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Structural design of Optimized Interval Type-2 FCM Based RBENN
Focused on Modeling and Pattern Classifier

nes . s dAA oA
(Eun-Hu Kim - Chan-Seok Song - Sung-Kwun Oh - Hyun-Ki Kim)

Abstract - In this paper, we propose the structural design of Interval Type-2 FCM based RBFNN. Proposed model consists of
three modules such as condition, conclusion and inference parts. In the condition part, Interval Type-2 FCM clustering which
is extended from FCM clustering is used. In the conclusion part, the parameter coefficients of the consequence part are
estimated through LSE(Least Square Estimation) and WLSE(Weighted Least Square Estimation). In the inference part, final
model outputs are acquired by fuzzy inference method from linear combination of both polynomial and activation level
obtained through Interval Type-2 FCM and acquired activation level through Interval Type-2 FCM. Additionally, The several
parameters for the proposed model are identified by using differential evolution. Final model outputs obtained through
benchmark data are shown and also compared with other already studied models’ performance. The proposed algorithm is
performed by using Iris and Vehicle data for pattern classification. For the validation of regression problem modeling
performance, modeling experiments are carried out by using MPG and Boston Housing data.

Key Words : Interval type-2 FCM clustering, principal component algorithm, Linear discriminant analysis, Least square
estimation, Weighted least square estimation, Differential evolution
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Table 2 Parameter setting of the proposed model
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Table 4 Comparison of performance with other models

Parameter Search Space Performance accuracy
e— — Model N
Modeli Fuzzification coefficient [1.1~3.0] PI EPI
ofeng Polynomial type [0~2] Pedrycz's RBENN[12] 36 | 324£024 | 362+031
Fuzzification coefficient [1.1~3.0] - Pedrycz's RBFNN 36 3914091 351£0.27
Classificatio No. of rules [4~10] with context-free [12]
n No. of vectors [2~Max input] Pedryezs | o oW | 36 | aTrlse | 422122
Polynomial type [0~2] N pmization
: - — - Linguistic One-loop
#Polynomial Type(0:Constant, 1:Linear, 2:Modified quadratic) T 36 2.90+0.32 3.17+1.01
modeling Optimization
B - [12] Multizstep |- 55| 5864083 | 3.14+101
i+ 3 MPG HIOJE9] LSEQ} WLSE HsH|ul Optimization
Table 3 Comparative performance between LSE and WLSE on Roh's Single PNN [13] N/A | 256%0.14 | 2.94+0.34
Roh' MARS [13] N/A 2.72+0.10 3.05£0.21
MPG data
Proposed model 10 2.23+0.18 2.15%0.37
R mj, My PI VPI EPI
4 1.78 2.53+0.12 3.29+0.30 3.09+0.29
R 183 | 238+0.12 | 352+0.06 3.65+0.51 E 5 BH HoJH9] LSEQ} WLSE dsHlul
8 1.83 2.37+0.13 3.564%0.39 3.53+0.52 Table 5 Comparative performance between LSE and WLSE
10 1.83 2352013 4174054 507+2.48 on BH data
1.37 2.62+0.14 3.12+0.28 2.77+0.40
g L6 1.25 | 255+016 | 3.17+0.29 2.80%0.45 R | my my Pl VFPI EPI
8 1.37 | 244+013 | 3.24+0.29 2.89+0.44 4 195 | 306+0.13 | 398+0.28 6.88+0.64
10 142 2.33+0.14 3.32+0.25 2.97+0.42 I 6 1.98 2.77+0.09 497+1.11 12.60+£5.37
4 17,30 | 2.49+0.09 3.19+0.26 2.87+0.24 8 1.95 3.42+0.19 4.56+0.63 8.20+8.73
Il 6 13,28 | 2.23+0.06 3.40+0.40 3.38+0.63 10 1.96 284+022 716397 14.56+9.61
8 1328 | 2.02+0.10 3.72+0.39 3.80+0.75 1.23 3.59+0.10 3.82%0.20 3.67+0.39
10 | 14,28 | 1.85+0.18 4.06+0.98 4.34+1.49 6 1.25 3.12+0.23 3.85+0.31 3.61+0.44
4 14,20 | 2.60+0.11 3.08+0.27 2.715+0.36 I 8 1.28 3.00+£0.22 3.77+0.17 3.58+0.35
v 6 18,20 | 240+0.11 3.08+0.31 2.17+0.36 10 1.95 2.73+0.28 3.99+0.44 3.75+0.31
8 | 1820 | 2274017 | 309+035 | 274+040 4 | 1527 | 3312010 | 4155026 | 4.18+052
— 101 FCIR?%O diﬁiﬁ?ﬁfmm 3.08+0.33 | 2.75+0.37 g L6 [ 1821 [ 286:017 | 4425057 | 4662044
: Type- ase
II: Type-1 FCM based RBFNN(WLSE) 8 14,30 | 2.49+0.23 6.14+1.93 5.55+0.46
I1I: Interval Type-2 FCM based RBFNN(LSE) 10 1.1,25 2.20+0.17 13.62+9.78 8.47+2.12
IV: Interval Type-2 FCM based RBFNN(WLSE) 4 1.5,2.0 3.24+0.12 358+0.11 3.54+0.25
v 6 1.5,2.0 3.12+0.11 3.57+0.11 3.53+0.25
51 2Ed fo)g 8 1320 | 3.03%0.11 3.54%0.12 3.46+0.27
10 1.52.0 | 2.90+0.06 3.60+0.14 3.56+0.24
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Automobile Miles per Gallon GIOJElE= AlAH HEZo] &
ol AR8El= HIAY HOlE & stHolth HolH= & 19Y-1&
2o YgEZ & 392700|H, AR 1Ret R EHO} 71880
Gallon)C] MISFE R0l Fast 7] (Miles)2] £ GOE LIE}
[Sie3

