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Abstract: Based on the robust admissible set, a robust model-predictive-control(RMPC) strategy with extended domain
of attraction is developed for an input-constrained and state-bounded polytopic uncertain linear system. First, the algorithm
for calculating the robust admissible set of the polytopic invariant set is presented; the necessary and sufficient conditions
for the existence of this robust admissible set are derived. Next, to expand the application range of Tube invariant set
RMPC(Tube-RMPC) algorithm, the Tube—RMPC strategy for polytopic uncertain systems with bounded disturbances is
considered. Afterwards, to extend the domain of attraction of the constrained system, we put forward the RMPC strategy
with admissible set for the polytopic uncertain system with bounded disturbances. By employing the robust admissible set
and Tube invariant set RMPC, this algorithm extends the domain of attraction and reduces the on-line computation load;
meanwhile, the robustness of the algorithm is guaranteed by employing the minimal robust positive-invariant set. Finally,
numerical simulation results validate the proposed method.
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2 [\ 834 A (Problems statement)
FETIA R Z WA T L RS
z(k+1) = A(k)x(k) + B(k)u(k) + w(k), (1)

oz u(k) € R™, z(k) € R EHli A, &
éﬂk*( (k),B(k)) € A, EEP
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=1 i=1
(A1, B1), (A2, Bs), -+, (Ap, Bp)F 7= ™ 2 [0 44 Til
RN HRRAS L A A2 -
2(k) € X 2 {a(k)|Axax(k) <1}, Vk >0, 3)
w(k) € U 2 {u(k)|Agu(k) < 1}, ¥k >0, @)

Kb TRORTGE M 50 1), 30 2 B A 0
R FEEE AT Hw (k) € Rl LK
weW 2 {w||w|, <aa>0} (5)

RMPC ¥ i H ki 2 51 5 RFe(1)(2), £85I %
THEEVFEGIRN, ¥ RGORESRBN B A, H b
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max Joo (k) =
[A(k+i),B(k+i)]€A,i=0
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EX1 FHAREHRG(k+1) = f(x(k),
u(k)) + w(k), W& z(k) € Z7(2) c R, HHTH
W itw(k) € W C R W AR (R B VE P il A
Ha(k4+1) € 2, MRS (Q2)EESQ— L EEE
Vr4E, B

E7(2) £ {a(k) € X|Fu(k) €U
f(z(k), u(k)) + w(k) € 2} (7)

EX2 TIAREBRS
w(k+1) = f(z(k), u(k)) + w(k),
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REG QN D ERAEVE, |

En() £
uk+N—-1)eU:xz(k+N)e 2} 8

3 THAEALZRAHERRANEERETFE
1% (Computation of robust admissible set
for polytopic uncertain systems with bound-
ed additional disturbances)
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{z(k) € X|Fu(k) € U :(Az(k) +
Bu(k)®W e 2,V(A,B) € A} =
{z(k) € X|Fu(k) € U : Ajx(k) + Biu(k) €
NeW, V(A B;) € Vert(A),i=1,--- , L},
)
A @& R"MinkowskifE A, ©3K /RPontryaginfE 7=,
Vert(A) 2 WM A B&kQ = Rew 2
{z(k) € R"Qux(k) < g}, HFEX

_ LU(]{?) n+m
T ={ (k) e R"™|x(k) € X,u(k) € U,
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) # Hbsdeh ™ £ R0 2 U 2,
j=1
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z(k+1) = f(z(k), u(k))}. (14)
EE1 XNTTAERRSG(k+1) = f(a(k),
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PR R D) RT, B D b A VSRR . R
i,
) EEAT.
B ki b b A VP ARA AL, W Tl 2 (16) R
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e TR AT
x(k) € (5] (2)\ 5, (1)) =
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fla(k), uk)) € RIZ](2)\
MAFAE R A7
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f(x(k), u(k))
RIET(2)\ EL, (2] N (51,(2) W) #2, (20)
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4 THAENZHATE RS K RMPC
(RMPC for polytpoic uncertain systems with
bounded unknown disturbances)

41 TIAF 2 RAHE & 4K Tube-RMPC
(Tube-RMPC for polytpoic uncertain systems
with bounded unknown disturbances)

XTH AT 2 AR E &M &g, W H %
PRI BB, B A IS SOk g5 H 228 0] LY
Tube AN AL AL EAEMPCHENE. Ay A SCAE SCHR[3] 1) 5k
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FEmg, AF 1L Br A E RGMPL IR LA T A ST
P2 MAH E R4
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z(k+1) = (A+ BK)z(k) + w(k)
HITIEALE. SR A E RSN

z(k +1) = Az(k) + Bu(k) + w(k),
X ARFR R GEN

' (k+1) = Az’ (k) + Bu'(k).
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u(k) = u'(k) + K(x(k) — (k).
ARAER THERw e W z(k+1)ea’(k+1) @ Z.

