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Abstract: Problem statement: License plate detection and recognition is an iragpcessing
technique used to identify a vehicle by its licemdate. This notable technology has got multiple
applications in various traffic and security casesname but a few, toll roads, border control usitg

and car tracking are same of its applications. Ml stage is the isolation of the license platemf

the digital image of the car obtained by a digitaimera under different circumstances such as
illumination, slop, distance and angkepproach: This study presented a novel method of identifying
and recognizing license plates based on the masghia@nd template matching. The algorithm started
with preprocessing and signal conditioning. Nextetise plate is localized using morphological
operators. Then a template matching scheme willdeel to recognize the digits and characters within
the plate Results: The system was tested on Iranian car plate imagedhe performance was 97.3%
of correct plates identification and localizatiomda92% of correct recognized characters. The esult
regarding the complexity of the problem and divgrsif the test cases showed the high accuracy and
robustness of the proposed method. The method @dsiidbe applicable for other applications in the
transport information systems, where automaticgaitmn of registration plates, shields, signs and

on is often necessar@€onclusion: This system was customized for the identificatidtranian license
plates. The results showed that this algorithmauer$ well on different types of vehicles including
Iranian car and motorcycle plates as well as devencumstances. We believe that this system can be
redesigned and tested for multi national car lieepktes in the future time regarding their own
attributes.

Key words: License plate recognition, character recognitidsject localization, transport information
systems, segmentation

INTRODUCTION identification at different lighting conditions, ggence
of random or structured noise in the plate and
While the first industrial automatic system forrCa nationality specific features, concerning platéze sand
License Plate Recognition (LPR) was introduced intype of charactefs?. Figure 1 shows a typical license
the 80’s, an outburst of commercial systems occurre plate recognition system.
in the 90s. Although that a lot of LPR systems are = Some of the related research in the field of
available in the market, the research and developme automatic car plate recognition are as in Fig. 1.

still continues and new sophisticated solutionpltde Lotufo, Morgan and JohnsBh proposed
localization, character segmentation and recogmitio automatic number-plate recognition using optical
appear. character recognition techniques. Abolghasemi and

This is due to the growing demand for the Ahmadifard® proposed an IFT-based fast method for
automatic vehicle identification required for tiaff extracting the license plate. Meanwhile Zamani and
control, border control, access-control, calcutatef  Movahed® proposed a morphologic method for
parking time and payment, search for stolen cars ogxtracting the license plate using some simple
unpaid fees and the requirement for reliableconstant templates.
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Fig. 1: An automatic vehicle License Plate Recagnit
system

In this study, we introduce a novel method for

license plate recognition from a grayscale imagéhef
car. We first use a preprocessing stage that contai
certain number of transforms established heurigfica
for reduces the extra information of car picturgaut of

Deg=45

Fig. 2: Structural elements for horizontal aéd= 45
rotated line

Next, a vertical and horizontal Sobel operator is
applied on the image to amplify the corresponding
edges. Then an appropriate threshold T is used to
generate the binary images where the edges are
highlighted in a black background. (Eg. 2):

1 ifA (x,y) =T

G(xy)= { 0 other _ wise @

The experiments suggest that the threshold T must
be from nearly 0.25 for clear, noise free, bright
environments to almost 0.12 for noisy, darker
environments. The mean value of the main image is

the car plate detection and recognition systemhés t used to determine whether it is bright enough dr no
binary image that obtains form preprocessing stagewnhile the difference between the energies of thagien
Next, start a process for identifying and isolatafithe  and its one octave low pass filtered version deiteem
car’s license plate from the image, then the resiuthis  the level of noise. A dilation operator also is dige
process send to segmentation part. Segmentatidn pajenerate more continues borders and edges. Equation
separates the characters individually.  Finallyillustrates the dilation operation, where A andrB the
recognition part recognizes the characters giving t image and the structuring element respectively:

result as the plate number.

AOB={d0OR*d=a+ bdl Al B (3)

MATERIALSAND METHODS

Based on their technical knowledge, expertisePlateregion extraction: After the preprocessing stage,
level of potency and available means educationa® Morphological operator is applied to the image fo
institutes and organizations, have several solatin SPecifying the plate location. Morphology is a
implement an E-learning system. In the following {€ChNique inimage processing based on shapesawe c
sections, we will pay special attention to thedetims build a morphological operator that be sensitiveato

which are one of two kinds: Purchasing a software>Pecific shape in the input image. In fact we wy t
program or designing one. create a structural element with special properties

instance, a horizontal line of length = 5 pixels ar

Preprocessing: Preprocessing mostly is necessary tofotated one witt® = 45 can be some typical structural

facilitate further high performance recognition. this ~ €lements. In this study, a rectangular box can be

study, we firstly convert the RGB color input imaige  €Mployed as a structural element to detect theledes

a 256 grayscale image using Eq. 1: (Fig. 2). ] ] ) ] .
Applying the closing operation on edge image in

_3AL+BAL+A, the horizontal direction yields several connected

AsL 0 (1) regions which are plate candidates. With respect to
license plate shape, a rectangular Structural Hi¢me
Where: (SE) is used. The main motivation to focus on
AcL = The converted gray level image morphology was the rectangle shape of the pl_ates.
Am Acand A = R, G and B spectrum of the color However, there may be more than one candidate

image respectively

region as plate location in the image aftesing.
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Fig. 3: Vehicle plate detection procedure

Fig. 4: Some samples of Iranian car plates
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Fig. 5: Segmentation, normalization and the final
character recognition

To find the correct region and discard the othsosne
features such as shape, aspect ratio and size plate
are tested for all regions; this filter consideyat@lduces
the Noise. The processed image after these stages i
shown in Fig. 3, while Fig. 4 illustrates some lean
care plates.

