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One - Stage Object Detection

Object Localization
Input Image »  Feature Extractor » * R
P g 1 "| = Classification
Two - Stage Object Detection
Input Image »  Feature Extractor »  « Object Localization

» « Classification

(Figure 1) One-stage object detection and two-stage object detection

o] S9= A2 SARE o7k FARAA
2He A Ws vave s S dEE|
wEol Az oS FAL 2] WA
< o s Mawke 9 %5 FEsHA] Rt
of YjxH G| gk Helko] Hefsithe #AI
e 7L A

WA 71 Z(object detection)> ZFE] H]Z ol A
o] &85+ "l 7IER oA e I
& EA9 A 2H7](object localization)$} =
o] Fe2 E-F(classification)S A FYsh=
Zlsoltt. tiEAQ Jejd A4 A= dgs
© g% R-CNN, Fast R-CNN, YOLO %°] th
1 & YOLO(you only look once)= <Figure 1>3}

ol oju|z] A E ARES &8t dY
AR olmA] el AA el FA b
(bounding box)2} 2] S~ FES T Hell
=23 one-stage HZ7]°]1H, two-stage A=
o wish AT o] H3| hekska Al
WA £E7} Wl AATeR el UL F
Aaof et= FAAANA 2Fl o] AHE-317] A et
T}. Redmon et al. (2016)2] #%2] YOLO E2 0]
ARbe o] %, Aes MG mdo] A&Ho=w
INEL ATt (Redmon & Farhadi, 2017;
Redmon & Farhadi, 2018; Bochkovskiy et al.,
2020). & =ollA= 78 H el AQEE Jocher
et al. (2022)2] YOLOVSE AH8-3te] 924k <ol A
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EA3 1] A (feature matching)> A=
o]u]x] = Oﬂ/\]-c)ﬂ/\-] ]FH o 7—]%5‘].:]7_
Ao g FH AR B 7eAES
sl Hlaste] F o] A] EE
A= 7]so |t o) AlT, 2019) EAd WA
dueEE T EHQ dAYFOEE Lowe
(2004)2] SIFT(scale-invariant feature transform)<}
Bay et al. (2008)2] SURF(speeded up robust
features)”} %ATh  SIFTY SURF&= 534 vl
ol A I3 Aes HolARE AlgbeFo] wol A
AZE 710l AHgs] At AR 7RItk
B =FdA= o]2igh SIFT9 SURF] EAIHS
Rk 543 v <are]E<l ORB(oriented fast
and rotated brief) ¥ig]EFES AHE-ZT} (Rublee
et al, 2011). ORB LT =L Gabol|x] E4A
S ZE3h= Rosten and Drummond (2006)2]
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(Figure 2) Example of feature point
extraction({lEd o, 2020)
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Image Cropping Process
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(Figure 3) Overall flow of proposed methods
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Algorithm 1: Image Cropping Process

(1) Imput: Car entering video V
) Output: Cropped image 1':!“'1'

) while V is not empty do

() Detect car Oy using YOLOvVE

(5) Caleulate confidence O using YOLOvS

(&) Calenlate car size O in V

@ Calculate car ratio O with C, from V

(& fC;N{C.>a)n (C, =8)0 (€. >+) then

(a) Extract Cropped image 7™ from V

(19 Extract I,"" from /™" with height adjustment
clse
| Continne
end

end

(Figure 4) Image cropping process

Detect & Cropl

(Figure 5) Example of image cropping process

A 8420 AE = Ccs} o|m]A] Yol A 2o
A7) Cs, A9 Hl& Gt 9 HeAE A
ARgker 2RQl 8ollAd Al AFEEO] detect® ZdEA
Cdo]®A] Cc, Cs, Cro] Ztzt Ad7sk YAZS
o, B, y= 95 A5olnt 22l 95 st
A Q) G4 vl oH| A4 YOLOVSS &
3l detect® A HE A vt FHE FE351A
3o g oA & Wity I8al vhA
9 2}l 10014 9 w3 2p=F ok el
HALE O Ao & YIS =0)7] A8 1
S ZHE AR FolE Wt HFHOE LS
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e
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b A7} <Figure 6>2 E3) HA}F
Ha Aok |&E 2 olm A& AFA D=
A olm A o] BN EA VeAEs BT
FEota WA FALEE AlktetA 2 7o) EA
Aol wA HEA & 4 AUtk <Figure 7>
<Figure 8> ©]o} 2 o] 2 gH HFO
2, 5Y% ApgFe] YT welle F owA 2t
o] A== Aol wol i FAETE =4
Ueha o2 abEe] YA dE WA EE &
AA e 71 Aol WA AR BHA UebdS

