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Abstract

Every country uses their own way of designing and allocating number plates to their country vehicles. This license number plate is
then used by various government offices for their respective regular administrative task like- traffic police tracking the people who are
violating the traffic rules, to identify the theft cars, in toll collection and parking allocation management etc. In India all motorized
vehicle are assigned unique numbers. These numbers are assigned to the vehicles by district-level Regional Transport Office (RTO).
In India the license plates must be kept in both front and back of the vehicle. These platesin general are easily readable by human due
to their high level of intelligence on the contrary; it becomes an extremely difficult task for the computers to do the same. Many
attributes like illumination, blur, background color, foreground color etc. will pose a problem.

Index Terms. Automatic license plate recognition (ALPR) system, proposed methodology, reference
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1. INTRODUCTION The variations of the plate types or environmendsise
challenges in the detection and recognition ofniéee plates.
They are summarized as follows:
1) Location: Plates exist in different locationsaofimage.
2) Quantity: An image may contain no or many plates

The purpose of this paper is to provide researchesstematic
survey of existing ALPR research by categorizingsting

methods according to the features they used, blyzng the

pros/cons of these features, and by comparing theerms of 3) Size: Plates may have different sizes due ta#mera
recognition performance and processing speed, anopén distance and the zoom factor.

some issues for the future research. 4) Color:

background colors due to different plate typesaptaring
devices.

5) Font: Plates of different nations may be writti@n
different fonts and language.

6) Occlusion: Plates may be obscured by dirt.

7) Inclination: Plates may be tilted.

8) Other: In addition to characters, a plate magtaio
frames and screws.

Basic block diagram of the ALPR system is showfigriL.for

above steps different techniques used by diffeaatttor which
are studied in literature review. An example of tihanber
plate extraction is given .by this figure block gliam is easily
understand, in this figure all steps of block déagris shown
by indicating number A, B, C, D.

Automatic license plate recognition (ALPR) appliesage

processing and character recognition technologydémtify

vehicles by automatically reading their number gdaind this

system mainly devide in three steps:all ateps atetbexplain 1) lllumination: Input images may have differenpeéyg of

in proposed methodology. illumination, mainly due to environmental lightingnd
vehicle headlights.

Environment variations:

Input- IMmage D>
from Camera

patterns similar to plates, such as numbers staropea
vehicle, bumper with vertical patterns, and texdifteors.

2. PROPOSEDMETHODOLOGY

Vehicle license plate (VLP) constitutes an unambigu

Sem—— identifier of a vehicle participating in road triaff Reading a
license plate is the first step in determining itlentities of
FIGURE (1) BASIC BLOCKDIAGRAM OF ALPR parties involved in traffic incidents. An efficiergutomatic

SYSTEM license plate recognition process may become the afofully
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computerized road traffic monitoring systems, etatt fee
collection solutions, surveillance devices and tyafe
supervision systems. It is important that the redam
accuracy of such a process is very high. Trackimg a
registering dangerous behavior in traffic may bedugor
prosecuting offenders.

License-Plate Recognition System consists of three
main modules:

(1) License plate detection

(2) Character segmentation

(3)Character Recognition (CR)

Step(l)image acquisition, in image acquisition akmd that
from where images are acquire Image can be inpuheo
system by different methods by analog camera,odibital

cameras, but nowadays digital technology has #wbiantages
so better input method is by digital cameras odibgct digital

photos.

2.1 License Plate Detection

by whole capturing image we having license plateeoed by
background of vehicle body,so by this step onlyteplare is
extracted from whole body. our task now is to iifgnthe

region containing the license plate. In this experit, two

features are defined and extracted in order toddedi a

candidate region contains a license plate or tlwese features
are

2.1.1 Preprocessing

Since we have assumed that the license plate haslav
background, the first step is to identify the regidn the image
that contain the intensity of RGB correspondinghe color
yellow. We Filter the yellow colored part from theage using
values obtained by experiments on the 10 samplgemdi) -
(a< R< b) && (p< G< ) && (x< B< y) Where R is the
intensity of the color Red , G of Green and B tludt
Blue.Based on this condition we obtain a Binary ¢gmaWe
change yellow to white and non-yellow to black.

