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Articleinfo Abstract
Original: 20 February Vehicle license plate recognition (VLPsystemhas a wide range of applications in r
ZR%:\L/?sed' 13 Julv 2016 life, such as parking lots, private and public antes, theft and border control. T
Acceptea: 16 o)étober paper presenta system overview of client-servikcense plate recognition systefor
2016 vehicles in Kurdistan Region of Irag besides, te#igle type and city in each plate
Published online: 20 identified. The client/server model consist of two componerghed clien-side and
March 2017 server-sié. The imagesre provided by the client sidmd will be sent over the server
be processed. The process of license plate reqmgistdone in the server side with
Key Words: integration with the Matlab softwariThe proposed recognition system is develc
License plate detection; based on digital images athe main component of the system consi: preprocessing,
Character recognition, license platddetection segmentation and recognition process. A prepsingstep usin

Client-server network,
Edge detection, Haar
Transform, Bounding
box, Correlation, Color
histogram

image enhancement, filtering, and adaptive threhglis employed. For locizing and
extracting the license plate region, Haar wavelahgformation and edge detect
algorithm are used. license plate number segmentéicarried out using bounding b
based morphological operations and finally colastdgram technique ancorrelation
coefficient based similarity measurement are usedecognition task. The experimen
results show that our propossystem for the license platietectiol and recognition
process have obviously higher recognition accurats

1. Introduction

In the recent years, it has been ¢that the number of vehicles has increased drantigtlvacause of th
rapid rate of growth of the urban population and gower of purchasing becomes stronger. With
increase, the researchers presented different oieetbadetect the numbers and @cters inside the license
plate of various types of vehicles. AVLPR is a t@ge that involves in the areas of computer visiod
image processing used in a wide range of applicatsuch as law enforcements, access control, ¢yadi
stolen vehiclestoll collection, parking management, traffic viotats, and etc. Automatic vehicle licer
plate recognition (AVLPR) was invented in 1976 &mel first working prototype system was implemerite
the United Kingdom in 1979 [1]. The hardest partaofy AVLPR system is the detection of the veh
license plate region, which directly affects them@l accuracy and efficiency of whole AVLPR systdm
the presence of image noise, blurring in the imageven illumination, dirt, rain, dim light and fpg
conditions make the task even more complex [2]. hseeplate recognition algorithms are mainly divi
into image preprocessing, license plate detecBegmentation of the numbers recognition process of
segmented number within the license plate, each part may contain several steThe main purpose of
this work is to design and implement a system tealethe license plate of a vehicle and recogriie
characters from the region containing a licenseeplader Iragi Kurdistan conditions. Ins work, we also
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employ a client server network model to simplifyngeating training images and to reduce computaltiona
requirements on client side. Unlike related systews use portable computer only as input and output
interface; all functions of license plate detectin recognition are done by the network server.

2. Related Works

In the research works, many license plate geiton systems based network have been proposed.
Although vehicle license plate recognition has begrtensively studied in recent years, it is stk tmost
challenging task to detect license plates in opsfirenment. Not much work has been done on detgdfn
the license plates for Iragi Kurdistan, while mwebrk has been done for US, European, Indian, Chines
Korean and Iranian license plates. Abbas M. gBabroposed a method to identify vehicle licentgs in
Kurdistan region of Irag using correlation of GF@sd Wrapper Sub Eval technique to reduce the
dimensionality of features vectors has been used.eValuate the system's accuracy GFVs has been
computed on SVM, K-NN with accuracy of 96.72. Thixesome relevant work on license plate recognition
based client server network: A hybrid techniqueebaslient server architecture for Iragi licensetela
recognition is proposed in [4] it is relying on gopt vector machines SVMs with bee colony optimaat
algorithm BCOA. Lajish V. L et al. [5] proposed aobile phone based, client-server architected, $een
plate recognition system. Image. The Author usesthte of the art image processing and patterrgreon
algorithms tuned for Indian conditions to autometicrecognize non-uniform license plates.