HAE 5 Ut

(Figure 6) Example of extracting feature
points for incoming vehicles
34. S2F 11E 7I=H

obA] <Figure 8>014] A8 v} o] AzHg]
A e Aol AYSIUL A9 54 )

ol A3 S & F Utk o] 2T A

(Figure 8) Example of matching feature points when entering another vehicle
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of neural network model

ol fZUsIS RS AF 52 OE A T, y=o| &% o511 <Figure 9>:%

dES B TS AL FHAT7] S8 AATE y=2] 0.52 threshold = A%
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=4 ool FEdth ek Ha E ) FS U 5359 AF TS A

o] EXHo] wjAxofok Z1¢] g A 28kt

AFH TS AgFolghar Ql 1A 54 TS A 2d ool Huy BEE ohekel

A oA 71E X&) A8 B = oAE HAEY RdES E74o| Stratified KFoldZ2 8}
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S50, =, 449 292 deldsl xol o
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(Table 1) Whether or not the vehicle passes according to the number of feature points per model

The numbgr of Neural LinearSVC Linear. DecisionTree ExtraTrees Xgboost
feature points network Regression
10 ~ 12 X X X X X X
13 (6] X X X X X
14 (6] X X X X X
15 (6] (0] X X (6] (6]
16 ~ 20 (6] (6] (6] (6] o (6]
e ol SE8 APt A AFolzd o AMIE Fagolch
3 4y A% B ohe vmE
wdEo] glolA BF SgFol njAEE 7t
7] S99 2 A AYY AFe 5K 2

—%X4 el Ha 71EHel HE X = 16
4eFAT.

4. AEIH U AMiA;
4.1. H0|E| $Z!

A P A A7) A Thet 2ol
dolElE #AsHATh WA <Figure 10-3} o]
FAPg 339 FABAN 2 247 F2 50
S 10 Ao SEMERE B 5 37le F
o] A=NEHE FHIFHAL. o1 F <Figure 11>
S PYOE FABAN 2 Ak
A=d2R R 25 23
Yo APl G dolHE FIsact
e 159] SOIHE AT FATE 22k
SHUE Y ARIGEE FAP, T
KCC 92ehs] 744, 283 AZda of

w -
N

= |

(Figure 10) Counterfeit paper for
license plate

<Figure 12> F74< 1333 T ALt
A g AIME % A QoA FARAA A 2
doll TEHA 42 F AT flzizas
F-AFekaL ol é%ﬂ—t— EES et 9
Hapgre] AW s 247} <697 23+ 3} <01
& 8%k o) X ut FXFHA| A 2B Q] Y AT
£ AN ER 1015 81+ 3 < SZFYP 7}
AEo] 25 i}a‘;oi olA o] FQle) A
g AS F2 ,ylt‘r 019} o] Fol= Tt
FRFAA A 2
Y Y
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(Figure 12) Example of passing a vehicle with a counterfeit license plate

slek. FHA 2 <Table 29} 2Tk WA s sgko]
SR AN GAUCIH FRE A4 ok EARY Rk FABAA 26l A
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(Table 2) Description of collected video data

Video

Description

Original

Source data stored in the database and
compared to other videos

Registered vehicle

Entry video of vehicles
registered in the database

Fake plate vehicle A

Entry video of vehicle A not registered
in a database with a fake license plate

Fake plate vehicle B

Entry video of vehicle B not registered
in a database with a fake license plate

Fake plate vehicle C with the same vehicle type

Entry video of the same type of
vehicle C registered in the database
with a fake license plate

of AEA st &
AH8-%= “Original’ H]°]E
3 FRAA A 2Hle]| FEFH }‘%k | 78*01'7919—i
21438 252 ‘Registered vehicle’ 2 3 3HA
om, FAo| THREA G YFAE QR
AHFASH | RALFBY| Fo| fxHEHS FE
st Y3k G4 Fake plate vehicle A 2
‘Fake plate vehicle B’S Z}2} EY3}ic} vhA]|
uto 2 ZAA A ~He| =2 j}akjl]. =)
kg0l ARl AFFC AZH TS FEska
Z143= ‘Fake plate vehicle C with the same
vehicle type’& EE3}5T)

5t} o] & QA HA] F%
B dlolEH ol A 2FFS detectstal &
UHi(o]E 75‘1]%—3]-7] 78__‘1] O]U])(]E_ _T‘%—B—HO]:

sh=dl olwl YOLOvS =Ede AHE3ith

jus)
Bl o
ngg
o
U
o X
= )
_}L
2
ro
s
e
dm o o e

YOLOv57}F oH|AE FE317] 98 AHSEH =
AL UA] <Figure 4>2] Image cropping
process®}t 1 A A& YERH <Figure 5>l 4] 4
B3O <Figure 5>2] 232 ol <Figure
13>3 o] EAH miAS A&3tr] e olr]

A% F2Y 5 Sk

(Figure 13) Example of an image before
applying feature matching

43. ST 1Y HSZY

T}2 <Table 3>+ &4 4
A W5 2 EAjoFe) 4
< Aexolth 1892 A Y 94 dlole Y
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(Table 3) Feature matching Performance table

