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Analysis and System Design of Multi-convex Hull Stabilization Domain for

Double-layered Model Predictive Control System

ZHU Yu-Xuan® LI Shao-Yuan® 2

Abstract
states in dynamic control (DC) that violate the constraints, this paper proposes a new control strategy based on the

In order to solve the feasibility problem in double-layered model predictive control (MPC) caused by some

overall control solution and introduces a new definition multi-convex hull stabilization domain (MHSD). This strategy
designs the MHSD off line and then chooses a proper stabilization range online according to the real-time system state.
The control horizon of the DC layer can be calculated at the same time. What is more, this paper enlarges the invariant
sets and the stabilization domain through designing a nonlinear feedback controller so that the system states varying in a
wide range can be controlled and the tracking effect is significantly improved. By using the above algorithm, the control
process is recursively feasible and the optimal targets can be tracked precisely. The effectiveness of this method is verified

in both stable and unstable systems through two examples.
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closed-loop stability
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Fig.1 The structure of the double-layered MPC
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Table 1 The meanings of the notations in this paper

e ES
x* x WA
R n YERR RS 1)
k BHCR AR
z ZGRE, x € R»
U REGHA, u € R
T (us) RIS (GaA)
x4 (u) PHRRE (HA)
z(u) W& (A B5
In n YEEAAAE G
Qs Rs TE AR A
N; 55 4 AR UGS RV A4 i FRf Ik
llzll3, 2T Q.
z(k + i|k) K I Z05 A SRS R TG
u(k + k) Ko 5 2203065 2R Sy AR T

1 ARGk

Z AR m YER AR n 4EAR S 26 P AN
i R4
z(k+1) = Az(k) + Bu(k) (1)
y(k) = Cx(k) + Du(k)

AGAREHE AR LI N

x(k) € xa={za € R" : ||Ozxy|| <z}, k>0 (2)
u(k) € pa ={uqg € R™ : ||Quq|| < u}, k>0 (3)

Hrp, © F1Q 53 B AR B SO ARZS L9 RO 1l
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AL JEUA

i 1. RGURE AT

% 2. (A, B) 2.

R, RS RGN

zs(k + 1) = Az, (k) + Buy(k) (4)
FEASARAS AN S A3 T A4k
w(k) € Xo, us(k) € ps (5)

H, Xs = Xas s = Jha-
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4, SEMALERIA AT, X, FEORBUE Y
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(). 1 SSTC ZAFTEE G AR x& A s 1%
#25 DC 2, G hkm SRR [WEW T &
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£ 1. X; € x5, X closed, 0 € X; (FEARZS
R HPIRW 2 HIZ VR 5 I 2 R A ).

£ 2. ky(x) € pi, Vo € Xy (bl aiis

B HERAEAS T R A ).

%1"1: 3. Ax + Blﬁf(.’l,') c Xf, VYV € Xf (Xf 7%—':
XN THEHIAS mp MAAELE).

£ 4. V(0) =0,U(z) >0, Vo # 0 (Lt
M R P2 T ).

%M 5. ¥(Az + Bryg(z)) — ¥(z) + 27Qx +
k(z)"Rr(x) <0, Vo € X (Kimftksh ¥(x) 2
—/NE#EY Lyapunov pR%§).
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MAXDET!8! [a) i
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mvzi}x(— lgdet W)
s.t. (9),(10), O,WO, <z}i=1,2,---,n (11)

b, ©, Al T, 4MBIRHE © FI 2 19 i 47, 18]
AL
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F ) 1 777 35 B D 81 28 s 1 R 0 I 114 5K A v
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Kp(@)neg () — o na+
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BRI HLAR P A5 BR, E  F(E,, N)
IMRIRANAEEE X ) N a0 ie R, BlEs N 2
FEHI T ARSI F(Ep, N) PRI AG RS i 31 4
Ui ANARLE |

F(E,,N) = {z(0) € R", 3Ju(k)|- < 1,

k=1,---,N —1,such that z(N) € X}
(14)

XTF N PR E T R, A SOR R ez FRE A E
AN N SR

PR 4 k=0, FAES X; 20, EEG
LRI R bR — 28T, MRS Xo = {2] Eyr; <
Li=1,,0}, Hi, o il 71EME Bk mn
AL

FR 2. iMH N

Y = { yij : yij :Aill‘i — AilBUj,
Vr € Xo,Vu € Vert(us)} (15)

(12)

S8 3. FI A B S Vert(Co(Y)), 4
Xo = Vert(Co(Y));

WA S k=k+1, % k>N, MEFLERE;
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Hor, Vert() fiiR—MM @ s, Co()
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mZin(— lgdet Z)

s. t. CiZCESdi,i:1,2,"',j (16)
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N, 0 <4 < L, 5 HAD A& — R 5 i A B
F(EWNO)?F(EpaNl)a"' 7F(EP1NL) Rg%ﬂﬁﬁ){k
RS IX 28] B ) HE R — A 2 N, 3T PATEAH B
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ARG ZEE EERSITESR (v, u,)
J&, PERESRIRANT:

=2

Tu(k) = S (el +ilk) -zt

n

I
=)

lulk + ilk) — w5+
lz(k + Nlk) =z, (18)