2.1.2 Morphological Operations.

These are Non-linear filters, with the function restraining
noises, extracting features and segmenting imagesTlee
following morphological operations have been used

Fill (MATLAB function — imfill): fills holes in the binay
image. A hole is a set of background pixels thatnoa be
reached by filling in the background from the edgfethe
image.

Open (MATLAB function — imopen): performs morphological
opening on the grayscale or binary image with tleedefined
structuring element.

Dilate (MATLAB function — imdilate): dilates the grayscale
binary, or packed binary image returning the ddateage

(HOn applying these morphological operations oml,jpg*
we obtain the Image.

2.1.3 Horizontal Segmentation

Once the Preprocessing is over, the next stepdedment the
license plate candidates from the image. We first a
horizontal segmentation of the image using theobisim
method.

Steps:

For this we calculate the horizontal and vertiaaljgctions of
intensity. Then we find the mean of the local miagmof
horizontal projection plot .Based on the threshcddculated
from the above local minimas, we find x locatiorfs the
segmented regions. In order to locate the rightieftédges of
License plate from candidate region, the verticadjgetion
after mathematical morphology deal is changed mittary
image. The arithmetic for doing this is:

fo(l)=1 f =T f(L,)=0 f <T
Where fT (1,i) is the vertical projection after meatnatical
morphology, T is the threshold. Then scan the fancof fT
(1,i) and register the portions where values chdrga 0 to 1
and from 1 to O in stackl and stack2 respectiv8ly. the
candidate position of the left and right edge &f libense plate
are in stackl (1,i) and stack2(1,i) respectivelnd athe
candidate’s width of the license plate is calcwlatg: width(1,
i) stack2(1, i) - stackl(l, i) respectively. So tbandidate
position of the left and right edge of the licerndate are in
stackl (1,i)) and stack2(1,i) respectively, and ¢hedidate’s
width of the license plate is calculated by: widthj stack2(1,
i) - stackl1(l, i) These give the x coordinateshaf potentially
candidates regions

2.1.4 Getting Potential Candidates

After getting the horizontal segments of the caat#idegions,
we would now want to get the vertical coordinatasprder to

extract the exact area from the image For eacheohbrizontal

segments, in order find the vertical location, we@again use
the vertical projections of intensity. Then conwegtto a

binary image using the threshold as discussederpthvious

section we get the desired vertical coordinatesy M@ have

all our candidate regions. An candidate regiongiobtl from

our sample image ,iml.jpcare :
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Figure (2) Candidate regions

2.1.5 ldentifying the License Plate:

Out of the many candidate regions that we haveruxarom
the so far mentioned procedure, our task now igeatify the
region containing the license plate. In this experit, two
features are defined and extracted in order toddedi a
candidate region contains a license plate or tlwgse features
are

1. Aspect ratio

2. Edge Density

Even though these features are not scale-invatiaminance-
invariant, rotation-invariant, but they are insémsi to many
environment changes.

Aspect ratio
The aspect ratio is defined as the ratio of thelwid the height
of the region.

Aspect Ratio = width/height

Since the minimum enclosing rectangle(MER) of thmgect
region can be computed via rotating the region ri@vipus
section, the dimension of the objecMER can be taken as the
width and the height of the region.

Edge density

Applying the above feature to filter the segmentegions, a
lot of nonlicense plate regions can be removed. él@w there
are still many candidate regions left which takenikir
rectangularity and aspect ratio features as thendie plate
regions do, such as often the head lights. Corisgi¢hat the
license plate regions generally take higher loealance in its
pixels® values due to the presence of characters, an fantor
feature to describe license plate region is loealance, which
is quantized using the edge density. The edge tyeissi
measured in a region R by averaging the intensified] edge
pixels within the region as

1 ZE(m n)

R=—
g M nOR

Where E(i,j) represents the edge magnitude atitotétj), and

NR is the number of pixels in region R. Licensd@l8ets used
for training to calculate aspect ratio and edgesiignWe used
24 license plates as training data. They are aoedain the
directory named

“edge_density_and_aspect_ratio_training_images”.

After performing this experiment, we found the ags values
of the above mentioned features as follow:

Aspect ratio = 4.4912 edge density = 0.1359
On using the above mentioned features we are aldeop the
incorrect regions and get the final result as ttteaeted license

plate from the input image.

