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An Efficient Vehicle Parking Detection Method Using
Gray Scale Images
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ABSTRACT

Empty space in the parking lot of the parking space to analyze the effective use of techmology and
transportation may be useful in the jungle. However, conventional analytical methods impractical parking space or
need a fast processing speed. In this paper, real-time parking, so parking monitoring methods for detection is
proposed. Gray-level images using the proposed method to determine whether the parking and the parking space
was used to analyze. To verify the performance of the proposed method in an outdoor parking lot 129 video
capture and analysis of experimental results in 98.5% of the parking space, parking space, the success of the
proposed method was proved to be effective in the analysis.

I.M B s 7} od o 2Euht AMAAE o]83te] 1]

A g Ade AL 4o yEE A9 5 Sl

FAPAA Wl 7 BUE R Ve TR o] glrk. 3 FAhg o] 83 ARE W eR
7re] A Al e YEA], n&Egte) TR0 A BEAL o|gale] Fpolmx|PHg
@5o] FARE oA F-43hAl A8 5 gtk olel SEEAPL o] 88 AYAE AE ) e o
w2 25 FARRUEE 78 1) E9)5hs 2leke] ofgl 71&Eo] MutE ) Ax olvwX|e| 7]t vb
TAE Aol AA FA] A58 vjelsle W, HE AHE- Fal AR ZAE2 olrAE 531
2) 7 FhelA Aepe] EAIE Elshe WhHoR ¥ W giHjo]E 3= 7o) ¢7]7] wiitel A-&H-e)A] X
& 4 9lck sl £bEAS o] 83F uhL Ax oA E &
A AR v tlekdt A E e sl ut T G ubdd] oftell 29 o] g3le] 3Pd
Hol| ko) L 22 Ao TV eljLS 4] AR|ut xEke] Aol wet vl wiE AzlEe

* 9AMSk . CA e Al (hspark@osan.ackr), (°: ZAAAD, **+ BEOEE HAFEAI TS (baecs@kd.ac.kr)
EEHE CKICS2011-09-387, Apdxt 2011 99 059, FHFEEA<4Aak: 2011 109 144

629



FHEAIEE = 5A] 11-10 Vol.36 No.10

FAI g BT FATRE B P
e,

I. FXzs Uy

FARGIbe 2T U S} 2E FL2 S
AXE vt espetE B 2AEC) o) 2e
Pog Fa} kel A dodo] ¥ Ackw s,
AAZE Fok 3l o122 oA WAY 2elshe 2
FE2 APFA A Alelsiedct AMRE HHEE ofs]
FALE 17 Aolr] bl AFE A cheret /)
FZAE T, oo A%l ol zAL 9
3 253 20| glojok gk 18 10 FAE A
28g Velch

A5A e opoket mofsh A R4S AR glck
Z Ajghe) ol AE, H2E, W, Waw o) oy
7] FARAE T Qlon, o] e /AT
& olnlA] kel dwkHez Makcolor, HIFE
(density), ¥elitexture)¢} & F-5-2] BA8 el
Expoz gydY. awe] #de) ]S o4}
of, Wi BE PRVl wsqh ulFe) Ruoe ¥
Hhoh o 23 A9 kel Ther EAsof 31
o, W2 ¥ FES 24 A, 9d oA} 3
o7} iEks SAE Aol daks A ehec) o
72 Qo) A3 Fap T elulae o)
Hloll ojs) #atsly, vl Ahe Pl wol o
o o) FaFrke] AR Ao By %A o
ox 7o) vigickn B Hrek o] B A2
she ohge] WAl e g Saslsick WA A1)l
g olrIAAbelA the] Ahe e ABEeAE
A},

28 1. FAE Aled
Fig. 1. Parking lot monitoring system
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Fig. 2. Sample images of parking cells
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Table 1. Sample data to determine threshold gp

Total Detection rate
W .
eather number Occupied | Vacant (@=1.86)
Clear 3608 1552 1997 99.72 %
Cloudy 1681 995 658 98.79 %

Total 5289 2547 2635 99.42 %
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Table 2. Optimal threshold and best detection rate

Optimal threshold gth Best detection rate
1.87 99.77 %
1.93 98.85 %
1.86~1.87 99.72 %

