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Abstract

As the number of automobiles in China continues to increase and urbanization
accelerates, the shortage of surface parking resources becomes increasingly severe.
Underground parking lots are considered an effective solution to alleviate this park-
ing problem. However, the design and construction of underground garages still face
multiple challenges, such as inconsistent regulations, numerous design parameters, and
complex structures. Given the inefficiency of manual design and challenges in space
utilization, there’s a pressing demand for an automated parking layout algorithm. It
should alleviate design pressure, optimize space, offer diverse design options, and cut
down on drawing costs and modifications.

In response to these issues, this paper proposes a parking layout algorithm based on
agent behavior guidance and PER-D3QN. Firstly, determine the boundaries of the un-
derground garage based on obstacles and other conditions, gridify the drawings, and ini-
tialize the status of each grid block in the state matrix. Secondly, an innovative parking
layout method is designed based on the behavior and position of agent, considering the
influence of obstacles and columns during the layout process. Thirdly, a reinforcement
learning model based on PER-D3QN is constructed, where the state space consists of
information such as the state matrix centered on the agent, the distance from obstacles,
parking spaces, and boundaries, as well as the orientation of the agent, and the action
space is defined as forward, left turn, and right turn. The model outputs the expected
return (Q-value) for each action through data initialization, feature extraction network,
feature fusion network, enhanced exploratory noise network, and duel network. To
more effectively utilize limited data, the PER algorithm is used for multiple exploits
based on data priority. Finally, to evaluate the effectiveness of road paving and parking
layout, a reward evaluation system is designed, mainly considering vehicles and traffic,
where traffic includes rewards for straight roads, penalties for excessively wide roads
and redundant paving. To validate the effectiveness of the algorithm, this paper com-
pared the existing algorithm with the proposed one using six different standard CAD
engineering drawings. It was found that the algorithm proposed in this paper performs

excellently when dealing with large-scale and complex obstacle layouts, maximizing



the number of parking spaces within limited space. Additionally, it takes into account

both global and local information to achieve optimal layouts.

Keywords: Underground Parking Lot; Parking Space Arrangement; D3QN; PER;

Agent Behavior Guidance
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NCi—NCi_l, i>2
Car; = (4-3)
0 i=1
N, N Zon% i DEWEL SR BIIERT 0 I, Rz a8
WA, R SE/NT OB, FoRiz SEEEA D, AN AN
TENHAAL , A

432 i@
BHIERE YR REARTEERS DA ER, TR e, RIE S BN

B N T I — FbR . ACCRE T BB, IABLR Rk e
SEHTER . P 4-5 .

B 4-5 HEREE

EL RPN b

Tineariry; =(Ui-1(0, p) A Di_1(0, p) A =Li_i(0, p) A =R;i_(0, p))V (4-4)

(=Ui-1(0, p) A =Dj_1(0, p) A Li_1(0, p) A Ri-1(0, p)).

Sbrit AR, 5% & b P AR B AR A s, R B S AELR
FEPUKIE. % U Dy Le RNJTHAE B b B Zes BT AR5 ¥ 0018
B, MEREN T, A2 A0, GRI[EL 0, AR,

BRI BT Bt o R T 2 R R TE S 1 T S R AR T BRI K
DeJE, W 4-6 FiN
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B 4-6 TEET SRR

EL P NAC W I

T, = -1, i>2AWip > Woax) (4-5)
0 otherwise

IR, Wiy FRET = VSRR TR, Wonae For i KRB S T
JRIE-1 R, FERE - 1 AR I BE T BRI s A0, B
B Topace = 0

SR AR S 4 L R A B R A TR S L (AR,
A AR 24 BT 25 R 1 AT B2, (LSBT 77 B TE i) B B
S, BIATEATIR, SSoE R BRI, M7 S RS, (A
PR, W 47 (@) R FEREEE . R0, E tf
BRI 47 (b) TR
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B 47 EEEARNEE

i

\S

FH

FESERRTTHR R, T A2, AT 28 ] R A AR E AR DO (B
TE I B8 FUBNHEFEN S overtap - False NTEEAILTE (P 0 #0R) , True i
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0 00 1@1 1ﬁ1 | | B 1U1|1ﬁ1 El
ool oo o liAd . E] Xk - RINNEYY . E] AT [X 3,
000001ﬁ172 .1E>11ﬁ1112
TE PR I B8 ) ) R T S 5 L A R
0/ 0/ 0 0 0 0 0 0 oo 0 0 0l0 0o
olo olo olo olo ooooﬁoooo
0 0 o]omofo oo oloolooooo
0 0 0 o@o 0 0 0 00 0 0 00 00
00 0 0 0 0 0 O oo 0/0 0lo 0o
00 0 0 0 0 0 O oo 00 o0lo 0o
(a) (b)
4-8 EEEOIEARIREE
ESWIREN SEEANTEN EEEN R AR FE R E AT 1
g, W 4-7 () s, HEBOVEIMER . 4595 i 2, AT
Zmn UBstare,(m,n) = 1]
Toverlap,' = -=20 = . (4'6)

