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Abstract: A new ensemble TSK fuzzy classifier (i,e. IK-D-TSK) is proposed. First, all zero-order TSK fuzzy
sub-classifiers are organized in a parallel way, then the output of each sub-classifier is augmented to the original
(validation) input space, finally, the proposed Iterative Fuzzy C-Means (IFCM) clustering algorithm generates
dictionary data on augmented validation dataset, and then KNN is used to predict the result for test data. IK-
D-TSK has the following advantages: the output of each zero-order TSK subclassifier is augmented to the
original input space to open the manifold structure in parallel, according to the principle of stack generalization,
the classification accuracy can be improved; Compared with traditional TSK fuzzy classifiers which trains
sequentially, IK-D-TSK trains all the sub-classifiers in parallel, so the running speed can be effectively
guaranteed; Because IK-D-TSK works based on dictionary data obtained by IFCM & KNN, it has strong
robustness. The theoretical and experimental results show that IK-D-TSK has high classification performance,

strong robustness and high interpretability.
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FEA RPN E . A, R MRS
I, TK-D-TSK 5 J5 % G b zero-order-TSK-FC Al
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T, WAEHERZ AL E IR, IK-D-TSKHIFCM T
FRAT I 488 553 47 AE BE 0% FT FF 438 5 06 B0HE S IR
gty 180 RBRMNES. FER, 7400

KE3(a)ME3(b), FTRLEIL: M@l 5%
HnE10%5, WDB, SAT, MUSHIWAVTESF24
#ezero-order-TSK-FCHlfirst-order-TSK-FC_F #)~F
W ORS P Y T R . SR, VR NER SRR SRS
WEEE S E RO OB TSKAR /> 25 8%, IK-D-TSK
SRR E AT St . 48 B, IK-D-TSKTEEA =4
FHKEEMIFNS, & HA RSN

1.0
09 g
X 08 | | gl £
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0.6 § ¥
0.5 * IR ZIS I8 L b
WDB WAV PENB MUS SAT ADU
@ Zero-order-TSK-FC & First-order-TSK-FC ® IFCM-KNN-C @ DBN = BLS @ IK-D-TSK
(a) 5% e 5 (b) E10% = e 75
3 I RERAE S KRS R
160 [ 160
190 | & 120
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w40 K ; 4 & w40
kS B b k4
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WDB WAV PENB MUS

a Zero-order-TSK-FC & First-order-TSK-FC & IK-D-TSK
(a) 5% rhg (b) & 10% iy 7nge
4 43 SRS AE S B B _E AR U)K
xR 5 BOAFTITIEIELELEER(s)

Zero-order-TSK-FC!' First-order-TSK-FC!]  IFCM-KNN-C DBNUS BLSH TK-D-TSK
. 5%ME  10%ME  5%ME  10%MEE  S%MEE 10%ME  S%MEE 10%ME S%MEE 10%ME  S%MEE  10%M:E
Rl ISR YIZRISTa)  YIZRITE) YIZRRSTa] ISR TE] DINZRIT ) NZRmT e ISR JIZRASTa] YIZRIT TR PIZRASTa] VI 2R iE]

7o TN L2 70 =1k 1795 72 . T2 0 T 7. T 25 7 T e e IR R M R

0.0216  0.0224 0.0237 0.0243 0.0162  0.0141  4.1844  4.1555 0.0122  0.0122  0.0209  0.0205
WDB  (0.0039) (0.0057)  (0.0034)  (0.0023)  (0.0019) (0.0018) (0.1861) (0.1592)  (0.0013) (0.0011) (0.0032) (0.0023)

0.0004  0.0005 0.0004 0.0004 0.0016  0.0016  0.0086  0.0079 0.0102  0.0104  0.0021  0.0020

0.7982  0.7984 3.8207 4.1065 0.2863  0.2808  35.4047 35.2445  0.0256  0.0261  0.3333  0.3130
WAV (0.0256) (0.0346)  (0.0719)  (0.2303)  (0.0222) (0.0181) (0.2407) (0.1511)  (0.0028) (0.0016) (0.0366) (0.0409)

0.0050  0.0071 0.0059 0.0112 0.0128 0.0129  0.0430  0.0391 0.0155 0.0170  0.0143  0.0142

0.9656  0.9794 3.7465 3.9261 0.5067  0.4809  15.1945 15.2313  0.0189  0.0191  0.6105  0.5659
PENB (0.0181) (0.0320)  (0.1615)  (0.1764)  (0.0225) (0.0151) (0.1656) (0.1790)  (0.0013) (0.0012) (0.0372) (0.0323)

0.0098  0.0097 0.0196 0.0224 0.0353  0.0311  0.0086  0.0086 0.0124 0.0125  0.0352  0.0340