FE 5 BRI, K5 Tube AN A2 £ 128 i SR 4E ) 2]
AT INZ A E LIRS
EE2 RRZERS
z(k +1) = (A(k) + B(k)K)z(k) + w(k)
M IRAAREE. SRR AE R GRS A T
z'(k+1) = A(k)z' (k) + B(k)u' (k).
WERE 2L bR R &Sz (k) € o' (k) @ Z, MR

LTI
u(k) = u'(k) + K(z(k) — 2'(k)),

ARAIER TAEREw e W z(k+1) ea’(k+1) & Z.

WE RGP 2 A RQ), X T2
TR (As, By), R IR

xi(k+1) = A2’ (k) + B/ (k), (22)

Pl < < LA T8 T30 i), X LB B, (k)
ew, H

ZL:l)\z(k‘)wl(k:) = w(k). (23)

T Z2Z RAE RGN TIAEZLE, WZH
sexi(k + 1) = Aix(k) + Bu(k) + wi(k) A
A I EIA] A, R PG A (k) = o/ (k) +
K (2(k) — o' (k)T LURER TAEEw (k) € W,

vi(k+1) exi(k+1)a Z, (24)
Q) A4, k + LI Z052 ke h
(k +1) =

(Z Ai(k)A
i(F)w;(k)) =

Ai(k)(Asz (k) + Biu(k) + wi(k)) =

L

Dz(k) + (32 Ai(k)Bi)u(k)+
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J(k)xi(k+1). (26)

i=1
H1(24)~(26) ] 1

z(k+1) e zfj Ni(k)(@i(k+1)® Z) =

2k + 1) © (5 (k) Z =

=1

L
(; Ai(k)
Zk+1)e Z,

Wa(k+1)ead’(k+1)®Z.  iEE.

SE B2 N NPT FE 2 AN 2 R G2 1) Tube—
RMPCH it 7 BE I, 7 fiFE T 3CHk[4, 518 #S %
ARG INAE G

RGN G T2 AT E RGN

' (k+1) = A(k)a' (k) + B(k)u'(k), (27)

I P REFRFR R ELT N K

_ N-1

I =2 |2k + i), + Nl (k + ik) 17, +
Vi(2'(N + k|k)), (28)

b NZORTEAK, Ve (-) FoR 28 0mA R R H. %)

T RGQTEIIR A (k) F0 45 Hl 5 A’ (k)i 42 56 0

PR LT

(',2)e (X,0), X2X0Z, USUCKZ

Bk’ (k) € Xy H NG TR AT 2 a4 14

z(k) e’ (k)® Z, 2/ (k+ N) € X;,

b 2B X RN KA R AE, X v RRN D Bk

Ui ) WAR PR PTAT B2 & DL THIR &2/ (k) €

X, & MAELARMILFE Py (2):

Jy = min {Jy|u’ € Uy, 2" € X} }, (29)
u, = argmin { Jy|u' € Uy, z' € X}, (30)
Horr:
a2 {2/ (k|k),--- @' (k+ Nk)},
X\ B FeA 2 AR, B
X;V—{a:|a:()€X 1<i<N},
U RN 218, 1
Uy ={v|u(i)eU,1<i<N}.

KA Poy (') B9 17 45 30 5 12 47 1 P e, DI 25 7 51

’
**

T2 (0) € 2/(0) & ZIBIMGARAS, TEREA
KAEIS ZIFE AR A Py (o), 3E 11075 2] Tube-RMPCH#
HlH RN ()

