% 46 % 5 114 Ak X F R (8 AR HF KR Vol.46,No.11
20255 11 A Journal of Northeastern University ( Natural Science ) Nov. 2025

doi: 10. 12068/j. issn. 1005 — 3026. 2025. 20240092

B TR IE AR B F 4 ) i BB AR
MEIREETR

IR, KEEEE, 2@
(RACKEZR R B A Pebl TSR, WL 255 066004)

1 B S R 2R Sy A 0 ] R R — A e RS R T Y S Bl e AR s L e e
SR G AR LA Bl AR R ] T-S B T B AR LM R G A R v R G R T o IR R e, 2k
JHAEE AL 4% 1 (model predictive control, MPC ) i fIll B4 il 5 25 A5 e (LA 452 0 4, )2 0 FH il = 4o s kil
HEATHI B 10 . SR, sl i R T U, B Laguerre pREOW 1 il 5 AT 91047 E A4 2R F R 4G
e A P 05772 Ak B 2 B 2% 1 S o v R ISR R pR . R AR MR T LR 64T MATLAB/Simulink 1
TruckSim BE G5 5 . 45 SR W AL T4 48 MPC 12 45, BTS2 A L8 MPC 45 5 RE A2 7 R TIEPE RE 19 W] B 2%
PRI RARLR, T LA R sf 3k G ZE 0 76 2 2t

xR R R AR TN 45 ) s Laguerre PRW ; R XA PN S 2L 5 I RS 1

FESHES: U 463.6 XERFRERS: A XEHS: 1005-3026(2025)11-0012-08

Research on Heavy Vehicle Rollover Stability Based on Fast
Model Predictive Control

WANG Hong-wei, ZHANG Qing-qing , WANG Xun

(School of Control Engineering, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China.
Corresponding author: WANG Hong-wei, E-mail: wanghw0819@163.com)

Abstract: In order to solve the problem that heavy vehicles are prone to rollover, an active safety
control method based on fast model prediction was proposed. Firstly, a nonlinear dynamic model
of the heavy vehicle was established, and the nonlinear system was transformed into a linear system
by the T-S fuzzy method. A hierarchical control strategy was adopted, where the upper layer was
designed to obtain the optimal yaw moment by the model predictive control (MPC) anti-rollover
controller, and the lower layer utilized the unilateral wheel control method for the allocation of the
braking force. Then, in order to reduce the computational burden of the controller, the Laguerre
function was introduced to reconstruct the control input sequence, and the constraints were handled
by the primal-dual interior point method to solve the quadratic programming function efficiently in
real time. Finally, the co-simulation of MATLAB/Simulink and TruckSim was carried out under
typical working conditions, and the results show that compared with the traditional MPC
controller, the proposed fast MPC controller can effectively improve the computational efficiency
while guaranteeing the performance and can avoid the vehicle rollover instability.

Key words: heavy vehicle; model predictive control; Laguerre function; primal-dual interior-
point method; rollover stability
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Fig. 1 Vehicle dynamics model
(a)—HE i Bl SRR 5 (o) — B s 28

I 5SS RR B 1 1 308l
Fi=k;- a,,
F.=k a,. @
Kok, kA MR SRR MmN s o, 0, 53
B EATE SR FE MR, %R LA R AT .
a;=0-f~- ﬂ’
" 3)
_ by _
o,= v, p.
Ao, B R T £
AN B AR /N, sing =, cos p=1, 45 (2)
M GCAR (D), T840 = [ h sl f12#
FEFR AR A2 (8] 72
x=Ax+ Bu. 4)
ot ix= v g d] WRGRE u=[o.M.] K
RGN RBUEE AR BUTT PR -

B (kf+kr)1x B (k,b—kfa)]x
IR T (TR S
B msh(msgh—k(p) _ -mhe,
ST oml—mr Y ml—m e
2 2
A, = krl;:—kaa A kfal;frb Ay=0.4,,20, -
A4=0,4,,=0,4,,=0,4,,=1,
~ mh(ke+k,) _ mh(ka—kb)
L —m W, (ml—mPR W,
_ m(k,—mgh) ~  —mc,
T oml—m?R Y ml —mP R




14 RAKFFHR(AEAHFIR) % 46 %

&F“ﬁigi&FQ&F&g&Fll ST AW T-S B 2 A A A
(ml,—m:h*) L L © e SO@U))(AVHBM
Bu=0.Bu=0B,= "M g g =i | (10)
(ml,—m:h™) y=0Cx.
1.2 TEEFEWHER T-SEMLEL 1 000
RS20 7 2 (4) W B9 DA 1m) 42 3 2 isp AR fY i 01 0 0| . ..

BRI 4 F A=\ | o[y AR
x(t)=A,x(t) +Bu(t). 00 0 1
stov(@)={v,(2),vy(2), - v(1)}F,, @)
i=1.2,rj=12,q. 2 BEERE R R gt

KA, RS E 5v (¢) M A F N

BRI 5 g b R 0 B O 5 R if-then #iL b X6 T Y A SN BRAR A P n) AL, B L — b oy

D) fe i )2 45 T SR W o PR 1] 28 17 % % R (lateral load

g transfer ratio, LTR)AE A M BHPEAF8 45 , 1530 384
V() = TTF(v(0) B Brwzs. | RR MPC Bl 53 5 4 i
A, 1, (v(1))F5 v ()T F, ISR B T 7 (A 1 SR Sk 5
SR B R R B 10 . )5, 51 A Laguerre bR ORI G Xt P A5
v(v(1) i, I/ MPC $ 38 00 0 A i
O(v(D)= " O) s e P 4 2 s
ZVf(v(t))
BT - EMPCESHI T RGBS
R 2N=2eph 4F. MR
S L T-sHmE UL L
ﬁﬂ (Fx1r+Fm)Bw
a=v+vy M| g 4FME
; FTLaguerreRi ¥ > ¥ (FatFa)By
v, ¢ y v BEHEARS 4F_MR
T FotF B,
!’ | R 5 R AR r o AFMR
AR TR AR F 4y = (F,+F.)By
Tl

TR Ty, T, T M T 0 R ZE TR ZE IR e AT RTRE AT TR 5 I 5 F o, B, B M F 0GR 2T e m e A
HITAE FAT Jm e T EL AT s RO A48 A2
B2 MEiREEEHER

Fig.2 Rollover stability control block diagram
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