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ABSTRACT

Design of ELM Predictor using TSK Fuzzy Rule and Random

Clustering

Yeom, Chan-Uk
Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Control and Instrumentation Eng.,

Graduate School of Chosun University

In this paper propose an ELM predictor using TSK fuzzy rule and
random clustering method to improve the prediction performance of ELM
predictor. The TSK-based ELM model consists of a structure that uses a
linear function in place of a weight and sets the center of the cluster
at random. There is no weight between the input layer and the hidden
layer, and the weight between the hidden layer and the output layer is a
linear equation. We propose method generates meaningful rules by using
the if-then rule. Also, it’ s improves the performance of the predictor
by randomly generating the cluster center through the initial membership
matrix. Experiments were compared with existing ELM predictors using
function approximation, Boston Housing, and Auto-MPG data. Experimental
results showed that the proposed method showed better performance than
the conventional ELM predictor.
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3& TSK JIEtS] ELM Ol =
H1& TSK Dl ELM 229 X

ds2 UIoIeHE2 el WTetA o=
tExel 2z 20 e nES

=
X Rote 20t Ay, deld ds& =01 folAd 248 ==2 =2 btot

B
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JC
Ol
>
o
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fr ox

2 Z0lM= TSK HA 720 HE Z{AEHSS 0/28 EWM WSIIE M otst
Ct. HMotol= g e O 3.1 201 E& & = QUCH. TSK J18te] EM HI=D2
“A= TSK HAI St EIM S0 2o HEE 22 It UL, OS2 TSK
HAI 2 J|8to] ELM OI=II0 AFEE TSK A S0t 8 S2HAHE 2>
CHGtY & HStCt.

TSK IHXl 222 Tomohiro Takagi, Michio Sugeno, GeunTaek KangOll 2loH A Xl

o = Mg R2-HA =2 AMAE(ANFIS, Adaptive Neuro Fuzzy Inference

System)2l St EF=Z Ml Y2l 0|82 WA TSK HAl 2<0letn fECH42]. A
8 ANAEE B2 22 RESE HE & = U= s¥2 210 UCH4E3-45]. HA
E 0|Z8st L2 ot= TSK HA RPEL=2 MR BEE2 HldE AIABES HHH6
=0 UAAHA S =Kottt &R BHEA= 28 H=0 MEi WHE &=
O HEfA =5 ZHEICH. 012 SolMd Al S2t01 & T, HX Z2t2 =D}
= HXl #& I S0, 0] 222 TK 242 24ot=0 UHA Sst 9=
KRS, EPR = Hd8 49 ez RHECH. TSK HA 2ES Al(3.1)2
g2 & = At
Ruifx s AY(c), s)) and
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i=1,2,...,r
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041 = wl'fl': Wi(pix—f—qz'y—'—ri) Z:]-,Z <36)

OIJIN, w,= M Bl S0A 20I& HR5 = EHaHe (normalized firing
strengths)S UEIHCH. CHA B S0HAMeE J15 E2H0H 2ol SEH0 &€
g+ Al

2 wa
5 — = )
Oz yz ;1 wzfz Zwi (3 7)

TSK HAI SLUA Letdoz My &= Ol sd82 938 H=2 F A
2tdb EO gt AOIE 29 If+2 SE2olM LEHSZ Folotl, 8= XI=Jt
A He ®*IXNE 26 0. OdHU OIOIEE Ot DXl A= SO0l .

= | =20t

0l et By &=+=2 MetlleHE Eelote A0
ot z

f=wfi+w,f, (3.8)

= (ax )pl + (Ely)ql + (1(7)7”1 + (UTQ-T )pQ + (UTQQ)QQ + (WQ )TQ

X Al
DS 4 AL
— — — — — — (1
w_(l) ﬂ1(1>x(1> ﬂl(l)y(l) ﬁ2(1) ﬁ2(1>x(1> ﬂ2(1>y(1> r 2{(2)
w, (2 w, @, @ w, (2,2 w, (2) w2(2>x(2> w, @), @) i) _
: : : : : : a | = (3.9)
¥y

(» E(ﬁ) E(ﬁ)x(p) E(ﬁ) | | P2

w, (» w, (1:>x(1z> w, (1:>y y . d-“’)
2
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OIIM, (x@® p®) g2 pBiR &5 HIOIEHE LEHHO, A (3.9)2 3
2 LIEFLHD Al (3.10)3F 201 LIEF Y 2= QICH.

