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Abstract: To improve the tracking accuracy and lateral stability of vehicles, a lateral and longitudinal integrated
tracking controller considering lateral stability was designed based on the maneuverability characteristics of a four-
wheel steering vehicle. Based on the reference speed provided by the upper layer, safety speed constraints were
applied under considerations of road curvature and lateral acceleration constraints, resulting in a smooth and safe
speed curve. Integrating lateral tracking with speed tracking, a combined lateral and longitudinal tracking control

module based on a model predictive control algorithm was developed. With the reference path and safe speed as
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targets, the front and rear wheel steering angles and longitudinal desired acceleration were solved under simultaneous
longitudinal and lateral constraints. A lower-level longitudinal control module was designed based on the inverse
longitudinal dynamics model of the vehicle, while considering the load transfer effect of the vehicle, and the motor
torque and wheel braking torque according to the longitudinal desired acceleration were calculated. CarSim and
Matlab/Simulink platforms were used for joint simulation experiments under double lane change conditions, and real-
time comparisons were made with independent lateral and longitudinal controllers to verify the tracking accuracy and
lateral stability of the designed controller. The results show that the designed controller achieves good tracking
performance, with a peak lateral tracking error of 0.038 4 m, a peak yaw angle error of 0.27°, a peak velocity
tracking error of 0.097 3 km/h.The lateral acceleration of the vehicle does not exceed 0.4g, and the resultant
acceleration remains within the adhesion ellipse, satisfying the requirements for precision and stability. Meanwhile,
the iteration time of the integrated controller is reduced by 29.1% compared to the independent controllers, which
can improve the real-time performance of vehicle control.

Keywords: path tracking; speed control; four-wheel steering; lateral and longitudinal combined control; model

predictive control; joint simulation
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Fig.2 System overall architecture
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Tab. 5 Longitudinal error and control input peak of object

one
K s 0 X410
A%/(km/h) 0.158 1
A¥/(m/s?) 0.2347
Tii/(N - m) 240.006 9
T12/(N - m) 148.515 3
T21/(N - m) 359.703 2
T2 /(N + m) 251.734 7




618 TR 2 4 (A RBLAR)

2024 4%

HIIE 7 538 5 AAEH: R 1 535 3 REBHK
DR HERL B R H AR, H AN 1] T L 45 il B Bk RE %
B b R I 1) S BRI D 390 1) AR ) i3
T AT AT 085 A 58 1) 0 3802 B 5% A0 2 52 T
AR BEAM R T3 5 IR T A O\ 1) B e RS AL
137, SR SRS 1 3 Ty A e AT 1 i

o ) T 5 T e 8, (AN 6.

6
4
2 L
'T'in 0
E o
4t 7
] B
-6t \/ —— JCH B
Y /5 .
0 20 40 60 80 100 120 140
X/m
(a) R o o R 2
T —BEghmLZEA %“ﬂ%'l
6t~ %Lﬁlﬂ \ ,
fffff RS TR
fn 5 r \ ! \
‘n // | ,‘ |
g4 [ ]1; A
N r \/ ‘ | \
o 3+t \ |\
iy i\ \\H \
=2t / \ 1’ W
T ! \
1t / I i \
L I | \
0 - 4 N N > e A ;
0 20 40 60 80 100 120 140
X/m
(b) FAHA IR i

E8 =HIBREMSH
Fig. 8 Stability parameters of the controller

&6 IRHIRRINEEIEE

Tab. 6 Acceleration peak of the controller

3 % 4 (m/s?) V&2 +32/(m/s?)
41 3.9383 4.453 4
42 6.439 4 6.441 4
43 3.759 6 44437

H & 8 53 6 A Hl: 4WS KEY ] £ 5 ¥ il 75 1)
B N i) Jon 3 B 4 S R 0.4, ARIE T 25BN ) e 2
IF A TN B G 2 Ah T ug N, 3R] iR 4 3 2
DL AT X4 2 A Ml s R Y, 4zt
T 23R A ST 5 i R AR A, X 5 1 5 X4 3
T B2 19 I Re A A 200/ NV {1, 2 TS 4 ik
AR IS4 AR M, B AR Al AR R
HRHA BER

R PO 45 B SIS, R A 1] - i 4 o A
53 R Asr HSEOHIR Y MPC & hiIRE R, JE1% fpde %
FRRSTRI AR, &5 2R A0 9 5% 7.

