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Design and Implementation of Real-Time License Plate

Recognition System in Video Sequences
Mitra Abdollahi & Hossein Khosravi®
Department of Electronic, Faculty of Electrical Engineering, Shahrood University of
Technology, Shahrood, IRAN

Abstract

An automatic Number Plate Recognition (ANPR) is a popular topic in the field of image processing and is
considered from different aspects, since early 90s. There are many challenges in this field, including; fast
moving vehicles, different viewing angles and different distances from camera, complex and unpredictable
backgrounds, poor quality images, existence of multiple plates in the scene, variable lighting conditions
throughout the day, and so on. ANPR systems have many applications in today’s traffic monitoring and toll-
gate systems.

In this paper, a real-time algorithm is designed and implemented for simultaneous detection and
recognition of multiple number plates in video sequences. Already some papers on plate localization and
recognition in still? images have been existed , however, they do not consider real time processing. While for
the related applications, real-time detection and recognition of multiple plates on the scene is very important.
Unlike methods with high computational complexity, we apply simple and effective techniques for being real-
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time. At first, background is modeled using Gaussian Mixture Model (GMM) and moving objects are
determined. Then, plate candidate regions are found by vertical edge detection and horizontal projection.
After that, license plates are localized and extracted by morphological operations and connected components
analysis. When plates were are detected, their characters are separated with another algorithm. Finally a
neural network is applied for character recognition.

This system is implemented in C++ using OpenCYV library. The average localization time per frame is 25
ms and total processing time, including localization and recognition, is 40 ms that can be used in real-time
applications. The proposed method is evaluated on videos from highway cameras and the detection rate of
98.79% and recognition rate of 97.83% is obtained. Our real-time system can also recognize multiple plates
of different types in each frame. Experimental results show that our method have higher speed and better
recognition rate than previous works therefore it is suitable for real-time applications.

Keywords: Real-time License Plate Recognition System, Gaussian Mixture Model, Projection, Connected
Components Analysis, Neural Network.

9 ‘Os)s% Lﬂ)w ‘L’ﬁ.g)go ul.\m .).,».o 6b|5) ‘k_ﬂl..\.?bﬁ

doddo —)
6l slbols e 095 S 5,Leds ISoe5 lubis &Ll
69 Olyzamgs 5l eolatul b ads dwy S ailys
Sl O - Sl 1 (S5 g,095 S 6leds ool

Wl 39279 pgal slr 50 Wlgiee 9995 S
D3y pley &5 pgal Sy o B3l sl 4ol
555 spleie iala S5l SO olyioas wnlsd oo 5oL
;fj . AT uydﬂ ..PSA, ’ Jelysbar abls ol ol lagyo9 Cosa >l o
. ) _ . 6[&5)09.‘5 ).75..47) U“’)b)" )l oolau! l) as w‘ )lSO?
Sransgi o S S 4 azgi bla Fhy oS oo (bilop . < .
c. . R . "\Sgs‘ C‘)"""“" Ll ‘S)L’ )lads (S S }‘ SoxE
BUNPPS VIG5 PG S PR W PP SN B R CT S T W
«5“’5 db&) calises LgL:b)}.:l‘.f aS Cewl Q] 6[.&‘;‘)".15
S 79 S e (et JSi a5 ls 055 slaSDL
A 50 S 2l a5 S Aoy e g an g G K,

bg,095 70425 5 ool 4 3l ealbelos cnl 5l oslanad (sl
Sy 3l eolaw! b wlele (pl o,lad 0429 (Tag
Ol 500,85 331 joe Jlo 10 (59,095 5| s g pgasee
@ 9395 SO At ey vy Bilon e |,
clais; 10 ol albole ol 5l WS e Jloyl b,
Soo)lS 4 azg b 28,5 oy Jlow SIS g el
@lobs s il ol sl Sl slagss, o b
[3] 421 {17 ol oas 1] Ciliee azlye 5o 5,595 S
{41 s
dgye S olulid JSogs Llle S (U5 sbay

L S Jowe padeis dol i an 51 ANPR
PR LQKJT S;LMJL..M; g dodun sl (gjloloz (S Lg)'L.u)lSJ;T

