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Abstract : This paper proposes a method for creating a path for parking autonomous vehicles, regardless of the distance and the
position of the parking space, by using a vehicle with sensor performance superior to the existing ultrasonic and camera-based
sensors. Although conventional methods have a limited parking detection area, the proposed method has a greater free parking
detection area. In addition, a new tracking algorithm was employed in order to follow the generated path. Meanwhile, a new
algorithm was developed for the longitudinal controller to perform perfect parking in order to eliminate the ‘path following error’
caused by the difference between the steering speed and the vehicle speed. The path planning and path tracking method for the
Auto Valet Parking System was then experimentally demonstrated.

Key words : Auto valet parking system(A5 =2} A| 228, Autonomous vehicle(X+&>3) X-5-%}), Path planning(73 274 &),
Path tracking(’d 25), Path generation("d 24J4J), Vehicle control(X}5 #l| 1)
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X1, T4,T5,x, © X coordinate point, m F 2 A3 Apgko] Frbd el wha, Ao A= H
Y1» Ygs Y3» Y, - Y coordinate point, m O] A= Sensor®] A5 % FolA| L 7HA & b 7L—}DO}J—
Pos P1> P2y Py - parking point, m satt. wisel]l ANk -8kl # FA = Al e

& 459) Sensor7} 3 Ao FAo]h, it
Bosch A}9} DaimlerAl= #l= BHE-F1of| 4] Full auto valet
parkingS .91 v} Atk 2= 2}F-E Parking A1 2t
Aol AL W2, xFe 22~ = Valet parklng system
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(Light Detection And Ranging) Sensor% V2X F41S &3
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]UP o]&] g & A 7H= o)A Valet parkingS- 7123} 7|
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Elr o] 27 Ql1ZE}E -5 3}] Valet parking= A1 H Q1 &
A= Continental, Audi 5-©] < l:‘r Daimler$} nFzH7FA] 2

Ty, 7oy T3 Ty I Tadius, m

0 : ackerman angle, degree
& :yaw angle, degree

v(t) : vehicle speed, m/s
L : vertical length, m

L, : width, m

0,,0,, O, O, : circle, m

dy,dy, d,, d, : distance from vehicle, m
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KiaA}2] Sportage %}
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2.1 z}2F Hardware
B ATlA Agkshs

Fig. 1 A platform of Kia - Sportage

Table 1 A spec table of Kia - Sportage vehicle platform

Size 4400x1855%1635 mm (OverallxLengthxHeight)
Weight 1548 kg

Displacement 1995 cc

Maximum power 184 HP

Maximum torque 41.0kg'm
Steering angle -520° ~ +540°
Steering speed 112.3 deg/s (Unloaden vehicle in Asphalt)
Steering ratio 164:1
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Fig. 2 A sensor configuration diagram

2.3 A|AHE! Architecture

{ Sensor

| GPs LiDAR

Vehicle location
Parking zone location

Measure a distance and angle of
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Vehicle location
[m]

Parking location
[m]
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‘ Brake & Accelerator Control ‘ H
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Fig. 3 A system architecture of autonomous vehicle



AS 3} AAE0| Z2 Y

ZA] A 2=8 Architecture2] T3 7} 541 Fig. 33 £t
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3. Sensor System
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Table 2 LiDAR sensor spec table

Model name Velodyne VLP-16
Detect angle 360° Horizontal / +15° Vertical
Resolution 0.1° Horizontal/ 2° Vertical
Frequency 5-20 Hz
Detection distance 100 m

3.2 GPS (Leica - GSS15)

GPS<= A &3t Apape| x| of F=af &4k 914 Jug W
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°F 15 mme] QA5 7™, ) 9174 2= 60715 71
T ATE WHEAIZE B | 1] Hho] 7] wjiel] g &gk 9%

LR

=

1

¢nz|

T
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Table 3 GPS sensor spec table

Model name Leica GS15
Weight 1.34kg
Error range 8 mm Horizontal, 15 mm Vertical
Number of satellites Up to 60 Satellites
Reaction time 1 sec under

3.3 Sensor 4d

Apepe] FAFA A 7 245 40 GPSE F 2519
O, LIiDAR= A%e] T} 3ke] A8 7] 94
7178 Roof Zol| 2310t}
4. Path Planning
41 2 MY AR @YZAH
411 712 VHo| USE 083 F2UN
e FOrward
== == Backward
——————— >
>
T
o
Fig. 4 Impossible of parking path using 2-Arcs
412 JHME a7lle] USE olgsH HRMY
M, My, My, M, : extra space 0))
D> PP D5 - Parking point 2)
d,,dyds,d, : distance from the vehicle 3
LTy Ly XYY Y Yy - 7+ de] x, y #% “
Yy, = y(py) + r(HA 23 AREA) ®)
0, = P2 E AZ2)1/24 82 A1 0,944 U 6)
0, = P st yddel 1A slem o A4 L (7)
O, = PEAYILy(parking point) — r&$H 2 2= (®
0, = MAEr& 23 O Het= 9 Q)
y(0,) = y(parking point) +r, (10)
\/(3717x2)2+(y1*y2)2:7“1+7“2 (11)
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Fig. 5 Parking path planning using 4-Arcs
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Fig. 10 Bicycle model of forward Stanley method

v(t)

