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Abgract : An improved method of syntheszing constrained robust model predictive controller for systems with

polytopic description is proposed. It off-line constructs invariant sets guaranteeing the optimal performance cost for

the worst-case, and orrline solves the min-max optimization problem with infinite horizon performance cost. Adopting

the time varying terminal constraint set, the initia feasble region can be enlarged and better performance is a0

achieved. Smulation examples show the effectiveness of the proposed approach.
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x(k+ 1) = A(K) x(K + B(Kk) u(k). (1)
x R u R"
J[A(K ,B(W] Q,Q =Co{[A:1,B1],[A2,B2],
J[AC,BL]}.
| W(k+1i)] < Umx,
i>0,j=1,2, ,m (2a)

| Wex(k+i+1) | €Woma,
i=20,s=1,2, ,q (2b)

Ja (K,

min max
u(k+i] K, 120 [A(k+i) ,B(k+)] Q,i20

Jo (K = -Z[" x(k+i| KIE+

lu(k+i| K IE],
s.t. (1),(2). (3
L R
[2]
(3)
LMI
1[2]
v,g],iYnxy’
1 x(k| K"
s. t. > 0; (4)
x(k| k) Q
Q QAT +Y'Bl QLY Y'RY
AQ+ BY Q 0 0
>0,
LY2Q 0 A 0
RV2Y 0 0 a
l=1,2, ,L; (5)

X Y|
[YT J 20, Xjj € b, j =1,2, ,m; (6)
[ Z lP(A|Q+BY)]
>0
(A|Q+BY)TLPT Q
Zs SWim, W = [W] WilT,
s=1,2, ,q,1=1,2, L. (7
€(Q ={x R'|xXQ'x<1,Q>0}
(1) ,
u(k] K = Fx(K ,F = YQ'.
1

[8] [A,B],

2! € (Qu)
€ (Q), €(Qu)
£(Q)
€(Qu). N=0 €(Qu)
€ (Qo)
€ (Qo). € (Q)
1 (8]
3
€(Q,
Y =c (8)
wor st-case
€(Qn)  €(Q). 1€ (Qmi)
€(Q) , £(Q)
3.1
Stepl: € (Qmi).
€ (Qni)
Y
C,

(r?n%log det(Q , s.t. (5) (8).
& e, Qe Xing, Ying)
Step?2:
c, .
rg%xlog det(Q) , s.t. (5 ,(8).

(/ opt , Qopr , YorT) . Forr = Yopr Qb%’T

€(Q),
F0

Step3:

Forr ,
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F = YoQ{Jl = YOPTlelDT = Forr. Cx ~ ~
B > O,VO — B/OPT,QO :BQOPT,YO :BYOPT, T;eTN(k) = 1, In = 1,2, JLn.
: N
rp?gt(xlog det(Q) , S.t. (5) (7) | Uj(k+ i k) | € Ujmex
¥o,Q,Xo,Yo). 0<i<N-1,j=1,2, ,m (109
2 € (Qmi) (9) (2b) ,
; | PTAX(K +Bru(k ]| <¥,T=1,2, .L;
, [8] (10b)
€(Q) | Wl Anr, x (K + Bur U(K ] < Wom,
€ (Qm) s=1,2, ,q. T =12, ,0n. (100
€(Qu) Un W i}
-s( *) . i W= (W o wihTw
o Qi 5] = Wire: Wors]
3 (2?1 E(Qn)  €(Q),
. (1) € (aQn + 2Qo)
[ x(k+1] K € (2Qui + & Q) =\, .
_ [ 1 x(K "ALT, + u(k BN,TN]
- o \ - 20
L x(k+ NJ| K Any, X (K + Bnru(k aQn + &Q
i A(K Tn=12, ,[v,05 & <1,
x(K) + Of & <l,a+a <1 (11)
LA(K+ N - 1) Ak + 1) A(K) (3)
I B (K 0 0 r{(]ik)n[A(kH),Br(rE?i?(] Q,izOJ_(k)'
N T =
0 I x( 2+ I AGK x(K + BRI IE +
-Alk+ N - 1) Blk+ N-1 N30 IE + 1 A (K x(K) + Bu (TR 13,
u(k] K J s.t. (10),(11). (12)
. P =y (09 O = aom V-
L u(k+ N - 1] K Y (9)NQ aQn +a2Q,Y
(ay 1 + a&¥o) ;L R L R

;(k+1>} _[A_(k)} [ﬁ(k)} 3
[x(k+ NJ L AN (K x(l) + Bn (K) 1t

(9
x(k+1) =
[x(k+1] K", ,x(k+N-1] KT]".
o (), [A(K .B(K]
L= LY [Av(K,
Bu (K ] x(k + N)
Cv = LV,

[A(K ,B(K] = TZET(k)[_T,gr] ,

LNzir(k) =1,T=1,2, ,L[;

Ln

[An(K ,Bn(K] = TNZIBTN(k)[A_N,rN ,

o
z
Z'—z

E(Q*) =€ (aQn + 2Q)
I An (K x(K) +By(KU(K 1% < aymw + aYo.