0.9496  0.9965 7.6208 8.1693 0.8053 0.8124  47.1515 47.3102  0.0323 0.0321  0.9432  0.9513
MUS  (0.0230) (0.0377)  (0.2844)  (0.2367)  (0.0629) (0.0223) (0.2267) (0.3248)  (0.0038) (0.0032) (0.0415) (0.0323)

0.0123  0.0125 0.0283 0.0361 0.0253  0.0231  0.0469  0.0602 0.0189  0.0187  0.0241  0.0244

1.2282 1.2301 13.3579  14.2199  0.3393  0.3221  338.383 346.9789  0.1491  0.1578  0.4881  0.4528
SAT  (0.0720) (0.0738)  (0.4825)  (0.6745)  (0.0262) (0.0134) (1.2035) (4.4332)  (0.0052) (0.0099) (0.0441) (0.0383)

0.0073  0.0062 0.0167 0.0254 0.0183 0.0184  0.2492  0.2039 0.0644  0.0658  0.0209  0.0209

59016  6.0366 15.9947  17.3695  3.1255  3.0311  56.4922  64.3266  0.0337  0.0389  5.9502  5.5299
ADU  (0.1901) (0.1239)  (0.8757)  (0.8218)  (0.0415) (0.0215) (0.3625) (0.6555)  (0.0028) (0.0051) (0.7296) (0.5056)

0.0322  0.0370 0.0768 0.1047 0.1126  0.1127  0.0305  0.0656 0.0200 0.0230  0.1549  0.1536
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(2) AT R T TSR WL, B AR7E WD BEU
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(3)TE~F I ZRmt 8] J51H, IK-D-TSKHIFCM-
KNN-CFIBLS#1g, thzero-order-TSK-FC, first-
order-TSK-FCHIDBN#Z B, iX #& K Nzero-or-
der-TSK-FCHfirst-order-TSK-FCHI I Zx 75 Z M 4%
R F BB S, TIK-D-TSK ¥ %F

AT RN B A BENL, BRI BEALIE FEAH B
Y B RO R A, DAORIE AT 77> Kds 2 [1 B
B A PIBR RN ERD AT . pesh, PTE B 258
A FHATIBITH, Mk, IFCM-KNN-CHIIZRA
B AR KA B2 b FH EL A S5 RS0 U 5 1) 7 73 SR

BNk, A0 UIWDBHEUREEE NG, 1HRIK-
D-TSKH) TAEE ., WDBAEIK-D-TSKH B A 34
SRy, S BREE 2B B, BT A i
R TRILAWE, F—R3MREMHEF O,
SRR . DABHEEWDB A — AN L FEAS
M x'=[0.4972, 0.7808, 0.3479, 0.2901, 0.6077,
0.5781, 0.4806, 0.4234, 0.4806, 0.4234, 0.4610,
0.3860, 0.3928, 0.2244, 0.6969, 0.2889] A, I
HERE -1, B KNNK XA DR S iR
FI3 MR MO v, v, 021, HERZE N
=1, -1, +1, ARIEHREEI, AR B T bR 2 2
—1, FXAFEA s 1 SR — 5

% 6 WDBHUIEEEIK-D-TSK_E4 R HIEF 8

v1,1 = [0.3221,0.6299, 0.3633,0.3023, 0.5487, 0.5950, 0.5260, 0.3796, 0.4162, 0.4037, 0.5162, 0.2613, 0.7203, 0.4236, —1]
v1,2 = [0.3589,0.5702, 0.3630, 0.2741, 0.5715, 0.5258, 0.5245, 0.4388, 0.4216, 0.3926, 0.4954, 0.2346, 0.5913, 0.3333, —1]
v1 3 = [0.2962, 0.5501, 0.4035, 0.2355, 0.5358, 0.5635, 0.5233, 0.4925, 0.3430, 0.3778, 0.5045, 0.4081, 0.7043, 0.5754, —1]
v2,1= [0.3555,0.5604, 0.3788, 0.2586, 0.5516, 0.5644, 0.5155, 0.4579, 0.4592, 0.3885, 0.5256, 0.3284, 0.5952, 0.1384, 1]

vg,2 = [0.3646, 0.3985, 0.2364, 0.2755, 0.4574, 0.5489, 0.4467, 0.4598, 0.3965, 0.4276, 0.4772,0.4100, 0.4240, 0.2729, 1]
vg 3 = [0.3582,0.6097,0.2785,0.3392, 0.3736, 0.6051, 0.5651, 0.4549, 0.4203, 0.3447,0.4312, 0.4583, 0.5412, 0.1683, 1]
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