095059 )5 4 pgead 5l S zlyminl g1y o D9 o 4185
Sz STy 5l S plyea Wisioe b 9>
99 oS 5 Colgd e il S Al olulis ol eolasdl
[5] 093 e Sk (s 4 w00 Sy iz
A yo (5l 00satd 5 IS4 glo g, 5y caalol o
98l S L6] )00 5 (55l oS (o0 Ol ) e
b oS oo Jloel (09998 pglas 59, 2 1) 4585 s
o8 & Jate sl wims pacdas | ee 4 Jate sl

030l lgicds wijls e awlie cwaie slo Shg a5
Ol SeiS bopglas 5o i yeSl Gl st e S
> o S, Oledlbl l oslawl b laul [7] i, o olili>
G Gy 3l 0olaiwl b e 108 oo 2l 5l 1 70 500
>3 59 P8yl 92y los S )l 2L ) (636)58 )90 (ST &S
4l o b aSipla azgi b Lol 1o .aigd co gy 9500
S &b andl S9zge @0 o Suly 08, piiy SH

sl 00
al> 0 53 odazy nslal (59, 5l 9,995 S (ile>
Sgd o AT pgal )3 SO oo i Al o j3 551
5 (o0 Dy pgd Al ye 0 S By 5 018 (oluli
R p (e S By g pl)] plulis o5 Ll
b bl 285 5 b5 1 el i il o 2] 0
G280 oo (8l 5 0,10 (S Cnss A yo 4 (5005 9
S5 Ll pd pglad Gl CudeS o )ls (ol Caeal S

2 Candidate regions

! Automatic Number Plate Recognition (ANPR)

YA 2l ¥ o)l Ay Jlo



http://dx.doi.org/10.29252/jsdp.15.4.41
http://jsdp.rcisp.ac.ir/article-1-665-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-01 ]

- 10.29252/jsdp.15.4.41 ]

295399 29Ua3 3 99398 Iy abwlind 9 (6w JbT K33 53 Ailolw (5w dly 9 Alxb

sggaSins il JUED! ol U Vs (gllas LAty ASad
o3l gl 1) LVQ 8ol oyt Ssaiz 48
ol o gl lin g 00 p IS W LPR Slols S yo bdaus o8
Sl sl ools pladil culisish 2o sl p a4 90
S sy w23 RIBI sl L17] ol 5
oy LMW jLsle wloly oS5 Jow 5l )09
Langlio jo a5 wes oo lis o ,28 gl .ailes S solazul
4 e oy LS LSl g sy (o sloass
529955 SN (o)l sladuns (il 5o 8o aalj3l
1 sl 099255 )0 02 9 alobes s Cag pon Lol 1090 0
IS (ood ool B

S oo I Plae (nl Jo pogdle dlie cnl yo
1 01 053y boailalus cpl o], s 2 a5 1, (5,500 OIS
a1y 093 (golpiing he) allie (nl ped 5w )0 oS &8,
Oleslaiialel @l pom (250 53 fraps s T8 Cua
) 095 g (I saSamm ooz (5 0 5 Sl
peSee Ol

Ol 03, -V

1 3 Gl G & B 5 Jom sietsn Sl
alire (Lo 90 coal dy gl bl ool bous G
sl o5z walscd)y (loymne 5 lool)lhz 5o
A oo 5 5y900 IO Blad o5 plulis wal)l
s iy lls J&5 ¢ oo sialign dlle S aiw) 0
S 095095 E98 LAt (S pansdl alex I it
Gl g gy0e K, jacrid (A astid e
Loty ataign &ilolus (! 31 ciamd Sy bl Silolo
Sl
it (SN alolis cloailols ke 059,
LY 25y laomsd Jie wisS o sslid |, ool
Sote 1) 89959 nyd CodS B 5eyd gole la S e
o) Su S oo Jos load J S Llys jo Ll g wams
5 Ay Jelo o sz S al o 5 Sslise S
2108 s pS s bl gam Gl 4 ax g
2l K500 Olepe s B ST Bl giong 5o asl
s laoolx (gl 6yt "LL s Ol vl San J> ol b