A6=B (3.10)
HIIM, o= Z2EF Iict0IH 24AE I8 OIX2 HEHOIH, 222 A, 6,
B X&EE2 Px M, Mx1, Px10lH, P= s HOIHS = LIEtHLD, M
2 d° Hetilg e =8 LEHD. p= MEC 28 O 3| H20 2EEe=z
Al (3.10)0l CHEH H&E dile 22 = S S0 ialol, = AS-S 01836t
0l ||A6—BlI’S ZIASIOIES oA AHS 0186101 Al (3.11)1 20l 7& #= U
Ck.
6=(ATA) 'A'B (3.11)

H2& TSK JIEt ELM GIZ212 &

= ==2lldsE TSK HAI 280 o8 SHAHEY SHES 0ISE EWM SIS

-

NIetetCh., 8 3.12 TSK JIgh ELM BI=J12 X2 UEFHC.

Random Clustering

%C/D\ Linear Weights

X1

X2

Layer 1 Layer 2 Layer 3 Layer 4
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=
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o0

Kl

0

Z &0l <
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Al

&g

2
=

=

Bl

J

M

-

2 JilAMd= JIE0 AIES = B WISOI HetE ol TSK J18tel ELM 0o
)19l 82 Hlw HOtstth, ZFHS A &Z2 H 4-13t 20l OIR0HME U
Ct. &l&0ll AFEE OIOIEl= 3 M JHXIZ &= OIOIE, Boston Housing OIOIE,
Jell) MPG CIOIE I AMESZIRULCH. AE HHEHE ANAH Z2Hst oSS 43t
OHXl 22 AEl, 73 st AH, S JHX AZ0AM EM MISII2F TSK J18Hel ELM
H=DIE MESIH W= Hs2 HIWsith. s ds2 B2 HM=2 ®XHRMSE,
Root Mean Square Error)& LIEHHCH. 72 MZ2 Hils =8 & L= W21
Ol= 2t AN SANAN ZEZ= 2o X022 UEE [ AIZ2sts =0l
[46]. 21(4.1)1 20| LIEt & = UCH.

RMSE \/ DI CTERE (4.1)

OJIA, yat2 Z3 gt011, .22 &M &S UEWC. yv.= 73, 2 &
S, 100%2 M= dss 24 ZH B2 Ms2 BXe 001 €0 OdE2=2, 27
H=2 B g0l =28 4501 £X 210, %20 8450 El= A 2 = U
Ct.

H 41 EFH 28 28
Division Contents

CPU Intel(R) Core(R) 17-6700 3.40 GHz
HW RAM 8.00 GB

HDD 1 TB

0S Windows 10
SW

Program Matlab R2016A
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INRES;

[]oll

= OO0l ols =Xl

gt HI0IEl= Jyh-Shing Roger Jang2l Neuro—Fuzzy and Soft Computing 22

122 ANFISSl Al Sl OIKIol AtE= CI0IEZ, =2 U= SHl AIS

OIE{OICH45]. CIOIEIQ ADl= 200 x2%, 10HS L& OS] S22 LIEtLC,

g OI0IHS A= Al(4.2)2 2001 LIEHHCEH

Au) = 0.6sin(n2e) + 0.3sin(3nze) + 0. 1sin(5re)

J8 412 &= UoIHS &4 gt 22U &0

0.8

-0.8

0] 20 40 60 80 100 120 140 160 180 200

g dlolE 23 =

8 4.1 &= OoIE2 &5 &t

= 282 d7s 48 HR0 OE & "o "= Mot EWM 0=
TSK JIE8tel ELM GI=D12 0l s w3, 18 4.22 s ot
2= = GO0l CHEF ELM GI=D12 TSK JIEHS] ELM MI=DI2 B35 =

EtUHOd, 08 4.3= E#3t HES oA 22 OOIHE 0188 ELM U=
TSK-ELM GI=012 82 NMs=2 BX g2 UEHO. Jdeld 08 4.4=
UEES & &= OO0 CHE ELM MIZJ12E TSK JI8tS] ELM MI=D12 &S

Fl'l
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S UEUWH, O8 4.52 st HES & OOIHE 08 EWM M=2le
TSK-ELM G012 B M=2 B dtS LEHCH. &= OO0IHE AtE8 S O
)9 d=s Zlt= H 4210 201 U= E 4-20d= & =212 =& A
s NS M 2E2S &l EIIGHRCH. EWM HsJl= 8432 & =8 =
Jl ot D, TSK JIEte ELM GIFJ|l= HAl #&2 =8 HIIGHAC

2
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=: -------- ELM output
1.5 E
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0.8

desired output
06 | [ TSK-ELM output

04 r

s ROEREE
1IH

mnr g
<k

ol

e
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B 2 S dlolg 93 =
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RMSE

RMSE 2

8 4.3 st HEES otk @2 &= .ol
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otk =2 g+ ZS U0t =5 gt