kn(k) =ul (k) + K(z(k) —2'(k)),  (3l)
Forpd (B) R AL 8w, PRSI TR,

42 FETFEERVIFERRMPCEIE(RMPC based
on robust admissible set)

JE B2 T IAH F 2 WA € &R 48 ¥ i Tube-

xr
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RMPCHEME T HERIEA (H 2, 1% 7V LA — 36l
AN Ny e AR AR, R T4 A sl
HUATIEG AL, FEAEM S PRSP PR R, R4t i
KPR I R AR5 7 8 BR2 1A LAl b, BAZ AN A AR
AR A — B AT 2 0o I P42 AN AR B AE Sl 20 £
W, T INE B FEVFE, W47 T B AR R LA
A R S AR, SR B 4 Bt FIAE R AL AL AR 25
B I URE 8 Tl S s, eV 5 16 i AR VR AR (1) B A T
D42 ) 577 (RAS-RMPC), LAY KW 5| 3k Fl AR 7E
LRt LA R s 1 o B R i i A AR
FEFEAVIER, AR5 10 2 5 Tt UL 128 1l SR W (28 i 2
WAEAE I Model, WIHVIRA R T LA, KA R WY
SRV M, FRAIE R GRS R S TR TR
AR ERERVEEM I Mode2, W RGNS R T&
B VEAR, IRFIR A BT b A7, 12 fEZRARAL H b
AR, AT DR, BRI S ANAE LT D).

N T A RN S, R RN SR IEA AR R
VB THAALE, % 1FRAS-RMPC.

Hik2 ST EBEVERRMPC, RAS-RMPC.

) By

Step 1 #ZfSCERI101 VA LS Sl oy, Beit I
THE I B S S ) 2 AR AR BT 5182y, - -+, Qo
PASGS B S B 25 Ky - - -, Ko

Step 2 K FH SCHRI8] fe /N &4 IE AR AL VT
T AFEIK,, - - Ky RN SN E b IE AR T
ﬂzh RNV

Step3 X(X = X © Z)MENHREAR, U
(U =UOS K, Z)ENBNLIR, WHHEK,, -+ Ky X
W PRI FEBQ, -, Qs

Step 4 492 = ) 24110 F A, fe it
HERAVESL ().

D) {EZH5).

Step1 ZAEHIHIRE2(0), 2k = 0;

Step 2 AR Y HT I 2 R GRS (k), FIK: W
P

(k) eV = U(Q ® Z;),

BHE AR T RS
u(k) = Kz(k), i = max{j : z(k) € 2, ® Z,}.
(32)
(k) € Z5(02)/02, R BB ELANAL &1
R i o R H DN A TR R SN
min J (k) = [|lz(k)[lg, + [[u(k)]%,

u(k)

s.t.
z(k) € X, u(k) e U, w(k) e W

A(k)z(k)+B(k)u(k) € Q’ B
z(k+1) = A(k)z(k) + B(k)u(k) + w(k),
(A(k), B(k)) € A,

(33)

H: 4 = min{j : (k) € :;]’(Q)} LB b4 Y )
I A5 B A A (B ) 1E T R4

Step 3 N — B ZI RGUIRE, IR [BI7E LR
77 Step 2.

FE 1 MRALIFEG3) T, @ = IR PR AL H 7
A RATI. W iR (k) € Z7(82;), WIAEALE 2 Hl % A AL 15
A(K)z(k) + B(k)u(k) € 2;, Kk

z(k+1) € (A(k)z(k) + B(k)u(k)) @ W C 2; & W.
REKW C ;18
w(k+1) € 2 ® Z;,
Bilhi = UHEFQIE AL B brde & 2 A7)
7E 45 HHRAS-RMPC Jy v B 2 P4 3IE ] 22 /1, B %%
25 A OC IR 5 B
5132 RAS-RMPCTiAHHEAY = |
7)) RSO A S, Z
WE SR S, FEARS LR X R N L1 RU
MLIRSAE T, QR RAS B0 B 145 AN AR
8, Z,RR BB N EREIEALE. o (k)RR
REQDIPIRE, z(k) RS br RGO
G, o (k) S (k) FAAEWTR KR
z(k) € o' (k) ® Z;.