18 — R\ 2R S ]
o~ BB

16 AT I
g A'H(l; ::1 ik "Hh :H; |2 : ::flll
= 14404 il "ihmsﬁ i RN ) ,‘”Jn i
= D g MR Al
12 '
X

10

8

0 20 40 60 80 100 120 140

X/m
B9 i 5EEEHSENEREE

Fig. 9 Iteration time of independent and integrated

controllers

RT WIAEEEEHRNTFHERRE

Tab.7 Average iteration time of independent and

integrated controllers

HIERWoE 1 AX i 8] /ms
ZE A A 9.553
ST ¥ o A 13.466

LR 9 53 T Al A e BRI A AL,
SR AT 2k A 18] Hh Sz 25 i 46 0 T 29.1%,
AR TR S

4 #ig

LG50 50 2 R R B, % e i e e
PEM AWS BN I 276 10 25 o AR B 3 5 ity o 55 )
] i BT B e AR, Ik 4WS AR A 1) L Hh
[ 155 750 £ PR ] — 3 il A v, R A G 1) [] Ao 2 2
T ol R AR I s o B MR AR S R A R
15 5 J5 BT e £ 5 G ) SR B s X Tk R
P AR, P 2 ) S0 B s B 54 2] R AL
SRR S A RIE S S5 56 T He b, 3
T 3 e ol SR s 1 05 X 42 AW'S B2 1) 5 5 1 ol
AR T AWS BRG] £5 A 4 il 25+ 0E S DA
K FWS B 9N 1) 25 A J il - BE R T . 45 SR R
3 s i) SR e 4 g 6 B0 B, LR X B 1R SCHR
(%) 42 1] SR k) 1) R B A0SR B e, ) R R 25 AN
11 0.038 4 m, FEEEMAIRER R ZEANBIT 0.27°, B AR
PR iR 25 NI 0.097 3 ke/h, 6 SRS BB SKR ; A AL
FPEAL T A A, Fe R MR o b T2t E 1 )
[i] JO11 8 B W (AN B 3 0.4, M A2 50 6 m 3ok B e 4



5 6 4

S, S5 2 BN 1) BSE R A DU AR 1) A AR 1) £ P A s 619

T E g N, T AR AR ML HH HURE A 1) A 7 4 4,
BT A £ P ] o ) A A QR B AR T 29.1%, mTG
AR T A SE IR EOR

&2k

(1] 222, ARV, I A o, 55 0 8 42 W B A2 B R 4 o Oy
% 9] B S PR, 2024, 39(1):143-150.

[2] TANG X Z, SHI LF, WANG B, et al. Weight adaptive path
tracking control for autonomous vehicles based on PSO-BP
neural network[J]. Sensors, 2023, 23:412.

[31 SHIK, YUAN X, HE Q. Double-layer dynamic decoupling
control system for the yaw stability of four wheel steering
vehicle[J]. Control, Automation and Systems, 2019, 17(5):
1255-1263.

[4] =%, MEER. HT LTV-MPC [ 3 3 P04 5% 1i 43 1 5
WERIFSY [J]. 22 OB TR 254 (A SRR RR), 2023, 37(12):
18-27.

[5]1 WHLLTT, 250, EPHFH. 3545 DU A8 5% 1n BOR W ST 2334 (1]
YR, 2021(4):19-23.

[6] BiRffl, 25, FR/NE, 45 IR 4 L4 0] RGUWT o ik e 45t
i [ IREHR, 2018(4):23-34.

(7] Avilibk, S 428, dfh, 55 %5 B AT BUAsE P i ma A8 %
Ii] 2 5 s A B R AR SRR 9T (0], )P4 K4 (H AR R
f), 2021, 46(3):606—614.

[8] XBH I, Hyuk, wath, 55 PUFEH [m] 742 M1 26 LQR 1 fij
FCFSYE [J]. MUK 115 il , 2022(1):20-25.

[9] CHEN S P, XIONG G M, CHEN H Y, et al. MPC-based
path tracking with PID speed control for high-speed
autonomous vehicles considering time-optimal travel[J].
Journal of Central South University, 2020, 27(12):
3702-3720.

[10] 5KF, VLA B, BR— JL, 45, S T REN nl 276 12 501 A9 38 g
TR 4 B R (D). B R0 K224 4 (A A B2 ),
2023, 42(4):153-160.

