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( An Algorithm for Segmenting the License Plate Region of a Vehicle
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Abstract

The license plate recognition (LPR) unit consists of the following core components: plate region segmentation, individual
character extraction, and character recognition. Out of the above three components, accuracy in the performance of plate
region segmentation determines the overall recognition rate of the LPR unit. This paper proposes an algorithm for
segmenting the license plate region on the front or rear of a vehicle in a fast and accurate manner. In the case of the
proposed algorithm, images are captured on the spot where unmanned monitoring of illegal parking and stoppage is
performed with a variety of roadway environments taken into account. As a means of enhancing the segmentation
performance of the on-the-spot-captured images of license plate regions, the proposed algorithm uses a mathematical
model for license plate colors to convert color images into digital data. In addition, this algorithm uses Gaussian smoothing
and double threshold to eliminate image noises, one-pass boundary tracing to do region labeling, and MBR to determine
license plate region candidates and extract individual characters from the determined license plate region candidates,
thereby segmenting the license plate region on the front or rear of a vehicle through a verification process. This study
contributed to addressing the inability of conventional techniques to segment the license plate region on the front or rear
of a vehicle where the frame of the license plate is damaged, through processing images in a real-time manner, thereby
allowing for the practical application of the proposed algorithm.

Keywords: 4429 (Color Model), 4 9 &(Region Segmentation), %2} & (Character Extraction),
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Table 1. the characteristics of plate region,

(1) HzBgee 9RF 22 Z3 JYE Was 7}
A do

(2) HaRd oM FHE FAFOE e W
57} g delAnt go] vehd

Q) Hazgd oA Hd: ¥ e A4 6~129
A= YEhd,

(4) ARGl Asae] wiZs £2; 7o ¥
Aol 919 B zpolgt thd W2 Aol & zhtert
2% Hage 7129 M2 H|7} 2@ 1o]th
HIRGHY Z AE A AA ARE 7t
AL 9}3}.
(D Azl =40 B Qi
(HIAMY & A=)
(8) WZHAIFL A nfel] B Fx72 Hof g},
(HIATE & =&

®)
©)

=X H 43 @ Cl ¥

(89)

23

M2z

a3 1
Fig. 1. Sampling of the license plate color of a
vehicle. -
2. Hsm oH
Ahigose 295 Wd 5 @Awse] F8H
d Nege PEED HEW Jo9e APeA Bela
7] gste] Mz 24 Aottt

N5 Zde a3 19 Zo] vz 37 498
283t 44 A7(mn)e] MES FE8Hs WA
B AEFEREe T dolX RGBAZE R G B
7+ g0 HEF FEUAE o183t 4 (DF 2ol
Aodnt. MZRAY ASFE2 A2de 44T 1
gt Y

C=|Hr O Mg Og Mz Op :| ()

Az 2l CE AYshke 22 WA R GB 4
S0 B FEAA A Q% 4 Q@ o3 T,

35 ondos )~ o

x=0y=0

N , COM =R,G,B (3)

G B 7 249 Wn EFus
93 4% W, 329 24 R, G B

98.73%

T 1
-3¢ |3

a7 2. HSEMAS HHRE
Fig. 2. Normal distribution of the license plate color of

a vehicle.



24 AT ANTHY o
8.2 gho] -30A +30 99 -TL7P°1] —'—o} =712 w3
do W Aol s AT YR 19 2
S AEw 49 AFREES UrEhHU% P2kl &3
852 9973%0]th

3. HEBMY APES

AERAAL ARHE DXOE 4] )9 gon), o=
MER BUS o8¢ DAY ol B A1gd
o D(X)E Mahalanobis 7%’4% Fahe Ag olgdtl
Aolde, HFe SR 0Re W Sapert
g wEstel AEBARS x;fsm.