T 3004 HE Ayt Z2o] LSEQF WLSE B% 73 427} &7}
Holl met sk HlolHe dsA4Ql ZARIFP) = Aist

I: Type-1 FCM based RBFNN(LSE)

II: Type-1 FCM based RBFNN(WLSE)

III: Interval Type-2 FCM based RBFNN(LSE)
IV: Interval Type-2 FCM based RBFNN(WLSE)

QUCEL SHAIEE LSEE 0]&6t0] R mitlE AFE F

o= Type-12E1} Type-2HE HF HAE Hs A9 gt
St R4=EPD= 3] =7t E71ghl miet J8 AR 4ol QU
Ch olof s WLSEE ol&cto] FHHE mietn|y A+E F88
Aolle &7 E7Ho tet 2ARISeE dastal 9

S0k GUstA 40l Hel= HissoMA UEdE &g 4=
ACh Type-1 HEI} Type-2 HYlo] Asg Hu & 2L
Type-12E1} Type-2HE9] ZAKS} AloE HIWA HISS s
2 Holal o, gulst A= MAFHSE Type-2 HEO
vhel K|=7F Oz ZiKE HsE Holal Arh ¥ 4= 7|E a1
g]EolA MPG HIOIEIE Algsto] UEMH dsg 7158 Zo|th
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X 6 7]E REN9 s Ha
Table 6 Comparison of performance with other models

¥ 7 Iris CIOIEY] Type-1 H&3} Type-2 RE9| HsH|ul
Table 7 Comparative performance between type-1 model and

Model N Performance accuracy type-2 model on Iris data
PI EPI Model |Selected parameters Classification rate
Pedrycz's RBFENN[12] 25 6.36+0.24 6.94+0.31 I-1 6 14 - -1 98.16+x14 | 97.57+£1.3 | 97.33£2.7
. Pedrycz's RBFNN 5 5.52+0.95 6.91+0.45 -2 5 15 3 -1 98.85+0.8 | 97.36+2.5 | 97.33+2.0
with context-free [12] -3 | 5] 13 | 3] 3] 9893+1.1 | 97.33+15 | 98.67+2.0
o ptmization II-2 | 5|13, 23| 4 | -| 99.46+0.7 | 97.33+24 | 98.00+1.6
Linguistic One-loop
Ontimizati 25 4.80+0.52 5.99+0.58 1I-3 | 6|13 21| 3 | 3| 99.46£0.7 | 98.20+1.8 | 98.67+1.8
modeling ptimization
Multi=step | o5 | 4190004 | 5324096
[12] Optimization E 8 7)E nEd H5A% HI
Roh's Single PNN_[13] N/A | 3.72£0.35 5.54+3.46 Table 8 Comparison of performance with other models
Roh' MARS [13] N/A | 325010 | 4.19+0.32 _ _
Proposed model 10 | 290006 | 356+0.24 Model Classification rate [3%]
Adamczak's FSM [14] 98.30
Abbass'sMPANN [15] 98.10
5.1.2 Boston Housing(BH) E[0JE] Anagnostopoulos's DigaNN [16] 97.90
Tipping's RVM [17] 97.20
Boston Housing ElOJH= HAE R|¥9] FZre LE= Vapnik's SVM [18] 96.68
OJHOIT]. FZtol IS nAls QAEY FH &3 Y Ad & Duda's MLP [19] 85.92
£ molslo] Adalal SRR eHtslol Fatg A HolE of Zheng's RBF2 [10] 97.13
ok HolE:= & 1398-158os 2aEon, 506710 Elolg Jensen's Bayes Net [10] 981
Proposed model 98.67

Z FAE0 A} AES {5l0] MPG HoEQF SUEHA HOlE]
g 2gsto] L-olt) T SYUSkA 5-fold cross validationS

AESHO] ABR+E B $FEEAE VERISITT
i 5¢t &ol, MPGEIOIEIQ} SYUstA LSEQE WLSE K& 113
7} 7Kg0l wEt 2ARSPDE d4shl Qe Zgs Hol
I QCh E5F LSEE Ol&sto] THHE ulghule A+gE g
[e)

SYSHA UERaL QUTE olof ¥} WLSEE w&l7t 571610]
T LSEO] Hlgko] HInA OFEAQl 52 UEAA QTt & 6
e 71& rdy 45& Hjast 2195 UEI QU

