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Abstract: The model uncertainty in the model predictive control (MPC) method mainly arises from factors such as
external disturbances, input noise, and time-varying parameters, all of which may lead to prediction errors and thus reduce
control performance. This paper proposes a novel stochastic model predictive control (SMPC) algorithm for a class of
discrete time-varying systems with additive disturbances. The algorithm can effectively predict the system’s future behavior
and optimize the control input under specific constraints to achieve predetermined performance goals. To implement the
control method proposed in this paper, the Lyapunov stability theory is employed to ensure the closed-loop stability of the
system, convex combination techniques are used to address the time-varying nature of the system parameters, and convex
optimization methods are utilized to calculate the control gain of the nominal system. Additionally, the inverse cumulative
distribution function is used to transform probabilistic constraints into deterministic constraints. Finally, the paper verifies
the proposed method through numerical simulation experiments. The simulation results show that the SMPC strategy can
better adapt to the randomly changing environment, maintain high control accuracy when facing random disturbances, and
has relatively low conservatism.
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VN (Tri1,Urg1) = Vv (@r,up) =
—El[x5), Qe +ug, Reug ] +tr(GT PGY),
(53)
Horp X2 )77 Z5E6 0. 456 0(50)F(53), AT
V(@1 ur ) = Viv(zr, uf) <
—El[xg), Qco|r +ug, Reug | +tr(GT PGY),
(54)
R )5, i BG4 L RER, BN — ooftf, AT LA
3

: 1 ol T *T *
]\}Ll;rcl)o N ;JE['Z.HTQC:EHT + ui|‘rRCui\T] <

tr(GTPGY), (55)

li 1 NE T < tr(GTPGY

Jm & S Bl Qure] < (GTPGE),
(56)

PRI, SR T PR R G RS ER. R

EE 4 ECHBEEMEQ., R, RAFES
IEAERE (15 E X ARRERE P, i a2 T S R VEAE AN
okt

P'>0, (57)
—P' PAT (B, Y)T Q. R,
_ p-1
* P 0 0 <0,
* * -1 0
* * * -1
(58)

He1Q, = PIQZ, R, = YTRE,Y = KP~, liLy-
apunov 25 () REE 4 ik S A RAIE, FERE PANAL LR
et i KT LU FIRLMISRH.

WE T S R g% A (58) Ac T R A ofe X A B
diag{P, I, 1,1} F'E ¥ B 47 & [F AL, HARYE
Schurth 7|2, 52 N1 24+

(A + BnK)'P(A,, + B,K) — P <
_[QC + KTRCK]7 (59)
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V(An, By) € 02, ¥R, B
'PP — P < —[Q.+ K"R.K], (60)

R, B4l RS RIE, EEHEsEEE.  IFEE.
6 HEHAE
6.1 ARSI EE

T R TR TR AR, AT,
ASCHE H I SMPCH R N T — AN A1 BEsE AL R Gi(ln
BT 73) BT 3. B 5, R RS sh ¥4 2 [A]
A B AR R ZR I A P nT I 1. 4 IR R4
BRI TSI AL R G, HORAS 2 (Al
W N FR:

1 0]
wT?

e 0] o
T o ¢ |77 T o 01
(61)

Hrpe = 1.2 - 0.1¢(7), 2H8p(1) 5 R FITH
RETEEEE R B AE LY, FFBUEAE[—1, 1] A BB e
. BT —1 < o(r) < 1, AR 5 ifR&s M
FAFQ2)-3), TR A(T) BN 2 R, A,
BN ARSI R GRS BT BT DU RO A

1.1 0.1 1.1 0.1
A= lo. 1.3] » Ao = [o. 1.1} (62

g @ MA A RN = 0.5, 0 =1 — Ay ZA5EV]
fHzy = (0.1 0.05]), A EIE Q. = diag{0.01,
0.01}, R.=diag{1.0, 1.0}, &S5RI Ld i sk e e 22 4
1 LMI 45 213 2 254 (4) 1 S A5 2 K AN 28 i A B
FEFEP, SRR AN

Ur +

K —0.7317 —0.0618
~|—0.0558 —0.8667]|"’
] 05609 —0.0202
T 1=0.0202 0.4621 |’

WRIG, ga e BENLIR BN IR A BL R IEZS 204wy ~ IN (0,
0.04), w? ~ N (0,0.03), I BAERE PPLzh A H Ak
7. W24 IR IER AT 2R

£yl
PR ]
;, @

}u:ﬁi?ﬁﬂiﬁﬁ)\

K1 MEEM RS
Fig. 1 Angle positioning system
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Fig. 2 Normal distribution curves of the random variable
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Fig. 3 System state z; traces: 30 Monte-Carlo simulations
using MPC
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RI1FNH T ASCHTHE H FISMPCHIE i MPC 55 i
T RGURELEA RN 2 - L d0d B . RS
HEIE R, RIS R4 51180.433410.133, 3
RIS AT 5 1) I ME2R0.5F10.2, TTMPC 5EIE A& K
HEATAT 20 336 S 2L T SMPCHIMPC 1) B AN B
B, 4553 W SMPCIF A BREUE M0.017 9, 22K
T-MPCH A R 517 0.649 8. iX 2% B SMPCE 15 1| 2%
FAEAET7 AL T-MPC, SMPCH FIMEZ 41717, R i
— E ML A SR, AT AT DAYEAS 2 1t 4R 3
Z [IATAT AR PR T PR

&1 BRARGREEBE

Table 1 The number and probability of constraint vio-

lations
B[] r=1 7=20 7=30 IExMXR
MPC(z1) 0 0 0 0
SMPC(z5) 1 12 13 0.433
MPC(z1) 0 0 0 0
SMPC(x2) 1 4 4 0.133

& 2 TREH RS T a9 RN

Table 2 Costs under different control strategies

s MPC SMPC
J(7) 0.6498 0.0179

5 A ST T B HA R SMIPC 5% B 3 4T % BL, S0 25 7
FHIF S HCT  FAMPC RIS HEAT T 30K S5+ B
MBES-6H R LUK I, FEREZIHR, RAHIE A H BLE
FORZS LI O [RIEF, S FHMPC SR B [ PR AR A
BN T BT I B . SRR, 54
MPC J7 24 bt SMPC S RE % B 47 b 1 3 BE AL AR AL
NI, FEAETH T BE ML TPt i Gr AR 5 v 10 42 11 RS
H H BB EARA R M. ST S, 07 545 RAE
BT BT H I SMPC SLVETE AL B A AL L AR i AR
AN RS A BRI 35

E3 EiESEeh, SMPCYE W@ i AR 2
HORB PR AT ATE, IXATASAE A B 25 KSR REBE R B 2%
R s . A ECZ T, MPCEE TR A% O 240 SR N, 51 7T
REXE AR R AT AT /.
7 R

AW FCET X — 2 A IPEP B I B B A R G d
H T M B SMPCE VL, FIESE TiZE L AT
SskaeEtt. ASCRA 7 I S HEARRIER AR R
GiRRRE, DLAOE FHICDRR AR 2 SR LAk R o 5 T4k
MR, HJ5, EMATLAB/Simulink R385 R #4771
15 B SER I 5 MPCIRISHEAT 1 HLAL, J0E T AL
o 1 42 1) 7 2 A R . FH T R SEMPCIR I,
SMPC I fit B R 35 3th 87 6 PR 855 b (R BB L AR Ak, 7
TG BEAL TP Grr i P B4 RS B2, R R I
A AR PR T

TE LA I TARH, MR 5 e 455 B Ik sh 1 77
15, NI B i OUBREN AT, DA AR T U
PEFFATIRN IR L.
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