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Design of efficient robust model-predictive controller for
systems with bounded disturbances
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(Departmet of Automation, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The constrained linear system with bounded disturbance is a familiar type of uncertain systems. For this type
of uncertain systems, an efficient robust model-predictive controller for systems with bounded disturbances(SD-ERPC) is
developed. By making use of the invariant set of bounded disturbances, we release the conservativeness in the design by
offline designing two ellipsoidal invariant sets. This approach preferably deals with the system effect from the bounded
disturbances, reduces the on-line computational work, enlarges the feasible initial-region in the design of ERPC, and guar-
antees a better control quality. The feasibility and robustly stability of SD-ERPC are also proved. Finally, a simulation
example is presented to verify its validity.
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XHz € R u € R™, i EUE LA REUREL
WA, § = 1,--- ,m, (k) € 2 C R,
lw(k)|]2 < @, (A|B)AI.

TR GQ), 3617 R A % ik £ &5 v
Wob 9 ] #SABRMPC, Rl Du(k + ilk) =
pru(k| k) (ph 3 9 58 ) LAk /D A0 Ak 1) 1) O A0 AR
AN, BRI RS AR v 5L R {HABRMPC 2K X 5
W Emax{|A(A)|} < 1, |A|| £ 5(A) < 1. XwER
T AR A 0 N Y, HL R TG A
JE, 38 R v R

ST RS TS, R RBHEK,, 7]
DTG EIRGEA R MALEZ, ¢Z & 2 C Z,
XH¢ = A+ BK,, ®F 7~MinkowskitE & Z Fil.
Mayne®) 25 N\ FH 26 1 22 42 16 8 v R4 sh AN AR 48,
¥ RGCUTPRE 2 (k) 7 Bl (k) = 21 (k) + Az (k), H
TAz(k) € Z. RGBEHIENu(k +1) = K, Az(k +
i)+ c(k+1), TR sle(k), - - e(k+ N —1)3%
SR AR A By (Fo) R fi J5 i, D000 42 o) 2% P AT 55
JE AT S SR 1 4y T 41 L BOIRES oy i (k). 3C
FRISTHH T 42 ) 38 (4 78 28 71 5 = 22t fE 2 LAk
A N, B R I A B N SR Y. 7R SERR
I FH Hp R T o T R, B O R I VS,
A3 75 S8 A K ) 4 i N 33, (L 00 PR a3 ol 7 28
THEER, AR T BN, 5546, BHTFm 7
AR By (K, A3 — ) Ry 7 o

WA LEAT AL BRI B 5 0 1) TR BT, /N AR 2 v 5
&, KRG AT, (RIE R G HIERE, ERA
FEFFUI ). R, 5] AERPCO10) JEAR,

ST RGNS LRS, BUERETaR A

o0

Jig = 2 lllz(k + DG + [lu(k + D[R], G)

=0
ERPCI¥ 4% il & Hu(k + ilk) = Kpqa(k + ilk) +
v(k+ilk), Zv(k+ilk) = C.Alc(k), XECH ALY
A T I S BUERE, c(k) h 45 Hl 85 e AE
i, Ko b AW EAR S . H 5 R SRR
il (k) AT R 5%

zhyr = W (k)2 21, = [z (k) " (k)]" € R"",

& BC,

W:
0 A

, &= A+ BKq.

EHn. > n. AR AKZLRQ)EEH
Fr+Gu< g, 4

F = [FT0]T, G = [0:1]7, g f; Fild; 4Ly 51 1
BEERAA UL A AL ) 7

. T\-1
min log det(TQ.T")™ ", %)
Qz szT Qz—Pl
st. | ¥Q. Q. 0 20, (6)
PrQ. 0 I
w Fle

>0, Wu<g? ()

QIF Q.
RBNCAIANIE ] RE B HIALE{22TQ 2
< 1}, HAERGORAS S ) 5878 1 70 il 5K, X
H.

T

I 0 QY% 0
KiqC. 0 RY?
I = [ﬁ + @KLQ @C’C],x =Tz,
YAANEBES = {2127Q7 2 < 1} RE B
LOTEM T #ne > nif, FIROLAk w81 S0 1

Fln JERALRAR T7E 0] 27 SCHR[10]).
ERPCIHAEZAAL v 4y
Hbl:)lHC(k)HQr s.t. z(k) € S. (8)

P1:

?

X
P =Q+ K/ (RK.q + 9" P,
I' - AI'TA.=CHR+ B"PB)C..

ERPCH il #5% R JH PP P04 ], HAT B (i il vk
REFVR /NI ARG v S . AR Al AT SO PR e AT
AR, BA R HEN 28 &2 G .

3 AR RGN SRS T
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3.1 A H Y3 Ak FE(Handle the bounded distur-
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(k) + Ax(k), WERGHS W

F(k + 1) = AZ(k) + Bua (k) )
Ax(k + 1) = AAz(k) + Bug(k) +w(k),  (10)
z(k+1)=2(k+ 1)+ Ax(k + 1). (11)
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3.2.1 B ik (Offline design)
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3.2.2 TEZAAL(Online optimization)
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fuy (k) = KioZ(k) + Co Al c(k), MIZH AL
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1=0
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PLE R A L LM AL, [r] 5
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XHE(k) = 2(k) — Ax(k).
o3 LFTK, ATUEEILL Tk
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i) Bl
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FE 1 dsE AT A, ot s A 1 A AT S
Ji B — A [ A4 1l 28 1A AT AT 33 BB RO 5 — SR IR AT A
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fie b, Bl as 1 Pe b SR AR R 20 R 4 LU Js s T 28 T80,
HE IR RS NAR T (D R 22 T SRl 3. W40, fELkie i
BAD~CDILELRAA AN EUL AN + ne + 3. L1011
Tne = nlt, YAk i) B5(6) () 35t P A Rilne TE 51100 i — fge
Filne = n. JLES, SD-ERPCI{ITE Lt Ak A5 B AN AN 7]
SN = 1R 424,

4 SD-ERPCi# i 2% 12 5€ 1 43 #r(Stability
analysis of SD-ERPC)
Bl 553795 SD-ERPCH il 4, ) 443 2 AR 5 2L
EE 2 XNTHAA AT LYRENER
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L3 AIAT I, HLAIH R Gt B e e 1.
UE Db E A, BRI I, R GEHAR
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B4 SR G0 10 M B 35 b B IR, 4 (B) = 0,
BIZ(k) = 0, c(k) = 0, W (k) € Z, WIN ARG 9cbr s
B Hu(k) = K,ao(k). 0T 20 0E R4, i
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5 45 E 54 (Numerical example)
BN B
10.5

ok +1) = [01 ]x(k)+ H u(k) + wik),

XH w(k) = 0.07[sin k cos k], |u(k)] < 1,w
< 0.1 W Q AHRAFE R = 0.01. XM K, =
[-0.5 — 0.75], K1q = [~0.6626 — 0.6643], v =
10000, n, = n = 2, L3I HT = 0.4775,
d = 0.5696, SD-ERPC¥z il # 1) ] 4 7T 47 3 w1
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