In [6], the authors describe a vehicle clasaiion system based sensor netwditke authors presented
design and implementation of two such systems:hicleclassifier based on acoustic signals andem$ie
plate identification system using a camera. InAdthors given system for a license plate localaatior
Iraqi cars using morphological and statistical dea$ extracted from the segments of the imagers&anf.
et al. [8] proposed new algorithm for localizatiohSaudi Arabian license plate utilizing both veatiedge
detection and filtering which is then followed bgrtical edge matching. Pujianto Y. et al. [9] preed a
system based on discrete cosine transform (DCT)radidl basis function network (RBFN) to recognize
Indonesian private vehicle with character recogniin each plate with accuracy 96%. Musab M. el
multi objective particle swarm optimization (MOPS@&nd connected component analysis (CCA) has been
proposed to extract Sudanese vehicles licensesplate[11] Authors P. SaiKrishna presented a simple
morphological operation, filtering and finding cawted components for localization of Indian car ham
plate. Although this paper will focus on Iraqi Kisthn vehicle license plates, each country haswis rule
on vehicle license plate designing. The followiegtin will give some important knowledge about tyee
and design of Iraqi Kurdistan vehicle license pate

The rest of the paper is organized as follo$sction 3 constitutes an introduction about thaeyilr
Kurdistan vehicle registration number plate. THenttserver network architecture is described itaitiein
Section 4. Section 5 present the vehicle licenageplecognition system. Experiments and discusaien
presented in Section 6 and conclude in Section 7.

3. Kurdistan Vehicles License Plate

The Iragi Kurdistan vehicle registration numptates are license plates attached to a vehiclefficial
identification purposes. The Iraqi Kurdistan veéglicense plates can be categorized in a numbiype$
according to differences in plates background calod characters color, the license plate is caboled
according to the type of vehicle being licensethasof the plate types are represented in Table 1.

Table-1. Kurdistan vehicle plate types

Vehicles Type Characters Color Background Color
Private vehicles Black White
Commercials (Passenger) White Red
Commercials Black Yellow
Governmental White Blue
Temporary plates Red White
Army Yellow Green
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In Iraqgi Kurdistan cities, the license plate istaegular in shay with size 20 x40 centimeters with rati
of width to length of 1:2 (Figure 1T he plate has been divided into three segmdmdjrist one in the upp:
part, that contains numerals (0 to 9 numbers) evrith Eastern Arabic numerals. The other two sints in
the lower part, which divided by a vertical linejeoon the right this segment contains the namée
country ‘IRAQ’ written in Arabic letters, and theéher segment on the left side contains the cityi(E
Sulaymaniyah, and Dohuk) names wn in Arabic letters.

Figurel: Format of Kurdistan private license plate

4. Client-Server Network Architecture

In this section, thelient server network desicis presented for implementing_PR system. The whole
system splits the license plate recognition tagha/&en the client and the senThe client side implemen
only input and output operations related to imaggussition, imagetransmissiorand display of the resul
while, theserver side performs clex and accurate license plate detectiendgnitior task. Overall client
server architecture systamshown in Fiure 2 anddrther explanation is provided as follo

Client Side Server Side

=
/ Router Modh /- t'ji - \
eme o — R

“Web Server Database
Network (WAN/LAN) Web Server
I. Receive Image {

o= By R

Fixed IP Camera \[ Send Result [/

\L |
Computer / \ /

Figure-2: Client server architecture system

In client sidean electronic devic(fixed IP camera)hat can be used to capture the acquired implugs
directly into a network router, and is not reliantacomputer to work. Imageatia from thefixed IP camera
is transmittedhrough the network, and can be securely viewedramote location. An IP camera require
high speed connection (such as DSL), a router aanithernet cabl A computer desktop, equipped wa
fixed IP cameradhat can be used send saved images directly to the serveintiarnetand directly receive
the information about displayirtipe identification resultThe major components on tserver side include
hosting Web Server, VLPRysten and database. A server iisquired to host e application. This
applicationwill transmit and receive data over the Inter VLPR system partsi developed using Matle
which it is integrated with the servi A database system can be created, which contagngntbrmaion
related to vehicles thateused for searching and identification t

The flowchart in Figures Shows the client and server side proces3é® basic mechanism works li
this; the client application requests the uto trigger the IP Camera to capture the image ofvehicle
license plateOnce the image is captur the image isaved on client computer tt pushed to the server for
recognition process. On receivimgage datdrom the server, the server softwamnverts image fror
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Figure-3: Design flow for client server processes

RGB to grayscale format and runs VLPR syst#raystem to identify the license plate number, aityl
type from image forms the heart of this system iardkmonstrated in detail in Section 5. When thdole
license plate has been successfully identified,ddia will be used to find the information relatedthe
vehicle in the database. If the vehicle does erigthe database, a text message includes thearglev
information and results obtained from a VLPR systeithbe directed to the client computer. Otherwiae
“No Record” message will be sewtthe client. Finally, the client software dispdahe obtained information
as a text message to the user.
5. Vehicle License Plate Recognition System