5 o o & r * trn RMSE
- = chk RMSE
i c
* 1
L e} _
L e}
F * <
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L % 5 _
L * _
i E3
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SUE Lo A
T = A — T
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¥ o
i #* trm RMSE |
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L . _
L #* _
L Y = 1
o
L * i
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L 3 J
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0.16
¥ & % trn RMSE
014 | > o chk RMSE | 1
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o
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0.06 | * ]
|
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0.04 | 1
&
0.02 ¥ = +
o *
*
U 1 1 1 I 1 1 1
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HAl & =
(b) TSK-ELM OI=D1Q B3 M2 ®A 8
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da]
oIr
w

4-2 &= HOIHE AEE W=Dl 4

o= wul
2% diElE EH e 3k RMSE 2% RMSE
e 5
] ELM[29] 50 0.044 0.070
H] 7 51 3}
TSK-ELM 9 0.010 0.011
] ELM[29] 20 0.060 0.065
13}
TSK-ELM 9 0.010 0.012

H 420l 20l= B2t 20I, OOt Erst EX 2 AEHUAM TSK Jigt
O ELM GI=J10F EWM GI=JI2CH 0.059 %2 0.0112 HZ H=2 8 Xt
4, oot et & dEi0ME 0.053 &2 0.0122 B4 M2
?IOHOA EQIMZO0l, TSK JIEHS] ELM GI=D12 &

ar

£
o
S
mo &

g
>

our &

=)

r
ﬂJ
J
e
2
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tXle Ads &0

c
-

OifA
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A

nio
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o
]
>
)
39
a

M2& Boston Housing GIOIE Ol 2AH

Boston Housing GIOIE{= Carnegie Mellon UniversityOld 2t2lct= StatLib
2tolEHel0A HZ2SCH. 0l=29 2EAES =ei JIA ML e dOoIE0IR2

N, XX Al 8 1e1e HAE, 25,0008 LI ES =tot=e HAFXL HIE, HA
HaH XS0l HRot) A= EX dHlEg, 2AZ0e 28E, 10ppm & s ¢
ASHEI A FEH | DJIRY HE 2ol i, 194090 Ol&0 ASE F=E9| 4]
E, bl EAEH MHMHNXC H24, A" 20X 24 Xl==, 10.000
g 2 M&AE, IX Al 8 50 Hlg, 2 o9 HEQ HIE, XXl Al
S S WA HIE 2 E2E Soll =89 JtA0 S 0lXls 48 24
ot Ol=ct= 2H0l AFSEICH45]. I0IEHS AJl= 506 x 142 2 B 1304
= B 12 28D &G 08 4.6= Boston Housing HIOIEHS &82 20
Z=Ct
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2 82 Fqs UE R0 e S 8o AEsS MNE:MSH EWM M=t
TSK JIBrel ELM WIFD19 = A=< Hludc. 18 4.72 73 &S oKl
22 Boston Housing CIOIE O CHEF ELM GI=JI2F TSK JIBHS] ELM GIZD12 HS
E3S LEIUWO, 08 4.82 Exst HES otXl %22 OO0IHE 0l=8 EWM Ol
ZD|2 TSK-EWM GIS212 EZ Ms=2 BHX S UEHHCH. el O 4.9
st HES 8 Boston Housing CIOIE O CHEH ELM OGIZJ12 TSK J18FS ELM
=012 33 8= LIEtUHO, 108 4.108 d st 82 & OOoIHE olsst
ELM OI=JI2 TSK-ELM GI=D12 EZ Mz=2 ©X gtS UEHCH Boston
Housing OIOIHHE AtE8 & W=J12 s Zd= H 4310 20 L. =
4-30M= & W= FES 52 IS M X2 &M ZEIIGHACH EWM
=)= 24952 & 8 HI| ot¥d, TSK JIEte] EM W=Jl= HA A&
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RMSE 2
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0.09 e
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28wy dyE|E EH e 8> RMSE 7% RMSE
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] ELM[29] 20 7.747 8.240
H] 7 51 3}
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] ELM[29] 45 0.083 0.105
13}
TSK-ELM 4 0.070 0.093

H 4-30ld E0l= B2t 20I, OOt Erst EX 2 AEHUAM TSK Jlgt
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HI3& Auto-MPG CIOIE OI= =X

Auto-MPG OIOIE{& Camegie Mellon UniversityOl A 22lct= StatLib 2H0IE e
2llA MBS0, 1983¥ American Statistical Association ExpositionOlA XS

AE TIACH45]. Auto-MPG CIOIE = AXtsX A= AHIZ(Miles Per Gallon)22
NZ U2 72 AUsSHSZ2FH 20/, CoIHS AIOI2= 392x82 Y& H
== 282 =, BHoIg, 0=F, 23, IJt58, 29 U2 F 60H0IH, =35
Has AUsX 32 AHIZE0ICH s 2EE0l 2XE2 ZSE 0 UKL
= 2ElA=s AFZoHA HpATH. 8 4.112 Auto-MPG CIOIESl £ gt 20
=C
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