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Robust fuzzy control for nonlinear system with disk pole consraints
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Abstract : For aclassof discrete-time nonlinear systems with norm-bounded and time-varying parameter uncertainties,
the problem of robust fuzzy control with disk pole constraints is studied. The T-S fuzzy models are employed to
approximate the uncertain discrete-time nonlinear systems. By using the paralel distributed compensation (PDC)
approach and a given quadratic cost function, a sufficient condition for the existence of quadratic disk-stable
guaranteed cost controller which ensures the closed-loop systems robust stability and assgns al the closed-loop poles
in a pre specified disk is derived. Moreover , the desgn procedure of optimal quadratic disk-stable guaranteed cost
controller can be formulated as a convex optimization problem involving linear matrix inequalities (LMIs). Findly,
the smulation results demonstrate the effectiveness of the design procedure.
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T-S
Plant Rulei:
IF wvi (K) is Mi and and vp (K) is Mip, (1)
THEN x(k+1) =
(A +A A) x(K + (Bi +ABi) u(k ,
x(0) = x,i=1,2, ,N.
X (K) >4 ,u(k) R"
, Xo cv1 (K Vp (K)
X(k) ,Mij(j :1,2,
o) N (A B
A A A B;
[AA ABi] = HiFi(K[Es Es]. (2
D Hi, Ea, Es,
cFi (K R1*2
FF(kF(Kk <1, (3)
|
x(k+1) = Z h(v) [ (A +A A) x(K +
(Bi +ABi) u(k)]. (4)
v=[vi(k,va(k, ,ve(k],
Mi(v) = _ElMij(Vj(k)),
hi(v) =Hi(v)| ‘ZlJi(V) ,
Mi (vi(K)  vi(K M;
B ) 20, S
>0, hi (v) 20,_Zhi(v) =1,i=1,2, ,N.
(PDC) , (1)

Controller Rule i:

IF vi (K) is Mz and and vy (K) is Mip, (5)

THEN u(k = Kix(k,i=1,2, ,N,
Ki R™"
u(k) = _Zhi(v) Kix (K) . (6)
(20 (8 4, hi(v) = h,h(v)
= h,
X(k+1) = Z 'Zhithin(k)’ (7)

G = Ai +BiK; + HiFi(k)(EAi + Eg, Ki). (8)
(4) ,

J = kZ[XT(k)QX(k) + U (WRu(k], (9
Q R

4 (6)

(7
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1 DO,
A A
Aij , Aij = Ai +BiKj,i,j=1,2, ,N,
A
Ajj DO,r)
A
Ajj
2( ) /Aij
, (3)
» Gj D@,r)
(7)
3( )
DE,r) (7,
P, (3)
Fi (k) ,

T )
+ Gi +0(IPG.. +al

N N
iZthihj(- P ] ]

) <0



9 985
(7)
1 AV (x(K) <
D(G,r) - r iZiZhith (k)(Q+ KjRKj) X(k) =
1 0, - PIX (K Qx(K + u (KWRu(k 1,
DO ,r) 9,
P, K S = [Si]nxn,i, x" (K Qx (K + u (K Ru(k <
bedz N © - LAV (x(9).
Fi (K , r
N N T , k=0 k = o
Z _Zhihj(- P+ Gj :—GIPGH :—GI + -

Q + K{RK; +sij) <0, (10)
Su Swe Sin
Sk S» Son
S = . > O, (11)
SIn  Son S
(7 , (6)
J< —:;xJ Pxo. (12)
(100 (11
3 , (7

r+a| <1 (100 (11,
NZ Nz hi hj (GT PGj - P) <
»NZ‘NZhihj[-U(GTjP+ PG;) -

- rP+1)P- r*(Q+ K'RK; + Si)] <

N N
2 T
-r hhjSij =- H SH <0, (13)
22"
H=1[rh: rhe rhv]’.

L yapunov
(7 WV (x(K)

AV (x(K) =

N N

N _Zhih,-xT(k)(GTPGi,- -
(13) AV (x(K) <0, @)

P) x(Kk) .