The proposed system is designed on servef@ideagi Kurdistan vehicle license plate recogmittask.
The system components take care of vehicle imagepimcessing, license plate detection, character
segmentation and finally license plate characteoggition. The flowchart of the proposed VLPR sysis
shown in Figure 4. The following subsections, pnésach step in detail.
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Figure-4: Framework of proposed Kurdistan VLPR syst
5.1 Pre-processing

Pre-processing step plays a significant neteich directly influences the accuracy and efficigmf the
subsequent steps. It is a process where the RGBimpge has to be convert to gray scale imagejmhge
is adjusted, the noise is eliminated, and dynahmesholding has been applied.
5.1.1 RGB to Gray Scale Conversion

The input vehicle image is a colored imageesented by 3-dimensional array contains a largeuatrof
color information, thus it requires a large diskrage space, spend a lot of system resources when
processing, and will decrease the speed of syséefarmance. Therefore, the original color image Ieesn
converted to a 2-dimensional gray-scale image usiagtandard NTSC conversion formula (1), as shiawn
Figure 5 and 6.

Gray = 0.299R + 0.587G + 0.114B 1)
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Figure:S0riginal color image Figure-6: Gragale image

5.1.2 Image Enhancement and Filtering

After converting color image into grayscale, imagehancement is achieved by performing
adjustmenbn grayscale image to incre the contrast of the image by mapping the valuesi¢to values
such that, by default, 1% of the data are saturatéolv and high intensities. Then, i-dimensional median
filter algorithm (Equation 2has been applied for smoothing and removing unvd background noise of
the grayscale imagén this case, best results were obtained for 3fike8 window. Figure 7 and Figure 8
represents the image enhancement and filteringectisely

yi =median{x; |j= i—k, oo ec..,j + k} (2)

avial

Wl | ol

Figure-7 Image enhancement Figuredgage filtering

5.1.3 Contrast Limited Adaptive Histogram Equalization

Contrastlimited adaptive histogram equalization (CLAHE) tise technique, used for improve 1
visibility level image or video using histogram @djmation In this work dynamic thresholding (CLAHE) «
the intensity image has been performed on the inmgblownin Figure 9to identify dark pixels in gre-
scale images and to increase the intensity levegeraof the license plateMathematically it can b
represented as in equation (3).

1, f(x,y)=T
0, oherwise (3)

g@w={

Where, f(x,y) is the original grayscale imagg(x, y) is the threshold output image and T is the threk
value obtained?
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[11AVIa]

Figure-9: Adaptive Thresholding

5.2 License Plate Detection

The basic step in recognition of vehicle numbetepia to detect the license plate region. In teigtisn,
the candidate license plate region has been ddtadth use of an image transformation techniquee
detection and horizontal projection, ethen among these areas, license plate area istext

5.2.1 Image Transformation

Image transformation in digital image processingodu® convert images from the spatial domain ih&
frequency domain. The Ha#mansformation technique is applied for enhanceettige here since it is tl
simplest wavelet transform coding mostly used ignal processing or digital image processing. -
dimensional DWT decomposes the grayscale imagegantoregions called wavets and this decompositit
known as the resolution of the grayscale image.s&heegionsconsist of: one low-frequency LL
(approximate component), and three |frequency regions, namely LH (horizontal componeft).
(vertical component), and HH (diagonal componerdggpectively. Figurel0 shows the result of Ha
transformation on contrast enhanceay scale image, in this work HL sub bdmak beeichosen for vertical
edge detection the simplicity and effectivenessapturing the image sharp edges is the reasoneuftisg
the Discrete Haar Waveletdnsform (DHWT)

LL

s

T e =
W st T ) 18

Figure-10: Image Transformation (DHWT)

5.2.2 Edge Detection
Edge detection is fundamental technique for feafletection. In general cases the outcome of peifigr
edge detection technique is an object boundary @otinected curves. In this phase edge of an imag
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beendetected by canny operator and result of applyamng operator on vertical component regions (
to binarized image is shown in Figull The canny method is more robust algorithm foreedgtectior
compared to other methods that finds edges us@icanny approximation.

Figurell: Edge detection applying canny operator

5.2.3 Plate Region Detection

The aim of this step is to extract the vehicle g plate region from the original image. After &
detection using canny operator, the horizontalgmtipn has been calculated to detect the actuaidie platt
area. From above steps, the row anwmn indices of plate ardsave been calculat. With the help of
indices, license plate is extracted from origimahge accurately. The extracted vehicle license jiaage is
shown in Figure 12In addition, with row and column indices the uppartandleft lower partof license
plate image have been extracteddentify vehicletype and city.