D(X)= M- X]'Y " [M-X] n

| [filey) e
M= | X=fx)) | 3 ve
Hy | Sy v
D(X)<3 XeC

{otherwise XeC

Me WE% 290 R G B 7 229 BFS 9n)
s X& 48 stae ghe ez 3Te HEn =
de THSE R G B 2 449 EFAZ AFoE
THE FEA 439 GAolnh DX)Y o] 31T
e B 4 sart AEBAgd fPats 7
o2 A a¥8X ¥ Ade Higats 2
A %E Aoz AP T DX YAzl 32
AL pt 30 9 AYE Mahalanobis A& o] &3
Azl tig AFIE FAFoEN AL 5 9

4. Ae{F Al o|Flst

AYGde olzsle EYRFAHA AP ozRY
NaW GA9L BUAS| 93 AHOE WP A
& HAANA ol F23)}

7bd de) 4uizl o3} WoR: ARy B
Aol gt AAZEE o83 By, Ao BR: 5%
ol g3t Wiol AUt olF WL Haus 7 F
A @t Zo] AsE AL YAos s A9
283 2 5 o a2y BUFARS 2ol Ao
Hg AbdA Aol gl ole el WaNE M
2 gkt olhstel TiE TEEY AT TWoye

(90)

a8 3
Fig. 3. Binarization:
binarization.

Ojx 2t (@) F4, (b)olTlat Bt

(@ Input image, (b) result of

T ®MA
Eliminate image noises.

gd
38
O
—L
0L
i)
of
0>,

5 &H ®MA

o]x}g}g AL Q) o]
et it 9% Az 7] A8k
Gaussian Smoothing® Double Threshold& o] &3}
#3E AAGH.

Gaussian Smoothing2 wl23 =7} 152
a9 3o B stAEe] 99S
Gaussian Smoothing2 138 3(b)dl] A
3H/‘1h dE9E W3 MEAdde EAd 7]Q1% hole
& YT A7 dom wide FL& g s
AAs s 237t Aok

g3
A= 237} Ik
Q3etel) o

o
TH T

i ale



20060 38 TXSE

Double Thresholde Threshold B¢ 29 79 949
& A2 a7 vk a9 4= 29 3b) G489
ge AAZ AFo|t}.

6. 1-T2 AAZXN 3jo|2d Yu2lF

odsiE G4 FHT JARY ol ez ¢
A 74zte] sagol WAL o9 fasH T8
Ho] Qi Aol o]l WERY Frel s
7zte] stagg Y02 £1 74 oo o]FE ¥Y
s HH e dolBHole Bk FolBd Wi 9N
o R WA AR whAY GAnA 2AlsEA Mz

& ol§& #¥35l= raster scan
z7] FAERE HolE& M
e WHoE v 4 AUk a2 Fxpe] Ee W
A7t (A=A Fe AFEANE £ A o] A
HAoARA HBZ F2 Az wHES AMEETh
28 27 e o 7|Ee HolEd dag

o] L3t FAE

;%
E‘
L°
il
o,
m_O‘L
off
y o

& 2-7 A2 FolBgL 3zt A UA F2oA
FAE ZAEIEA LA HolES &3t FYS

o

A2 4 el 2 Ain sled 4
Aggh T oA slsedE G

Qo) A4 HEE olgdel A
& A P oA gnaze
P4e F A ZAbstelol Sm2 SYAIze] L

Hol&g ARsly] A% 71d9%ae s

Ioue a2

2 ox

> ool L
_Q{_Z:
O offf
e 2 ok
)

AN o2 = 2 o2 1ff nl)l
of

%

A= 71E9 2-sj& HolEY €1
& £27F wan 7)|9gad 3uvt A& o7-ﬂ &
Aeoll A% 1-7 Ho]E dnYEFE A o] &
nEEFe 13 59 e AL Hkﬂ‘f’ﬂ ”:}3} vl 7HA| 3’]5“
o] QEE A9 AR Hold Faict ol
VES= 2x2 A=24 XHEA7} Qo-] 9&*‘ }aE 7]
Fo2 0 gl dolk e Fdsto HolE
ggsted AHEdEh #HolEY xS & i
oln] ZANGE JHOZ #ol&

Lo ml
o rlo wle

2 23 Yt Hol
AESE 49 HlA $2 oA otz 24} e
ke -~ }(-——P
5] H H %
o° q0° 180° 270°

Iy 5 HolEd HE7
Fig. 5. Labeling windows.

3 =X H43ACIHA23 25

N
ofxlol v
o<l

alalal -
N =]l

g G N BN
al=alala
afa]afa
n

L2 e N V)
SRS RN NN

(@ (b)

a8 6 Hol2d dzee ME o
Fig. 6. Using of labeling windows.

