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[Abstract]  Path tracking control is a key technology for intelligent vehicles. However, the existing vehicle
tracking control methods mostly rely on more accurate vehicle control models, while actual vehicle control systems
mostly have modeling errors, parameter perturbations and external disturbances, which significantly affect path
tracking control accuracy. In this paper, a learning path tracking control method for intelligent vehicles considering
unmodeled dynamics of vehicles is proposed. Firstly, a nominal model of the vehicle is established and a linear pre-
diction model is used to approximate the compensation for the unmodeled dynamics of the vehicle to improve the ac-
curacy of the vehicle model. Then, learning and updating of the parameters of the unmodeled dynamics are realized
based on the principle of Extended Kalman Filtering. Next, learning Model Predictive Controller (LMPC) consider-
ing the unmodeled dynamics of the system is established. Finally, the effectiveness of the proposed method in im-
proving the path tracking accuracy is verified by designing a joint simulation test with Carsim and Matlab/Simulink
for multiple operating conditions and multiple groups.
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RBE G IR P A B ERRZS N
RA»:[rk""rk+P—2’rk+P—1] (40)
e (39) A (40 FRAM M ek F (28) 1, 75

Pl No1
2
Ji = E Hyku'_ Tevi], + 2 ||Auk+[
: Q .
ico iso

[s.X +S.A0, + 5,6~ R, + v, 41)

L E=8X,+8,6, - R, fEAX(41) FisH e
PARCIECS
J, = E'QE + E"QS, AU, + (S,AU,)"QE +
(S,AU,)"Q(S,AU,) + AU,"RAU, =
E"QE + 2E"QS,AU, + AU,"S,"QS, AU, +
AU,"RAU, = E'QE + 2E"QS,AU, +
AU,"(S,"0QS, + R)AU, (42)
KT E"QE J 8 A, XK i J, BUAS fe/IME
s Tl TC R A R TR
J, =2E"QS,AU, + AU,"(S,"QS, + R)AU, (43)
4 H=2(8"0S,+R).f"=2E"QS,,x = AU W
3 (43) 0] DUEEAL R LR R B A Il R ) T8 X

2
R




2024(Vol.46) No.10

ZRLIEk, A5 T o o] SRR N4 o R R N A R o

- 1811 -

J, = mxin%xTHx +fx
Ax < b (44)
s. t. 1 Aegx = beq
b <x<ub
SRIEHE b DAk ) R Ay 29 TR A 4 =X (44) JE
P, B

- O O O

N XN

MY w, = u,, + Au,, PR N B S
B

U, <AAU+u, , ®1I,,, <U,, (45)
KU, U, 00 AR N PPl 21 T
REG QB N, He a5 X (45) FE7 A8 48
CIECH

AANU<U, —u,_, I, -

AAU<u, ®I,,,-U,. (46)

LA, =-ALb, =U,, —u,, Q1 ,b=u,_ I, -
U, M (46) 95T LLE R -

[ijAU = [Zj (47)

5 Matlab 19 = WKL R 18] 305K i 4
quadprog, ¥ LR 15 1950 (44) HH ) R G 4E DR FE 45
O AEX AR NI ZAL A quadprog PREL, BT AT
RAFLUN s fb izl 741

U; ={u, - Uy ) (48)

PR S P 51 T A 27— B A T2
HIERIIDE Y KR SRk B k2
—RAEIS 2, G AL BT ST R R 41
PR RS P A0 A 1S T RE T RS,
WAWITEIE S, B2 AT 58 B AR B 55 .
T VTR T A G LMPC B L T HE AR

AR SCR HE AT S S 28 48 A AR B 25 0E
13 3RAE , H EKF LA B X 3] 5, 3153 52 A
B s HLAS ST Y Y LMPC 303k 5 15 48 MPC %
JEUEE— | B2 D0 Tr] R e 2 e ™ — AT
AT A TSR ik, D0k T RIS 5 Ik ] A 24 B 44 4k
TEARF] 4% b, ST PRAT I R A S /Y . 4R SO
7N, AR SCHY LMPC 583 1 B0 I 350 10, 725K g i
HEIREA G, AR S 530 A
W R B FT H LMPC 559 7T LS SR o g4, 5
PRERAT I ) 3 5 B 1 5 A O, BE A7 5 T HR B IR
FRFE I SRS P B[R] AT

p
o Uyt

*1 EFLMPCHEERIE

7 > TUASE IR N 47 )k O

LR R A TTHEL £, , BRZEVN T 220 1 p,, 1 T MR 75 p 7 25 R
QMR B 7 22005 R, ARG A dw,,  FERELQ R

2 ST R AR

3 X RGER ARG A HEAT LN A 1S B TS WAL, IF S ARARIE
B AR G5 3 2 ) R f A5 2

4 AR T R GRS R 27 ) SR TR R 5

5:For k=1 To final waypoint

6: THEWUIPREx=[Y o B w]T

7R EKF R AR RGR VAL AT RGORE AL R i)
BHEEF, H, g, ZHH%

8 A5 0 7 CHAR S A SR R G ) BT AR

9: A P IR G S5 AR I A

10: FE 57 LMPC B4 Ak o) 5

11 Z ORI AR ] U A 5 5K A

12075 B AR AR 90 P A28 L AR T RS, 1 T —
A R B R

13:End

5 fEKE

A T2 T 2 4L BCA T AR, 5
WEAR SCHT 3 H 1) LMPC £ $2 155 6428 IR 5 B 7 T 7Y
Bt SEBRBCT 2R T, — R th Rk sk
A IEBZ B, o — i il R R A [ A 2R 1
B AL L B8 . K ] CarSim B4 Matlab/Simulink #5
HIRAU VA L EHN AR S .
TR SR SRS E N R 2 s .

FEANF R 3T 6 T — 2kt MPC ik
ARICH T RGA BB S AMER LMPC J7 15 78 #%

R2 FEREEHHFSY

BH Hfi iR A
KR N 2.91 m
JoC B il HE 1.015 m
JoC Bl FE RS 1. 895 m
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J e B A 1536.7 kg. m?
S0 i b1 5 -61 126 N/rad
S e A0 i b1 -51163 N/rad
LMPC RFEAK 0.1 s
LMPC Bl 2554 10
bl JE 1 0.02 5
TR T 25 A R 0.017
2t M 7 By Ty 25 A R 0. 041
B bR [-0.01,0.01]
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