632

(b 38 ¢

a8 7. Agedae] o
Fig. 7. Sample image

Moccupied segion
£3vacant reglen

Aot |

Scoreg

(@

W occupied ragion

Frequency
5

(b)

Tl 8. s2Ead ik (2" )
Fig. 8. Histograms of score g (in Fig. 7)

= 227 9] dfeleta Algdr]

AgollA olv]x] T A7l A7k ¢ 2% (Pentium
20, si2MBElRehAHE A8slw, A A7k
80%x= o|=1x] ¥l Akl Mg 9T &



=/ ade} 2Ad

olulA| & o] &gk AEHl FAAE WY

Z el Windows XPE7o|A] Visual C++2 A}
43l

(a) 934 (b) LA

Frequency

() 3lxEel

8 9. 7R LFY o

Fig. 9. Example of mis-detection due to puddles.

whgo g gafo]dd o)
J s, FAREE &

HhH o] Ao 5}
olalr] €3 24 ol o].;g( b E-] ﬂﬁ(g—_'q
A7 oke] FAAAIA 1297}14 Fde 5]
Ager A%} 98.5%2) 3} 2t Balel AEshd A
b W] A 37 Ao TEH A W53
art w3k 22 o|n|z|e) xake] £AHE 2]
B9 gleh= AFdo] oot w3t xjekala] o]elel] Aol
Bolu}, AR 9] ZR|o® HLE 4 9l Ao
7]‘:HQE]' IRE AFTA 2= o7kl A Bo} Qe
B 2jeke] Fxjojns 0]/\13}»__ 3130]‘/]' SRR}
Eo] ¥HAE A% L.
ek

(1] Koizumi M, Koyama S. “Parking lot monitoring
system based on image processing in Tomei
Expressway”, Kosokudoroto Jidosha 1992; 35:
32-40.

(2)

Takahashi Y et al. “Image recognition technology
for automation of parking lot management”, NTT
R&D 1992; 41: 493-500.

Maeda E et al. “Object detection method with
robustness to environmental changes”, Trans
IEICE 1991, J74-D-1I: 1731-1740.

Maeda E, Ishii K. “Evaluation of principal
component feature characteristics in object
detection”, Trans IEICE 1991; J75-D-II: 520-529.
Mizukoshi N et al. “Parking

discrimination system of image processing type

condition

using a neural network model®, IEEE Vehicle
Navigation & Information Systems Conf, pp.
69-74, 2002

Miyake M et al. “Nighttime detection of vehicles
in parking lot using image processing” Road
Traffic Committee of IEE Japan, RTA-91-23,
2003

Hasegawa T et al. Counting cars by tracking
moving objects in outdoor parking lot. IEEE
Vehicle Navigation and Information Systems
Conf, pp.63-68, 2005

Sakaida,  Shinichi, Masahide,

Kanatsugu, “Moving object extraction using

Naemura,

background difference and region growing witha
spatio- temporal watershed algorithm” Systems
and computers in Japan, Vol.33, No.12, pp.11-26,
2007

Betke, Margrit, Haritaoglu, Esin, Davis, Larry S.
“Real-time multiple vehicle detection and
tracking from a moving vehicle”, Machine vision

and applications, Vol.12, No.2, pp.69-83, 2009.

633



g4l 53] =4] "11-10 Vol.36 No.10

4t & A (Ho-Sik Park) 215

19943 24 AMoiEtw 94
A-gst 9 (FEAh

2001 249 FEoiEa djshd
AxpgAlEEa &4 (3%
AAh

2005'd 29 BFH L
AREALF &2 (3
2hAD

200891 39~gA eAlfe} xR} w4

<FAldol datAe, e sad o4t

634

Hi & % (Cheol-Soo Bae) FA13]

19793 24 BAHEE A
gt} Z<i(FAh

1981°d 2% A o
AxFgEEy (FFHA2D

1988\ 8¥ =x|cigta digsd
ARpgetaEy] (FEhhah

199913 3€~2001d 59 #%
Wetagade 3

2001 69~2003 8Y FEoistw HFARKAAL

19813~ FFoSt R AAAREAIZIY 35

<WAlEol AR, AEAR A2, B4

A