Hol8y =5 AE-3 a]o]%% soaly] 9

g F kA 270l Aok A WA 21 I8 6%
2ol fojed Y=Y T ﬁb’:%"l dolEs 2
AR e Aotk ofd Agode MER HolEe
HolEy AxS9 7|FE sad EIFIH F WA =
A& a9 6b)sk Zol oln deojEe] FH Sl=
Agelth od Agoe o &73Ho e HolEE
71E shadl dgdnh I8 6elM 12 olEo] oA
FEA] &2 gtholn 28 HeolE o] ¥FHE 3o
olth. agu X= A #HolE #e IsHL e

348 Yehdo.

g 72 A FH belEd %}“7312«1 e dE

Atk So& AR BA AFHE S= A Az
& Jehdoh SelA Heled %“:‘“l:— A A =
e WEHe] diie] A2 31l°l—e——a- %%3}3’- Seg
] *+ BA FHLe
A AR Z2 31101%% &3
o F3 dagFol A AFHeR Foted F4E
Aoz Fastn 4 FuaFes H&37] A9
IFo= A }% oAl Azt

gz 2 79 o9} 2ol 4 gbell TPl At
T A5, A% A FHL A5 A olv] A
3 T dolgol &g oM 4 dme|Fol A
Aoz gobex Xetn tE Holed FE3HA 9
oo &g iR A AFAE Si2 dAsta 9
T AA FA PEI Ol Hge s W BA F4&

Region
[ sg—> L

¥
s' |
ozl 7. 3A =M yolgzl ¢igEel g
Fig. 7. Conception of boundary tracing to do region

labeling.



26 AFgH=E

a8 8 Hol2d ZEH

Fig. 8. Result of labeling.

4o A S9 2L dolge
et Wy 7 ThA] SE Boled 248
zEaT, UF 24 $42 371 A @A 9% 34
AZRIN Qee W WFoz ZAE ThAl AR
o olel® gAE WBPoRy o2y 7

R R
Aoltt,

Az W A

2
1

A F4e
A #7o)
A #4g

rol

oé":‘

7. 2xF HEHA

#ol&d ¥, 7 dolEd
T3 stae 8 AFsio ¥
A i ol vEdE dolE I
ato] Az,

9

A RIY
_Q_
=

=

=k
o=

18

3
33

o wo |[o
o
N N e

L

&

thste] AA Wiz 2
¥ 8 8.

"y #HAAL MBRY 7270l 3¢9, MBR
o] AzAdole] W9, MBR] 72 of A2 vlg9 ®
$1, MBR®| ¥4 ol MBR Wl 3= #43ta9
1€ Fete 2= 59 ¥ 7 WATIELE WS
FRIHoE A

AgPA ¥

=9

ABRANE Basith 2 dola
sl Aoz B 7Y NEH

MAZHO 2 H

o2

Hgu 2

E 2 Xz HsuE doo| BEXHIE A -
Table 2. The character is of string structure of the license
plate of a vehicle.
1) HzHe AFAH 7159 2AEE 7155 vE
e da5(d: A& 29 854 7159 §EHS
£ YehE st 7F 3456)2 A Eh
(2) Hade] AG9EE M3W Fo]9 138 A
B, SR 238 AT
() HIZW FEHI(A: dF 3456) Wl N =
e MER 7FE Hol9 36 AP S VIEer 4
7t £ J)z 2aEg
BERY 72 [ xad 712
el 2 e
7t 1345 6] e
249 72 8 ua

agl 9 HoE EXHIEe 74 |
Fig. 9. Structure | of the license plate of a vehicle.

wx3/5 [wx2/5
lh e |2 hx 1/3
HE 3 4[5 6| hx3
——w = 2xh ——
ag 10, HET AL TA I

Fig. 10. Structure llof the license plate of a vehicle.

