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& EF Mo, o] A|2'E AN, Fhel B oy dugEd 2 udd vlEs AREste AEs F
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S TN 5 AT AP EFHALS F U fFEoR BRFRE 4 vk ©A ed A& F2H(Short-Range

o
o
Autonomous Valet Parking; SAVP) 2 &AE ¢ A& F2H(Long-Range Autonomous Valet Parking;
LAVP) oI}, AR82h= LAVPE &) AdE WelFa A&Fd Aol 7|E AxE ol&d o8 7ted FAFe
3

A2 ALY, 715 A, A3 Ao EorHEg. =4

2 olgd o vk, AP Alagdls A A, A= Ad,
°of TS Eola A FAS FEA7I7] 98l Sk 7Ink 3DRL 719 dare]ES AiE &b A Tkl A
€2 g 9doen, o= A= Ag ¥ Mulx AR HAS HAskd ¢ gl

T 7 EANAE AP FHol Q] FX|NE oAl AAd ¢ ¥ A ¢ B AHS v 3

AZ An 3 HZH 3 (Double-Layer Ant Colony Optimization; DL-ACO) ¥irg]Zo] 7Rak= v}, DN 7|9k &
2 FL 5ol dasiAtt ¢ wE A4S Y § o Fa%k Ayged 4sA DL-AC0 ¢ EFe &
&

4 7ol AgetA e & A

AVP A 2=¥l2 2& 3 A= (Autonomous Vehicle; AV)o] AMEAE B4 X UHE oo AHS 753 732
RS 37 g8 S5PHez g% 5 Qe 75 e AT, AP Al='le g&Holn HEgk A &7
o2 Jd& #AE HFi Utk DRLS AP Al2=8& Jdshr] 98k fidek il gd ZEolth. AVE HY 7ES
HAsta low, Ho AA, Fheg, Al ¢SS g@AE AgHeR Fo 22E Fsta FAES
3] ok
FAIEANA, ATE AvE FAe A HAIEe EAl 891S mEste E£3 A AY ZEady
(Mixed Integer Linear Programming; MILP)S AFg3sle] $x27} Hubsts v 8-S HAs st [-Parker9 2
T2k FIHE oeksith. FvlEoAE AV A Al As BEE o8 A AES % AYE WS
AQtelar glom, ol AHgsla oAlyA a&HolojA mlEE FF T A dEV| AFei. oy V&
ANZ st gl Z)hkek AAES AFEske Wl F=3F FE ol A ¢ e AME 8 LREES A
NS =2

s
N
)
o
>
i -

g, FA71&e) #F 4 2 Avpe B4
B TR ARE £ A8 A%F Fabl Ags

rr
>
fu
Mo



[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

ZIHSd 10-2024-0165577

T i 7] (Trusted Authority; TA)¥} &7 2R = % (Onboard Unit; OBU) % RSU(Road-Side Unit)E &3l
AANZE FAE ARE AT, ol A HoE VS AT, FHVIEY] 2utE =3 @ 9 ook A
o] gste] AA == A% 2 FAY AHE Vwe=R HAH Fap FkE T 4
, T2 A #g AEE E23ee |, MILPES AREShe]

o) =1
#rE

N
N

£ o
s
i)

oHd
~
o
EE)

e FYisdAE Tol 7es &8% g FA AREE AT dagss Agtkste] 5
b4 FES wolal ARA W] ARbe A2, =3, A AM UE AN =B wiAE AT O
A HAs 2dE AlAsta Ad Tl AvtE Ak 9 ostolB Y= UAV/AIAM HES Aske] dEAds AlkE
o T gE FYvlsdAE AR T4 ol AAMNR-DO)H FHF HAE AMEste] 56 WEL A H5S F
AZ171 1% HAARD Tes AARG. ol2dt A WA AAd AEY UEAAM AR, AT =
7] AR sk ES AAE A

H]| & 5] ¢
(R E3E3 0001) J. Xie, Z. He, and Y. Zhu,
allocation in an automated valet parking system," Appl. Intell., pp. 1-20, 2022.

