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Abstract

The growing Tanzanian population currently estirdate be 48 Million people and their use of vehicks means of
transport has kept increasing making enforcinditrafiles and regulations among road users a n@jalienge. This calls
for a need to have an automated system that menit@ motorists with a pre-defined sense of irgefice. A Vehicle

Detection and Recognition Algorithm which can previautomated access to relevant information to abeurplate from

information systems containing and managing datshas vehicle and their movements is required. Phiser presents
work on developed algorithm that localizes plateaarextract and segment character, and finallygrézes and interprets
registration number from vehicle image. MATLAB R2®12imulation software with Image Processing toollsoemployed.

HSV color space image, morphological and statiktinalysis operations were integrated and empléyedvehicle image to
compute plate number area. In segmentation theepiop like aspect ratio, extent, and area ratigewienportant

measurement parameters. Finally, the template rngtatatabase and statistical character extractu frar image was
correlated to recognize alphanumeric characteetiude car registration number.

Keywords— Character extraction, Detectioalgorithm, Recognition algorithm, Morphological niaitty, Template
matching

1 INTRODUCTION

TANZANIA population has double since 1988, with a curreesifmated population of 48 Million people[1, 2]
whose use of vehicles as means of transportatiohnamber of vehicles has largely increased and skeep
increasing. The vehicles usage includes; perspnaljc and/or business use. With this rapid inceeasforcing
traffic rules and regulations among road users imesoparticularly difficult because of their halitdisregard
them. This calls for a need to have an automatstksythat monitors the roads users with a pre-ddfsense of
intelligence. There is no such system implemente@ianzania in public roads, hence an algorithnrippsed
that can automatically detect a vehicle plate nurrilselate it from the rest of the car image, aadognize the
plate’s alphanumeric characters is required.

Since, Vehicle number plate is the only unique cimtlerehicle identification in any country databaisés an
important resource for accessing data of the owandrother relevant information from the countryoinmhation
systems held at Tanzania Revenue Authority daté.bre United Republic of Tanzania has variety winber
plate’s registration standards a sample of whicdh@wn in Fig. 1.

Therefore, the information from number plates canubed for laws enforcement, road toll data cabdect
weighing bridges, police barriers, etc. It may atgoused to facilitate other automated proceskesalitomatic
opening/closing of gates, keep a time record onetiitey or exit of vehicles, parking lot paymentccdhtions
[3]. Therefore, by simply thinking number plate,eonan imagine other applications such as traffiatrod,
journey time management, carjacking protection bodder control because image is worth than thousand
word.
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Fig. 1 Sample of Tanzanian Number Plate
Vehicle Number Plate Detection and Recognition (X has a wide range of applications since theeplat
number is the primary, most widely accepted, huneadable, mandatory identifier of motor vehicleSiRDR
provides automated access of the contents of theuplate form computer systems managing datalzases
processing information of vehicle movements.
This paper is arranged as follows: section Iltisréiture reviews, Il experimental results and a$soon and
VI conclusion.

2.LITERATURE REVIEWS

2.1 Introduction

From literature review a lot have been done andleyep to improve the system performance and various
researches carried out in this area. Technicdily,téchnology is a challenging research area whishbeen
enabled by innovation in computers and sophistithigh resolution infrared cameras. This made easiage
processing techniques applicable to analyzing atié&ting important features for plate numbers ctéia and
recognition [4, 5]. The literature reviews lookadmage pre-processing, number plate detectionextrdction,
character extraction and segmentation, and fimalbpgnition and interpretation.

2.2 Image Acquisition and Pre-Processing

Image acquisition is performed by high end IR camgeplaced at strategic positions to avoid obssaicie
order to obtain accurate images. Image acquiredanyera always reflect the camera settings; amongy ma
include color and hue, saturation and value orhbnigss (HSV) whereby essentially an image can bigsin
natural form or slightly altered. It was noted ttalor images are complex in space and time.