CHA 1. o1t

tﬂg:ﬁ},} il 7 1t
W FRYYE dge= —“H"?:x—%
ot AAANA @ojAE HER
wret thFdk YIRS PR BE ojxlst YAt
o s mek AERH
AR ABARY FAREL
2B =RAE dFsA ge



20061 38 FASSE

{a (b)
a3 1t HEE gAel Mial
(@olxzt HA () EAHH
Fig. 11. Preprocessing of the license plate region of a

vehicle: (a)binarization image, (b)remove noise.

tAl 2. 20|28 E Ol 8¢ tdBH TFHA

oj7ztd P WzHe f& Ao uH RYe

7P g Qe A% BAREY 993E AN
HA

A Aol Fasig FIAAE

Ssiel ol $HAES B Hae) 471 43 YA o
B A B ARE FYOE BFRT ARV
HGAA Ag DA AReEH 27t e 37

Qo] AADL. A, 102 AAFH o2y oF
MBR 229 314 7j59 MBR 229 3718 2%
23 MBREE o] 32 7j4s MBREES 7129
Az Zol7t AAAAAS HulAAR Hslol Ts A
G HEA 99 AADY. T WA 9AelF, va
4 2 g9y vsue BT 28 AAD

3 3oz 4E
2 FausR AR e

Sk g 239
sstel MEH Aizole] 2344 olakel Fol 91
& WA 204 7F -2 AARA Holgd 4ol
%9 MBR 225 st MBR 229 H2 X#4¥
50 XBEZ A2AA9 HolE AWGL, Ao YA

X, Hd YHERZ AZHA golE AME

O 129 #2 MBR £59 0|9 Hol AR, =
o] tf Wolol H&(HFAZ 14 : 1), HolEF o|F9
MBREE49] 349 A(H §}A7HT 120, AAa
StAaAlg 1 20) ARE 7HX D SEH T sk 40

\

o WEE FEHh
min_x max_x
min_y .
max_y—s I height
width

O8 12 HaH 55
Fig. 12. Feature of a registered number.

Hsol S

ERX M43 AUCIEHA23 o7

AA, J'}—-}'t:‘_ ':'_g_‘ o] A7 ) A os HE gl
& FHAAL

r_._.
nﬁ
oX
ot
i

T3 2 A gs 5
A Y dellA FaiR o) 7H9] MBRE & 9]
HolZ AARdrt olgA 7Y FH E
o] SEWMIRY U AN A7t HIEH JtE Yol
3/5 A A (block_center) S 71F0 2 Ztzt 2712 £&
e E4& °]%°}°4 TENSRI Ex¢ B2 5
7 ZAAE AAZ block_centerst A7t 7V 7t
B EE9 X (min_index)& 7¢ T, 1 FH
| block-center®] &% tH FHEHIF
| EAEE9 YA (start_index)¥ min_index—2
1, 912 Ithd min index-1¢] E ZAojt} w
start_index2 F89 4759 A& FH FAYY
?‘% °‘D} DA 394 FE2E AEEAT}
kA G P o WA F
k= 7&%5]‘11 ‘?ii FRGAAA NIRRT F
W HEH o A7 HIRngdoez £}

folr 2 ox

i 1o oo

i
et
flo
Mrosw R 2 o8
(o3

J

RUBR L
ﬂﬁ‘“kﬂrijgu-{q'
9:

e ol



22 A g4l

9z *x}—a— AHe7ol o FIEAY &
o] FoAle AVt Utk WA AL &
Aol G vAA e HAANA G
22 FFstoiof gt

28e A8 dHoz o] &F EUFAA Y A
H 2 1o o] e E2E GAoE HY
o FheliEke] HA = EMFAEA 7 *o%
of st Fheiete] 29 HHE

°W°ﬂ B BAE URs € 3

O

oot rfr o ok nu of, Hm i rlo
Wi —l L — ;2
B
ot —LJ
o,
4y
ox,
o o
P
2
i
m\n
(g
ol o2 o
24 3

r‘i-{N'{N
N o

RA}«] CCD?M]E}(Dragon fly, 1/3 7
Sony CCD)E AH&-3t91oH 1024x768 RGB ## 942
Aoz Sk AdAA Al WHe
Pentium-4 2.6GHz, Memory 512Mbyte, Windows XP
874 A Visual C++ 6.0& AHgsle T3]
dHGAE a9 133 Zon Sl 71 B F53 o
Hoz B AT B gu ANHoE o

Ao Y-S 08 + gk

AA 7|EaBeqe AA Gl diste] A
A|zte] @o| A8Fng JAEA FAHL & 17 14
o} Zo] J& A7|E Fi3

HEwe HFe AR FA, 3 RS FERs
AdMA 215K H 266 F9 HYE JHo WEsin
A4 ALk s

13 i3 g4
13. Input Image.

a4
Fig.