"A DRL based cooperative approach for parking space

(R &3 &3 0002) Z. Xu et al., "Experience-driven Networking: A Deep Reinforcement Learning based
Approach," in IEEE INFOCOM 2018 - IEEE Conference on Computer Communications, 2018, pp. 1871-1879.

w59 1§
EE R

2 o] o] Rz} sk Vw4 AT A AZ ] wel AwFel] FAEINES Rl FAabde] a84S Fol
71 918 A7F, A H BE 8AE ¥Ftele oA oA A ZEAAE ol &ele], wfEAX oA} A T=
A 2~(Markov Decision Process; MDP)E AF&3}e] A d= V21 BA1S o] &3F Hejd 7]y HEE AP A~
o 9 g F2 wHS AlFsked vl T, X ed Adxe I HEE 54 3] A3tk

H
H Y3 dagSE Arste] "EE AP AlvE] 2ol RSU(Road-Side Unit)e] EAgtttar 7Hgskar AI9F V2X &

jm=}
A 7w FEer A FAF Was gAlste] ¢ hdstal m&Heln HYgk ZRAAE Alwstaat

A9 HE 8
oA ol glolA], B uelA] Akahs V2l B olgd Held s e
)

=
stel Q1BA% 71Fe] B

o

N

o 7>

S M oo
o g =
o oy
AN

Eo

w2

_

S

1o

QL
s
i)
il
K
[kl
lo
>~ O
>
v
ol
[kl

471 DDPG elle]AEE= A ZdejE dHez Agst
[e]

AE (critic) VEYIAE

of

o}t

|

%471 DDPG ool E= ofE HEHAZE A& o]

R
Ao
ol
"
0%
fols
L
ofo
[0
ol
N
do
o

AVP A] 2=l



[0014]

[0015]

[0016]

[0017]

[0018]

ZIHSd 10-2024-0165577

wol=2E FUlsle] FEs A5, AlEHlold A wE WS st U] dS5d dlEel wet o

BHE olwe &, AT A A, AE, vy AEH 2 EAAES e AEEA A #Tel AR, 37

dE YEYI ny A UEJI(Mirror Actor Network):E A7) BjH o] AAd 2z MZo] tja) A4 A=

FEH US d5S A5, A7) 288 UEYAY vy A22E YEYAMirror Critic Network)E 7] H

el AgE 2+ AlZol dis Fej-AF Fol g HAE A5ste] A E UEYJATHF AFETORA HA
2 ol

il
e
%
)
2
4=
2
>
(e
e
oL
2
>
Y
rO
ol
rlr
9 =
&
off
>
o
o
oo
S
rl
v
ol
N
z
=)
Auj
i
=
=
>
[
o
Lo
ofl
Y
ol

ANFA 5 715l HAE RSUZFH V21 H3 "HolgE s}

g o] 8T Hed N "EE AP =g 3 O S TS EE
Aol me} Aol Fabgbs @Fste] FAEE] &S wol7] el A7, FE R HE 845 £F
2} g

lo o o o

3k
- 3}
, AtE2 a3 oA 24 Z R A~ (Markov Decision Process; MDP)E A&

T8 oz Ay B UrE HEE 53 34 A | g g
HE]E AVP AlubE] 29 RSU(Road-Side Unit)o] EAstotar 714 &AL A9} VX 541 7l 53
H q

L2 o
2 A FA RS Huste] TeAsE o dstn EE gy BelsA ¥ % 9

EHo] 7l

T 12 B Edgel o AAde] mE 56G-NR-V2I FAlS &85k DRL 7|9k HEE AP A28 BdS Yehlls =
Ho|t},

T 28 B odgol o AAdef upE V2l BAlS o] &3 HEd 7| FEE AP A|AEY] PAS YERE =Y
olt}

T 32 Eoumge] o AAde wE tF o] AVP £ #EE 93 PG daE]Fe] ol7|HAE YEhlleE =
Holt}h

T 4E B odgo]l o AAldef upE V2l F41S o83 HEd 7| FEE AVP A|AEe] 2 9yS dwE]
2% EEZo|t},

T 5% E ool o Ao wE DIPG ¢are]ES vERlE Edolt).

