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Research on vertical parking control and path tracking
XU Yuanzheng, WU Changshui
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] The quality of the automatic parking control system has an important impact on the success rate of parking. This paper
takes vertical parking spaces as the research object and proposes a joint automatic parking control algorithm based on fuzzy PID
algorithm and model predictive control algorithm ( MPC). First, the vehicle kinematics model is established, parking collision
constraints are set, and collision—free path planning is performed on this basis; then the fuzzy PID algorithm is established and the
corresponding parameters are adjusted to control the longitudinal speed of the vehicle to be constant, and the MPC algorithm is
established to control the lateral direction of the vehicle angle. Finally, Simulink is used to build the corresponding control algorithm
model and joint simulation analysis is conducted with Carsim. The simulation results show that the joint control algorithm proposed in
this paper has high control accuracy, in which the yaw angle error is controlled within 0.057 m, and the absolute value of the lateral
deviation is controlled within 0.08 m, which can meet the requirements of vertical parking for vehicles control.
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Fig. 1 Vehicles kinematics model
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Fig. 2 RRT path optimization
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Fig. 3 Block diagram of fuzzy PID algorithm
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Fig. 4 Block diagram of fuzzy control algorithm
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Fig. 5 Membership function setting of each variable
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Fig. 6 Output parameters surface diagrams

3 EF MPC EFEEH#ERIET

3.1 MPC &EE%EH
AR TN 5 i) 3l AT A ol PO AR AR R B
AL A B R B IE =30 0110 AR SCR H 3l A 42

MPC il 503k

ELT AL kR

TR

BEG

AR ) 4 1 R, BT B MPC S Ak el 7
Bas o BT A AR A0 A 628 DA B A
o FAR G2 LK 7 1] 5% S s e E
PR A AR PID kS % (H,

Ty A A
At

4
it

S
o1 PID Tk g

KR e S N TR e

B7 MPCHELRHM
Fig. 7 MPC algorithm architecture

3.2 iRy

GRS 6 B ok 1T 220, 2 St T 7 4
(I SRR R BB . i T b SCa v A
VS SRR A Gk IS R T, Tk W AR
R GRS, PRItk A SO A LM AL AL 3

A P 2 A 0 16 425 0 P B 1 52 £
4 AR SCHEIRR G AR u(v,8) , 44 RGN
ARIX (x,y,0) FR, WRIRHAILL KT E 2%
BB HIRAX (v, y,,0,) LA KX R (09 5% i A
u,(v,,8,) , HESATAR B L T S SRR ] 5 283 501 152
MU SR I BR IR R W (2) |

Pk +1) =4, X(k) + B, u(k)

T gl 0 -usin BrTH
.:Ak’t = E;.O 1 wvcos6T (i
T g0 0 1l
: gcos 6.T 0 H (2)
T gsin 6. T 0
.:.Bk" “&ans T v, T u
LY & U
1 g ! [ cos® 8

D 1977 L R e 4 ) £ s A D el K i x4 o

E xri ot

R TR AR E (R 1) = ¢ Q. 4
8u(k-110)f
B (2) AT RS A TR .
{ak+nzﬁ@@ﬂku>+ﬁAvwlw
5 (3)
n(klt)=C, &(kl¢t)
IA B N
;H\: X :g kot k,LH § - B I T_
EP’ ki Eomx” ]ZH sk [ k.t m] ’
- 4C 0,0 ‘
C.. = SOWX” OmeE ; C=diag(1 1 1);mFlnsy

S R RS A R O s RS AR
WIREBRAR, S A, =A, ., B,, =B, , /3%
B TS A6 T AR ¢ I 280 R IR 25 LA B N, 245 ok
T AT N, 5 B8P 1 i AR5 1
HOEARN
Y(1) = (0£(11 1) + OAU(1)
Horfr,

(4)



90 o i w5 MM

12 %

8c. 4, 8
81](t +111¢) i ¢
8 u ¢
< ” é U
Y() =¢€ U, @) =4 i
m(t+ N |i):> B~ ~, U
SR TR o v
- ” é 1
gn(t +N, | t)H ¢ i
gCI,IA;\:PIH
82ugt |+li I t) H
aAu (1 1)
AU(t) = ¢ u
g... 1]
SAuu + N, | t)H
tcE, o o o
8 U
€C A B C,B 0 0 !
8 1t‘4z,t (7 (AN ) U
¢ ' {
@’ = gNt tl’V[-l Nx,t N[,t’v\()_z N[,t a,tﬁt,t H
€ o o IR
é t,t \,":IB)‘,I C‘t.r 7\,](:1 (N C‘f.t14L,IBI,t l]
] : U
¢ P
§C.AV'B, C,A'B, - C,A"Bf

3.3 BHHREBRAREHG
S il i AR T AR, A SOl H AR R ECH

N

‘HVI’

J(k) =

Ik +ile) —m, (k+ile);+

1

=

S IAUG +il ) [} +p &’ (5)
i=1

Hop, N TRIEAC s N, R p AL
R & FIASIE T Q F R 43500 A RS £ A i
AL,

P SRAEIT ] T = 0.02 s, 2 T8 9A 4530 19) 4240
T KL ) FA AR ST AR AR SO RE I I R R
A o i S s G S A A A=K (6) B

-‘|-— 2km/h <v <2 km/h

=I:— 0.18 km/h < Av < 0.18 km/h
T-33° <5 <33°

f- 0.48° < 5 < 0.48°

4 {AEWIE

41 FESHIRE

ZRCHE Matlab/Simulink 32 2 45 W B 5205k , 1
Carsim ™ Jic & AH N 19 42 30 2 4k, 2 8L Carsim 5
Simulink FYEEAT H, ASCHE @M 07 HARBE WK 8
Fies BT SR 1,

(6)

Steering(rad)

Speed(m/s)
rad deg
VehSpdReq R States  Controls
AccelReq
VehSpd_kph ve sf deg rad
- MPC Tracking Controller
Fuzzy PID u y
fen
E8 BAHEMKE
Fig. 8 Co-simulation model
x1 FESH
Tab. 1 Simulation parameters
24 ZER/m F5E/m ¥/ m HiE/m ORI LA LS R EWRn
Hf/(°) KHEE/m i/ m {7 B/ m TRAIL A/ rad
fH 4.6 1.8 2.7 1 450 5.9 3 (3,-1) -0.17

4.2 LGRS

e I A AR B SR A ) A R AR RO I 9 B
o B9 SEEER N A S PRz sk, &1 10
R T WM& PATa AN B O, AT R, 4

WE et DAY, AT DT I B TR RN 2, TR AR
WA N BT, SRR I 2 AT 5 1) AT B E AT 3,
AT R 18 T2 0 km/h, ZJ5 ZE40H: R 14, 1h]
A5 1 ST RE A AT E AL 4 )5 mIE Ty AL, OF



2510 1

PRIk, 25 3 EIA 4R R 1 ] AT 7T 91

TE A I IR A G B R
RIS I NS Ik I L VRIE Sl o SIRIE I BA T

S =Wk

I
S S

12 10 8 6 4 2 0o -2 -4 -6

9 MU EELEREEENTEE
Fig. 9 Comparison of planned path and actual path
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