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ABSTRACT

The smart parking systems aim to quickly allocate parking lot that meets driver’s requirements as much as
possible. This paper proposed a parking lot allocation system based on cooperation between locally distributed
Mobile Edge Computing (MEC) servers without a centralized server, leveraging the characteristics that parking
lots are selected in areas geographically limited to the vehicle’s destination. In addition, we proposed a method
of expressing the degree to which each parking lot satisfies the driver’s requirements in the parking lot allocation
process as a score. Using NS-3, a network simulator, we measured the level of user satisfaction with the parking
lot allocation, and the network overhead. Comparing the proposed system with the existing ones, it is shown that
the proposed system has smaller overhead and shorter delay while maintaining higher level of user satisfaction

with the parking lot allocation.
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Table 1. Experimental parameters

Size of simulation space 6km x 6km
Total number of
140
parking lots
2560

Total number of
parking area

(Random values between
7 and 25 for each
parking lot)

18~28km/h

Vehicle speed

Total number of

2100, 2800, 4200, 8400
parked vehicles ? ’ ’

Uniform Random
Variable 30~90 minutes

Parking period
per vehicle

Simulation time 5 hours
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E 2. RSUY #2445
Table 2. Number of parking lots by RSU

RSU1|RSU2|RSU3|RSU4|RSU5|RSU6/RSU7|RSU RSU9

16 17 16 16 13 15 16 18 13

o] 3} @F-2 55 1004, 20044, 3004,
4004, 5009 F sh= AdEgicl. BAR|ellA FA
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Table 3. Number of packets per interval

(a) Number of vehicles - 2100

MEC Cloud RSU Client
servers
Vehicle -RSU| 5915 5915 5805 36993
RSU -RSU 10406 - - -
Parking lot
_RSU 1518 - 1436 508593
RSU - Cloud - 5915 10589 -
Parking lot
~Cloud - 1519 - 504000
(b) Number of vehicles - 2800
MEC Cloud RSU Client
servers
Vehicle - RSU 7816 7816 7664 38421
RSU -RSU 13828 - - -
Parking lot
_RSU 2120 - 1983 510021
RSU - Cloud - 7816 13894 -
Parking lot
~Cloud - 2121 - 504000
(c) Number of vehicles - 4200
MEC Cloud RSU Client
servers
Vehicle -RSU| 11365 11372 11222 40652
RSU -RSU 20400 - - -
Parking lot
_RSU 2974 - 2784 512252
RSU - Cloud - 11372 20308 -
Parking lot
~Cloud - 2978 - 504010
(d) Number of vehicles - 8400
MEC Cloud RSU Client
servers
Vehicle -RSU| 21166 21178 20998 45004
RSU -RSU 39671 - - -
Parking lot
_RSU 4898 - 4676 516604
RSU - Cloud - 21178 37994 -
Parking lot
~Cloud - 4905 - 504058
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Table 4. Total packet overhead

2100 2800 4200 8400
MEC servers 28245 37592 55139 105406

Cloud 173459 | 231504 | 334522 | 608027
RSU 245563 | 322528 | 471354 | 880424
Client 11886259 (11889620 11893604| 11901220

e FRRE EFehe 7] 9= MEC
servers WA &l 71 L5 & 4 qlvk 28|
Cloud H}e}=} RSU H}eF & RSU Hlgho] Fefg-=2}
Faabe F719] ofe] v w2 7o YERirh Cloud
HRtel| A= &2 RSUSE S2h9-= AlelollA] 24 4}
g 943 ANE Fardy] vl RSUSL F2h9-=
77k 135] YERIC R FA} dfo] o] FolR] = Ao
Hhall, RSU wiebelA= 213 3 248 g 2]
Al RSUSH 54 %] RSUZ} t}& 7%, 5+ 7He] RSU
Alolef SER-=rt 7iYsAl ElnZ Ajefe] & RSU
= FEreg, SEhree ARk S4%] RSUR 4
A A 8AS AT3lan Ads o] AR viE A
%3t} &, RSU "ol = ZEhmrt Aji=]efof
ke 31 249 7ol RSUSF F=R-= tellA]
23] |7l FBo] glojolut x| Hrfo] o]FoA
otk &, RSU Higlol] thigk Aol o]9} 32
7397t wo| AR, ARke| 7t S7FE ol=igt
73971 o RIs] el wistel| %33} 32 A3}

> o

I8 118 52} 212k 2 21000]~8400T] 2 714
AR ZF ukelol| A 3} &) A ollM o] FF F

Cloud

150 —+— MEC servers
1 RSU
07 Client
130 |
120 H

S 110

< 1004

E 90 4

B 80 -

£

> 704

f=

o 60

o

© 50

L 0]