T 62 2 o] o Ao wE DRL WHel Hit BA 2 gi7] AlIZRE el Edett

T 7 B el o AAde] wE DIPG da]Fel sk Ao BE FAF 799 Ht ] AP 2 B
< Yehll= =dolt,

ki
o
lo
(e
z,
oL
Lo
e
>
>
2
o
=)
il
-
&
Ll
)
oo
e
oM,
o
o
)
oo
ol
B
fvie]
'
o
oM,
o
o
Y
N
>
oX,
olr
o
i~
N
By
-
18
i3

gy At et A &
AVP(Autonomous Valet Parking)¥ AF&re] 719 glo] S A Fae 4 Q& 7)ot g 24 2 =
Al 2ES AL8ste] Hds A I Fa AF i o

(Artificial Intelligence; Al) 7]4te] HIHE S

1_. o H R
FFE PYAIIE B NP FHES RAFI Q= shed, A4 AN AEE 3

L ofr

A
A s AP AR AEehal Brkehs Al obA sl A Wk
oo A=, dE 5o v 1km el 9IRS Al Al T2 ol sk AVP Al =ES AlAEEAL 7]E B9
AZE AR 22 AA ¥t A E(Deep Deterministic Policy Gradient; DDPG) ¢aig]&S xgsle] EAE &2
b, DDPG €ale]S2 AP A&®lS Alojste] As A& o2 gAsal 48 § Jdes Fa 338 &8



[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

SIHS3l 10-2024-0165577

How dEdity. AQkels AlAEE AR A& ko] AR wEs ¥ 56-NR - V2I(Vehicle-to-
Infrastructure) $A1°] &85 7Pdaeh. 3 A t7] AlZto] AJA8 Aol vA= &= A7dn. A=
gold A3, Atehs AlAE Al Ao FaF el A m&Holal hdshAl FAafste] Y]] AS A
St el mls) 7] Al 7% dEShs AR YEst. Aljbee AAEE FH7lsRY ol ¥ A

Yetdy vdE 93t AvtE =A19 HFS EHATE dH =ge] "k oleh, B EHe] HA] HdE HEd

E o1& ¥ uye] 9 Aalde] W 5G-NR-V2I BAE & DRL 9 WEE AP Asg md gkt =
wolt},

FA w98 Ak &TAe B4 muo] By AEdeld 33 ojegon A AFmEw B}
Hlek, e oyl AZe Felw B 44 A% JbsetA AABEY e AvtE ddsmeh A BPE
S gl AL 719 WElE AP A2Ee) Bie Badgol Frhekn . o] BAE A 918l V2l BAeIA B
A AR e melsia WEE T AASE A shs DG 7w GnelEe Alskat

Atd A~gE UEST F&F3 dddE TAE sidsty] S ] |
PyPML(Python Parking Monitoring Library)¥} o]&A AlEd o)A ZyAdYPIas AvlE TA| @ 2unlE o]F5A
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Aol OF A5 Ea wE £ 2 A% 5@ 4%

