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Design and optimization of automatic layout of parking spaces

XU Zheyang, ZHANG Yicheng

(School of Computer Science and Technology, Zhejiang Sci—Tech University, Hangzhou 310018, China)

[ Abstract] Designing car parking space scheduling in an intelligent way has always been an engineering challenge. Both traditional

heuristic algorithms ( dynamic planning, evolutionary strategies) and deep reinforcement learning—based methods ( DQN) suffer

from low data utilization. To this end, this paper proposes a method for automatic parking lot scheduling based on an improved DQN

(Deep Q—Network) algorithm. The method combines previous experience, designs a reasonable reward function, and uses a multi—

step extraction algorithm (EnDQN) to train reinforcement learning intelligences. Through experiments, we identify a better set of

hyperparameters and verify the effectiveness of the method in improving data utilization for subsequent research.

[ Key words] parking lot; parking space layout; deep reinforcement learning; multi step extraction method; data utilization

0 35

HRTR 2RO T A A ] AT ST A 2R
B A AR A 1 B — NP AR HERE R R
AR A Je 00 AFHUIR KRk shas il |
AL SEA A S HEATIRAL . Huang 452 %
T T — B TRLNER KRR B R DX A 42407
A 1) R0 38 A 5 R 45 B T R T P BE B 25
RURHEA T 4 A7 ) 0% AR A S T AR Tl
JHTBAR SRR A Dt 7 2 /1 Pl 2 (8 HE A 14 ) AL
{EKSEE ST A SRR T A B s oL, T
ISR HE RE (BT, RO BN SR BEAL NS
[ ERF 52 3 49 o — A e B A0 A IR 2R R i 4
Yo BORGEN T B SSROR | (HE AL RS R
TR R A 8RR IR ZR A e [] AL, 4
PERIRAN G o At PSR (LA 224 i 2B B
JHAE— YR SR ST , Ao SR s SR 45 SR gl 224 i 2

il

S F 3 BRI R R SR R
sAk2z 2] 7 i DON ( Deep Q—Network ) | fifi FH£2
55 T, K B Uk DN A 5 v SR A A 3 A IO e 4 B A
CHRES SR il T — R A7 it 310 18] 7% 92 o X
rv Y20 265 B B 1 DA [0 755 2 v DX Bt AT LR A
TECIE AR TN G , KA AT DU AE A 35 12 0 57
B, i AT DASR S A R 2 A B RALZE G
A 2 PR SRR B AL 15 2R 1R T H A ok
AR (e R S 1 et 5= 2 o7 B30 i, X RE IR IR T
Ao TR 2 S B (R sl e AR BE s k2 > O
PR T S ORI T A G e e A5 HE A o oo ot
B AR A 2R A R (0 B AT S E TR
JE s AR A7 TR D A S HEAT ) R STk D
fii IR B sk 2 2] ik AT SR H R BR V| B
I 52 2 PER I, DON A8 R AR 5 K o A 5[]
e e 217 i, Yinlong Yuan 2510 42 H Y
— T 2L BRI %, S B 0 R B SR Ak 2 > A

EBEBT: VI (1996-) , 55, W05 A, BRI ) SR Ak 2 T 5 SR B (2001-) , 95 AR A:  EREMFROr ] 5k ~) 5 Tk M (1973-)

B R A, EEEROT I R S

EIEE. L 4
fs BHA . 2023-02-03

Email ; latitude@ 126.com

PV L ENRERRN o2 A5 x5 & A




FE5MH

VRV, 55 345 400 A st e it XA fe 19

B — B 51550 2 Q-leaming R[], £
APROTIEAT T — R i [0 i pR A, B S R
IR [l R Y E B S AR A Sh VR By
i bR BSCRRAE 1 R ke 2l i AT A TRD B g2 1 R
Fh AR, 2228 05 vk 0 A 45 B 4 00 F ROR 3R
24t DRL( deep reinforcement learning) 55.72: A TEBE

A SO TR e IR B iR A2y 2] Tk TR
BNLHEAT AR AT B IR A SR BT M 4
Sk SRR TR G LM R i (s 47 1
PRy ZEA0L H S HEAR )

| PR e

1.1 [EEEX

ARSI AL H S AL HEAR [ R SR - B RE IR TE
— AR AL e i — S L T B X
SRE PE AT DAL 2 3 DY 0 %058 B 3E e v, U A

BB R A
B 2 I 1
[N.4]

B RER 555 75 F
AR
[V,25]

EERiA STl
TR E 7 1)
[N,1]

b B EER R TR
1.2 AREHE

152 40 A S ACHEAR 19 20 A 5544 v LARESE
IR 3 4.

(1) B RBMATT AT (038 B A fig
T EE B 3

(2) 38 i 55 38 [ 2 [] a0 200 % SIE 7 3 1, O
SR FERERAIRA B AME R — kI I

(3) T BLG-AV FR 25 Ml 0h 205 1 -5 1 6 AT A1 ) 2%
.

2 HEENGT

2.1 WKL

PR SRR UL 1 7, S AT PR BeU 2 1 42 3%
FEM L SR —NRORZ A 128 AT, 28 AN R Z
A 64 T A

LA

TREVR A

TREM A

TREIRA R

TREME IR

E1 #EmEREY

Fig. 1 Neural network architecture
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Fig. 3 Six parking lot group
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Fig. 4 Average reward baseline of evolutionary strategy ( ES) +

neural network (NN)
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