S

304
204
10

T T T T
2000 4000 6000 8000
Number of vehicles

I3 1. A T A A F 5
Fig. 11. Average number of hops in the parking
allocation process

ke nlagk Aotk RSU MRS xjeke] FAx)
RSUE 27] 914l Z=h¢=71 7 7H9] RSU Ale]ellA
tlelelE AR 75 SRR 23] ghEo] &
T, oleh 72 A9 HIsA AYE| el
et & 47} 7P ezl Yepdtk Cloud WGk
BE A 99E FEhrroli] A3E] ki,
MEC servers Wt} Client ®IeFR T} A4 & 71 &
ettt MEC servers H}oke Fxpak st 314jol|x] o}
MEC servers2} & sllo} s}A|5E Client WRlellH= F
2 A=) RSU 7F0] BAle@ut b shdo] o] e
2oL FERe-Eellr] o] 218E 757 AA AR F
22 v]g<19l7] wiEell, MEC servers IR} ©] &
< B F FE BZck

4.3 XA H|w
7} viabolla] Aago] 73 Gk 2L sk ol

o] Aede sy S8, AR g 84 2 &
Ao FHZE Fambs dlel] A]= A7tk s
Agslsict o] 5 sl 4.2004 AF3F 5709) kel
thall, ket 2to] Hellels AAdsislct Akt RSU,

F243 RSU F7HS LTES AH3H= 7tolct. o]
ul, LTEeIX A3l BEof ulg} 2lo)7} 9l 34|
wh o]Z R 38dsled, Uplinke] #]%1-& 4~8.5ms,
Downlink2] %]e1-2 4~52ms'"? 2 71 Fc). 541 14
< 7F¥3 RSUSF RSU T7ro] whiksk =
Ims~2ms®] ko 7Pl RSUS} F=he-5, 3t
A FERE R F E AT ot Sl
AWS?] -5 T4 7 pingS AE3le] o X|dS
TIAL o5 vlEke g FEeus s ke
chkgE x9S 13ms~17msZ 7P 3ch

a3 125 F3} 242k 4 2100t0~8400 ol 4]
2638 v|wgt Zolek a3 1194 i I 57} 71
Wokdl RSU Higte] it xde] 714 71 A oZ e}
wrk =gk I3 113 5435 Cloud Wele] FHlAl=
- Ade] 71 AR viepgrl s 17 119] 2
ol 4] MEC servers HFelFo] Client ¥elH o}l 3 3
= ol woddd Aol vbell, H A o] # Ao
vl o]+ MEC servers HQF- TF2 MEC servers
o} #He o, fA1 o144l RSUS RSU 7HS &4
Y718 FA| WL Client BFoke F2F-=2 AHES}
2] o= 73l 4 AR} zjede] 71 LTES A
3= e Bl FglE Famb| wlielck o] 2 <l
MEC servers HFe] It x|do] Client ¥Heke] H+t
ZAlAnet gkt

1261



The Journal of Korean Institute of Communications and Information Sciences "24-09 Vol.49 No.09

Cloud
15 —+— MEC servers
] RSU
110
105 4 Client
100
95
. 90
v a5
é 80 <
& 751
g 70
3 &
< 5]
404
35 ]
30
25 ] *
20

T T T T
2000 4000 6000 8000
Number of vehicles

J7 12, FA 9 Aol e] He Al
Fig. 12. Average delay in the parking allocation process

V.4 E

ol 2mkE A AlzElellA] 7]ER T w

¢
Ad

o

g5 Alkslodck

Cloud Rk ) Fehg-=r) Fas ddsln
2, Mu) 7 WY 2E RS aEEAL vE
= enjsl|=7} =31 #|edo] Zr) RSU HISEY Client
Hloke A3k we) FEl=g AN far whEA|
TS g 5 9l o, TR A o] ok
aefsled A FAPS 22 & 4= gl Client
HRREE 77149 v|E HARE A Afste] UES
= oWl =r} Zc}. SRRt Algk Weke MEC AHE
Afole] 1S 53l FHAQ IS Zl8ys}ed, Cloud
HREAE T A Fodol] 230 BE AR o
Halu g Id wEwr) ) w1 Aokl AlaEl
AejA o Frhgrrr} 2k v 77k MEC AW
o|A TS IR, A ewF| =) He Al

< 24T 5 9k

= =
FAA A 9 E wF vesle], ARl UEE
W] el sfsle el ohe ARt R EAIA
o B Ale] FAPE SRS 5 QS sk sl

REoa .