Segmentation: Character segmentation is an important
stage in many license plate recognition systemsrdh
are many factors that cause the character segrmntat
task difficult, such as image noise, plate frameetr
and rotaton and illumination  variartg.
Preprocessing is very important for the good
performance of character segmentation. Firstly,gena
is filtered for enhancing the image and removing th
noises and unwanted spots. Then dilation operator i
applied to the image for separating the charadtera
each other if the characters are close. After stage,
partition scanningis proposed to extract characters
from plate. This method is conducted by checking th
mean of each partition in image (the size of gartibf
a character or background. In this process, the
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background is defined as white (1) and characters aTable 1: Experiments results

defined as black (0). After some experiments, it igApplied stages No. of correct detection _ Accuracy (%
concluded that the optimum threshold value is yearl EXtraction of plate region  146/150 97.3
0.7-0.8. Partition value larger than 0.7-0.8 issidered  ocomentation 141/150 94.0

’ A 9 : : Recognition of characters  138/150 92.0

as background, otherwise it is considered as cterac
Then the plate is divided into two blocks. The tfirs
block contains digits and the second block cont#ies
letter (Fig. 4).

Character recognition using template matching:
Before employment of the recognition algorithm, the
characters would be normalized. Normalization is to
refine the characters into a block containing ntreex
white spaces (pixels) in all the borders of therabiers.
Then each character is fit to aX@® block as shown in
Fig. 5.

Fitting approach is also necessary for template
matching. For matching the characters with the
database, input images must be equalizing to 238
block with the database characters. In this sydten
characters are fit to 320. The extracted characters cut
from plate and the characters on database are now
equalized. The next step is template matching.
Template matching is an effective algorithm for
recognition of characters. The characters’ image is
compared to the ones in the database and the best
similarity is considered. To measure the similasatyd
find the best match, a statistical method corretati
based is used. Correlation is an effective tecteiipu
image recognition. This method measures the ctiorla
coefficient between a number of known images with t
same size unknown images or parts of an imagethéth T — Py
highest correlation coefficient between the images >
producing the best match. This system used thdalsda
as the Iranian license plates characters all 25
alphanumeric characters (16 alphabets and 9 nuwsheral
with the size of 3820. Due to the similarities of some

characters, there may be some errors during the

recognition phase. The confused characters maidy a 9 SPrERE

"@" and "<". To increase the recognition rate, some

properties of each character are used in the syfstetine —
confused one to define their special feature otorsc
With these feature the applied tests show a serious

increase in the correct recognition rate.

FP> 919 ¥ PP S PYA 1P

RESULTS

ReAATH

Experiments have been performed to test the
proposed system and to measure the accuracy of the 0y AA TP EV Ow PEE P
system. The input images are colored images with th )
size of 648480. The test images were taken under™ig- 6: The outcomes of the LPR system, car images,
various illumination conditions and distance. The localized car plate and recognized characters in
results of the tests are presented in Table 1. different test images
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It is shown that accuracy for the extraction atel
region is 97.3 and 94% for the segmentation of the

characters and 92% is the percentage of accurathyeof 1.

recognition unit. Tested on ten different cars,. Fég
shows the outcomes of the system.

DISCUSSION 2.

A new method for car license plate detection and
recognition system are presented in this study,
generally accenting on the problems of LicenseePlat
Localization (LPL) instead of the LPCR (License
Plate Character Recognition) therein. This reflebts

License Plate Localization (LPL) specifics of CLPR 3.

application, where the problems of LPCR are usually
considered priori resolved by usage of conventional
Optical Character Recognition (OCR) twafe.
The goal of the research is to investigate theipilisg
to create a comprehensive system for multinational
vehicle identification based on the license plate

recognition. In that case no additional hardwachsas 4.

transmitters mounted on the vehicle or additional
sensors are required. The preliminary results pbthi
on real data are quite satisfactory.

CONCLUSION

5.

In this study, we presented a novel method of
identifying and recognizing of Iranian car license
plates. Firstly we extracted the plate location &émeh
we separated the plate characters by segmentaitbn a

applied a correlation based template matching sehen®b.

for recognition of plate characters. This system is
customized for the identification of Iranian licens
plates. The system is tested over a large numbere(m
than 150) of images, where this algorithm performs
well on different types of vehicles including Iranicar
and motorcycle plates as well as diverse circungstsin
Finally it is proved to be 97.3% correct in theragtion

of plate region and 94% correct in the segmentation
the characters and 92% in the recognition of the
characters. We believe that this system can be
redesigned and tested for multi national car lieens
plates in the future time regarding their own htites.
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