For the candidate images shown above, above téss out
the first candidate and gives the following output

Figure (3) Number Plate

22SEGMENTATION

This step characters on license plate are segmeated
identify. This step is the most important stepigehse plate
recognition because all further steps rely on hisTis the
second major part of the License Plate detectigiorihm.
There are many factors that cause the charactenesggtion
task difficult, such as image noise, plate franieety space
mark, plate rotation and illumination variance. Were
propose the algorithm that is quite robust and give
significantly good results on images having the vabo
mentioned problems for the segmentation preprotgss
required by conversion to gray scale and binaozatDifferent
algorithms are used for segmentation which are agxpd
further later in literature review.

In the segmentation of plate characters, licensgepis

segmented into its constituent parts obtaining ¢haracters
individually. Firstly, image is filtered for enhang the image
and removing the noises and unwanted spots. Thatiodi

operation is applied to the image for separatirggdharacters
from each other if the characters are close to etuér. After

this operation, horizontal and vertical smearing @pplied for
finding the character regions. The result of tieigreentation is
in Figure given below.

Figure (4) Locations of plate characters

The next step is to cut the plate characters.dbite by finding
starting and end points of characters in horizodtegction.
The individual characters cut from the plate ardodlews in
Figure given below.
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35AG1799

Figure (5) Number plate characters

23 CHARACTER RECOGNITISON:

Automatically locate license plates by principasual word
(PVW), discovery and local feature matching. Obsegrthat
characters in different license plates are dumkadf each
other, we bring in the idea of using the bag-of dgo(Bow)
model popularly applied in partial-duplicate imagearch.
Unlike the classic Bow model, for each plate chi@mowve
automatically discover the PVW characterized widometric
context. Given a new image, the license plateesiracted by
matching local features with PVW. Besides licendatep
detection, our approach can also be extended toetieetion of
logos and trademarks. Due to the invariance vidfiscale-
invariant feature transform feature, our method adaptively
deal with various changes in the license platesh s rotation,
scaling, illumination, etc. Promising results ot tproposed
approach are demonstrated with an experimentaly stad
license plate detection. We formulate license piitiection as
a visual matching problem. For each character,alleat SIFT
features falling into the character region and gaeePVW by
unsupervised clustering. The amount of PVW for eplzte
character is determined automatically Besides
descriptors, each visual word contains some gedmetr
information, such as orientation, ratio of scalectwaracter
height, and relative position in the character oegiThose
geometric clues will be used to filter false featunatches and
estimate the character and plate size. In tesgrgry valid
match votes a support for plate location, and @lipsrts are
unified to discover potential license plates. Due the
invariance virtue of SIFT feature, our method caapively
deal with various changes of license plate, sucHistertion
from observation views, scaling, and illuminatidvultiple
license plates in a single image can also be auicealig
detected.

In visual word matching and license plate locating,compare
the extracted SIFT features of the test image wath
discovered PVW, and locate the license plate basedhe
matching results. Let us denote the PVW set asdp={(di ,
gi), i=1,..., N}, where di denotes appearmdescriptor,
and gi denotes the geometric clues, N denotesitualword
number. Once the PVW of an object category is dised, we
can use it for detection in a new image. Givenuiest F = { fi
} for a test image, the probability that the teshage
corresponds to a sign of interest is

p(d;, g, \0) [p(0)
p(d;, )

pO\d.,g) = a p(d;,g; \0)

SIFT

Where p(O) is prior of plate. The likelihood p(dji,|O) is
deduced as

p(d;, g, \0) :Zp(di’gi \ f,,0)th(f; \0)

Where p(di, gi | fj, O) is modeled by matchimgture f j to
the descriptor di of the PVW.

Figure (6) lllustration of a PVW (red arrow) in the character
H6H

Consequently, by searching for the local maxima thué

likelihood function given by (1) for all PVW, we dind the

initial hypotheses for license plate location. Sootieer prior
heuristics can also be imposed to remove potetitiEe

positives. In the following subsections, we wilkdiss PVW
generation and local feature matching to extraenise plate in
detail.