(94)

ey o

a7 14 Z4H g4

Fig. 14. Image on a reduced scale.

a2 15 A oAl

Fig. 15. Result of Sobel operation.

a7 16, o|XlEt =t

Fig. 16. Resuit of Binarization.

a3 17 HEE doBs 23}

Fig. 17. Result of segmenting the license plate region.

54 B SRHEE %s}% SECHEARS L
A 1Y 1643 o
o215 AAZ ARE WG

(N,
oy
)
> v

o WEE Ad Siel e 8 & % ek o
A5 AAE olgdle] STARS Fa £ o 47

A
HES 30 59 2 54 w7k 2 1o Hk e Fen)



=H

Fig.

18.

20061 38 MASEE =X M 3 HCIHA 23

{ )]

H et of
A (b) HET MAMME

T S EL A

= s

Segmenting the license plate region of vehicle
using a color model: (a)lnput image,
(b)Sampling of the license plate color of a
vehicle, (c) Result of binarization, (d) Eliminate
image noises using Gaussian smoothing and
double threshold, {e)Determine license plate
region candidates, (HExtract individual characters
from the determined license plate region
candidates, (g)Result of segment the license
plate region.

(%)

A8 B7) st 2718 S8t
A7 17 8(o)elAet 2ol JdE& wol X3t

HEH d99 7S wset Fx9] FE
hole] 2A3ic} 293} hole& #1A38L7] $18t] Gaussian
Smoothing¥} Double ThresholdE ©]-&3l9 23 8(d)%}
2ol Zd& AAF} A¥M Gaussian Smoothing ]
n23 A7) 158 A3 S™ Gaussian Smoothing
HHEEE Wil 79 Had g Ex9 =At
&l djdete holed "i¥5= &37F ok Double
Threshold2 Threshold H¥ 99| gt dH& AAs
' 2t glen AgdAes dAGe R %59 2008 A
39tk FAGAA olF 1-dx #olEy dxFd
g #HojEyg 9 #HoJEF o|F MBR HHE Fsln
MBR BEE °]&3td 19 8le)9t Zo] " TR P
o9& A HIH FRAY A A8 B4
MBRY] &, £0], 7}2 : AZ 6] &, 9% 5 | 7}
AHgFlon AFoME 20~220 329 F 10~
11032 9] #9], 1.36~259 712 : A2 ¥]&, 0601
2EE AT

HN

3
ty rlo

H

Io{r

3

HE o N o
wo o fr
Sk offt
12

)

o

=2
o o
o
2
M
iy
—
@x
s}
e/
Ml
o

o%
R oE

&

18(g)s} Zo] HF=

it
o
Gt

TH o 2
e
Al
o
o

H 400The] ApFgdel da
L HAS wawe] AstA ded A4
FGell Avrke 2l @ agArt =94
WEEe Ao Wzde dis)A
< B3tk 3% 19: 439 29

o > o IR & g
o » 1R ol A

fots

8o e oo
X
T

g @A AR S ARLEA

2 9 JRE A N1 Az wo] 289t



30

I3
Fig.

19, WEE PR NyHAY

19. Result of segmenting the license plate region.

(96)




2006 3E HAZES =X M LB CIEHA2S

EY Wage] AXE 2 & & gonz Wi
o] WdHA Qe oA YrAgkel AAY & 9

Rttt solx, ekl
P10l HE Ro] @ol
o ARo) ofgde & Urk
ARete Yl e v A= g
Ao 2ds Wy Y 9

SYE WEE o
FHo FFste

29,
Y
o
ol
o
{d
J\O{A

=3
ol
-

12 we i 2

LM Hi

o &
*O{l

o

i)
of of of
18 mE o
tlo 2 fo X

[z

of oF ok
o I of

lo

o,

$

rr

M
2
o

e o rf

B Bojo
1:1i

oy
H
i

ot XL

= o
_—)‘J_n“

o fio
>

9T R
£

N
e
lo
righ
o,
(R
P‘L
2
N
o,
rot

+—

= o
¥
Y
X

b—‘nm

By o,
ot

Ol

32

o &

oX.
s
we
oY,
3
o
. 1o
>
N,
o

o
wEdA AetdE 1-

9,
ju
g

rlo

=

L

oo
o2
.
o
o
>
N,
filo

Fdto] HA Hs

V. Z2E ¥ A
€ =tdAe EUFAARAYE RdA A
ANd 2o o3 AHzw 4988 dngdFs A%
IRT & =29 Aol 7€ Wad 4953S
P 2EAes day AYALE gEFeRM 4
&4 38L& °lF F UM oY@ duEFs nig
S 2 AN&RE FES ¥ A Ik A W
3o GAelA AFHQ Z2HE Bhon @A W

