A X BB 30 BT AR IR I SR SR 1k 18) 2 15 i 75
HUA e b i SR M e, 5 Ao BBV AH L (BRISF- 58 CD FH TSR UEGf b B vk 2 ] ) SR 2 M e 2 5 A7 AE
KPC_024h), B1 T 5/ T 8 XAk {5 B, ISF-KPCAE R X, H13 541 H i 5828 IR0 500 BT xk b B0
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HEATHERE, 0t T EEG-D2, [ ISF-KPC BU 15 1 e i 1)
BB R HHAL N1, Blrank = 1. 4RI 4, 715
TR LSRR AR A SR AR I HET, ke
Fiw. AR P LSRR HE A . F-20 A7 XL HE (N,
— 1)\ (N, — 1)(Ng — 1) W€ Fr . REH L Fr >
F((N, — 1),(Ng — 1)), %8 iR J5 v i 25 i 15
B3 5 e . Hoh N AR BT A 5 EE B4, N AR

ESEEREANE, F () IBYE P Ak nl & e, &
T &S e, it — 2P E CDE. H A CD

Ne(Ne+1), o o W o N
Qo N, (o N2 35 R B, LB BOCSC ik [27]
FE o = 0.05, g, BT MSCHER [27] 5 HD. A2 AN E
SV 28 HE P 25 A8 10 46 6HE K T 1% CD i B 38 11X
P AN X6 EE B ) SRS RE 2 B AE S22 X ).

*6 FTANHEEAEESIHESR LT

methods FCM K -medoids AP DBSCAN KPC F-KPC ISF-KPC_0 ISF-KPC
EEG-D1 6 2 8 3 7 4 5 1
EEG-D2 5 7 8 2 4 3 6 1
EEG-D3 4 5 7 2 6 8 3 1
HWD1 5 4 8 6 7 3 2 1
HWD2 7 4 8 6 5 2 3 1
HWD3 6 5 8 7 4 3 1 1
VDI 4 6 3 8 5 7 2 1
VD2 7 7 6 2 5 4 3 1
VD3 7 6 8 2 5 3 4 1
average rank(AR) 5.67 5.11 7.11 4.22 5.33 4.11 3.33 1.00
HRSHER 6 TR, F(7,56) ~ 218 Fp ~ 8.87,  MARZEZS [A] Wit 5hf 21 vy 24 2 8] 1) 8 AR, A SCHE B N\ s

DA b 12 G T H IR 7 V5 10 S BB B 75 . FR 4 HE 1
FEME o = 0.057HH CD ~ 3.12. H4E G it
SRR H DU ik

1) H1T ISE-KPC 5 HoAth i} HL 53% (R ISF-KPC_0
5 F-KPC #}) 2 18] {1 °F- 25 4 7 Z 5 # K T CD
3.12,ISF-KPC 5 M fth xf bt 5 7% 2 (8] 47 175 & 3% X
Al F3Ak, T ISF-KPC % & 1 XA R Ik, H R R 1
Ae4l T ISE-KPC_0 A1 E-KPC.

2) W T2 IR T B KA (E R R L
47 N, ISF-KPC_0 (1) 5 1 e A 1 3 fhoxof be B3 (B
ISF-KPC 4, $5 5 H1, ISF-KPC_0 5 AP #1322 [B] /7 1E

~
~

B X

3) G4 1) M2, fE TSR EURE B GRS SR
T84 F ] T MR XA RS A S RE U5 4R e K B0
e i, T H I T M PR 13 B SRS B, HOR K
REREDS 2.5 X B T R B K B0.
3 % ®

H T i A o 0k — B O A B S A
AT R B B0 AR, 3K XU £ S 2 2 DO i
BRARFAL. o7 42540 Fe el 10 8008 ARG A5 S0 - 33K
I AT — AMEAS BT TT A PR AR SR XURS RELRGE 3%
AR e 20 5 A TR B U A5 2, 1 2 X

FEAEREA LD, 55 4, 5 e A SVIVURE g AL

ik 7 i) o 2 b 0] S5 N R AE BE AT 9 4. i 4
B S FHEICHE RS HE %o 5 1R A7 BRI SR s DA
TR R, Nt 4R 42 00 H L SE U 4 B s
g5 JLIGAE T ISF-KPC 1 XUATR R IA I A 2. 35K
i A E g2 AR B ISF-KPC 5 #L R R 2%
T35 Z A 2 35 X . SR SR Bt 9 4 B A ORyE n
A4 ISF-KPC 47 Ji& 3| [l AR, i — 2B F0 A% SO0
VALK I ISE-KPC HE) ™ RIVRE 24 3.
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