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Abstract: In this paper, we present a method for the
analysis and design of fuzzy controller for nonlinear
systems. In the design procedure, we represent the
dynamics of nonlinear systems using a Takagi-
Sugeno fuzzy model and formulate the controller rules,
which shares the same fuzzy sets with the fuzzy
system, using parallel distributed compensation
method. Then, after the feedback gain of each local
state feedback controller is obtained using the existing
optimal pole-placement scheme, we construct an
overall fuzzy logic controller by blending all local
state feedback controller. Finally, the effectiveness and
feasibility of the proposed fuzzy-model-based
controller design method has been evaluated through
an inverted pendulum system.

1.4 £

HA w8 Aole Zadehol 93 A& &4 #HA F
3 o]2o) N AFAHoR FHELH Foboltd, Mamdani
7t AFME 279 Aojo] HA] AT o2& HFLE A
of #oZ o]&3 HE B AFAEC] HA =8 A
g TS A|2"o] HLsted BEY U AT F
3& 7RG olgkEe] HA Ao HI wE 44E
FAFAT ol B J|EAQ EAIE Fobdt. ¢4A
= AT AAFA dAe HA Ao A2 R F
83 =35 shuelr}.

HA 2d 7]dt Ao Al&dt= HA ZAL Takagi
9} Sugeno”} 19854} A|A & Takagi-Sugeno (TS) ¥
A a3 53 w2 2d [9)e]ch. TS ¥Hx Zde
A 2ol Zt A Fukyr}l Folzl vldY A2de
AR em A¥std 4y A" ¥ 24E THIEE
& RAelt}, Takagi®t Sugeno [1]& ©] EAEL o} 439
3 33 ZT=2AH (water clearning process)e} 73
Az FA (steel-making process)d] L34t} Cao%E
£ 4zl HA md Zink Fojr]dl Fd) Ao o)& &
AHE-3e); Alo) 7] £4& At [2]

E =8die vAE Axde HA I vjA Y
£ AEF HA A7 AAAQD LA Syl ds A
gtk AAFPer HA ¥AY Alx=lE& Takagi-
Sugeno HX] EE:_!QE BEg3tk. TS SHZ]E'_E:!M])\‘] =223
ARFT 499 FEAQA %“‘t} Adrdz ¥y
3 Al2e]e] AA E‘Qt Zt X ’%E‘Q«l H A "i}“ﬂ 4
A dojdth. #HA zd$ de 29 W ¥
24 (PDO7 1€ 5319 31?] F—‘iql ahiais 7<ﬂ°17]
E AASn AR 23 o3 HA A47E ded
A7l AAHRFNAN HAL Ao YFL Fr] Y&
AR IH WA NPE AL Alagle AE Y
< LMId 7168 389 433 JEE 33 24
2 FAE

B =89 74 2%dA TSHA 2d&, 3FAAN
A2 33 A Y AWEL 4FNE AL ¥
e A4S 23U A2dE BIA BT E
o2 5o AEn gozel AAE =3

2. H{x| MAHSO| J|E

2.1 TS Hx| =@z Ho{7| 73
HlAE Al 2"He TS HA 2d2 FFE 4 3ok, TS
A A2 HA [F-THEN 739 oz w¥s
e, & 73L& AHEe oj" ddoME &gl
“E—aog Agdoz FHEAY. AA Alzd2 283
22H A8 zde Aol oHF Al2dS e
71 98 TS HA 2dg AHEFY o3& v 2},
Plant Rulei: IF x(f) is M} and...and x*"P() is M,
THEN x(t)= A; x(#)+ B, u(#)
(i=1,2,...,9 2)
A71M, Mi(j=1,...,me A HA FFoln g&
TFEY F, x(He R 48 98, u(HeR™ 9H
HE, ARV BeR"™ x(d),....x" V(D& BA
- dgon, (A;,B)E HA Azde MR A9 =
dojt}, A 4 ®¥H A3}, product &, single ¥
AFE AN HA A2 HF &Y FIE oF
3 g},
x(t)=Ax(t)+Bu(t) (3)
q7A,

g q
A= ,~=21 p{x)A;, B= i;: #{x)B;

ulx) = -—%20, _GZ;/A.-(x)=l,

a)(x) =

"':l’ iMn

wlx) =

M.
2} (3)elA 4 4918 A 2dle e g}

‘(t)A,' X (t)

.M“

[

x(H=— (4)

M-a

i
-

w;(?)

