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Abstract: This paper presents a TS (Takagi-Sugeno) type FLC (Fuzzy Logic Controller) with only 3 rules. The choice of parameters
of FLC is very difficult job on design FLC controller. Therefore, the choice of appropriate linguistic variable is an important part of
the design of fuzzy controller. However, since fuzzy controller is nonlinear, it is difficult to analyze mathematically the affection of
the linguistic variable. So this choice is depend on the expert’s experience and trial and error method. In the design of the system, we
use a variety of response characteristics like stability, rising time, overshoot, settling time, steady-state error. In particular, it is
important for a stable system design to predict the steady-state error because the system's steady-state response of the system is
related to the overall quality. In this paper, we propose the method to choose the consequence linear equation’s parameter of T-S type
FLC in the view of steady-state error. The parameters of consequence linear equations of FLC are tuned according to the system error
that is the input of FLC. The full equation of T-S type FLC is presented and using this equation, the relation between output and
parameters can represented. As well as the FLC parameters of consequence linear equations affect the stability of the system, it also
affects the steady-state error. In this study, The system according to the parameter of consequence linear equations of FLC predict the
steady-state error and the method to remove the system's steady-state error is proposed using the prediction error value. The
simulation is carried out to determine the usefulness of the proposed method.

Keywords: FLC (Fuzzy Logic Control), steady-state error, linguistic variable

L A2
AEAR A9 s JRAgE HAAZIFLOE B

& FopollA S8F L 9ot FLCY| nlAdPdAgoR <lste]
3 EAle] ol whalol SltH12)

Mandani @ HA]A|]7]9] 79 315 QojpF=e] 7]
wet ohekdt SESEAS HolAW #AoR Fdo] &olst
A ¢tH3]. Mandani &l H|al Takagi-Sugeno & || A0}
= 57 d@Aow o]Fox] 9lo HAAol7e gt
o] o] Bolatrhs FAle] ATH45).

A28 Aol le] T8 4]l P WE S ffs)
&k Sl AR 53] HAXA)7]¢] - vHdRA
S 7HAAL Qlo] @A 2ol A8HE P RS A
|8 < Qivk wEA AXA 7]l dig M= siAE 9

W HEY As) g

P BUE 915 AGTIon] Te Qofugsh Ay
of ePggte] Tl Hig A7} o) FolAirie)

o}xJ/H 940111: }\]AEJ] /\47;"01] 0101 A]—/“/\]Z_}, 9_111.,/‘_':5 Xé

ZAZY, Qe Aot FE okt SHEHEALS o] &5l
Ho) 53] A|z=Ele] A dEe] oA SHEAE Al2=E
o] AAAQ 5T #Ho] Qlo] GPLEIAE «dSshe
Z& g A= Aol Qlof a3t

* 2 2] 2] 2 Corresponding Author)

EEA2011.4.18,  5°4: 2011.7.6,  AEEHA: 2011.7.20.
0]73-& & 1&S(yikw@ynce.cokr)

3k 24 Ao Al S 2238 I (hschoi@chosun.ac kr)

B =L 2011 A263] ICROS &3]0l Fsto] AR HY L.

Copyright® ICROS 2011

ol g
lo

ok
0
v



898

=
AQkE o]Eo = FEAsl dod BHS v|Esh=t] &ty
o2 o] gk 1L} olgfsk B0 <3l HX|A0)7]<]
JeE} Zol| digh 2] 3H] A

B A= FLCE £33 A 2E9
3 FLCO] &8s Yehlle Tdidg2
= 913} SISO Takagi-Sugeno & FLCE 371
Folzl AR A4 et 3709 FF
sith 19 12 AN Ay g
a3l

21 (1) o] TSE FLCE Ao7t+2S Foa3iTh
Ae719] SHEAC] 085S FHOE thHo
21 ) olg] 1ol gig dnkslEs gejsiar gick