Similarity of Similarity of Similarity of
feature featur{e feature Criterion1 Criterion2
Video matching ) matching (Feature (Internal
matching . )
(Common (Gueui-dong) (Sejong matching) presence)
Ground) University)
Original 426 454 423 (¢} (¢}
Registered vehiclel 175 183 191 (6] (6]
Registered vehicle2 196 39 153 (0] (0]
Registered vehicle3 147 46 116 (0] (0]
Registered vehicle4 177 30 95 (6] (6]
Fake plate vehicle Al 5 0 1 X X
Fake plate vehicle A2 3 1 3 X X
Fake plate vehicle A3 2 1 1 X X
Fake plate vehicle Bl 6 2 4 X X
Fake plate vehicle B2 4 6 3 X X
Fake plate vehicle B3 3 3 3 X X
Fake plate vehlc.le C1 with 7 34 36 0 %
the same vehicle type
Fake plate Vehlc-le C2 with 25 2 4 0 %
the same vehicle type
Fake plate Vehlc.le C3 with 23 40 76 o X
the same vehicle type
olF& UEhlH, 2¢, 39, 482 77 ) 7 U A 7h FRRA A 2] el AE dE
Waghes Fag, P KCC B2ES] 23 o] olulx st Bl dnF MAHEAS
2, 1AL AT theF AIME FAp Uepdith. A9 23, fzisas Faksta 3l
A R A XY G ElelE el A 544 v dote 2HFe] FEEoNA WA FAEE 10 7
Aol FARE 7% Zoltt. 181 5892 54 o E #AE "ol AL 1T F Utk

N
oo

A o1y e BASNAEA A%, A 6@ 5
& Aol ol ole] BAA i 24 53
o AL EHHNYL AS 0, EHSA £k A
9 A9 Xolth ORBY 71¥ WefrlHE 1 uj¥ol
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SAIS 71Ete] FXIH AL JHM ek

=Rl s 544 uF uke) A

o %

A8t A%e Mt oA ulHo)

ME T8 F ovAE

1) oA o3

rﬂ rulo or

B W 3j|A] Zo] gh= o

el AA7E A=A Fohdl= Z1Eolvk(elAl
%, 2019). oW A] WAl Al W =
5 A 7ol EAE=T, At wdT A
FRAA Betr] 243 i =5 ddelM=

H]23) olml x| o] A&

2H= Sibiryakov (2011)

1o

@,
K
S
=)
o

] 7IHETE= RS 52016)0
oJatH T o|m|R| ] B4 WHE T4 vlud

A GRrE olu|A 7} FARHLE ddske
Hat Al wiA 71Hel © Ayl ol Ak

_1_4

S <Table 4>= EAF wj NE
)‘oeoﬂ Fzko] ojmA] WA S AHg3st]
Sxo|t} 3 A5 <Table 4>l A 7}
2} & o (1- ¢ )T dlolE o]z HAH
£ 9 4 oju] x| &} FAFSITHAL & 4= Qlth
Z o] tisiA e grol U2tk Hlo]

o
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S %
=
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TA]
#7

N o

0
08; o>’

(Table 4) Image matching performance table

Similarity of image Similarity of image Similarity of image
Video matching matching matching
(Common Ground) (Gueui-dong) (Sejong University)
Original 0.002 0.003 0.002
Registered vehiclel 0.239 0.221 0.085
Registered vehicle2 0.141 0.330 0.115
Registered vehicle3 0.171 0.287 0.129
Registered vehicle4 0.139 0.317 0.138
Fake plate vehicle Al 0.351 0.276 0.247
Fake plate vehicle A2 0.365 0.275 0.295
Fake plate vehicle A3 0.363 0.275 0.252
Fake plate vehicle Bl 0.480 0.446 0.391
Fake plate vehicle B2 0.485 0.449 0.396
Fake plate vehicle B3 0.680 0.469 0.413
Fake plate vehlc.le Cl with 0219 0287 0.137
the same vehicle type
Fake plate Vehl(:'le C2 with 0215 0.288 0.128
the same vehicle type
Fake plate Vehlclle C3 with 0231 0259 0.148
the same vehicle type
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Abstract

A study on the improvement of artificial
intelligence-based Parking control system
to prevent vehicle access with fake license plates

Sungmin Jang* - Jeongwoo lee** - Jonghyuk Park***

Recently, artificial intelligence parking control systems have increased the recognition rate of vehicle
license plates using deep learning, but there is a problem that they cannot determine vehicles with fake
license plates. Despite these security problems, several institutions have been using the existing system so
far. For example, in an experiment using a counterfeit license plate, there are cases of successful entry
into major government agencies. This paper proposes an improved system over the existing artificial
intelligence parking control system to prevent vehicles with such fake license plates from entering. The
proposed method is to use the degree of matching of the front feature points of the vehicle as a passing
criterion using the ORB algorithm that extracts information on feature points characterized by an image,
just as the existing system uses the matching of vehicle license plates as a passing criterion. In addition,
a procedure for checking whether a vehicle exists inside was included in the proposed system to prevent
the entry of the same type of vehicle with a fake license plate. As a result of the experiment, it showed
the improved performance in identifying vehicles with fake license plates compared to the existing system.
These results confirmed that the methods proposed in this paper could be applied to the existing parking
control system while taking the flow of the original artificial intelligence parking control system to prevent
vehicles with fake license plates from entering.

Key Words : Parking control system, Computer vision, Object detection, ORB algorithm
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