ol Blad & HEEE ¢ F AT
gozo] AFHE2 o /A g R AFE JY
staxt ot AA, o 5o] FAustel] A3 WaH
9 oxE JAR AALEE Avstd] #4E 24
o WMol kA MEAIY H5& & F U=
g AvstaAdt B4, WEHe #&o] A A
FdEdel i dueFe] /pdn ot Fe x4
o A E AAE dugdFe Arstnat gk AA,
At o2 ol 7]&ojd glE Made disjre 2
HatA gt BRFAA g5 A 7180l s

97

31

T AL Fosit T HEd % g7 B
A e £ PR 7E7E BAE Uy
#sto] Ayetaat ok

(1] WuWei, Yuzhi Li, Mingjun Wang, Zhongxiang
Huang, "Research on Number—plate Recognition
Based on Neural Networks” IEEE 2001.
Mei Yu, Yong-Deck Kim, "Vision Based Vehicle
Detection and Traffic Parameter Extraction”,
I[EICE Trans. Fundamentals, Vol. E84-A, No.6
June, 2001.
M. Yu Y. D. Kim, "A approach to Korean
license plate recognition based on vertical edge
matching,” IEEE Systems, Man, and Cybernetics,
International Conference on, Vol. 4, pp.2975-2980,
2000.
C. V. Jawahar, P. K Biswas, and A. K Ray,
"Analysis of fuzzy thresholding schemes,”
Pattern Recognition Vol. 33, pp. 1339-1349, 2000.
K K, Kim, K. I. Kim, J. B. Kim, and H. ]J. Kim,
"Learning-based approach for license plate
recogniton,” IEEE Signal Processing Society
Workshop, Vol. 2, pp.614-623, 2000.
Kwang-In Kim, Se-Hyun Park, Kee-chul Jung,
Min Ho Park and Hang Joon Kim "The Neural
Network Based Method for Locating Car License
Plate” Proceedings of ITC-CSCC 1999.
R. Parisi, E. D. Di Claudio, G. Lucarelli and
G.Orlandi “Car Plate Recognition by Neural
Networks and Image Processing” IFEE 1998
S. K Kim, D. W. Kim, and H J. Kim, "A
recognition of vehicle license plate- using a
genetic algorithm based segmentation,” IEEE
Image Processing, International Conference on,
Vol. 1, pp.661-664, 1996.
Ming G. He, Alan L. Harvey, Thurai Vinay,
"Vehicle Number Plate Location For Character
Recognition”, ACCV'9% Second Asian Conference
on Computer Vision, December 5-8 Singapore,
pp.1425-1428
{10] Kenji Kanayama, Yoshimasa Fujikawa, Koichi
Fujimoto, "Development of Vehicle License
Number Recognition System using Real-time
Image Processing and Its Application to
Travel-time Measurement”, In IEEE Vehicle
Technology, pages 798804, 1991.

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]



32 AP s T M4 o

Mg ey

Z<d (o] 8tAh)
19993 s sty ot HF
By E4(FEAh
| 20049 AL WY HF
: B &3 EJ(F A}
2005 ~ A QARE(F) AgAGERE,
7)) '

<F@AEoR: HCL AFHHA, Hddy, 34
[e]

4, 922 AEuR, Qe Ho|zd o] AE>

R

19979 TR 3 FE 3

(98)

e 9

2005 ~ @ A
<F Aok
s

d4 3D =d

A & 8(489)

19839 $ 4 RAANEH 24
(F AL

19989 2§ RZF7)F AAAZT

20009 F3e) st 7 Fe
Fot7 2AF I

= 20059 s40 Dt AR
£(F D)

F4Y AR ATHRAL

2R A, G4AY, ARA4, M

2

>