Lo

Rl: if(e is NB) then (u=mxé—(1-m))
R2: if(e is AZ) then (u=m,xé) )
R3: if(ée is PB) then (u=mxée+(1-m))
L, én)>1
e(n)=1é(n), |é(n)|<1 0)
-1, én)<-1
2 mgold S 434 wpasel e SRs
Kg olgal7] whiel AR Auil B 9 29 ol
97} 05 A9 A SRS ALESAT F1
¥ A Ae #4971 tHES Stk NB, PBE mg o]
830 18 A TAAen] AZE mE olgalel A
He Fasigt w8 1100 dsl Fehae=
[11]0] @ 4 =S A% WA BE 2 (33 2ol
FASI,
Uyp =my xe—(1—my)
i, =mxa ®

W5 83 IAAANIE S0 B As) 1Y

19] 75 A e 4 @9 o] dnh

HUnp = —X
Haz = x| +1 “
Hpp = X
2 ) 158 XAl 7]e] ul¥A|3E thepal gl
of g

FATHUE olgste] FHAA71o] AleIdH e
A

-1 0 1
T 1L AR AR

Fig. 1. Membership function for premise.

ro

19 2. FLCO| dntshe &4
Fig. 2. Normalized output of FLC.

/,l’.Xu,
u": i:]M (5)
H;
i=1
i =(m —my)xéx|¢|+(1—m, +m)xé ©
ﬁzmxéx|é|+(l—m)><é, m=m, —m,

2 @S} 2ol FAR ABA AF mT mis A7t
3ol ohd F W5l A mol Sl A9 AA] ol
WakE e & 5 gk

S A AgAe] A mak m Fal 9
2o gue 1Y 25k Lol U MNP $HL ek,

29 2 HAAo))e el we 9e nelFw 9
o mo] 09 W A AP e UE WA wol

F3 mo] -19] FVHES% AAHL SHe x gho] 0 2ACY
A @A sl 54 10)5 mo] 1] VeSS x
ol 1 2HeIA HAS Washe S5 54 nalk

b

L BH|ME AlAE S| FatMe| 24}
HAE Alo)717h 23 A=) A eAtE G568t
7] 98 E 27T o] HAE Ao)7] @7} Sector condition
S W3laL Circle Criterionol] 213 SHAE 2118 w3k

o

r

«< @(a) — p(b)

a—>b
HAE Ao7] o] SH ZAAwe ogt B 7E7]=
21 ®F Zom 2 9= @ Ht 71=7] o5 EFS Ao

>p O

ol e S8z P44 S ekl sl
=5+ ®

__ G
Hs) = 1+ ¢cyG(s) ©)

2 (1002 it 7127100 <13 S53} FLeel o3 A7)
wake] 25 vERiar glom A1) y € Rl Hisl] f

KR
[e)
PA— El
€ € R7} EA18H ]l(im g —» e} 2t
—0

}

yal



& FLC of ZAAEH2Xt oA 899

@(e) = p(e) — coe (10)
y =€+ H(0)@(e) (11)

web ARl Fee ) A o api
B 2 (IZ)QF Zro] 3T 9}1\1;]'[10]-

g1 =Y — HO)P (&) (12)

ok rol t — ool thall &gk ol sk e oAt
e Ol T3l egs = lime(t)ﬂ FEAT 3 [ £ 00]L p=0

o] e # 093L o] thall egs = @(y)©] ETh

T Tt,6(0)
IV. Bk FLCO| FAME| 22X}

Bl Aok v FLCE vIAE 7)geE A
o AE &3] fsiM = 2] (1) 22 Sector condition=
THSS}al Circle Criterion©f] 2]3F o4 2718 W3t}

H AFeAE A (12F o83t W FLCY f=49E
TE A8t b FLCF T ZUNES AAE X
£ T3l APstE S ARl de ol & Sl v
FLCO| 9&9 P9 ﬁ? 71e71= A 5yl <J# A (13)
7} 2}

[

m
——(1+(1—m))—T (13
2 (149 A (13)9] Ht7271E o83 W= FLC
gl Al ~Elo] QA dE] o3k dslka]e velfal glok
2 1
—m)G(O)(

