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Fuzzy Controller by Using Digital Redesign
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Abstract-In this paper, we develop intelligent digitally redesigned PAM
and PWM fuzzy controllers for nonlinear systems. Takagi-Sugeno
fuzzy model is used to model the nonlinear systems and a continuous-
time fuzzy-model-based controller is designed based on the extended
parallel-distributed-compensation method. The digital controllers are
determined from existing analogue controllers. The proposed method
provides an accurate and effective method for digital control of
systems and enables us to efficiently
implement a digital controller via pre-determined continuous-time TS
fuzzy-model-based controller. We have applied the proposed method to
the balancing problem of the inverted pendulum to show the
effectiveness and feasibility of the method.
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Controller Rule i:

IF x(1) is Fli and ..and X" (1) is F,:,

THEN u(t) = -Kx(0)+E()r(1) (=12 ..9) 4)
A7 K; = [k k] Ep =Ll el e Zziva 2y d

A2l e HEZYE Q) WEjolck AR 2 A A A7)

£ ohe 2ol EH YT

q
3w (XK x () + Ejr (1)
u(r) = =L

Mq

Wi (X(1)) )

1 (x(VKx(r) + Zu,(x (DE;r()
i=1

()% (5) ;%'%‘3& A ARZ A 222 b5 Zo] vhehdeh
x= fl fflu,»(xm JOOUA; -BEK XM +BE;®)  ©)
i=lj=
3. Clxljé LA E o] 8T Aol7] HA
HAg Aoirls tAY ALA 71EE ol gt A& Aol A

o] dAEE 43 Aol WAezRE TG 7 1:lzl“:é A4 A

- 630 -



= =
*l g 7;% E? Ag XH’S I 218 & Akee (5],

iR BRI A ARS L}EM—C—;Q;} i ey dgdtt o
e A N REA S FE dS AT ALY g i)

X () = Ax () +Bu (1), x.(0)=x.9 7

¥ (1) = Cxo (1) + Du (1) (8)

x.(ne Ry RO JLaRl=y
IV A E5E e Zo) AoEl

= [ (%O =rOF QUx (1) ~r )]+ u (DRu(Ydr ©9)
A Ao} A2 23 P,

u () =~K.x (O +E.r() (10)
K, =R7'B"P (an
E.=-R'BT(A-BK.7Q (12)

Q20,R>0011, r(1) & 7% golth P& 13)9) dolch
ATP+Ps-PBR'BTP+Q =0 (13

ohgr Aol WA u (1) &AW kT, Sr<k T, +T,

Al r(t) = r(ka,-) 2k 7H stoll ok 2z} Zol 2Aer M7 S ot
”L»”)E‘Vk‘,‘bk, (n=ugy (keTy) (i4)
;oo bk, T AT,
wk, “‘ff‘)krfrrf Fu And
15)
K, (K, T,+T (
=—7‘~;~—Jkr7/1 f .\'L»(I)([I'FE(T(/\’]'T./')
(Dk (0w 2717h 1)) Awsks Aldoela, Ty = T, Bl #2 w

a Au*—\-l] Al 7+olch, (7)O] o}\.aL_F;_j_ ARIT AlA E‘i:]_‘Q__Hﬁ)j], 7E_Lo] LREL
vhiz ol el o AT A2 (173} Bol BT

XA = A X AN+BE r(k;Ty) (16)
'(L(]\);Tr + Tf) = GC C.th‘(kaf Y+ HL‘ C'LECr(ka]’) (173

Ac,T
AcL=A-BK, .G.cp=e " Heey =[Gy -1,A¢!B
(]4)“‘_‘015,0_5‘ L—_C? Eé},])\i‘ﬂo
Xd(Kfo +Tf) = GfX([(/\‘fo) +H)"“df(/"fo) (18)
AT -
Gf =, HN =[GN_IN]A IB olth,

OAY ALAR Aol GHS Thes gol et

ugp (kg Tp)=~Kxqk e Ty )+Egprk ;Ty) (19)
AZZ 22 20 2o

Xtk Ty + Ty =G o xgthTe)+Hp o etk eTye) 20

Grer =Gj"‘Hdefv HfCL =HEgy

el g JusE thew e Aol ol5 o

Ky =K (Ac T Gey -1 on
Eg =1+ (K, ~Kg)ATBIE

BEY AT Aole) AAY T A

) Ao Ao} 4 7
A A By fse, o

EE o}ﬂ
wo >

4 A TS 15 BER AL 71PE AR TS F
B EER ST Tr o 2 *%—4 AEE HYPEA Ao YH L =
g PE Aol Y E Ao WA W, & FETh olF HEF 7

dUkT, +T) = G xg kT + Hu (kT
N_. ] (22)
=G xq (kT + > Hjugs; (ksTs + (i 'I)Tf)

i=1

G, :(Gf)N (23)
ﬁs = [I—{-“ ﬁ:l —}_IS N-l E_\‘ Nl
/ ' A
~ N-lyy . N~2¢r . )
=lef 6y - G pHy |
Ed;(ksrr)=‘k‘d>\,xd(k T )+Edyr(kSTS) (25
= Bt oer }T
Kd.c - hdﬁl Kdm d? N 6
T N-
= (de (deGf C-L) (K(IfG‘ CL> }r
FV) _ [‘T =T =T Y
E; = Ed.s] Ed» de N
_ T (E . - K #H )T 7
= By df dfBdf C.L (27
( N-1 ad
= N-=l-j
LE(//' - X K({/‘Gf C_LjHj cL
Jj=1
4. A FE Algdod
t} 23} 22 Duffing E Al =& ekt
X) = X2
(28)

X =~0.1xs ~ \l +12cos(t) +ult)

288 AolQEol gle B TE A4S vk 28) TSHA £
e 2ol R AY ALY E FHozH ER) gol FHE

At 2% 32 2 %5FSE ek

Piant Rule:
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Fig. 3 Membership Functions
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Fig. 5 Trajectories of state x| () and x3(¢)
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Fig. 6 Control input of the PAM controller
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