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Analysisand D esign of Fuzzy Controller for a Class of Nonlinear
D iscrete Systan s
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Abstract: Fuzzy adaptive robust control method based on the observer isproposed for a class of uncertain nonlinear
discrete systans A fuzzy oontroller is designed to stabilize the uncertain nonlinear systens whose states are
unobservable T he uncertain nonlinear discrete systems are represented by T akigi-Sugeno (T-S) fuzzy models, and
local dynamics in different state-gpace regions are represented by nonlinear modelsw ith uncertainty. The overall
model of the systams is achieved by fuzzy blending of these uncertain nonlinear models by using w eighted average
defuzzifier, fuzzy inference and a singleness fuzzifier The concept of parallel and distributed compensation is
enployed to design fuzzy robust observer and fuzzy robust controller. Stability conditions are deprived from
L yapunov method and linear matrix inequality. Finally MA TLAB is goplied to smulation to show the effectiveness
of the proposed control scheme
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ii ifX1iSM i1 XnisSM in then
X(k+ 1) =AX (k) + fi(X,k) + Bi[u(k) +
gi(X,u(k),k)],

Y (k) = CX. (1)

fi= 1,2, My P X ,

u (k) X RYSu(k) R"%Y(k) R"A
R™"B: R™™Ci R"™fi gi n m

T

(x (k) , u(k))

[71

X1 Xn

r

X(k+ 1) = ZIJi(X)[AiX + Biu(k)] +

r

zl”i(x)fi(x,k)+

r

Zlui(X)Bigi(X,U(k),k), (2)

r

Y (k) = Zlui(x)cix. (3

X = [X1, ,Xal,

w(X) = I:nlll\/l i (X)),

w(x) = w(x)/znlw(x).

Mi(Xi(k) My Xk

wX) > O,Zrui(x)> O,an(x)> Q

1 Ai,Bi)
(1) :
2 aLc)(i= 1,2 ,r)
(1) :
1 Fi hi (X,

K)(i= 1,2, ,r)
BIP = FCi,fi(X,k) = Bihi(X,k),
i= 1,2, ,r

2 Ki> 0,x> 0, 6> 0,

Ihi(X, kI < Kl Yi()Il -,
Ihgi(X,uk), Il < all Yi(k)lI + Bl u(k)ll.
(1)

i X1isMia X, isM i, then
X(k+ 1) = AX (K + Biuk) + G[Y(K) -
Y(k)]+ Au+ Az

Y (k) = CX (k). (4)
G(i= 1,2, ,r)

P CTETEC (X X)
I FCi(x - x)I

WiZ 0
oW = Q

Kill Yi(k) Il -,
Ay =

P 'CIE/ECi(X xA)
I FiCci(X (k) - X (k)

[l V()1 + Bl u()ll Wi # 0
owWi= Q

X

Ao =

XA) , A Ao
gi (X, u(k),k)

‘Wi= FCi(X -
fi(x)

r

xA(k+ 1) = zui(x)[AixA+ Biu(k) ]+

r

Y w0)GIY () - Y(K) ]+

r r

Zlﬂi(x)A1i+ leli(X)Azi, (5)

r

Y (K) = Y i )CX. 6)

e =xW- XM, @ (),
elk+ 1) =

r r

leli(X)[Ai— GiCi](;(k)- Zlui(X)Ali"'

zllli(X)Bigi(X,U(k)yk) +

r r

levli(x)fi()(,k) - Zlﬂi(X)AZL (7
1 P
A- GiCi)TP Ai- GC)- P< O (8)
i=1,2, ,r . (7
Im e() = 0
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V(e() = & K)Pe), ) (9)
AV (e(K) = V (elk+ 1) - V (e(K) =

r

Z eT(k)[(Ai- GiCi)TP(Ai' GiCi) - P]e(k) +
—
Z pi2e' Pf (X, k) + Z ui2e' PBigi (X , u, k) -

1 1
Z uiZeTPAli - Z uiZeTPAZL (10)
— =

1 2
AV =

Z pi2e' Pf (X, k) + Z pi2e' (k) PBigi (X, u, k) -
—1 —
i2eATPAi- i2eATPAi=

2, M2 Phu- 3 m2ePh:
Z ui2e" (K)CTEThi (X, k) +
-1
Z ui2e' (K)CIFTgi(X,u,k) -

1

i ui2eAT (k)P A (k) - Z uizé K)PAz(k), (11)
N <

Zruizu FCe® Il Kl vill +

iuizll FCell [all Yl + il ull -

Z wi2l FiCie(k)l Kill Yill -
1

ZruiZII FiCieA(k)" [l Vil + Bl ull 1= Q

) (12)
AV (e(k)) < QO
3
(1)
i
if X1(k) isM iz Xa(k) iSM i then
u(k) = - KX, (13)
u(k) = z KX (14)
, A
M. = A, M (X)) < N
T MiiX),Mii(Xi) = A
Ui, A> 0 iz A=

1,2, ., (14) (2 (5)
X(k+ 1) =

r

Z Z pi (X)) p (X)A X - Z Z HipB KX +
i 1 1 1

r

Zlui(x)fi(x,k)+ Zlui(x)Bigi(x,u(k),k),

. (15)
X(k+ 1) =

Zrl Zrll«li(X)llj X)@Ai- Bin)XA+

leli(x)GiCieA(k) + le.li(x)Ali+ zlui(x)AZi.