Ll
bl

m

1 =37 ~G(0) (mleclex =5 &c)) (14)

2] (148} o] Al=Hlo] eak= W FLCO| $75 AF
2L AF m¥ mpo] A1 me] Tt B HoFEh o]& A
289 Q2k= mE ol83te] 2AVFs e HolFa drk
IE]—E]—H A€ 9] 74)\]—)\]—EH O x}= Y<s FLCY &A% /Hsi)\]
o] A715 VT Al mell Sl Alel7bs e Helwrh
2 (4] Ao SR lim e, > e 2 A (159 2
me WFER 3R= A9} g0 tigh WA Ao] HT
(15)= 9= FLCE X33 Al=wlel tigh A def ot
o Fshs WA R EWES] Zﬂ%k G(0)°] FolAH
T-SE HAAA719] F5- A2 Al mol| 9J3l] Al2=H
o] e exE 4% 4 A Hrk

GO)mlele+ (1+G(0)—m)e—1=0 (15)

1> rlo

MRS 71 T FLOZE EakR Alxwlel A
A7E A (5)eh g Gl on EAe] v FLOE
YT A28 APgEes 47 5T 5 dov =
& FAR el ik A5 mol o) Alzswlel ki
27} Wk + 9

V. Algaiol
B FLCS] FAY 54 5o Aol me Agle) o

Aol g Jelmg delur] 9Is) MBI AS Fs)
gon mE o] s Pule] F wiel A3 Peole] o
@ AT 4 (6% Lol Felaick

i=[77 o+ [ole (16)
=[0 10]x

2 (1L 2 (169l 23 y 2 gosta glon 2 (18)&
SHEFLC 92] B3t 712715 o83 Al=wle] H3|= g
& Uehlar sick. 4 (18)011*19} 2ol A3z WA 27

1O

—

o v FLCS) Al moll Sl HAeR nARe B
)
12 ;
Vo135 6,6(0) 4-m {17
G(0 2
) =—9 ___ (18)

1+¢G0) 4-m

21 (19 4 (16)°] ZHES} AR W= FLCO 9%k
i}lﬂ' g BofFaL vk A (19)9014 o] ek 3
T e FLCO) A2l m°ﬂ ofsf 24== dsprew &
3=

2 2 2—m
41 = m—m((l—m)8k+m|8k|8k 5tk

95} e} FLCS] F21% AF4 9] A5 m
& Slrh we mell ofs) 3 dEe
Atk

if ]l<1_r)r310 €1 = & then ]l(l_r)l;lm g =¢ (20)

(4—m)e= 2—2((1—m)s+m|sls—2_ms) @D

21 @ Ashd 2 159149 2ol GOl tal 2
22)s} o] FHHY e Ao FAHOE mell
g5 AIFal7] flel o] WAL olgsto] 4 23)F 2ol ¢
o] Wil me s Tl

mlele+ (2—-m)e—1=0 (22)
-2+m+tVvm?+4
£= > ,62>0
" 23)
—2+m+Vvm2—-8m+4
£= L€
2m

go] 0Kt W 2] 249} o] me] BE gholl el Ao)
A9slaL go] oot 2S4S 54 WY moll oAt
2lo] Jehe BojFal vk AEAL e AR
2] (23)9] TmHEe] Aggkelojor gttt wEkA] A (24)2F
2] 25)8k 2ol 9] WSjell W me] x710] ol A Hrk,

2 AFNME m mpye BAE [ 1]0] BO2E m; Fm,
o] 211 me] W= [2 0]0] Hrk whehA go] 0xTt F A
o= 2 4k 2ol lelAl AAE me] Helel EAsHAW
£0] 0RT} 22 Aol 2 (259 o] me] HeloA] Hlof
Ho = 2 (16) TWES g A AE 4] 24)9F &
o] TP

(m?+4)>0,e>0 @4



900

Jrad

o0

s

/

0 1 2 3 4 5 L]

Time

% 3. me] Wstel] whE A2 S

Fig. 3. System response on varying m.
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