6 Quantization

" Learning Vector Quantization
8 Frame

° Frame per Second (fps)

YA 2be F o)l IYAY Jlo

e ol [8] 3ydstar! 5 cawldllp) S5 o aseice
S @B G g 918 (o0 glyZial 1) gl )0 09290
Syt slaad olasd 993 Colus 4 Consd &S ) g
Sl s el (Sen pguai a5 Ll ...xj)ﬂsa Cawddy e ,lo
o 09,555 5l eogd e GLL L sgllas slen 5 Ol 55
WS o SaS o Lads a5 ol anS e ol
e 1iles )8 eolatw! 'Gla o I[9] i, 5 /50
gt 2] g0 Sty (63959 yiged (sl a4 & j0
yiisn 3,5 IS4 53 4l 53,8 by sl o Lo
gl Bl oud jpame 9,095 & pglal a5 oS pa by,
o5 Sl (ul gy ol e Ll tams oo (LAS 095 51 055
Dilon pley g 009 ez S slaj e JSB i 4
e 1y oo, [10] ey (San 5 Sy ool 0l
DWT" S Sorgo o 1 s SO o puesd
SN 4l aseds 6lp 5ol slool, S (oo Sleiiny
ous dlgiin s g, 5l (6 ks .l 0als colazul 5,045
5 ol ojlal b S aseis a5 W)l placgogase
ol 5l Fa e o0 O Sy b e
oS @Vl Glime 4 e Lol el Loy sgase
Yo Slowlre (Souzn g ez ladise; )0 bl
ol pgo Sl &5 by, cpl 50 ans dladi a5l
obey oSl 131 5 [12] J11] canl il o5 sy
08 S Gl ley ol &5 cnl a4l SOl s Ll 2]
Lol Sy a5l G TSy o
Loy gi (ol sl 58l (sims 9o Al o sl
Gl 9 x50k e slagts, Sl Gl LPRT o
ooy ylid (6, 50L 5 s sl b, 4o 0,5 eolatuwl oI
(g0l sresls i degame yiils b aS Cowl sa
bk @l 4 Wil e [14] (egian (orae sloased
5o oslitul 590 (g, Cngly I g S oy Cews (295
@l [15] Lid)lSan 5 Silss wiiwd LPR (slaasloles
Sladss Jold a5 S () il oty ool
o 85 ez 5 it el shael 5 By i
(T Boy Ginakb Gl G e AV (e
Orized g (omddSlolael 5 By > oS 5 oSSl B9 >
Sl o Bigel Sy Sguge (8l ilos S solaswl olacl
£95 90 [16] B0 .ol a8 |15 a5 " elowy | ooy ;65 5 U

! Hough transform

2 Discrete Wavelet Transform
3Real-Time

4 License Plate Recognition

3 Resilient


http://dx.doi.org/10.29252/jsdp.15.4.41
http://jsdp.rcisp.ac.ir/article-1-665-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-01 ]

[ DOI: 10.29252/jsdp.15.4.41 ]

L gpsas o)l gloalls ol Glae oy
[y 995 L5 $aug slocld o oS5 > b 0 s od aseis
S ryad ol olezel LB (glares g § 3S oo 5]
!y [18] V‘_.;wglf bolse Jao 5l Lo S5lu e 6995
doejom Jl Aeigin &S 0 b oSl

30,5 ool

ol gmyg > Gy osal > Algejw e
7 ]

W

sl o gilulax
Peldlgle > g gl > peal CudS Se

s 1
7 ——
19 i o
$ogee bad > iy > sielgdge wlides
]
W

o2 & o izl Julod S S g5l

Sy (53l BT iy 50 golaiiieny gy (Y- JSB)
(Figure-2): Overview of the proposed LPL*
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(Figure-5): The desired frame after noise reduction
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(Figure-9): Candidate regions detection
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(Figure-16): Overview of the proposed character recognition
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(Figure-17): Examples of LPL in video sequences
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(Table-2): Comparison of the proposed method with previous works in LPL
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(Table-3): Comparison of the proposed method with previous works
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