PDC71 & At43to ’5](2)91* 4% AARE ZH=

FLCY A 73 & 37 Zo] deth

Controller Rule i:IF x(9 is M) and...

and "V is M{, THEN u(f)=—K,; x(#)

=12 ....9 (5)

71 K,=[4,...,kle AL 15 it 5

2 A7) 2] (5)9] HF €L L7 Zo| XHEHAT

- 510 -



2ol x() —K; x(1))

=1

u(t)=

q

20l x()

=1

=- ,;1”"( x(1)) K; x(t)=—K () x(9

(6)
H(2)% 4(6)& 2FHA dolAe A4 AT HA

- B; K;) x(#) (7)

2.2 LMol 7|42 & o
AN 2 4 () FHZAL e 2o},
AA1(1): HA A A=

254E nEgE 3
We ool 3

2
{ A;— B, K;}) P+ P{ A, -

o
H
&
2>

B; K; <0
for i=1,2,...,¢q (8)
714,
G; P+ PG,;<0 fori<j<gq (9)
A, — B, K,;+ A, — B, K,

3. 3 izl AHE 7HA A Hof

31ME

Ue Hox EAAE A FEIVY 13 sl
AEAF A2 22 3HA

x()=A;x()+Biult) ;19

9 (10
y()=C; x(#)
4 (109 457182 e 2o,
=0 x"0Qx(+ u (DR u(Dar an

AA71A, Q nxn WA (positive semi definite) ™
APFoln RE mxXm %33 (positive definite) ™A
gPolrh FAF7EE Hadste AP Ao 7L o
<3 Zo] ¥ g
u(t)=—K; x(t)==R'BIP, x (¢)
(i=1,2,...,9 (12)
A7lM, K= A BRI #E oSt P
T & de (Q ADE 7F¥ Riccati WA 29 ¥yt
#% (positive semi-definite) 3 = s ot}
PB.R 'BIP,—P,A— ATP,~Q=0, (13)
o] g AR, Ax HAFZ A2"e i o]
% 4 3o
x(t)=(A;,~BK) x (1) (14)
A7l K;=R'B/Peln A,~BKS nage 2
A s—%WYel A Awde] $lX it o] ZXL g
FE A2 4 (14)9] nHgEel 28 19 Apdolu o
G A= HE e QR K, S Tt Ao},
R2AFHA 1 (4): (A, B)E 2 (10)d] Foa A
23 AA"g veldth, =28, p20e 23 14 B
ol AAY vlEl AFE 4d ¢AEE Yeig A3
Iz Aladl A YgE A,‘“B,‘R-‘IB,TP,’—O’] AFHS
A

Zr:
Y —h o HEe FAUG. #2 P gl

Riccati % 29 #fjolt},
P;BiR_IBiTPi_P[(A;’+hln)_(Ai+ hIn)TPi:On
(15)

Im

S-plane

0.0 Re

2% 1 s-Huel B4 9

Bxge 2 (8): 4 (14)dA4 Fod g Alxg
PE A,eR™"e 2¥ 19 /EE Aol oW o

Ao 9 Y A (G=1,..., 2% 1 g9
wo] AAF e A, G=1,..., ) A3 4

. A7l a= n + n ot
R>0E 712 g F Riccati W3 4& B2
QBR'BI Q— Q(—AH—(—ADT Q=0 ~ (16)
PB.R'B/P;— PA;— ATP,— =0~ amn
Ao H2x Nzg A 93

A.=A~BK=A~B(yR"'B[P) (18)

e B¥stes neg A (G=1,..., n )% T8 A
olm A (18)lMe A% o5 vyt thg AE ¢FId
a3 1.9 MEE 49 Wi AXF Hojz shvtg F
7t B4 sfgkel EAF.
/52
¥=> max —é,—bj——%i@g} (19)

71N, e=t{(BR'BIP)’], b=t{B,RB/PA].
c=t{BR'BI 0)/2013. t] -} B2 traceolt}.
c=00lgbd, A mfgtel 1 19 ZHZ AL o
o ot HHoZ YA A T},
Alxele} Fo| ApdoZ Tojd ded kel 93k o
Bo, A" Aade A A0 FHEES 2 Hn
Axwle eghe AL Lo 53
3.2 XX HMoj7|o| i&-AjZb MA| B
A&-A ol Mo A Aojrle) HA P GLH
2o
@A 1: (A, B)E & (10014 Foja Alxe &
dola} wok. hst 7HE ¥ R0 #HEe AH
j=02= A3z j=0o Ui A=A 7,=1=%
Uedch, #2Z AAd A, =A-BKE 737
da A(11)e TE=3E P P2 Jehle)d daA
2(15)& £, K;=y,R™'B/Pyelt}.
94 2: j=;+12 Fetx Q (g2 Jehie) &
'5‘1'7] —ﬂsﬁ A,‘=AI'% KA é}(16)% %C} s
f"[BfR_lBiT@]

c=——— 5 =0°1% dA4E .

