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LMI based multi-model robust predictive control

LI Ya-dong, LI Shao-yuan
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Abstract: This paper studies multi-model robust predictive control using LMI, addresses synthesis method of state feed-
back, analyses the feasibility of close loop system and proves that the closed loop system is asymptotically stable. Also the dif-
ferences between the finite optirnization horizon predictive control with terminal zero state constraints and infinite optimization
horizon predictive control are studied and the consistency of the two system’ s performance is proved.
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1 3| & (Introduction)
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BHEBI T ZHNE. . EREETERBINEH .
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AB M Rl M 2] LB FRER
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&R, JER RS, H, R, B H L iR
RO LR MR AN %5 5K (LMID) [RI &R, B LA LM B R 44
fmicEH BN -1 A TR ETF LM B8k
'] 8L AT LA 7E 22390 =X B ] P9 A g, T LK % LM [A] BR
MAEMERNER, WHEEMASE%. [
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2 B A & A B i& (Problem description

and basic assumption)

— BT =, 5 00 36 ) 0 2 A SR 3 T R 4 O oL
R, BB Ao BUs R AL . T 2 A8 B T 422 o] B T
1 BRI B H#E3A

x(k +1) = A(K)x(k) + B(k)u(k),

y(k) = Cx(Ek),
[A(k),B(K)] € Q,
0 = CoilA, B;],[4, B.]}.
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JCk),

min max
u(k+ilk),i=0.1,.m [A(k+i)B(k+i)]EN,ix0

JR) = D alk+ i 1 )TQu(k+ il k) +

i=1
m

Dlulk + il E)TRu(k + i | k).

=1

(2)
Ko m R e, p L4, Q, > O,R > 0
PR, x(k + i | k) BARTE k BRRIETERQ)
Bk o+ i BTRIARETIE, u(k + i | k) TR kB
ZERFERQ)REHZEBAFTT {u(k | k),
w(k + 11 k), ulk+ml k)| 7 k+ i Bt RIEK{E.
BIBT R R R, REZEAA u(k | k) M
FRGEHT, RERT -2, EFTERLREE
BIARFMZEWATY, X RRSIAL.
BRig&1 u(k+ilk)=0, i>m.
Ri&2 p=m.
Big&3 x(klk)=x(k).
REFNZESHODEEL,BE1ARKR 2 E
AL, TR 3 &M THERELURERREM
FHEMED IR IER T R « (kK 2 (k)R
— B, {5 AT LA 53 488 0 24 A B S R R e, UM
WIhESEN.
KRmBREARETRN:
x(k+ilk)=0,i>p. (3)
By AT B 29— — AR AT 08 T BR B T s E X HE
M EREER, ARKERITRRNY:

|l wCk + i1 k)l < wmas
{||y(k+ilk)||zsym- @)
JEE SR ECIE VR
{lu(k+i|k)|$umu, (s)
ly(k+ il k) 1< Yoo

3 EF IMI HRERIFLE S (LMI based
state feedback synthesis)
B 1 BE—ANKEE V(x) = 2P, P
> 0, iR LLT &4
V(ic(k +i+11E) - V(x(k+ilk)s<
~[a(k+ i L) "Qua(k + i 1 k) +

Mt FRODBRABEE=ABEXENHEELRE
BEREARAG, A1
max  J(k) < V(x(k | k)). (7)
[A(k+i)B(k+i)]EN

iE BROOMNi=0FEME = p, BT x(k+
p+11k)=0fMu(k+ilk)=0,i>m,A%EK
i - v(x(k | k), Gk - J(k). B5IE 175
iE.

BR,V(x(k1 )RR J(OKWLEHR,ETH
B, RATHE B/ BRI J(k) 45t
V(x(k | k) R/ BB EELHRKFLR.

EE 1 dFR)FEROBWE=1TREEHE
KHEAMBREARRE, MREFERER R
w(k+ilk)=Fx(k+il )R/ V(x(k k))&
ANMF=Y01,Q0>0,HPY,QRTH LM BEHE
B A .

miny, (8)
1 x(k 1 E)T
(x(klk) (Q ))20 ©)
Pl
Q o4+ Y'B] Q0i” YRV
AQ + BY Q 0 0 o
Q017 0 7l o |77
RV?Y 0 0 74
jo=1,2,,L.
(10)

iE B/ VvI(e(k 1 k) = (k| B)TPx(k |
k),P > 0%4#rF
r;li‘p)’,
subject to x(k | EPx(k 1 k) < 7.
4 Q = yP! > 0, MARE Schur M EH T 51, X A5
#!F
r;l'i(r)l)',
( 1 (k| k)T
(k1 k) 0
¥ wlk+ilk)=Fx(k+il k)fRAR(6),£ Y =

0.