Pre-processing aims at image enhancement andagstorThis process eliminates noise, highlightesdgnd
improve the overall quality of an image. In imagee-processing an image goes through among many
procedures grey-scaling, dilation, erosion, angriihg and edge enhancement [4, 6]. Convertingrabtwlor
images, to HSV color space, to grey scale and tbebinary is important as it reduces time and space
complexities. This concept was express by Reshmg] [@nd Kim et tal [7].

2.3 Number Plate Detection and Extraction

Number plate extraction is a process of localizath number plate region(s) from car image. Locdlan
select right feature that will provide best resitt®iumber plate recognition stage. This is a dlifi task due to
the enormous variations of shapes, sizes, coloa afr, illumination conditions, texture and oridiota of
number plate in car images. Therefore, in ordehdwe reliable number plate detection algorithmsstich
dynamic environments, several choices have to heidered.

Several features that could be deployed to exwmamtctangular shape of number plate from a car émag
included color feature, aspect ratio, and textulgeedensity and shape/size of ROI, but for bettéeation rate
the combination of features could provide moreat## solution. HSV color space and integral imaggerties
could also be employed to locate the coordinatespansition of yellow number plate and non-yellowmber
plates. From Liu et tal and Kim et tal [8, 9] HSWables one to find out the four coordinates of d@amgular
shape containing English like symbols or textumrfrwhich X and Y coordinates, Width and Height cobé
extracted.

The process of number plate area detection andatiin involved three stages of finding area oériest
(RQI), filtering out background and removals ofstalobjects, and lastly computation of connectedpomants
which provided best results of required regionragéiiest. In the process of locating the regionintdrest the
HSV method was applied. MATLAB function was usedital the coordinates o (x, y, width, height) teoyide
the regions of interest. The masked image was ctedpusing MATLAB functions to obtain rows and colusn
of our region of interest.
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Summation of mask from HSV process and mask frommpkalogical process provided the best results for
computing connected components. The connected @oemps were computed to provide the actual plata ar
position or coordinates of the region of interd@ste properties of ROI including bounding Box, acdabject,
aspect ratio, extent, coordinates and perimeténebbject were considered to find the connectedpoments.
By combining all the above properties it is possitid provide best results at later stage of segatientand
recognition.

Finally, statistical analyses were applied to fihd connected components to be used to locate nuptdie
accurately. This was performed to ensure that tbbafj boundary was maintained, by providing upped a
lower limit of a ROI Left and Right limit of a ROI.

Dimensional properties of rectangle shape or objasing morphology methods of dilation, erosion &itd
were also used by other researchers to increasectgiate localization [3]. In these methods tagion that
passed through the qualifiers, and also passedamber plate, its boundary box coordinates weeel tis crop
the original image and obtain the number plate .onhe qualifier checked if the area of a region wastless
than specified threshold and length of the aspai rs within the limits (2:1 and 4.6:1 for ourseq.
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Fig. 2 Yellow and white reflector with single anduble rows number plates

The number plate detection and extraction retufoed entries [X, Y, Width and Height] which coulc:a
with adjustment of ROl because the image may coraagle.

From the above methods, it was possible to elimitia disturbances of the fake objects whose stiend
components were similar to the vehicle number plat did not match plate fixed color and coord&safThis
new idea of combining several properties enabledimmaed recognition rate and efficiency. The idsawmed
that the white number plate area was situated sdmenbetween those black rows, hence by findindatfugest
vertical arrays of white pixels, it was possibled&tect the left and right edge of the number plate

2.4 Character Extraction and Segmentation

From literature Character Extraction and Segmenantas the most difficult part of detection and rgwition
process [10]. The factors that made the procesffezutl included image noises, space mark, platerdation,
illumination variance, character arrangements daté rame. Traditional character segmentationuiges those
based on extraction of connected components; sdgtien based on thresholding, segmentation based on
region-growing and may others[11].