Eoubgo]l AAde] wzw, HEE AVP AlaHoo] tisk A ke B35 8] SUM0 AlEEOlHE E3)
PyMPLZ} &7 mdlo] 9l DDPG AAS A g3l o] HE W& 7]& DAN(Deep Q-Network) &ilg]SH T} oF4
ARl Aoz FRHUTE.
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RSUZHE HolBHE FAstn vtz 7143th, RSUE SUMO Al E ol oA e sojor 3ttt V2I ¥ o
Ol & AVP Ayl oA ZF A 91 (131, 132, 133)9] $1x], Al @ Hf Al ug drE AT 5 3
. o] Al A HEE AP Al~ES SRR Hx]E RSU(110) 9 §4lste] AE- 7hsgr Fa 33, df
A 2 7)el B dlolgol thEk AA 7 ARE AVP A 2Ele] AlFETE. £ 18 ZFZF 700m, 850m, 950mell A A
2 "olx] X3 Al /MY AP 9 (131, 132, 133)& HojFt},

Fab d A mgle ARkl Add Fab g3hs ddety] s Al A e AR AE 2 g E it
Bodgo s AVP AUl E RHEY] 918 SN0 Al EHOlEE AMEEITH. SINOE A5 nE Al2ES HAE
star Frpslr] el wE AHS AlEdoldsts o Ax AXE ot wAR, 98 war, usEg 9
71e} B39 wE s magditt
o]# gk AVP AJ2®loll A DDPG ol o] dE= DDPG ¢ale]FS AREate]l HE|E AVP Al2Flo] AIRF A3t whe} 544
F5o HAge S 5T F gk, AP AAHLS BA e AL Algor d5ste] A5S HuHoew A
o=y Wop m&Holar gl FaF Al2®S 75T dArk. & EHdAE TraCl JEFAC|=E AMES
o] SIMOS] AVP Alue]le s RERHT 4 AdE PyPMLolzhs 7I1E Fak AlEdeld AZEoE &8t AsH
PG &aE]|E5S AAYT. HEE AP A 2" AVP L2 A0 7] AR @5

= SREE AAHNT

o] AAjoo] waw, DDPG Wk Sk dare]ES AAska AlEeeldditt. AdH k2 o8 Tk’ F
b gzke] =, 2 e A 2 A, 24 g Fo ti7] ARE, AR @A fAeE 3k 79 Abele] Ad
o} 22 SN0 7oAl DDPG el MEGA Aldd ARE 7|wkoz Fojs 4 glrh. A9 I Fak +9 =
Alels 5o, A, AFd)<S 7Iee2 AT & o, A= FaF 73 AAs WbA Ao gt
AVP Al 28] ko]l F2ap Qlel Ald¥t FAlste] i 84 & st 3 RS sk Al=gs on|
she V21 SAlS E&Srh. o] AlxEOA A dxet AER Fak eSS At dae FA A,
717y, FA A, FAPE AR 5o ARE devh. a9 ohs dxe Ade] eAS Wrtstkal AR T d
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Algorithm 1 The training algorithm based on DDPG

NN

@

1
12:
13:
14
15:
16:
17:
18:

Randomly initialize critic network Q (s, al8%) and actor network u (s [69) with weight 6"
Initialize target network Q' and y' with weights a,b

Initialize reply buffer R with max size Sy

for t=1to N do (N is the total number of parking missions)

Observe new state s

Make a prediction of the continuous action from the Actor Network

Calculate continuous action @ = u(s¢ | ©} ) from the Actor Network with addictive QU noise
Map from 2 (to a discrete action a (after considering the occupancy status of the parking zone and
its neighboring zones), and reroute the vehicle according to the

parking zone corresponding to the discrete action a;

Map from a; back to a continuous action & (which is exact action being applied)

Store the transition (s,_,, &_; , R, . s, ) in the replay buffer //s_; a1 R, S

were already stored in a previous for—loop—iteration at t-1

Sample a minibatch of Ny transitions from the replay buffer followed by a shuffling

Update the Critic Network by minimizing the loss function

Update current policy network weight (i.e., Actor Network) by applying the policy gradient
Update the weights both target Actor—/Critic Networks

Calculate the reward R,

Store sy, m? Rt temporarily until the next vehicle has arrived and a new state is observed.
end for

end for
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