A. PVW Generation

There are a certain number of sorted characterbcémse
plates, each with the same format, but maybe undeyg
illumination change or affine transformation. Sin&FT
feature is invariant to changes in scale and tatnd robust
to illumination change and affine distortion [2],0n3e
repeatable and distinctive SIFT features to eaelatter exist,
called PVW. As shown in Fig., a PVW is denoted agd¥s,
ori, rat, pos), where des is the 128-D SIFT desarjpri is the
SIFT orientation (x < ori <m), rat = H/s (s is the SIFT scale),
and pos = ( f/W, e/H) is a 2-D vector denoting tektive
position of the key point in the character regiBoth des and
ori are originated from the standard SIFT featu®sdes
captures the local visual appearance with a conatite of 8-
D orientation histograms from 4 by 4 subpatchesirtidocal
interest point. ori denotes the dominant directiafslocal
gradients around a key point. Relative to ori arebs ds
represented to achieve invariance to image rotatf@nges .
Ideally, for a feature with high repeatability in @ertain
character, rat shall be identical. Given this dpecBIFT
feature with scale s, we can estimate the correlipgn
character height as rat - s. Given an image pafcthe
character with height, v, we can also derive thaesof the
SIFT feature as v/rat. We collect many training ges, each
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containing one or more license plates. Licenseeplan the
training images are all upright, with little affindistortion.
Each character in the license plate is annotatedainSIFT
features in each character region are extractedallys many
noisy features also exist. To discover the PVW athe
character, we need to cluster the local featureseath
character and discover the most representativeeclaenters

as the PVW, which can be found automatically in the

clustering process. In affinity propagation, a &anity matrix
of samples shall be defined. We first give theatise metric,
which will be used to define the similarity metrihe distance
between two feature samples V j and VK is defime(B)

d,, =alD, +fID,+y[D, +3ID,

wherea, B, vy, andd are constant weighting factors, Dd ,Do, Dr,
and Dp are the distance of descriptor, orientati@ight-scale
ratio, and position, respectively, and are defiagdollows:

1 [iz8 _
D, =— Z(d%iJ - des)?
O \i=2

................ ()

Z||—\

Wherec and N are normalization factors to make surelibt
Dd and Dr range from 0 to 1.

The similarity metric is a decreasing function bé tdistance
metric. There are many choices for it. In our impéatation,
the pair wise similarity between two feature saraplej and
VK is defined as

Sjx ==(d;,)", (n>0) ®)

In affinity propagation, the diagonal elementshe similarity
matrix are referred to as exemplar preference, hwhidll

influence the number of identified clusters. Gehgravithout
any priori, we set it as the median of the inputiksirities, after

clustering; we need to discover the most repretieatelusters.
For each cluster, we count the number of imagehpatevhich
contain at least one feature falling into the @usfThen an
image-number histogram is built. To select thopeasentative
clusters, a threshold thresh shall be specifietherhistogram.
Any cluster with image number above thresh willdaeéected.
In each selected cluster, the PVW are defined@astkrage of
all samples falling into that cluster. In our expents, we set
thresh = 0.6-Num, where Num is the total sample barnof
the specific character. Fig. illustrates the featgtustering
results of three characters: “0,” “6,” and “9.” éach character,
the PVW are highlighted in red color on the patcithvits
geometric information: ori, rat, and pos. The PVW o
characters from “0” to “9” are shown in Fig. whilbose of
characters from “A” to “Z” excluding “I"” and“O” are
illustrated in Fig. 5. There are no PVW of chara¢té and
“O” as these two characters are not found in asipitng plate.

B. Visual Word Matching

Given a test image, we will discover those characteith
features matched to the PVW. We first extract Sfédtures
from the test image. Then each SIFT feature F(@ésscl) is
compared with the PVW of each character. A featisre
considered as a candidate match if the minimum riggsc
distance to a certain PVW of a certain charactdess than
constant threshold T

{a",t'}=min arg | des” —desf’”z <T
d;t
(9)

Where desF denotes the descriptor vector of a $#BT
feature, des d t denotes the descriptor vectdreof-th PVW in
the d-th plate character. In standard SIFT feafudescriptors
are all normalized to be a constant const. In cpegments,
we set T = 0.5 - const. Each candidate match srded as
C(x, vy, angle, height, pos), where x and y dengiatial
position of the test SIFT feature in the image plangle is the
rotation angle from the test feature to the matachgaal word,
height = rat dt* - sclF is the estimated height tbg
corresponding license plate, pos = pos d*t* dentitegelative
position in character.

[y
L AL
v
==
i
b,
=
B
+

Py
W
x’{:."