The image that passed pre-processing stage for emuplhte recognition that was localized in previous
sections was examined to extract individual compthé&om rectangular area. Character extractioonriatgn
consists of global and local searching. In glokershing the objects borders classify which paerislosed
with connected components while removing or erasifigsmaller parts of the borders. The local sdagch
algorithms were required to label individual corteelcpixel (objects) white objects of the inputs gmaThe
black objects were conceived as background. Theswvidbeled black objects must be the borders [12].

The character extraction aspect of image analgsk&ssto identify individual components or objecithim
the image. Character extractions operate in twoedsions and therefore any derived description ¢éatb
within the image should contain all relevant shapd size information originally contained withinetstored
image. There are two types of rectangular Tanzamisnber plates; one with two rows and other ohglsirow
see figure 2. Both types of number plates conteireis characters, but its rectangular shape haseliff aspect
ratio.

The character extraction and segmentation algontta® required to determine the region boundariesibf
images within the image. The plate area had toelsiomed into several objects to provide the sujieres of
interest. The aim of this function was to dividel axtract the components which were most likelyeots to be
characters (Letters and Numbers) and left theafesther unwanted components[9, 10].

The parameters to be considered to extract thevithdil candidates from localized rectangular platre
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aspect ratio, extent, ratio of component areaéaqpthte area, ratio component bounding area tpltte area of
the letters and numbers present in the in the plEite measurement of above properties or parameiass
important factor of the recognition algorithms fubsequently manipulations of car image.

The choice of character to be derived from imadliémced the effectiveness of interpretation stagetbe
detection and recognition algorithms. Thereforesed of character should be identified that coultp he
uniquely indicate the key differences between topefully objects that would be uncounted constiine
environment of algorithms.

2.5 Character Recognition and interpretation

Character recognition was most important task aogeizing number plate. The recognition of chanahtes
been a problem because there is a lot of posgyililét character produced from previous stage nifésrdrom
that in the database. The same character may diffdrape size and style, which could result isdalharacter,
affect effectiveness and increase complexity ofsiystem. This section looks at the algorithms wivehe used
to classify and then identify the individual chaeas. The recognitions were based on extractedriest

Recognition of characters had been a big task wigckived much attention [13-15] in the field ottpen
recognitions and image processing. Some previousearehers who contributed in recognition and
interpretations of characters proposed methodsViekov model, neural network approaches, statispattern
recognition, chain code, template matching and mathgrs [16]. Each of these methods has advantages
disadvantages dependent on the working environments

This was the core of this research; the processoedognize snapshot captured by camera, and rettext
representation of the detected image. This wasstifievare aspect of the system which runs on stanB&
hardware and could be linked to other applicationslatabases. It first used a series of image méatipn
technique to detect, normalize and enhance theanaag finally optical character recognition to agts the
alphanumeric from the license plate.

Vehicle number plate detection and recognition afigms work was based on assumptions made and it is
these assumptions that determined the weight ddrtdge and disadvantages in respect to algoritlavéd of
accuracy and robustness. Due to the varying cleistits of the license plate among countries/megiturther
research is needed in this area [17-19]. Thereforehetter detection rate, accuracy and robugirdtfgns, the
combination of features and method can be usedotade more desirable results.

3. Experimental results and Discussion

The overall design processes of VNPDR followedptecedures based on MATLAB R2012b software. Some
function, script and command were required to perf&/ NPDR operations. MATLAB R2012b Simulation
software has Image Processing toolbox which wasssery when working with images. The whole procdss
vehicle number plate detection and recognitionadd@ achieved using a procedure as explained below.

3.1 Image Acquisition and Pre-Processing

After loading the image to the software the firstige in detection and recognition of number platas to
perform image pre-processing that consisted of émaghancement and restoration processes for quality
improvement.

These were:

RGB to gray scale: conversion of natural cologtay scale image (rgb2grey()).