52 We &7 woH

HE 2RATF| AT BIOJE B8 Machine Learning H[O]
EIE ARSIt E8h, AMotet daeEo ARl B9l AdE
4 AIElE PCASE LDAE S510] Ak £48 510 dd= st

ATk
52.1 Iris EJOJE

Iris HIOIHE Iris2S SF¥E EFs10] 7153k golEth of
8 BF ZopjA] 718 2ol AMESH= HolHZ o] HlolHe &
M EHARE BEREH, & 4U8og PN & HolE 5
E 1502 2zt Sl FS5kA 507 HlolEZ oo™ Utk
HE5& 5-fold cross-validation(5fcv)E AMESIO] 58 it
EFEEXE WY QIAES UEIHRILE Iris HOHE RFFA
Sot] 71 £2 dsg Hole A9 Edg uoleto] AF

L

%t S8 ulels HolER: Type-13 Typ-20] &5 Hl

e ol

698

f5to] ZZkol e ERES LFERNAL

8 BRe Type-13F Type-29] HInE R3lshy 229l
PCAS LDAE ©O|&5t0] YHUIOIHE A FHAd] D&sio]
HIWSIATE T8t AHERSH galEe 8olo] 2F HEojAl9 <
ot FetHGE £, JAs A, OEA S7, 199H 5
£ Bl A5S UERNAILE Tris HOJEHE FEY H5E0
97% Ol dsg LERNAL ATE Type-1 HEIt Type-2 &
dS Hlul I9E B2 AR Testing 59 22 Type-1 HE
I Type-2 HEO] F HIst 52 HQITEL Type-2 ZE9
Ae FMREE AMESIA €2 29, FAAUE sI9g A A
O] HIsS HIAE H58 HORE ZASH ALEAE AIEE
A A0l 9t K" ZAIE LFERRGICH

5.2.2 Vehicle Silhouettes G|O[H

Vehicle Silhouettes HOJHE RS rist oAl HOA|
= AR onXE EF FE6I0] /IR SR/Y AHOE BR
sh= doJEol). Qs 18702 Algol AESH HolE &
7V 1AFAS] EolHOIH, EIolE = 9670l & 47HA] 2
AR FHE O] QT

Vehicle TIOJHE HR9 H&5E0] 80~90% Fx9 Hs& U
ERfIT QI d50] 7H) W2 Type-1 FCMEEOIA RHEEH4
E K Lo AR0] 79.05%E 7 WA Ugon, 450
7V £ YL Type-2 FCMEEOJA PCAQ LDAZE AMESH
AL 8201%=2 0] 9 ds AfO|7} 74 At} Vehicle HOJE
TSk Qo] FH7HE HlojEo] ZQlgt Type-2 FCMO| &<
Type-1 HOJH HC H £2 458 RIoH A 548 71g



HE 9 Vehicle Silhouettes HOJES] Type-1 HEi} Type-2
g9l st

Table 9 Comparative performance between type-1 and

type-2 model on vehicle silhouettes data

Model | Selected Parameters Classification rate
I-1 6 17 - - 1 90.00£1.3 | 81.33+34 | 79.05+2.6
-2 | 5 19 17 | - | 9042+14 |83.07+2.1 | 80.23+1.9
-3 | 6 18 16 | 15 | 90.38+2.1 |83.46+2.3 | 80.47+2.0
-1 | 5 |17,28] - - 1 91.96+1.1 | 81.73£1.0 | 81.18+1.8
-2 | 5 [17,29| 16 | - | 92.15+1.3 |82.04+1.6 | 81.64+1.8
-3 | 6 [1.8,23] 16 | 15 | 9243413 | 82.04+1.6 | 820120

Z 10 71€ 2219 X4 Hul
Table 10 Comparison of performance with other models

Model Classification Rate [%]
V.Sindhwani's Multi SVM [21] 80.00
Rajesh Parekh's CNN [21] 79.70
G.Cohen's Parzen [22] 65.21
H.Zuo's MOG [22] 65.79
B.scholkopf's OCSVM [22] 69.33
DM.J's SVDD [22] 70.06
M.Galar,'s C4.5 [22] 75.15
Proposed model 82.01

If SYES YUOHZ ASBH0 258

B =B0)Al= Interval Type-2 FCME 7|HIOZ gt RBFNN
mus Aot Aotst HES Type-2 FCM STAHES
sl EHAH9 U9 It o] o|F0AH BeE 4

0

9] Fzto] shtol WAl 7ES gdstol Ao AFZEEH Ho
ik SAl0] HA A9 e SHAEE FESH, T8 Type-1
FCMol| HIg HIAgo] Zolst EFE Ho, <zt & &go] 491
HojEo] £2 d5& 9= o] FFolt}, =gt A2 Fgt g
ZI5g Eslol FE9 dsg Hols mXg A 2 #3734
IRHEHSE F8510] SE s UQITh RBFNNS| ZEH

o
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nE =8 Alole overfittingg & 291 & + Ao, olof Ht
af WLSEQ] A< 1= 471 E7Hgol: S50l dsAls
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