no 4

- 511 -



@A 3: P(PE JEiE)E 233y 98, A3z
Al2"l Aj=A;-BK;E 737 ds) A=A
Q=02 Z& 4 1N<g £4. K,=7,R'BIPol
rE 4(19)2% 2490 @2z 7o
g 4 A )¢ BEHE FE I8F 32 pE 79
th shob EAEX %oW 1Y 19 Ax AE pE
Z7H2% A 12 2o,
9 5: A FEFNC U uFAF 2 A=
&3 go] Tt
u(Hh=—K; x(t) : (20)
i=1
A7NH, K= Z(,)K,-% MR BEZZE A A o]
SHEolth,
4. =4 AR HA =43
R 59 A% A29L d2 B o A&
Yl T e g %n} (7).
xl—xz

e gsin(x)) — ambisin(x,)/2 — acos (x)u
2 41/3 — amicos 2(x1)

A7 M, 7& F£HAFIH HEH] o|F& W)l
T, xe BEE, g=98m/sE 3—@‘.7}4.‘-E°l°1,
m=2.0kgd NEP] FF, M=8.0kgd Fule 23

olx, 2l=1.0me HEHY Zo|, a8xn u= Fdd

e otk £ a=1/(m+ M)olth. o] A"

& ZAgE7] f% TSHA 2de g3 2d (7]

Rule 1 :IF x, is about 0, THEN x = A;x + B,u

Rule2 1 :IF x; is about /2, THEN x = A,x + Byu

o714,

A14=[ 0 1], B,= [ 0

—E& ¢ —_—a
413 — aml 43— aml

A= 0 1] p,-
— 28 ol’ __aL_]
(413~ amig’) 43— amif?

ol B=cos(88 )olt}t Rule 17 Rule 20} tjst
4 %+E 29 29 2
u(x)
Y Rulet Rue?
X
-1.57 0 1.57

oy 2 By g+

318 A AAE AN FHPuA AGE AREA o
e AP 52 tgH Zo
K1=(-337.3930 -—81.1310)
K2=(—7081.2599 —2314.5796)
PDCel AAEE BA3E TF IE P= den 2o
~[0.4389 0.0119]
0.0119 0.0053
oldie] AHE AF h = 3oltk 2y 3% 1Y 4 2
712 455 (0.7854rad)! B¢ =AY 23 2ol
th Aol AddE Aoz Fgoit).

22

a8 4 ALE A7l 28 &H(x2)
5. # =

He A HA 2d 7|6 Aojs] dA 7Y

o}, H]Ah}i )\])\alo 51_\:;_]3]0]. q] TS-HZ]_,_”‘
% 4%3}3‘13’_ #HA] =Y 7ol Aorlg AHAse)
PDC7I8& AHgstich =3, Y =3 vx 71y &
Aate] F Ag H¥ A L RLE FF37] A8
dAE 277 4 LA ¥FF E AFe FFE
Aol 2L A& EPDCY m<lo| & Aol

E\E—E- M BAd8 Alxde A8 Y& HF =2
7
s

(Z#3 2 #)
[1] T. Takagi and M. Sugeno, "Fuzzy Identification of
Systems and Its Applications to Modeling and Control”,
IEEE Trans. Syst.,, Man, and Cybemetics, Vol. SMC-15, No
1, pp. 116-132, 1985.
(2) S. G. Cao. N. W. Rees and G. Feng, "Stability A"
and Design for a Class of Continuous-time Fuzzy C
Systems”, Int.J.Control, Vol.64, No.6, pp.1069-1087,1-
{3) L.K.Wong.F.F.Leung, and P.K.S.Tam. “Stability
of TS Model Based Fuzzy Systems’. IEEE-FUZZ
pp.83-86, 1997.
(4] C. Li, P. C. Chen, and C.K. Chen. "Analysis and
of Fuzzy Control Systems”. Fuzzy Sets and Systems.
pp.125-140. 1993.
(5) F.H.F.Leung, L.K.Wong and P.K.S.Tam. "Fuzzy
Based Controller for an Inverted Pendulum”. Elec
Letters, Vol.32, pp.1683-1685.1996

(6} K. Tanaka, T. lkeda and H. O. Wang, "Fuzzy
System Design via LMIs”, ACC'97. pp.2861- 2873, 19

{7} L.S.Shieh. H.M.Dib and S.Ganeson, “Continuo
quadratic regulator and pseudo-continuous-time qu
regulator with pole placement in a specific region
Proceedings(D). Vol.134(5). pp.338-346, 1987.

[8] H. Ying, "Design of a General Class of Takagi-Sugeno
Fuzzy Control Systems”, ACC ‘97, Proceedings of American
Control Conference, pp. 3746-3730, 1997.

{9] T. Takagi and M. Sugeno, "Fuzzy Identification of
Systems and Its Applications to Modeling and Control”,
IEEE Trans. Syst., Man, and Cybernetics, Vol. SMC-15, No.
1, pp. 116-132, 1985.

- 512 -



