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Abstract

Vehicle stability control directly affects the driving experience and safety of drivers, making it a
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research focus in the field of automotive safety. To address the need for yaw stability control during
vehicle steering, this paper introduces a hierarchical control architecture. The upper layer employs
a Linear Quadratic Regulator (LQR) based on an improved Simulated Annealing-Particle Swarm Opti-
mization (SA-PSO) to calculate additional yaw moments. The lower moment distribution layer solves
a quadratic programming problem using the active set method to obtain optimal four-wheel torque.
The improved Simulated Annealing-Particle Swarm Optimization establishes a mapping relation-
ship between inertia weight and annealing temperature, introduces the Metropolis probability ac-
ceptance criterion, and dynamically triggers random perturbations based on population diversity,
significantly enhancing the algorithm’s global optimization capability and efficiency in escaping lo-
cal optima. Simulation results show that the proposed SA-PSO-LQR method effectively improves the
convergence performance and control effectiveness of the fitness function while maintaining vehi-
cle stability.
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Table 1. Main parameters of vehicle model
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Figure 1. Vehicle 2DOF model
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Figure 2. Layered control system framework
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Figure 3. SA-PSO optimized LQR algorithm flowchart
3. SA-PSO fLLH) LQR B RIZE

33. TEEESERE

% J8 B AR SO AR 4 0 R VR O BOR B BB s, AR A SO A A, DRIRAE S I T BER
D7 LSRG Wit T CADYAN 250 G e i g s AR B TR I R R o e ks . B T
MATLAB/Simulink H'[f] quadprog >Kff a5 AT FEL KM . 1% KR4 F A R %[23] (Active Set Method)
RIRACER LA T, REAETE RPN 1R] P TSR A 0 BT B 0 LR B R DA A AR HE 4, SRARAS 2
WU R BT, T, T, T, B N R AR R B8 18, sEILx B2 LQR PR FIAS
AT -
4. AR

7E Simulink S5 EE 05 BB AT SVRIGAE, 43 S 1E o B B T LGB 5 B 1T 20 S 3R AT XURS 28 T
NI ERIE S RS LA T . A T RO T B, SRR T R A SR G SA-PSO-LQR.
FrifE LQR FIZMEALH PSO-LQR =2 il J7 v 107 H &5 R AT L. X T LQR &l 88 (24, s fE
ZI{E: O = diag[10%, 10*], R =107, [FW &It SHAM D 5% KA SA-PSO-LQR J7iEfFH
M BRI S H, o0 ol o ZE A 0 (1 28 20 ol o 5 0 T 00 v D1 2 i W S 4 ) 8 SR, DAL 360 I 35092 1) 45
G

4.1. SHEREHE
BEE A G-I EEDY 60 k/h, XS TOLTATHE, BRIEFE RECN 0.85, FiEARIIE 4 Frr.

DOI: 10.12677/m0s.2026.152037 107 5 1 A


https://doi.org/10.12677/mos.2026.152037

A,

R

60.06

T T - T T
< 60.04 — kR «5 600 — i B A
E B [ ~ /
~ s ° /W\ A AL
.60.02 RS $ a0l / ~
z S \ [\ i AL S
I3 - \
o = 200 / \ B
g 2 00 ) \ [ . i Je L
259.98 8 _ /
£ o 0 N | — —
5 59.96 3 \ ] p 8 / /
3 S -200 |
.2,59.94 r = \ / | J
= g / \ |
= 50.92 S -400- \J
a x .
g 99 {£-600 \/
= =
50.88 ) . ) =
0 2 4 6 8 10 12 0 2 12
I} [/ Time (s)

() Pk

TR / Yaw Kate (raa/s)

B/ Time (s)

(d) JE-Cofl i A 0T EE

B/ Time (5)

(c) MAFRSIE NS LE

Figure 4. High adhesion road double lane change condition

Bl 4. SMERENZZE IR

] 4(a)rT 50, A L 22 AR/, I ZE 8 BRIIE 1% A, 7Em B S RECK, Prisih i
AT DR B 6 BA B2 2 1) 23 AT BRER