Fig. 11 Bicycle model of backward Stanley method
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Fig. 12 Bicycle model of forward SSP (Shin Stanley Pursuit)

Fig. 13 Bicycle model of backward SSP (Shin Stanley Pursuit)

6. Longitudinal Control

AzpFaret FFAa RS Jgsh=d o], Y
¥ 352}2] 73-9- Steering speed 7} 2} 2]
=¥ Error7} 28 ¥ = §2fo]
A=) Al ©t, Fig. 14} 2o] Steering speed 7 42 &2
Hup = B 49 FAgle] A Paths: T
= A7, Fig. 159} #©] Steering speed”} 2F 2] &%=

th =9 7% Overshooto] TAYHWA 2p&F A8
Paths F&317] ©]#]¢]%It}. 2] (26)<> Steering speed®ll
whZ Steering angles YWERATE 2] (27)9] 3% Steering
angle®]l =93}7] $1SA & Steering speed”} Vehicle
speed®} &AL} whEtof it} whebA] Patho] =&l wheh

Steering speed®l] 7|HFslo] H&ela 840 2 Paths

S5 5 9 2 A go] asjeho

l=R-0(R: ZFeut7) 24
L

tand = —, L =2.54m (25)
R

0=w,-a-t (26)

(w, : Steeringangular speed, o: Steeringratio, 0 : Steering £.)



AS F3p NAHC| 2 WY U 22 An2F HY

=

(-3 o
AN,
. D | e

Y4
EEEEN
. L

®

Fig. 18 Vehicle speed - Time graph

S=w, -t 7)

v

(w, = v : Vehicle speed, o : H-E Steering £)

>

5t 751

<Steering Speed> <Vehicle Speed> ta(L_‘Z_E Steering angle E%/\] Zl') — . (28)
Fig. 14 Accurate following along the path “
v, =@ AFEE 29)
@ EEEEEIng,
% v, =BEAFEE (30)
e
: [ p (T S N B ~ - _
o* L =2t A — 53 Path 935 4 0] (31
..
l\‘l’l mm - L 1_ 2L
t, (53 Path =9 7V A7) = (32)
v + v,
<Parallel Parking> e F W Ale S 5] 918 el
= 1. Fig. 163} gFo] =750l stA] xp&ke] & aks Alofst
< E =0 9001, Pathe] 2|3} 352 Wrstolo} Bk, 2
& R AE 435S o] 89 Path® A7) HAL
csteting sposd “veice sped A7) ol AeksAl A A9 PathE Bk
Fig. 15 Impossible of accurate following along the path &4 9l

2. Aol AR&-H AFS AN 2FF O 2 Fig. 170141 9 2

o] Ackerman =& 2T}, ©] Ackerman =&kl 7]

QW 5lo] X529 Steering ratio 480l e 53 I E5S
tslar Z1o] w2 Steering angleS AlXHsHA] F o)

3. &3 Steerlng angle S AlLFeE dA) Steering angle”7}

4. 3% Steenng angle ‘:‘j/\] 7+ B3 Path 9 715 Al
e o mw A a1, Fig. 183 o] @A) 2wk
ZolA H3E Steering angledl] =E3}7] ¢3¢ Steering

speedel] W E- T AFEEE AXE

Front i, v, < QUGL*’U“(A(;: |6, =4, (33)
i FPR .0‘ Ad
e, s Azgel @A) S0 TH HE Path FF A7
L AN " W .: 9] Zdo)E LE FaL 53X Steering angle =& A|7F0] H3F
R E=Ps ., ; Pathol] x}eko] =3 71538k A 7FR.U} =olof Bl w2 #L-
Rear M TS Error= Paths A gelA & 5= vt wepr] HE
Fig. 17 Ackerman steering O A (33)0] =EFH A A

Transactions of the Korean Society of Automotive Engineers, Vol. 28, No. 6, 2020 395



Hee-Seok Shin - Myeong-Jun Kim - Jung-Ha Kim

<Parallel parking> <Perpendicular parking>

e

S

Fig. 20 Place of experiment : Seoul grand park Fig. 23 Experiment of perpendicular and parallel parking
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Fig. 22 Experiment : Path generate for perpendicular parking
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Fig. 25 Result of path generate for perpendicular parking
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Table 4 RMSE(Root Mean Square Error) of each Parking

Original |Pure Pursuit| Stanley SSP

perpendicular 0% 37% 27 % 11%

Parallel 0% 41 % 31 % 12%
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