License Plate Number

Country Nam

Figure-12: Extracted vehicle license plate

5.3 Recognition Process

5.3.1 License Plate Number Segmentation and Recognition

Segmentation is one of the most significant stapkeé license plate number recognition. After esttray the
upper part of license plate, all the Arabic numtsessegmented and extracted individually fromlitense
platefor recognition process. At the beginning of Arabignbers extraction step and for accurate nurr
segmentation first extracted license plate is cdedeinto binary image, then the bounding box témpins
was used to get the coordinates of the sm rectangle surrounding the numbers. The dilatiorcgss wa:
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performed to the image using classical dilationdgparating the numbers from each other. Dilatiotess
can be mathematically expressed [12] in equatipn (4

X®B 2{x: B, n X # ¢} (4)
WhereX is the object an8 is the structuring element.

After these operation, the numbers were croppedralividually from the license plate. Those exteatt
numbers are resized into a known template sizestoréd into a database for recognition processerAft
segmenting the numbers on the plate image, eachesggd number pixels are compared with all numbers
(0 to 9) with a set of template using correlati&@gation 5). The template with the maximum corietat
coefficient corresponding to the image definesdemntity. The extracted numbers are then recognéredt]
the output is the license plate number. In thi®dhe returned license plate number was: 1187dr&il3
shows the procedure of license plate number segti@miand recognition system.

Correlation = ZiZj(Aij;A)(Bij_ k 2
i Zj(4i~ A) (i Z;(Bij~ B))

Where A mean2 (A), an® mean2 (B).

(5)

Binary Image Bounding box

1vavia— [ THRIE

A 1
IAYI] YAV A

License Image Segmented Number

ot 1
[ |

TV T 118719
License Plate Image License Number

Figure-13: License plate number segmentation acmprétion system.

5.3.2 Vehicle Type Recognition

In Kurdistan a background color of licensel@igure 14) refers to type of vehicles (priva#, etc.).
For identifying the type of Kurdistan plates that & six categories: 1) Private plates in whitekgaound,
2) Commercials (Passenger) plates in red backgr@n@ommercials plates in yellow background, 4)
Governmental plates in blue background, 5) Tempgagpéates in white background, and 6) Army plates in
green background are known. In this step, the typeehicles has been identified by analyzing the
segmented license plate image using color featdraction technique based on color. As a first stefhis
stage, the extracted license plate which is a deugexed image (M x N) resulted by the previougyst
will be converted to (M x N x 3) RGB image. The aofeatures have been extracted from license plate
image by using color histogram technique. Once Histograms have been created, city-block distance
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formula has been ad as the similarity measure for comparing thenbeeplate image histogram w
database images. By applying the previous stepgyfie of vehicles has been identifi

Figure-14 Kurdistan plate categorization depends on backytaoors

5.3.3 Vehicle City Recognition

In this step, the city of vehicles has been recmhiby extracting the left lower part from the fise
plate image. The extracted image is conve into binary image then template matching is pertmtraftel
resizing the extracted image into the same sizeer@esimilarity measuring techniques are definedhie
literature. In this work correlation coefficient dgal similarity measure is used tampare the extracted
image with a set of templatkat were known before (Figure). By rely on this base, two similar images
the same weight upon each other can deposit. Toteps is expected to be able to succeed in iglamyi
city of vehicles efitiently and accuratel

City region Image Binary Image
—
Similarity
Measurement

L

reled,

o | .C’J)ﬂb

License Plate Image Database Image

Figure-15: City recognition process

6. Experiments and Discussion

Performance evaluation of the propoVLPR system based clieserver networlhas been done on Intel
(R) Core (TM) i54570S CPU@ 2.90 GHz with 4 GB R/ (client) andintel (R) Core (TM) 7-2630QM
CPU@ 2.00 GHz 2M GHz with 4 GB RAN (server) The implementation of thVLPR system will be
developed usindMATLAB R2014k software.lt will be integrated with the servi Also use the graphical
user interface (GUI) to build upgraphical display trunthe system on client/sen side. The database that
will be used in the experiments contains frontal color imagesollected from different types of vehicl
captured with canon EOS 700D 18.0 MP digital SLRera which has resolution 2304x3456 pixels te
from fixed distancewith JPG format. The input of ttmodelis the original image of the vehicle in RC
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scale resized into 640 x 480 pixels. The propogsetem is robustness against parameters such as: the
different size plate image, various illuminatiordameather conditions, injuries and pollution oftplanage.