M2

33



TG F A By FAXR

ANEGHE T LR R P A E RS I e, TR R AR & E T
HEANCEIRIVIERS . CHISER Y L, STk,

4.4 BiLiE
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Wiz, RGN Q 1H. #6. KxXA O B AT MIZE, 15 TD IRZEFFHHr
R ARG . X IEREF, BRI S8 s i 7308, AREERIZ4HY
FEME

FEASKII 2D, B REIARR S SIS, AT A5 G A (2 2
WEIBCHE o B . K B LI T I I T
R T R R o XIS B SLEAT . BB BIRRSL

HOAAE A EA- 178 o

34



AL T AF AR T (8 X)

#¥:4-1 PER-D3QN

Input: 2 REMAAE 11 x 11 BPRESHFE squ_aro, FIREMARIEEIVY RS, D5, 4L
HHEEE dis_aro, RREAR4ETEAR] ori
Output: S I%FT PER-D3QN 244 0
1 WIGWIREE Env, S50 D, 17 8M %% Q WEZSE 0, BinMs 0 tEZSH ¢';
2 WEBERRR T, rinET y, ISWEHHET o, HIRMEEPER C, fitixit
FER/N m, GRS R/ N ke, URTEEL step, THHZAL 1,
3 fort<—1toT do

4 WU Env, SRBURMNE s, = (squ_aro,dis_aro,ori), PG r, ZEH0IRES
d = False;
5 step = 0;
6 while not d do
7 TR Y AT 7 BTN a, = argmax,, Q(s,, a; 6);
8 LERIEIRATITN a,, ARBCETAIINE 5,00 FNREID 7, LAREEHRORGS g
9 AR REARAT MG B, (2RI E R,
10 PG AEEE (s, ap, 11 a1, d) VARSI p, = max,, p; B77 X AF66%] D
1 if step =1 mod C and step # 1 and len(D) > k then
12 M D ARSI m DA (sj,aj, 1) 5501, d), j=1{1,2,...,m};
13 for j — 1 tomdo
14 HRERIREEE P() = (5757
15 HHH A E R w; = (N - PG) P
16 TR TD IR% 6; = rj + Q' (511, argmax, Q(sj41,a)) — O(s;, a;);
17 BRI p; — 16,1+ €
i3 BRI loss = L S0, wy x 6, RIVEHFEHZH o
19 R HARMAESE: 0 —tx0+(1-1)x0;
20 S; = Si+15
21 step+ =1
22 | 117 D3QN M54 6
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%5 & LHIIEUE

5.1 SEIRINEE

ARSI 10 1. 2.50 GHz 4L FL 2 174 64GB (315501 >4 NVIDIA
GeForce RTX3090, 3 Python 3.9.18 g4 55k, SKiarr, {3 pyautocad ¥t
AutoCAD, [FIFfEEREAGE, LRI EAUEE, FIH pyautocad
B 5] AucoCAD HgEf T AT AL AT . [ I TR asi 5 e ik
52 BBHIRE

fESKserh, B SRR S B BT -
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22N ZH 4 BE 1EH
a 0.001  JHEERIRA >
batch_size 64 ER VGG
D3QN T 0.005 A 2% TR i
y 0.99 Prin@H -
memory_size 2000 ZRH KN
€ 0.01 HahA 1
PER a 0.6  FEICLAEINE
abs_err_upper 1 RZEI ERR
AB 0.01  EEEMERAE IR

5.3 HiE B L HEHR LI
53.1 BEIK&H

ARELEHAE T 6 Sk AR [E B CAD T RRE LG T L 328, X LL & 4L
JEHELIEARR AL, HAEYAL 2. 4 R 2 S, 2R EIL, 1.5 A5
BRI/ NEL (RS AR 4R & ek R4S RN « B BN 5-2FR .

52 BHRRER
G RMER SMAFRTUGEL  BERSHEETAK
1 23175 12 6
2 36928 91 14
3 23175 12 3
4 75388 24 22
5 22728 6 9
6 24869 10 8

36



AL T AF AR T (8 X)

532 SEGERS AT

N T BAEFIE R AT IERE R, o0 S ok [ R4 IR 8 24000 T 4 HE
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RN 5-3 Frs
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. P
W A W/min
1 621 605 576 18
2 838 813 875 45
3 725 630 752 19
4 - 1120 1474 84
5 546 510 491 17
6 684 651 692 20
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TERES A ROAL G 2R IR, FRAEA IRAY 25 0] N S KA A O
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SN, AP RETE 0 F R A S ]

3. FERER AL A ERY AT B R X RN EIR R IR RIS ) AL
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FUEE, T2 LA )= o

S, EX T m BN AR, TR B AR T B R, R
SRR A AR, R SCRE A — € RIRIE . ok i
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