[11] X%, 2 8%, B R Wik ) 18 h 25 & 1l i pr gt (1],
HPASH R 4 (A SABF# ), 2021, 40(4):133-140.

[12] FLETT, ARICHE, JKAG . 75 PE I B 1 258 5988 RE 4° AR B
S AT R ) ) [J/OL). HLARR A% 55 B AR [2024-07-

04]. https://doi.org/10.13433/j.cnki.1003-8728.20230303.

[13] ok, i), &AT, 55 RlG T e 0 20 A 23K 3l v 3
PRI AT 72 [9]. P EID LA TR, 2023, 34(9):
1035-1044.

[14]FU T F, YAO C W, LONG M H, et al. Overview of
longitudinal and lateral control for intelligent vehicle path
tracking[J]. Springer Link, 2023, 586:891-902.

[15] ABUE, fry 47, 1R, 45, 8 AR 2 0925 T o B8 5 % o) 3 7
AN [7]. R TIRS2:4M (AR, 2024, 49(2):
161-170.

[16] Il it e, JH 45, A BB 3, %5 % B Ra g ME Y 4WD/AWS I
N AR R B A ) SR M BIF S (D). T H L R S
2024, 60(6):349-358.

[177YE B L, NIU S F, LI L G, et al. A comparison study of
kinematic and dynamic models for trajectory tracking of
autonomous vehicles using model predictive control[J].
Control Autom Syst, 2023, 21:3006—3021.

(18] SRAEN, 5K, 5 5, 45, — ML T LTVMPC st iy e A
RN AR IR R L (0] W SRS (A AR
22hR), 2021, 48(10):67-73.

[19] skSe M8, SROGIHR, FRHELE. A 32 4 42k M i A2 450 8 i )
BRI W (). [R5 R4 (FLARRRR), 2016, 44(10):
1595-1603.

[20] #H9E %, G or sk, AR, % 5T MPC B9 A 32 3K
R R RS (0], MUMRR T, 2024, 41(S1):20-26.

1] RAE, @ YW, wAh, 55, sl SR E i AR o SR
e FAB AN [7]. i3k A 304k, 2024, 46(1):191-198.

[22] SUN P, TRIGELL A S, DRUGGE L,et al.Energy efficiency
and stability of electric vehicles utilising direct yaw moment
control[J].Vehicle System Dynamics, 2020(12):1-21.

[23] 5K, & =, A AR, &5 3T KT M A 3 2 F & R
P18 TG N 225 S A e S R R A (9. P LA TR,
2024, 35(6):962-972.

[24] DAOUD M A, MEHREZ M W, RAYSIDE D, et al.
Simultaneous feasible local planning and path-following
control for autonomous driving[J]. IEEE Transactions on
Intelligent Transportation Systems, 2022, 21:3006—3021.

RIEHE: AF


https://doi.org/10.1007/s12555-018-0694-5
https://doi.org/10.3969/j.issn.1007-4554.2021.04.04
https://doi.org/10.3969/j.issn.1001-3997.2022.01.005
https://doi.org/10.1007/s11771-020-4561-1
https://doi.org/https://doi.org/10.13433/j.cnki.1003-8728.20230303
https://doi.org/https://doi.org/10.13433/j.cnki.1003-8728.20230303
https://doi.org/https://doi.org/10.13433/j.cnki.1003-8728.20230303
https://doi.org/10.3969/j.issn.1004-132X.2023.09.003
https://doi.org/10.3778/j.issn.1002-8331.2211-0154
https://doi.org/10.1007/s12555-022-0337-8
https://doi.org/10.11908/j.issn.0253-374x.2016.10.018
https://doi.org/10.11908/j.issn.0253-374x.2016.10.018
https://doi.org/10.11908/j.issn.0253-374x.2016.10.018
https://doi.org/10.11908/j.issn.0253-374x.2016.10.018
https://doi.org/10.11908/j.issn.0253-374x.2016.10.018
https://doi.org/10.3969/j.issn.1009-0134.2024.01.038

	1 4WS车辆动力学模型的建立
	2 4WS横纵向综合控制器的设计
	2.1 安全速度约束模块
	2.2 路径跟踪控制模块
	2.2.1 模型转化与模型预测
	2.2.2 目标函数与约束

	2.3 纵向下位控制模块

	3 仿真验证与对比分析
	3.1 仿真平台与主要参数
	3.2 安全速度约束
	3.3 仿真结果与分析

	4 结论
	参考文献