(Qz ®

1LCe

BB’ (k) € £2;, N
(k) € 2 ® Zi. (34)
Fru(k) = Ko(k)EH T35 0r R4, $4& I e #2813
HR[3]Tube AN AR EE 45 il SR, 45 il N\ 70 fift K
u(k) = K;2'(k) + K;(x(k) — 2'(k)).  (35)
' (k) = Koo' (k)R REQDIHN, 1)
2'(k+1) = (A(k) + B(k)K,) 2'(k),  (36)
PRk Q2 AR 4, M2 (k + 1) € 12,
rh e B2 mT A
zk+1)exd(k+1)® Z, (37)
WK Hu(k) = Kz (k) PRIESE bR REUIRAW L
zk+)ed(k+1)Z, C 2 Z.  (38)
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X (34)(38) T 411, 2, & Z; M RS IIE A A
é%%?%ﬁ%Xﬁ%%ﬁ%%%ﬁ%K%%ﬁu
U= (2 & Z) IR ALE,

1=1

SE2 ARG T, bk A R

J(k) = llz(R)I5), + lu(E)% + l=(k+ D)%,

KL N
EL () eW, i>1,

AR (k) +B(R)u(k) e — 39
(k)z(k)+ ()u()e{Q i1, (39)
] ) }
2k +1) {:“(Q)’ 1> 1, (40)
v, i=1.

B VE A LR = ) @, & ) I R A

=1

SRR AT G0, AEARAR W AR33) T, ET ()2 —FhAR e 4
FAAE, BRI RGORASVEAN ST (02), Rial @ el 7e 2k ik
DA B s il ) 48 K 20 DR 25 1 1487 i e . WAk — o oK
P, RGOSR AT RS 2 T A€ fEH H br,
AT A K (K880 P =0l AT A58 1 (33) R ML e 5 4.

EE3I WNTRFEQ, 2L ~@), KHH
1529 T IRAS-RMPC R I 7] LLARIE 3R G0 IR A i
FeE 2 L RA Aot 1 e /N R IEANAR AR

UE R BRI 4 0 S ms A T R 48 X
T4 e WG (0). Bk ZIRE Nz (k).

D z(k)eV¥ = 6 (Ql ® Z;),
i=1

e A
u(k) = K;z(k), i = max{j : 2(k) € 2, ® Z;},

A PRUE R USRI s 0 O R e/ R IEANAR
%20

F 5 B2 0] A0, WOk R R 4 R AR A, QO R
GEQTIZEHI AR, DR HR ] S 15t 18 2 D7) 9 S s

KB NEFRIEALREZ ).
) z(k) € E5(0).
BT CAn & A VAR, PR AT AR IR A i 2
18 i 2 WA T BELAG I P KL k2 b B bk
FVFEWE R APE AR 6), R R R Ex (k) €
Z7(62), W R A AR R (33), 7T 45 Bl A (k)
TRAIE
AR)z(k)+B(k)u(k)eEl_(2) o Wa(k+1) €
(A(k)z(k)+B(k)u(k)) ® W C 57, (£2),

Bla(k + 1) € 51 (0). #i = 1, WAL ATAF T
tig (k)

A(k)z(k)+B(k)u(k) € 02,

2(k+1) € (A(k)z(k)+B(k)u(k)) & W C @,
Mlz(k+1) € w. Wilf

A(k)z(k) + B(k)u(k) € 2,

Bla(k+1) € @, WA Y42 61 S R A] CRAIE 5
G R B N EREIEARAEZ ),
5 i B #(Simulation example)

DA T 22 AN ff 2 2 1k 3R 48 b 9 e v 42 ) -

A, = 1.1 1 A, = 0.8 1 ’
0 0.9 0 0.9

1

B1: 1 ,BQZBl.

RAEL A TN L AR
A, =101 —0.1I)", Ay =[1 —1]".

HRFHH Lw e W 2 {w] |lw||,, <0.1}. HAssk
bR B IR RE: @ = I, R = 1.

T 5 4% HE SCHRL101 )7 7240 3 —— 201 17 i a0 851
BEHIABLEP I, -, Q0 ﬁ&)ﬁ*@iﬁﬁé‘iﬁt%
BRI ETEIN,, -, Q. EXD = _U1 2,
AN GRS (Q).

AT R, I L BOIR A 4 I A
M = DK = [-0.1842 — 0.5019] " @47 5. Hoxf
IR I AR, e/ NER IE AR R, DL N D &4
BRVFECXHEN =10), WK,

RBEHIIERE Rz = (—10,65)T € Z1,(R2), £
Ul B4 F A EN~3T R, B3R R R G850 26,
B2 7S B /N B B LE AN AR 4 B 3T 1) 002 ol 4% 45
gy NAZ A e n I3 T, 3R W il N 2 R 4
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Fig. 1 The trajectory of system state
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positive-invariant set
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Table 1 Control input computation time of
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Step4 N=1 04279 N =3 10427
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Step6 N=1 03774 N=1 0.3270
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Table 2 Feasibility analysis of initial state
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