WoE TR
2024 4 (55 46 45 ) 55 9 W] Automotive Engineering 2024(Vol.46 )No.9

doi:10.19562/j.chinasae.qcgc.2024.09.013

FEF 0] FAHF 10 A5 38 ) 0 ) Tube—MPC 4230
FeoE Ml

FEMLRGEE AR W E R T
(1. Flﬁ?k%mi%rfn,i@ 201804; 2. FKIUHAF A E A FRAE], XL 430000)

(FEZ] Fxh A IO Kl v gl A e AR BR 00 RSE PP A, 25 08 1 R 32 A1 8B R T e B2 S5
SRR LR O i A0 i DR 2 AR S 48 1T R T 3 B A R - T AR R SR 20T ik L B O A I R R T
I (ATMPC) 553 , DAPR 3B A A2 s e Ve AR B2, O I BB RS B2 A B4R T DRIE AT B R E Mk . Pristit
R AR AR ARG M R R T A2 B AR, b B2 T T 40 B 0 A0 5O D0 i R — 86 432 A R AT T S
AP SR S, AR A0 S P RS A W mT P i O DG R B, B TR 2 A TSR 4% 1 (Tube~
MPC) il H AR E 545 A (25 ; T 2 35T Tube—MPC X #2422 £ 188 J35 005 Co D00 i 7 2004 R , ST 390 B o
BEIVERRTERSE, Z 5 R EE G S R LA 5 A AT R D FE A 0 BC . 5T CarSim 5 Simulink 2RI S 05 B, %)
IR B SR T 07 A . SRR AT H M MPC %, BIrdlé i B #5284 5 ATMPC 2 1 5w RE A A
AT AR R 00T AF7 AR E 1 LA B M 7S T BT T i i
KA o IR 5 ; RRE MR 6] ; AT 948 T | ; B AR B T

Tube-MPC Vehicle Stability Control Based on Stability Domain Division in

Extension Phase Plane

Su Dongxu', Zhao Zhiguo', Zhao Kun', Li Gang’ & Yu Qin'
1. School of Automotive Studies , Tongji University , Shanghai 201804 ; 2. Lotus Automobile Company Ltd. , Wuhan 430000

[Abstract]  For the stability control problem of distributed four-wheel-drive electric vehicles under extreme
conditions, considering the influence of sensor noise of yaw rate, lateral and longitudinal acceleration, as well as
the estimation error of slip angle, a phase plane stability domain division method based on extension theory and an
adaptive Tube-based Model Predictive Control algorithm (ATMPC) are proposed to quickly quantify the stability
level of the vehicle and ensure the vehicle driving stability while maintaining tracking accuracy. The designed vehi-
cle yaw stability control system utilizes hierarchical design architecture. The upper layer employs the extension theo-
ry to associate the vehicle slip angle-yaw rate phase plane with extension control domain and determines the control
domain based on the actual vehicle state and calculates the dependent function to realize the decision-making of the
control target weights and modes of the lower layer’s Tube-MPC. The lower layer utilizes Tube-MPC to track the de-
sired vehicle slip angle and yaw rate, enabling precise decision-making regarding the yaw moment, and adopts the
tire loading ratios optimization method for the allocation of the yaw moment. The control strategy is validated by Car-
sim/Simulink co-simulation. The results show that the proposed control framework and ATMPC strategy can signifi-
cantly enhance the driving stability of vehicles in extreme conditions and improve robustness in noisy environments,
outperforming traditional MPC.
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