(16)
(15)  (16),
elk+ 1) =

Zrl Zrl“i(X)Uj X)Ai- GiCi)eA(k) +

leli(X)fi(X,k) + Zlui(X)Bigi(X,u(k),k) -

r r

leli(X)Ali - Zlui(X)Azi. (17)
2 P,Q

A- BiKi)TP(Ai' BKi)- P+ al< 0,
A- GiCi)TQ(Ai' GCi)- Q+ 1< 0,
i= 12, ,r

Ai- BIKi+ Aj- BinTx
2

i Ki+ Aj- K
P[A B iK A BKJ-P<0,

2

[Ai' GCi+ Aj- GiCjT><
2

Q[Ai' GiCi+2Ai- GiCj_ Q<o

i< j< 1,2 ,r
(15  (16) .
klm x (k) = Oklm e(k) = Q

V (k) = Vi(k) + V2(k). (18)

Vi) = XTHRPX (),
V2(k) = € (k)Qe(k).
k V1 (k) : (16)
AAV1(|() = . . .
XT(k+ DPX (k+ 1) - X" (KPX =

Zrl Zrll«liquAT[(Ai- Bin)TP(Ai'



1059

BiKj) - PIX + Z IJiZXTPGiCie(k) -
1

Z IJiZXTPAli - Z HiZXTPAZL (19)
—_1 =1

w= A, 2
AV 1<

ZluiZXAT[(Ai- BiKi)TP(Ai' BiKi) -

PIX + Z 2uipX T[HiPH 4 - PIX +
i

3 u?in PGl I X ()1 I el +
_—

r

Ki . g
Z u?R_LII PQ 'CiFill I cill I X1 *+
—1

3 u?f_n PQ ICEI [&ll Cll +
1l

B KA I X1 2

Ai- BKi+ Aj- BiK;

H= 2
a = "Laj@L+ ﬁ_‘n PQ 'CFIl Il Cll +
]Afu PQ 'CFll [(ki+ a)ll Cll +
Bl Kill 1,
AV 1<

ZluiZXAT(k)[(Ai- BiKi)TP(Ai' BiKi) -

PIX + Z 2uimX T[HiPH 5 - PIX +
i

z praill X1 2+ Z pill ekl 2 (20)
1 1
k

V2 (K) , (17)
AV 2=

zrlu?éT(k)[(Ai- GC)'Q@i- GC) -
Qle(k) + z iluiujéT (LTQL - Qle(k) +
er uizeAT (K)Qf i (X, k) +

szé (K)QB g (X, u, k) -

Z uizé (K)Q A - Z uizéT (K)Q Az, (21

_ |Ai- GiCi+ Ay - GiCi
L= > .

1

AV, < Zluing(k)[(Ai- GiCi)TQ(Ai' GiCi) -

Q+ I](;(k) + Z 2uipie’ (k) [L QL i -

QleK). (22)
(20) (22
AV = AVi+ AV <

zluizXAT(k)[(Ai- BiKi)TP(Ai' BiKi) -
P+ «l ]XA(k) + Zr ZUinXAT[H TPH i -

PIX (k) + Zluizt;T(k)[(Ai- GC)Q @, -
GC)'- Q+ I]eA(k) +

S 2ume ([LIQL) - Qle(k) (23)

2 , AV < Q

kI'm x (k) = 0, kI'm e(k) = QO

X(k+ 1)=AXK) + fiX k), k) +
Bifu(k) + gi(X (k),u(k),k)],
Y (k) = CX (k).
T-S

if x1(k) isM 1 then
xi(k+ 1) = Awxi(k) + f1(xa(k), k) +
Bifu(k) + gi(u(k),x (k), k)],
if x2(k) isM 2 then
x2(k + 1) = Aaxa(k) + fa2(x2(k), k) +
B2[u(k) + g2(u(k),x (k),k) ],

[053 02} [033 01]
A= VA2 = )
Q69 0 0 Q¢4
FES

,B2= ,

1

. [gxl(kﬂ f :[ Q 4% (k) }
Tleew)!) T Lesin(w)xa (k)
g:1= 0,g2= Q 145 sin(wt)u (k),

Cu= Ca= [l O].
n o[- 11]

B1

, €= Qo01n
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