Figure (7) PVW of each digit in Chinese license plate each
arrow denotes a PVW
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Figure (8) PVW of each letter in Chinese license plate, from
“A"to “Z,"excluding “I” and “O” each arrow denotea PVW.

2.3. License Plate L ocating

Once the character features in the test imagedargified, we
can make use of the geometric context of the mdtEhaAN to
locate the license plate. A bounding box will b&neated to
encompass license plate by determining the uppeer| left,
and right bounding lines sequentially.

We first estimate the upper and lower boundingslioklicense
plate in images. Specially, each matched feature ¥;(@angle,
height, pos) estimates a point (xup, yup) of theaugpounding
line by (10) and (11)

X, = X— pos(2) [h[{cosd —sinb) (10)

Yo = Y~ Pos(2) [h(sin 8 + cosb) 11)

Where h and are the median of height and angle of all valid
matched features C, respectively, pos(2) = e/H. ditigin is
assumed to be at the upper-left corner of the ingzlgee.
Then, for all upper bounding points, we estimaténa with
linear regression. Similarly, we can also deterntim lower
bounding points (xdown, ydown) with (12) and (13)da
estimate the lower bounding line of license plate.

Xgonn = X+ (L— pos(2)) th[{cosd —sinb) (12)

Yoo = Y+ (1= pos(2)) th [{sin& + cost) (13)

After that, we can also roughly estimate the lefd aight
bounding lines. In license plate, the ratio of @latidth to
height is constant. When the plate height h isveggd, we can
obtain the plate width w. Since license plate nuster all
matched key points of SIFT feature, the intervaiveen the
left bound and the most right key point of matcfesture shall
be no less than w, so is that of the interval betwthe right
bounding line and the most left key point. Consetye we
can determine the minimal bounding box containhmglicense
plate although some background patch is also ieduthey

can be removed with some other information, suchedge
map. However, this is not our focus in this paper.

3. EXPERIMENTAL RESULTS

To evaluate the proposed approach containing 4lideSh
license plate images. Of them, 160 license platages are
downloaded from the Internet while another 250 iexagre
taken by the authors. The second dataset contasniages
with resolution of 896 ?592, each contains a Ucenke plate
with a cluttered background, such as trees or ghasshis

dataset, the plate character height ranges fromtédlto 23.
On the first dataset, it achieves a 93.2% “trueecdiion rate,
On the second dataset, the “true” detection rateiobpproach
is 84.8%,All the “true” detection rates of four apaches are
lower than that on the first dataset. This is beeate plates in
the second dataset are of smaller size, and thagytmamd is

much more cluttered. The false positive rate ofapproach is
also much lower than that of the three compariggpraaches.
We investigate the time efficiency from two aspedtse first

one is feature extraction time, and the secondi®etection
time after feature extraction. Our approach is theme SIFT

feature, whose extraction time cost is larger tthe of edge
maps, as used in the other three comparison apgmeadhe
detection time cost of our approach is proportidnghe SIFT
feature amount of image, while the detection edficiy of the
three comparison approaches are determined byothplexity

extent of image texture. In open environment, tlagesvarious
observation views from cameras, which will make #duge

map-based methods difficult to accurately extrhet whole

plate. However, benefiting from the invariance mdy of

SIFT feature, our approach can effectively addrésst

difficulty when the observation angle is within serolerance
range. Some results seen in figurel2

Figure (9) Sample detection results of license plates

CONCLUSIONS

In general, an ALPR system consists of four prangsstages.
In the image acquisition stage, some points havebdo
considered when choosing the ALPR system camech, asl
the camera resolution and the shutter speed. llictese plate
extraction stage, the license plate is extractexedan some
features such as the color, the boundary, or thstemce of the
characters. In the license plate segmentation stége
characters are extracted by projecting their colformation,
by labeling them, or by matching their positionshatemplate.
Finally, the characters are recognized in the dhtara
recognition stage by template matching, or by diass such
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as neural networks and fuzzy classifiers. Autométiense Teena Raikwar, Assistant professor, electronica &
plate recognition is quite challenging due to thfecdent communication dept., (NRI-IST, Bhopal), Madhya s
license plate formats and the varying environmestatitions. India

There are numerous ALPR techniques have been mdgpos t_raikwar.2006@yahoo.co.in

recent years.
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