=

w(k + i | k)TRu(k +il k)], (6) FQ, HARE Schur *hEHE
Q QACk + )T+ Y"B(k + i)T QQ¥? Y'RY?
A(k+i)Q + B(k+ i)Y Q 0 0
120 0 i 0 = 0. (11)
RV?Y 0 0 yI
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BFAERXADNF Ak +i),B(k + i) BUFH,
B BB A M R AN A S5 A T — MR A B A
BT . HE TR 1 ARIE .
TR MR Q)RS5 FERXARE TN
LMI 8]/, T H AN IniE B8 43 B 4530 i A BRI BR RS
BRIARATFHEARXT Y Q B LMI:
ul, Y
( )2 0. (12)
' 0
WMEHNRERERRARTELIXTF YHNQOH
ILMI:
Q (AQ+ BjY)TCT)
( C(AQ+ByY) Yl
(13)
WMARBITEMARTHELIXLT X, Y QB
LMI:
(X Y
YT @
Xj < tlmar j = 1,2,%, N,

y

W T ER A RATEA A XT X, Q ) LMIL:
X C
(CT 0_1) =0,
Xj < ¥ommr J = 1,2,2,N,.
BE2 MFR(DERHBRE=NTREEH
M ERHBREARRSE, AFEX@)(S)
PRk A B AR R EARSEB u(k +
il k)= Fe(k+ilk)BER V((kE))&D M
F=Y0',0>0HFY QRTF®ERLM FENK
.
min{y | ¥,0,Y,%(12) ~ (15) FyE &},
s.t.  3(09),(10),(12) ~ (15).

4 MK FE G 8E S A7 (Closed loop system
performance analysis)

I 2 MFR)HERWWHERE=TBREKMG
MHEELESTERENERE, WREFEERS KB
ulk +ilk) = Fx(k+il k)HEBV(x(kk)) &
7,

2(k+i+11E)TPx(k+i+11k)<
x(k+il k)"Px(k+ilk), i€ [0,p-1].
(16)

iF 1A, R6)RL.B8F @, > 0,R
> 0, FTld

V(x(k+i+11k)) < V(x(k+ilk)),
3138 2 BiE.

)2 o (14)

(15)

EHE3
EH2E kTR EMTTITR, 7 ¢
> k B ZMRR R TTITE.
iE HEHE 2/, AR S8% k AX, B
M, REAEBAR(9) #E ¢ > Kk BHMBR I BRI i F
Q = yP', RE3IHE 278
x(k+i 1l E)TQ"x(k +il k)<
(k1 E)TQ"x(k | k) < 1.
m
x(k+11k+1) = 2(k+1) =
(A(k) + B(k)F)x(k) =
(ACE) + BCIE)F)x(k 1 k) = 2(k + 11 k).
i, &5 3 18iE.
EFE 4 EH2HBHYHARRGEEESE.
iE ZEHARREHLRE, REIEHEFAE
X FREMIEE Lyapunov — K R ¥, BE & B %1 59 18
KMHEFER . BAR, TSI T A Lyapunov PREK :
Vilx(k 1 k) = x(k | B)TPyx(k | k).
He, P REEHE 2HEMN k TR ERMEMRE, By
MRS P RE—M. BRIBEEHEIA, P L +
1 8 2R R T AT AR BT LR
s+ 11 k+D)TPx(k+11k+1) <
2x(k+11k+DTPx(k+11k+1).
H5|1H 218
2x(k+11k)™Px(k+11k)<
x(k | E)TPyx(k 1 k), x(k 1 k) 0.
ZE,HEBEx(k+11k) =2(k+11k+1),%8
2(k+11k+1D)"TPx(k+11k+1) <

x(k 1 k)P, x(k | k), x(k | k) 5 0.

KM, EH 4 18iE.

5 ARTFEREERABALS LS HHER
L&) — Bt (The consistency of zero-end
constrained finite horizon optimization with
infinite horizon optimization)

T 75 et AR AL 5] R A4 1 BB IR 5 0

i Ju(k),

min max
u(k+ilk),i=0,1,",m [ACk+i)B(k+i)]JEN,iz0

Ju(k) = i}(x(k + il E)TQux(k+ i k) +

u(k + il E)TRu(k + i1 k)).
(17)
BES MTRX(DBERYBE=THEHREELE
MRGEME , RRFTREF BRI IR B 5 BEA
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g5 thALRT ARtk B iR B A — B LR

iE REIEABER (OB KB Viz) 1
B (17) iR BT J. (k) MEBR . AR
x(w 1 k) =0 B0 J (W) R, HE V(a(o | k))
=0 W) MNi =0BINA: = », 83

Ju(k) < V(x(k | k)),
M EH 5 181E.

FE 6 XNTH(HAMBR=ZMRELHE
WA R, A LT REA B AL 128 710 Fo
JC 55 DAk Bt 358, frl T 00 32 ) A TR 2540

iE MU EZEEEMESIRTH, EREH
6 MZ5ie ST .

6 %5iE(Conclusion)

ASCTEEA LM Rl IR T REIRIEA R
WL EMRER R, L REWRELE
TR, MARKE—EHR 7M. RIat 78 L B A K i
TREAEOA Rk i 33 T8 30 322 1) A1 06 35 16 4 i
HRE AR IEABE Z BN —3 M LM
MOEERENEET, PRAXMARFT AR
SZUEMIPORASHBAR . BT LM AE LSRR
PR S BN SK AR O 85, A SOB B 45 ) R IR s L %
1 LMI [0 80, 8 5 T LA R 1 R G Bl £ 400R
FBHRELKEANPE, R ERFHEEL, B—
FRALE MRS, TAELREH PN A.
HE—2EHb, an{ay F R LMI 89 4 ¥ JF B F A 1 T 90 Tl

NEHREH TS FEEURREHRE, HEE
HF W I A .
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