A x(K + BT T2+ 10K I, < b

Ct 0 Arx (K) + BTu(K)
[ 0 R? u(k) >0,
x(WTAT + UK TE KT b
T=1,2, L. (13)
(12)

mn I x(kK 12 + b+ ay ni + aYo,
ap .3 ,bu(k

s.t. (10),(11) ,(13). (14)
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3 & o, Qe Xine, Yia) (o,
Q,Xo,Yo). k=0 (14) ,
u(o] 0). k>0
Stepl: N>1 , N =N
- 1. (14) , u(k| K.
Step2: N=1 |, (14) ,
u(k| K. Step2,
3
wor st-case
€ (Qni)
N =1,
u(k| K,
4 LMI
O(RS®) 1. 'R LMI ,S
3 2
4
1 (1, 3
3
k a & b,

U (kW ={u (k| K, ,u(k+N-1] K},
x(k+ N| K CE(a Qni + & Q). Kk

+1 , u’ (k| k ,
N = N- 1. N-1 u(k+1) =
(u (k+1] K, ,u (k+N-1]K}, a ,a ,

b=0b - x(k+1] W'Lx(k+1] k - u” (k]
K Ru (k| K (10) ,(11) (13
k+1
N=1 |,
(N =1 .k
N =1,u (k| K,a ,2& bk
T =Ix" (k| QIE+Mu (k| WIZ+

I x " (k+21] kI 5.
P =y (Q)TQ = aQutaQy =
(8.1*V|N| + az*yo).
[A(K ,B(K] Q, G,

e, ,a, Zo =1,a 20, [A(K ,B(K) ]
= ZQ[AI,BI]. k+1

x(k+1] k+1) = Zox|(k+l| K ,

xi(k+1] K = Ax(K +Bu (k| K,
=12, ,L.
uk + 1| k+1),a ,& ,b =
I U Il % k+1

u(lk+1] k+1) F(kkx(k+1] k+1). (15)

F(k = Y*(Q*)_l, Y' = a Yn + & Yo,
Q* = anm|+az*Qo,

Umax = [Ul,max, ,Um,max]T.

€ (&L* Qni + a Q) ,

, Uj,max ,

x(k+ 1] k+1)

(15)  ,x(k+2| k+1) €(a Qum +
a Q) , (11) . N =1
(13) Il u(k) %2 < b (2) b=
TS (13) . u(k + 1] k+
1 ,a ,& b k+1 (14)
J(k+1 =

Ix(k+1|] k+21) I¢+ lu(k+1] k+
DIz+ I x(k+2] k+1) I3 =

Ix" (k+2] WNE+Nu (k+1] KI%+
I x" (k+2] k115,

(2] [A(k+ i) ,B(k+i)]

Q@G =2 0, F(k + i) =
Y'(Q) (i 20,

Ix" (k+2] I3 - I x (k+1] K% +
I x " (k+21] WHE+Nu (k+1] KI%<oO.

J(k+1) - T (K <

S xT (k| WIE- Tu (k] WI%<oO,
T (k+1) €J(k+1 <JT (K.
L yapunov ,
(1), .0
[6]
X1 0 0 1
X2 0 0 0
. = X
X3 - kK m k/' M 0
X L Km - Km O
-X1 0
X2 0
+ u
X3 1/ mu
L X 0
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| ul <1.L = diag(1,1,1,1) ,R=0.1,

0.1s, x(0) =[0,0,1,1]".
k(0.5 < k<12,
1 3 )
1( k=1,N=2).n =0.609
2 , n =0.609;,a =
2987 3 , a =
3000.
1 k
1 2 3
1 + 0. 2e %5tcos(101) 793 4851 275
1 793 4851 275
1.2 744 4624 222
0.5 1174 6331 709

k=1+0.2e%%"cos(10t) ,c = 3000, N =
2, 3 1

1.5 A 1.5 A
x' 0 5 /\ xz \
. 0.5
N N
-0.5 -0.5
0 10 20 30 0 10 20 30
t/s t/s
(a) x, Bk (b) x, Bk
155 1.5
X5 O.SL" X, 0.5\

-0.5 -0.5 \/
0

10 20 30 0 10 20 30
t/s t/s

() x, ik (d) x, ikt
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