<
brought to you by .{ CORE

provided by SNU Open Repository and Archive

View metadata, citation and similar papers at core.ac.uk

@creative
commons

C O M O N 5§ D E D
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol HHES =M, HHE, HS, HAl, SH & S = ASsLT

XS Mok ELICH

s 22 A

FMEIE HEAIGHHOF 8LICH

MNEREAl Aot=

Higel. Adt= 0 M &

HBZAl. Fot=s 0l MA=E A, BHE &
o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
S B &6t LIEHLH O 0F & LICH
o HEZNZRH EE2 olJtE 2B 0l2ist ZHE=2 HELIKX ESLICH
asUtt

AEAH OHE oISt Aele 212 WS0ll 26t g&

0l X2 0| =512t 72 (Legal Code)= Olaliol)| & H @<

Disclaimer |:|._'|

#)Collection


https://core.ac.uk/display/300157954?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Detection of Parking Space based on Occupancy Grids

in Dynamic Environments for Autonomous Valet Parking

20161 84



5

A AaFa wste] DA AT WL g 58] ARTARE
Fa3 BAl 3 shjolth, ARuweTaks Aol 24 flolw 2w 4
TF5R BE Ro} BAAZ A, 1 BAA Hlshl 28 drsis
7140l

ogt AgANFAY TFsE] Astel FAF B0l aTH B AT
E ARRYFAG A% FA Fse B2 Qo] 1 o) girk

ool T 71 ATEL o AP Q1Mo FHTE AR P 9
S, o)t Bl B gefRe] we FAY A FRE AnE AT

H
kA FEgit), B =2 Extended Evidential grid mapS 2F 7Fs3sh &7k ¢l

Aof| &85 A2ttt Dempster—Shafero] &0l 7wkl Evidential grid map<
71E AFARA 2] 4] QAT oyl F4Q EAE EE] ¥ 4 ok

e A SLAEglel @9 Akl 713 e wel FA1Ee) ol
o o

F99] : AFLIFR], AFAAAE, TAHNE, T2 7 U4
3+ 9 :2013-22420



T o et ssssssssss s AR AR S R R R S B R RRR i
IR REsssssssss st i
FEEERE eSS v
L ] B 1
I e e ST S 1
J 2 e OO 4
I e e = e A b S R e 22
2.1 TR SO E o 22
2.2 32 point cloud®] AIAILEL L ..eeeeeeseseeessessseeessessssessessssesssssssessseseens 24
3. AIZREL T s 26
3.1 AFET ARG R oo 26
I L 27
A AT s sssssssRreen 29
T S OSSO 39
FETTEG eeeeeesesseesessee s8R 41
N 01 = Y1 OO 45



d

d

I
o

M
o o o o o g g g g g g g g g g g gl

N
o

1 AFETAAEERE ZAA e ssssssssssssssssssees 1
2 Bosch 9] AFEF2F AZ2EHl ROAA MAD coovveieeeereeeeeseeeesseeeesssessssesessesseesesseenee 2
3 ETRI s3] (Automated Valet Parking)  71E % neeenne 5
4 LiDAR 2 127 A8 I FAF s 5
5 TFSE THTE]l BIEB s 7
STt L o S 8
L 9
8 2% LIDAR dlo|H & 2F5F2] L shape feature ©]-8-3F x}=<12] .. 11
9 LIDAR dlo|H& x}%2] L shape feature ©]-&3F X} e, 12
10 32H LIDARE &3 2Fgat IAAT s 13
FI B e 2 N 14
12 Probability Z1-83F ZIRER] I ceeeeeeseeeeeeseeeeeeeesssesessssssessssssssessseseeseene 15
13 AARe] FETT W8 AEHOTA s 19
14 Azl 234 wslo] tigt Discount 28]l AlEHO1A .......... 20
15 Evidential Grid Map A3 TF ocoeecoseeeceseeeesseessesesssssesssssesssenesssnee 21
16 FolE EA0 W2 ARF A A e 22
17 32 point cloud®] ZAAF AE] st 24
18 3%+ point cloud®] ZARF AFER BFG oo ssseseseseeeeneee 25
19 AFETTYAE A oot ssmsssssss s ssssssssssssssssssees 26
20 Velodyne HDL=04E S2.... s esssssssssssssssssssssessssssssssssssses 27
21 ROS velodyne PACKAZE ...t ssssssss s ssssssssssssssssssssssssanss 28

FAE] el 2prebdo] Q1A HANS -2 AlEHCIA e 30
23 9] FaPgol A FAE grid map ZF H I 31

iii



o

o

X
o

U
o? o

I
o

FAPge] 57 FAkd el gk M(O), M(F) H]Aeverevvrsiverssinens 32

i e BV o s e e e D 32

37N FAEZIL] A7FA] FETT Bl v 33

F-0O ¢} Normalized F=O ]I 35

F-0O ¢} Normalized F=O ]I 36

F-0O ¢} Normalized F=O ]I 37

AR Occupied ZIAFL] TEEE oeeeeeeeeeeeesessssseseesesessssssssssssesssssssssessssssssssenes 38
iv