(13)

N N
z Zhihj(GIPGij - P <
i j

N N

e 5. Zhihj(Q+ KIRK;) ,
i i

V(x(K) = x" (K Px(K,

o

Z[XT(k) Qx(K + u" (WRu(K] <

ke

v (x@) - V(x(o))]

TV (x(0) = Exd Pro.
(12) , . O
2 1
Xo ,
Xo E{ %o X} = I
(-}

J = E{J} < E{xdPxo} = Trace(P). (14)

4
(7
109
Y,H Y FFE< |
Y+ HFE+ EF H <0
€ >0,
Y+eHHT +¢ *ETE < 0.
2 D@ ,r)
9, € >0, X,
Y T=]Tij]nxn,i,j=1,2, ,N,
(3 F(k,
M- X D 0 0 0 € Hi
* PX+rPTi Wi rX ryr 0
* * Eiil 0 0 0
<0,
* * * Q-l 0 0
* * * * R’l 0
L * * * * * -Eul-
i=1,2, ,N; (15)



986

22

- 4X cDij +cDji 0 0
2
* ¢ +'r2_(Tij + TI) Wy W
* * -€ii 0
* * * 'sijl .
* * * *
0 0 EiHi & Hj_
rX Jé—(v? +YH) 0 0
0 0 0 0
_ 0 0 0 0 <0,
- Q'1 0 0 0
* - R! 0 0
* X -€5 0
* * * -Eijl—
i<j,i,j=121,2, ,N; (16)
Tu T2 Tin
T, Tz Ton
T= . > 0; (17)
Tiv - Tan Tn
(7
K= YixX*,
J < Trace(X1). (18)

®; = AiX +BiY; +0X,
Wi = XEa + Y/ Es,.
1 (10)

N

_Zh?{(Gi +01)TP(Gi +0O1) +
(- P+Q+ K'RKi + Si)} +

N
Shn((Sg S s S ) -

K + Kl _ K+ K
2 i i i i
r(- P+Q+ 5 R : +

§“+—Sﬂ)} < 0. (19)

(19) . 1
Schur
[ - P P(G +al) }
<0,
(Gi +C(I)TP r2(- P+Q+ KiTRKi+Sii)
Gi 8, 1,
(3 Fi (k) , €i >0,

[ - P+€iPHiH/P P(A + BiK; +a|)}
<

(Ai + BiKi +(X|)TP L
(20)
L =r(- P+Q+ KIRK + Si) +
€i' (B + Es Ki) "(Ea + Es Ki).
(20) diag{ P*, P '},
X=P'Yi = KX, Ti = XSiX, Schur
(15) .
, S . Si =S,
2 (16) .
(11) diagfP'., .P'},
X = P-l,Tij = XS; X, (17) . (14)
W\ P-l, (18) . O
3 DO,r)
9, :
., 0, Trace(M) (21
s.t. (i) (15),(16) ,(17),
(ii) [“I" 'J 5 0.
(6) (7
J < Trace(X ).
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[10]
xi(k+1) = (1- A-LE) x1 (K) +A-|Eu(k),
xe(k+1) = % (K +AIfLX1(k),
X3(k+1) =
X (K + sin] x (K +;‘txl(k)]. (22)
| =2.8,L =5.5v=-1.0,t =2.0.
T-S

Plant Rule 1: IF v(k) isabout O,

THEN x(k+1) =

(A +A A1) x(k) + (Br +AB1) u(Kk) ;
Plant Rule 2: IF v(k) isaboutT or - TT

THEN x(k+1) =

(A2 +A A2) x(K) + (B2 +A B2) u(k) .

vk = x (K +3‘Exl(k),
1-w/L O
A =| Ww/L 1
VEI2L vt
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1-w/L 0 O
A =| w/L 1 0,
/2L dvt
Bi =B =[w/Il 0 0],

Hi = H. = [0 O 0.0023]",

d = 0.0Um,
= Ea, = [W/2L 1 0],

i 2

Es, = Es, = [0 O 0]".

- Sn(v(k))
e (v(K) = =50
he(v(K) = 1- h(v(K).

Q = diag{0.01,

0.01,0.01} ,R=0.01. 1
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= [2.7772 - 3.4686 0.467 7],
= [2.4478 - 1.7826 0.4308],

J° =1.0528e + 003;

= [2.6889 - 3.1070 0.399 5],
= [2.4607 - 1.8517 0.3994],

J° = 587.170 3.
Xo = [ 0.25T - 5]",
0.1s,
(22) ,
2 : 2
(22) ,
3
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