RGB to indexed image: representation of color imiage practical way. It stored image as two masicehe
first matrix was instruction and second was colapmommand [X map] = rgb2ind() was applied.

HSV color space conversion: conversion of Natuadbicto HSV. RGB image was not preferred in detacti
and recognition process because it was not stata light conditions varied (hsv=rgb2hs ()).

Filtering: The media filter to eliminate the unwedtnoise from the acquired image command medijltZe
fig.3 shows the procedure applied for pre-processin

3.1.1 HSV color space

Natural color or original RGB was not used in lazation of plate nhumber; instead HSV was preferred
because it was stable when light conditions variéabrefore, it was easier to detect and recognimeber plate
with varying color or for similar parts of color luas of a plate region.

In MATLAB R2012b Function rgb2hsv () was used fadar conversion image between the RGB and Hue,
Saturation, Value (HSV) color space. The HSV capace was often used for picking colors (eg pairink)
from color wheel or palette because it corresporioktter to how people experienced color than RGBrco
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(Load RGB image and initialize van'ab]es)

Convert Color to Gray scale ~

¥
Apply media filter
L

Change to indexed image

A N M M
N AN

Convert image into HSV color space

]
¢ HSV Output to Localize ROI D

Fig. 3 Flow chart to show image pre-processing
As shown in Fig. 4; Hue, Saturation, and Value ighiness helped to indicate exactly location @tglarea
in the car image. When working on pre-processedgémdt was important to put emphasis on for quality
enhancement and restorations.
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Fig. 4 (a) show original images and (b) show HSde

3.2 Number Plate Area Detection and Extraction

The process of number plate area detection andatixin involved three stages of finding area oérest
(RQI), filtering out background and removals ofstalobjects, and lastly computing of connected caorepts
which provided best results of required regionntéiiest see Fig. 5.

Identifying region of interest (the vehicle number
plate area)

Filtering backgrounds (removing false objects) morphotogical operation
is applied

Calculating Connecting components- statistical
analysis

Fig. 5 Sequential flow chart to compute ROI

The masked image was computed using function (dimdim (2)), where dim (1) computed rows and dim
(2) computed columns. MATLAB 2012b experiment siatatl to test loop to obtain the mask that consisfed
regions of interest (ROI) with seven objects assshim fig.6. Algorithm flow chart indicated in figh and fig. 7
was applied to compute ROI. Thereafter, the coatdm and position of number pates were located. The
algorithm in fig.8 determined the four coordinatefs the rectangular shape which contained Engligb li
alphanumeric character that was extracted as [X\Vith and Height]. Image shown in fig.6 indicaeactly
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the plate number area. The HSV color space imagephological and statistical analysis operationsewe
integrated to compute plate number area which egien of interest (ROI).
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Fig. 6 (a) & (b) number plate area for single and tows

From Pre-processing 4[ HSV imaqge¢ ]
Decrease Value Plate are
A g
Compute dims: width(x) height(y) & mask(x,y)==1
. * J

Morphological Operation: Dilation, Erosion, fill

v

Connected components: max area, aspect ratio,

Mask=1. Cheacte=7

[ Output ROI with coordinates [X Y Widt ]

Fig.7 shows flow chart output ROI coordinates
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3.3 Character extraction and Segmentation

3.3.1 Experimental Analysis

The experimental analysis, cropped image of puldliprivate vehicle which contained 7 characterarayed
in single row or double rows was fed to segmentasimge. Character extraction algorithm involveabgl and
local boundaries searching. The character segn@mtalgorithm (s) was processed repeatedly whitkiciang
the threshold value until seven (7) connected comapts (objects) were found see fig. 8.

Initiate accumulator

Input RO
] N
T_hre_shold & > Test for 2 rows
filtering J
4
'4 " \
Cut rows: upper & lower sectis
Compute: upper& lower charac [ Sinale Rov ]
'd + \
Accumulate: upper + lower character
N Character= <
[ Seamented Chacte ]

Fig. 8 Flow chart which returns segmented character

The design of algorithm to recognize plate thattsth with single letter followed by 3 numerical and
completed with recognition of 3 letters. An algbnit could test for double rows or a single row.hié output
was for double rows, the number plate was cutupier and lower sections to maintain integrityegfistration
number.