=R

=<

1 Dempster—Shafer conjunctive rule

2 Probabilistic ¢} Evidential ©]&¢] H24&] <14 v|uw

3 A28 74

hied)

_H *._ ]

]| '@}

U



L/ﬂi

T

L1 A7 54

B ATE ARFAAEAL] ASFAE A T I A4 @ Y 4L
WIE A Al 1 Bo] gk

ASFPAEAY, FHARE Aste] A7) AHE Selstn 7Y RS

WARE, 1 ARE FE) A3 ANE Sol BAA FAsK: AFA]
o AEFHAEAE A AT 5L FUsHs Ssioks B Qut
wxo) wE w84 U WEARE 29U 4 9 Acw J|ds Fje) A

QAL = 22 1TEA

b

X
ki
i)
i
o
r (o]
4
=
5
™,
anl:,“
i)
o
32
v
14
o
=

a9 1 ARFAER 24

e s



o2 AEAFEAFEARe] Aol ob AfRF ARgAke] oS f7 AlAEE

o 7Es olFold g, 1 F ATE AES ALY, AEFA A2Y F

2 FA) NE SRR 97 A7 74 L BY 2B 5D B 5 Y=

% melt Alzdle] F8sh slo] Qu, ATE YA B ASR HE QNS

A REUAE A3 A A AP 584 e vvlste] A
glth. 17 2= Bosch olX A A-EF A2k St

sch oM FA 4= -2 siled], 1.2elelM =
LAAE S A4S W" & TR AlAEe] Faf g7t i
233 Beo]aE Aofste] TS fhEshs Ao 83t Hof vk 39
T AETARAL AlaFlo R RAxte] A §lo] 27, Hieold, »22E S8
Aofsh= Aor 83k flall AlAl o= dAElM ZIehE Sl ok v

Ao WA SRR WA e R Aol FAY el H w4

_|_4

P AF

Ol

7Fo &3a Fob BAXR Ak, 1 FHAMA] AR F8st] Abs 73t

k= 7]zt

Ultrasonic Sensors
I Uty S d Near R C valet
rasonic Sensors and Near Range Camera Park Assist

Automatic /Remote Autonomous drive (w/o driver)
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Park Maneuver Steering, engine, gearbox and
Control brake control

Park
Steering Control

Steering and brake control

Steering Control
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Controlled Parking
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Vehicle Control Node

Steering
Brake

Acceleration AVP #n
Gear-shifting

Meel Speed Sensor
Steer Angle Sensor
OBD-1l (Chassis CAN)

" ¢
Infra-structure Sesor 1 Obtain Environment Info.

- Estimated pose of AVP
- Find out of platform's current status
- Transfer to obtain data

Infra-structure Sensor #n

Operating Control Unit

Managing AVP system

= Managing a parking lot's info,

- Determine platform ID and control
Obtain a lot of infra-structure sensor data

- Transfer @ driving command to AVP
platform
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Discounting
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Abstract

Detection of Parking Space
based on Occupancy Grids in Dynamic
Environments for Autonomous Valet Parking

Joohee Choi

Department of Transdisciplinary Studies

Graduate School of Convergence Science and Technology
Seoul National University

Nowadays, autonomous vehicle technologies have made outstanding advancements.
Especially autonomous valet parking ability is the one of the key issues of
autonomous vehicles.

An autonomous Vvalet parking system is a fully autonomous unmanned vehicle
system that finds free parking space and parks the vehicle safely.

Knowledge about the parking environment is required to enable autonomous
parking system. This study aims to develop the recognition of parking space for
autonomous valet parking system.

In previous researches of parking space detection, most of them have focused on
detecting adjacent vehicles and parking lines. Although they might be usable and
proper methods in static environment, they are weak to find free parking space

considering a semi-structured and complicated dynamic environment which is
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practical.

This paper proposes an evidential grid map to find free parking space for an
autonomous Vvehicle. Evidential grid map based on the Dempster-Shafer theory
makes it possible to characterize objects movements in addition to stationary objects.
However, recognition of free and Occupied lot in the parking space is challenging
due to occlusions and narrow space. This algorithm assigns the probability for
occlusion region by extending Occupied grid.

Also, this paper suggests candidate of free parking lot where is barely recognizable
as a free parking space. This information could be useful for efficient route planning.
Experimental results proved that this approach can efficiently manage the recognition

of the parking space environment.

Keywords : autonomous valet parking, occupancy grids, evidential theory, detection of
parking space

Student Number : 2013-22420
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