Hor, n 22U BN BCERFE, Q M R 21k
YR IE EBCERE, Ao Bl

U(z) = ||z(k+ N) — ] (19)
AL S)

min Ju(k) (20a)

z(k|k) = z(k) (20Db)
xz(k+i+ 1lk) = Az(k + i|k) + Bu(k + i|k)

(20c)

z(k+i+1) € xs, x(k+ N|k) € xs (20d)

u(k +ilk) € ps, 1€ {0,1,--- ,N — 1} (20e)

Xst RRIAN) N A BUE VLR
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B, FREINRT IR o E, AT S 22 e N 7Y
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W A PR EHE, MPC 5 26 vk — vk JE 1 2%
(Linear quadratic regulator, LQR) FfaEM:, A
X RN JE & To o5 I 1t RE i Br e AR AR E
1) MPC k. BFASCHA T6 “=%RK", K
HH ) 2 S AR B A 2 T R 3k DA SN 2 RE 6 s R 2
BRSO 25 A B B S B A AR e UK T TG RR
RO 7 S, AT S IR TR A R I 4
FLAUERR QR

AR AE k B ZIE SR RO A 8 (7) 152 8
A5 v (klk), - u*(k+ N — 1[k), HXf
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23 EAREEL J* (k) FIRRH

N-1
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i=1

[ (k + k) —us %+ 2 (k + Nk) =]
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T 2 (k + Nlk) € E,, il B, 2 R5xKTHAM
Pl g (z) AT AZRSE, 713 Az™(k + Nk) +
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AR (7) 7E k+1 B2 0 —H 47 R v (k+
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k=0 B2 21T, BE2XAERR k> 0 i
Z0, AR RIAT . [y, A TRAMER 2 4L n]

AT HER IS P BT A G A2 251
Tk +1) < J*(k)—|lz* (klk) — 28—
Ju*(klk) —ull%  (22)
ek J*(k + 1) @& A5 20 09 5 00 1y
e HAnfE, BER Jp(k + 1) 27k + 1 B
[ — A~ AT AT i 1 1k e T bR ek B, IS 4R B AR
J*(k+1) < Jp(k+ 1), i
T (k+1) < J*(k)—|la" (k|k) — ][5~
[ (k|k) —udll  (23)

W Tk + 1) < J*(k), ERWE M2 b K
Uit aEssts T (k) RS, AR Y k — oo
i, u(k) — 0,2 (k) — 0. S FHEREHEHT
Jx (k) > ||lz*(klk) — x4 >
Amin (Q) || (K) || (24)

Wz J (k) 2 FRLGR) Lyapunov %k, A3CH
TRFITH R PP R G W RS E 1.

4 fhEEH

AR TREMATREN RS, Bk
H RIEAC A B AR AT, SR A s i 4T
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A AR LB A R

10e~2%®
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Horr, gdsAr w o AR E = (y1) Ak (y2), $&il
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BUPEH, 152 RS2 (AL AY Y 2R B0

0.8e™°
1.6s+1

G(s) =

L | 060667 0 B— 2 0
0 —0.625 0 2
_ | 3333 025 o 100
102667 12517 |0 0
Hz =28 287 @ = [05 05T, © =0 =
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Table 2 The results of the SSTC in the AS DPS system

k Us,1 Us,2 Ts,1 Ts,2

1~90 -0.39 -0.41 -0.32 -0.33

wlE 2 B, AT EMRIE kB = 31 Al
k=61 MrZIPAERIRIR S K AR, T2 kA 31
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Fig.3 Control process of the paper system with the

control moment k£ from 31 to 60
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Fig.4 Control process of the paper system with the

control moment k& from 61 to 90

PAEGTES R, 2950 BT R R @R mbric.
FERX AL S0, Bl il J= i 2 A 46 RS
AR ) EJZ BRS LY RAR, XA BN R R
&40 DC 5, RGURERA AR, R SCHE
RARIG — RV BUE G, XLl TR S LSRR



268 H 3l 1k

s il

44 %

S W] PABOE AP IR 21 i A AR SR B, JFSLR S

H AR E TR ER .
T AT E’JXXE%”"?%?}*E
y !0.8 0.8 e 0.0 0.5]
0 09 | | 1.0 05
_ [ ol o, _foo ]
0 1| 00

BRI LSRR F RSB, 5 3 S S it il 4
I

—0.5548 —2.0844
—2.4247 1.0851

DA Db A AR | R B RN 2w AR A BRI
0.3167 0.2787 ] }

Yo {x S ETSL B = orsr 04443

0.3619 0.0289
U(z) =aTnw, n=
0.0289 0.2916

e L =4, An =1, No = 3, BN R,
TR Ny (Hedr i € (1,4)) BT E e, il
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Fig.5 Control process of the double-integrator system
with the control moment k from 31 to 60
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Table 3 The results of SSTC in the double-integrator

system
k Uy o Us Ts
31 ~ 60 (0, 0) (0, -2) (-0.1, 0.2) (-0.38, 0.2998)
61~90  (0,0)  (0,0) (0, 0) (0, 0)

#  The initial states
#  The final states
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Fig.6 The state trajectories of the three scenarios
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