The criterion used to divide the plate into twotpawas to ensure that, the plate did not cut tleradters.
The row with minimum pixels was found; in the middf two rows there was minimum whitish or reversed
black pixel which has be used to achieve this psgpdhat means result of upper and lower rows wsutd up
to form 7 characters, whereby the upper row coathih characters and lower rows contained 3 chasadibe
output from single row also produced 7 charactedabal boundary, that were identified from ledtright side
of number plate whereby no cut action was applied.

3.3.2 Results

The algorithm detected either a single or a doubles number plate format using aspect ratio tecresq
Double rows format was define with aspect ratics ldsan 2.2. The threshold value was applied to aedlu
components into separated characters. At threshhldnwanted sub-objects were filtered out frora tbjects
of interest which was seven alphanumeric charactdns output of this experiment which has JPEG &ramnd
42x24 pixels was fed to recognition stage for iptetations.
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3.4 Character Recognition and Interpretations

3.4.1 Experimental analysis

The character recognition algorithm developed wamahstrated using MATLAB R2012b. The simple
matrix database template of each letter and numizste of 18 fonts was created alone with algoritfiine
database contained letters A to Z and number®D(Bglish like that are used in Tanzanian numbesirsgem.

Before matching processes, the acquired image $aumce were processed and read as a JPEG. Theiefore
recognition stage the extracted character from seg¢gd image was differentiated from background.
Template matching

For experimental purpose, the template matchingbdese and character extracted from car image was
correlated to recognize letters and numbers. Ferddise an extracted character were correlatedteitiplate
database which are made of 0 to 9 numbers andZABglish letters. The size of each charadteage was
normalized according to the size of charactetored in the database see fig. 9. Here daatacter was
fitted to 42 x 24 was correlated for maximum match.
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Fig.9 template database
3.4.1 Result
The developed algorithm recognized the characteds ppesented them as text. The method used was to
compare the extracted characters with the datatelkel templates. The recognition was done by coimga
each extracted character to all the templatesam#itabase and the one with maximum resemblanceiales].

Input extracted char [Initiate count ]

Char<=7 < Output reg. no. (7 character) ]

Input letter/ number

[ New char ]

A I_,[ Template Database ]

[ Add letter or number

Temp=match char

A

e

Letter/ number ]

Fig. 10 Flow chart output the registration number
Each extracted character was correlated to its maxi corresponding pixel in the template. The charac
was validated when the maximum match was achievedthe validation process, if the seven charac
present in the number plate and characters présehe character database matched then validatias
successful and authorization was given to thattiqular vehicle for security and automategleations.
Fig.11 and fig.12 shows recognized registration n@nusing developed algorithm as implemented in MAB
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R2012b. the registration number is located on famage.
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Fig. 11 (a), (b), (c), and (d) recognized regisbrahumber on top of image.
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Fig. 12 Recognized registration number.

4. CONCLUSIONS

The concept introduced of using multiple factorsnmgrove reliability of number plate recognitionhsenes
has been successfully tested for both single roavdouble number plates used in Tanzania. The psocks
taking the image and processing timely. It has b&®wn that number plate detection algorithms meqah
effective sets of hardware and software componémtbe implemented. Tests made showed that set of
processed input image helps to recognizes numla¢e pharacter from car image background indepenafent
location, size or orientation of the objects, sat e variation in number plate position and r@&on can be
accommodated.

The output of this research can help to cut dowmdr resource cost and increase overall efficierfcy o
transportation and traffic monitoring sector. Ihadso support fighting against crimes and offeri&esterrorist
and blacklisted vehicles. In summary in can beiadph a number of enforcement applications.
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