As practical results that are implemented on théecked images, in the image that license plata @&e
recognized correctly. After license plate detectiwacess three experiments have been conductditstin
experiment image binarization, bounding box, ankdtidn techniques are used for segmentation and
extraction process. The outputs of this experinae@images of each Arabic number within the licqrlate.
After the individual numbers are extracted, thesaeted numbers are compared with a set of templat
using correlation for recognition the license platember. Second experiment is to identify the tgpe
vehicles using the color histogram technique amyg lgiock distance metric for similarity measurement
Third experiment is to identify the city of vehisleising image binarization and correlation coedfitifor
comparison between extracted image and the imagesmiplate. The experimental results, show that the
detection success rate is about (82%) and the ancuate attained is (98.5%) for the recognitioocpss.

7. Conclusion

Building vehicle license plate recognition systerasdéd client-server network is needed to monitor
movement of vehicles in our environment in ordemtaintain law, order, security and public safethisT
paper proposes system based client-server netwat&tect of Kurdistan vehicles license plate anchiver
recognition, in addition the vehicle type and daityeach plate has been identified based on digitabe
processing. The experimental results show thatppsaposed system for the license plate detection and
recognition process with a higher accuracy rates Tlew model provides a good direction for the rfeitu
development of automatic number plate recognitiomobile wireless device in Kurdistan of Iraqg.

References

[1] Pushpendra S. C., and V. K. Govinddhpcalization of License Plate using Charactedst of
Alphanumeric Characters'International Journal of Computer Science andrimftion Technologies, Vol.
5, No. 3, pp. 3407-3409. (2014).

[2] Veena M.N, Arpitha K.S., and Vasudev TRerformance evaluation of different automatic seeiht
generation techniques for segmentation of indiamole number plate"International Journal of Computer
Engineering and Technology (IJCET), Vol. 6, Issupf 36-46. (2015).

[3] Abbas M. Ali, Shareef M. Shareef, and Tarik Rashid,"Automatic License Plate Recognition in
Kurdistan Region of Irag (KRI)'JZS Vol. 17, No. 3. (Part-A). (2015).

[4] Majida Ali Abed and Hamid A. Abed AlasadiNew hybrid SVMS-BCOA architecture for Iragi vebil
license plate recognition"European Journal of Computer Science and InfaomeBystem, Vol.3, No.1,
pp.73-86, (2015).

[5] Lajish V. L, Sunil Kumar KopparapuMobile Phone Based Vehicle License Plate Recagmitir Road
Policing”, (2015).

[6] Jan Frigo, Vinod Kulathumaniy, Sean Brennan,Rxibtenz, Eric RabySensor network based vehicle
classification and license plate identificationtgys", IEEE INSS 2009, Pittsburgh,PA, (2009).

[7] Nada N. Kamal and Loay E. Geordd# Localization System for Car License Platénternational
Journal of Scientific & Engineering Research, \pllssue 6. (2013).

[8] M. Sarfraz, M. J. Ahmed, and S. A. Ghd8audi Arabian license plate recognition system"Proc. of
International Conference on Geometric Modeling &ndphics, pp. 36-41. (2003).

[9] Pujianto Y., Samuel L., Sutrisno, and Dion KRecognition of Indonesian Vehicle Registrationt®lay
Discrete Cosine Transform and Radial Basis Functi@iwork' International Journal of Information and
Electronics Engineering, Vol. 5, No. 4. (2015).

[10] Musab M. Bagabir, Siti Mariyam S., Mohammed Eli Ahmed, "Multi Objective Segmentation for
Vehicle License Plate Detection with Immune-baséakdifier: A General Framework"International
Journal of Computer Applications Technology anddResh, Vol. 4, Issue 4, pp. 322 - 326, (2015).

261



JZS (2017) 19 — 1 (Part-A)

[11] P. Anishiya, and Mary J'Number Plate Recognition for Indian Cars Using Mbological Dilation
and Erosion with the Aid of OCRslIhternational Conference on Information and Netw®echnology
IPCSIT Vol.4, IACSIT Press, Singapore, (2011).

[12] Dhawal Wazalwar, Erdal Oruklu, Jafar Sanii& Design Flow for Robust License Plate Localizatio
and Recognition in Complex Sceneljurnal of Transportation Technologies, Vol. 2, 13-21, (2012).

262