< A8kl g
References

[1] J. Jang and T.-H. T. Gim, “A study on
parking policy approach based on the social

1262

[2]

[3]

[4]

[5]

[6]

[7]

8]

[°]

costs of illegal parking,” J. Transport Res.,
vol. 24, no. 3, pp. 45-59, Sep. 2017.
(http://dx.doi.org/10.34143/jtr.2017.24.3.45)

S. R. Rizvi, S. Zehra, and S. Olariu, “MAPark:
A multi-agent auction-based parking system in
internet of things,” IEEE Intell Transport.
Syst. Mag., vol. 13, no. 4, pp. 104-115, Winter
2021.
(https://doi.org/10.1109/MITS.2019.2953524)

S. R. Rizvi, S. Zehra, and S. Olariu, “ASPIRE:
An agent-oriented smart parking recommen-
dation system for smart cities,” IEEE Intell.
Transport. Syst. Mag., vol. 11, no. 4, pp.
48-61, Winter 2019.
(https://doi.org/10.1109/MITS.2018.2876569)
M. Nam and H. Lee, “Design of an open
platform-based smart parking system,” J. 7he
IEIE, vol. 56, no. 11, Nov. 2019,
(https://doi.org/10.5573/ieie.2019.56.11.39)

O. T. T. Kim, N. H. Tran, C. Pham, T.
LeAnh, M. T. Thai, and C. S. Hong, “Parking
assignment: Minimizing parking expenses and
balancing parking demand among multiple
parking lots,” IEEE Trans. Automat. Sci. and
Eng., vol. 17, no. 3, pp. 1320-1331, Jul. 2020.
(https://doi.org/10.1109/TASE.2019.2948200)
C. Tang, X. Wei, C. Zhu, W. Chen, and J. J.
P. C. Rodrigues, “Towards smart parking
based on fog computing,” IEEE Access, vol.
6, pp. 70172-70185, 2018.
(https://doi.org/10.1109/ACCESS.2018.288097
2)

K. M. Lee and M. J. Lee, “The cooperative
parking lot allocation system reflecting the
scope of parking lot information utilization in
the MEC environment,” in Proc. Symp. KICS,
pp. 568-569, Pyeongchang, Korea, Jan. 2024.
(https://www.dbpia.co.kr/journal/articleDetail ’n
0deld=NODE11737168)

S. G. Kim and J. D. Park, “Status of mobile
edge computing technology towards 5G era,”
Electr. and Telecommunications Trends, vol.
31, no. 1, pp. 25-35, Feb. 2016.
(https://doi.org/10.22648/ETR1.2016.J.310103)
S.-Y. Lien, C.-C. Chien, G. S.-T. Liu, H.-L.



R/ U NFES MEND SIS Tt muled A AFY S vk T A2

[10]

[11]

[12]

[13]

[14]

Tsai, R. Li, and Y. J. Wang, “Enhanced LTE
device-to-device proximity services,” IEEE
Commun. Mag., vol. 54, no. 12, pp. 174-182,
Dec. 2016.
(https://doi.org/10.1109/MCOM.2016.1500670
CM)

Seoul Metropolitan Government, 7raffic Speed
Report of Seoul Metropolitan Government
(2022), Retrieved Nov. 15, 2023,
https://topis.seoul.go.kr/refRoom/openRefRoom
_l.do

M. Kim and M. Park, “Establishing the

methods of parking guidance and information

from

systems(PGI),” Basic Research on Research
Reports, vol. 2003, no. 0, pp. 1-129, Dec.
2003.
(https://kiss.kstudy.com/Detail/Ar?key=400774
1)

Y. Xu, Latency and bandwidth analysis of LT
E for a smart grid2011), Retrieved Nov. 22,
2023, from https://www.diva-portal.org/smash/
get/diva2:565509/FULLTEXTO1.pdf

Seoul, Information on Public Parking Lot in
Seoul (2023), Retrieved Nov. 15, 2023, from
https://data.seoul.go.kr/dataList/OA-13122/S/1/
datasetView.do

Seoul,
Retrieved Nov. 15, 2023, from https://parkin
g.seoul.go.kt/

Seoul Parking Information System,

0| & 9l (Kyoung-min Lee)

2022+ 24 : o] spAf oL 7
e gt} £

202411 24 : o] B apef star 7
Felgatat A4

<] Hol> Wireless Mobile
Network, = Mobile  Edge

. Computing, VANET, FANET

[ORCID:0009-0005-6974-5873]

0| O] & (Mee-jeong Lee)
‘ 1987 : o]3foqe st AA}

ARttt 24

1989 : University of North
Carolina at Chapel Hill %
Felekt At

19943 : University of North
Carolina at Chapel Hill %
Feleat bt

19941~} - olsholbelstn e gt} -

<¥A)#ok> FANET, MANET, VANET, Task
Offloading, Wireless Mobile Networks, Qos

routing, Internet Traffic Engineering
[ORCID:0000-0001-6968-8817]

1263