ME 4c)s Bl 4d)PTLLEH, fEEMERE KT, Brigit ol SA-PSO-LQR Hik AR 4E 7 Fl &
AT DR A b RS A T TS, BRER ZE ORFRTE S K MH 0.0041 rad/s BAPY s 53 /Co i 7 1D R B¢
R ZE N ORFELE 0.0103 rad PAPY, PRZHEE S5 A B AR (1 22 A5 2 = PP /M. iR PSO-LQR
J5 AR A (B BRSO g 22 T 4K SA-PSO-LQR 759, AELJGCo 0 fh £ (9738 4k 3 5 BA B K T4k
SA-PSO-LQR J57%. 2l LQR J7 A 1E R 4% A 38 FE AR5 Co M) O 1 FAD A B L 22 B Ko )7 B 485 SR F ) L s
SRR 2 1,

Table 2. Simulation data of stability under double lane change condition on high-adhesion road surface

2. BMERENBL L TOREMEHERE

_— TR 45 £ 385 (rad/s) Lol 4R £ (rad)
W BRiRzE BKBRERRE Wl HTRRE RORERERRZE
LQR 0.3408 0.1206 0.2528 0.0224 0.0077 0.0224
LEPERUE PSO-LQR  0.2166 0.05902 0.0536 0.0220 0.0076 0.0220
42 SA-PSO-LQR 0.2248 0.0163 0.0041 0.0103 0.0036 0.0103
WERE 0.2248 - - 0 -

MG 2 TR, AR SRR 47 1) 45 R DA 2 PR AT A AP o 0 v 5 A At A 3k PR B e R B0 22

DOI: 10.12677/mos.2026.152037

108 5 1 A


https://doi.org/10.12677/mos.2026.152037

rE N, SRR

fl. A3 SA-PSO-LQR [ A 8 i fi K AR (K 4 %HEAH EL X538 LQR. 5P ALE PSO-LQR 737 R[4 1
34%M1 4.7%; [FIRY, SO SA-PSO-LQR 777415 H 15 Co i £ 15 e RARL IR 248 X i J7 THI AR B 38 LQR
g, RERE PSO-LQR 71520 /D T 54.0%K1 54.40%
4.2. (RMIEEEHE

P 6 B T )38 WAL 28 TR LT, W Al AR % BN 60 km/h, & B BRI RECN 0.4, 75
B L R UTTE 5 Fios:

‘ : : ‘ ‘ ~
60.3 ;E 300 \ — i b
o0l 1= N A L
8 S 2000 1\ S\ [
2 3 AN /N Je IR L
> 6011 1e M / w4 =
s % 100 / I I\ ) N/ Aa e
£ o0 3 y W/ A\ I\ AL A
] 3 — v A e
5599 2o AN NN W Y/ 1
s - N ‘ (B
508 PRUSIT §-100- \ / | X \Jj
Aotk 18 \/ ‘
% —may | =207
59.6 %-son
. .
0 2 4 6 8 10 w0 2 4 6 8 10 1
I 5] /Time(s) It} [i)/Time (s)
s A
(a) Hhia ik (b) FHLEHEEEHE
TRIZAEREEXILE pr—
o3k e
-LQR
------ RIERUEPSO-LQR "o oran
02 —— Bt SA-PSO-LQR | [ s
=02 Y gy T REAROR
3 . 1
= o1 i il
L i i
] i il
: I |
) i il 3
> [ HH g
S | \
i I IH P
) -0.1 I i 12
& i i g
i f ;
!
& 02 ] v EH
&
03

L L
5 10 15

ST

A3 / Time (s) B/ Time (5)
(c) B AR EL (d) SR £ F L

Figure 5. Low adhesion road double lane change condition
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Table 3. Simulation data of stability under double lane change condition on low-adhesion road surface
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Figure 6. Simulation results after changing the tire cornering stiffness
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Figure 7. Simulation results after changing the curb weigh
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Figure 8. Optimal fitness variation graph
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