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Abstract

In order to improve the path tracking accuracy and stability of unmanned vehicles under variable
curvature conditions, an MPC lateral control controller (PFT-MPC) based on look-ahead following
theory (PFT) was proposed. PTF-MPC includes a reference waypoint generation module and a MPC
controller module. The reference path point generation module calculates the yaw angle of the
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preview point through PFT, provides the reference yaw angle for the MPC controller, and im-
proves the prediction range without increasing the calculation amount of the MPC controller. The
accuracy and stability of the PFT-MPC controller are verified under the condition of double-line
shifting.
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Figure 1. Vehicle dynamics model
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T/ FEARB AN Z kB AR ) 22 9 81 7 2 AR e R T 3R

myz—m>'<¢;+2[ccf (5, —(y+a¢)/x)+ccr(b¢—y)/x] (1)
M =-mjg+2[ Cys; +Cy (8, —(y+a9)/%) 8 +C,s, | (2)
1,=2[ aC, (5, ~(y+a0)/%)~bCy (b~ y)/] (3

Y =xsin(p)+ ycos(p) (4)

X =xcos(p)-ysin(g) (5)
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Figure 2. Prediction range of combined MPC and PFT
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Figure 3. Preview follow theory
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y=Y(t) (7)
v, =Y(t) (8)
DOI: 10.12677/mos.2023.123286 3114 e RSE TR


https://doi.org/10.12677/mos.2023.123286

PR E

PRI 3 o, £E T WIS R0 Y () RO A IR Y (t) R R T, SISO F (X (1+T)) -
HOE GRS Y (t+T ) ByFeik k] LA -

Y(t+T)=Y(T)+TY(t)+%Y’(t) )

TESTERL B A0 RS RE Y (t) AU 0 S EE Y (8) AR R QR A2 Y (T ) FIF £ F (X (t+7)) &
By MY (t+T)=F(X (t+T)) o HIEMEEEA:

y(t):T—z[F(x (t+T))-Y (t)-TY (t)] (10)
3 (6) AT LIRS M I 25 24200
R- d” (11)

2[F(x (t+T))=Y (t)-TY (t)]

TRER SRR T, BURMIESE ¢ 2 s R 25 R E -
\Y

¢:E 12)
£ MPC F5 1) &% R RAT: JE 391 t T B P, P DA R R R A1 B @ BUE AR 73 SR8 MPC IS MR A ¢
s _t+tsv
Q= _! odt = _! Edt (13)

REERBATRF NS BB o /2 P AR, M2 TR HET 25 8 H IR R #
fERfE R

3.3. SEREAERER

6K Z], AT DUSELE K+ i IS E B (K +1) =] g (K1), Y, (K i), mwﬂﬂ,
i=12,,N_, N,y MPC #ZHil s TIN5, 57005 1 rp ik 1 3RS 2 H AR 77

Algorithm 1. Generate reference path points

Bl EREERER

Input: 76 k I %1, FEARIIAEEE . M FEE . Hr A E AR E A v, (k),v, (k), X (k)Y (k)
Output: 7E k%], EMIIBHEHEL gy + Yo+ Xy -

Repeat: i %67 N .

Step1: X(k+i)=X(k)+v,(k)=i=t

Step2: Y (k+i)=F(X(k+i))

Step 3: ¥, (K T%[F (X (t+i+T))=Y (k+i)- TY(k+|)}
) zv _ _ _

0= [ dt= d—{ t+|+T))—Y(k+|)—TY(k+|)}dt
0

t, 9 MPC $2 il a5 R AF IS 7] o

Step4: i=i+1

End repeat
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Table 1. PFT-MPC controller parameters
F* 1. PFT-MPC 1252888

ZH Bl
TR BE(N) 20
P SR (N) 20
KAEFA (L) 0.02 (s)
T ] (T) 3(9)

IR 7 42 1) () ~35°~35°
HIR AR 7 25 1138 1 (Au) -0.47~0.47
20000 0 O

Q 0 100 O©

0 0 100
R 1000

Table 2. Longitudinal controller and vehicle parameters

2. YEEHI SR MRS

BH HfE
REJE(m) 1.412 kg

JO BT EE RS () 1.015m

J5 0 B J5 il EE RS (b) 1.895 m
() 1537 kg-m?

TR i ML EE (C) 149,000 N-rad*

JE R MmN (C)) 82,200 N-rad™*
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SE N 20 mis. 4 T BRI AR SC TR AR IR R AR BRER 7V I AP, ZEAE IR RS AR ERER UL R, XTEE T PFT-MPC
A MPC B2 IRER T7 1%
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I3 B PR GEE T0L, Jo N B 2240 R FH AR SCATHR AL [ PRT-MPC 2 i 7 v B 1) 32 22 B KOl 0.137 m,
1M 76 N2 B 2248 R ) MPC 5 1 R )% 22 e K PT LK £1) 0.188 me AXSCRTRALE[Y) PFT-MPC (14 il 7772
FHELT MPC J7 V575 W PR P T 00 R g 3% il P 6B mT AR &1 27%, {H & PFT-MPC #H% T MPC {15 &
VAT FE o B 2 1) 1k BB AR THE R D PRT-MPC #2881 7 722 K T st 3 Bl (03 B A5 SR AT I M i =%
PR R, T DAZERR N A i B 3 (s ZE A O A PR R IA B A, TT DASE IR T A S R
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Figure 5. Double line shift simulation results at 20 m/s
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