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Abstract

Vehiclelicenseplate identification technology is the key technology of intelligent transpatem, finding a
stolen vehicle, monitoring traffic flow, in town managemanid highway tolls The major issue in such
applications is to detect the exact location of plate, because finding the location of numbssubthtery and

as well as its sizand color So thatmany ofthe vehicles have an uncertain differencdigense plate position,
location and uncleaficenseplate. In this paper we have conducted a very fresh survey of most authentic
techniques of liense plate detection from a cée studied iferent techniques and compared theamd
figured out every technique has its own limitations, every method gives best results under saime cert
conditions so do bad resulfhis paper will lead to choose the best technique for detection just acctwrding
circumstancehatwouldn’t have to waste much more time in order to figuring out the suitable algorithm, as well
as will informed with its accuracy percentagllso, we present a real time and robust method of license plate
detection and recognition based on the morphology and template mathahgthaimain stage is the isolation

of the license plate, from the digital image of the car obtained by a digital cameradiffetent circumstances
such as illumination, slop, distance, and andpeposedalgorithm starts with preprocessing and signal
conditioning andit hasthe correct location ratef 83.50%
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Introduction

Licenseplate detection andecognitionsystem is

License PlateDetection Techniques

an imageprocessing technique used to identify a

vehicle by its license plate. In fact this system is one

. L . . Edge Morphologi Neural Image
kind Qf automatic mspec’qon of tran;port, traff]c an cal Network Transform
security systems and is of considerable B®er | Laplacian Artificial
because of its potential applications to areas such|as Neural
automatic toll collection, traffic law enforcement ang Network

. . . Robert Genetic
secuity control of restricted areagl]. Vehicles Neural
license platerecognitionis a technology of image Network
processing. Vehicleicenseplate detection is a type 221-3Lri\£r
of automatic vehicle recognitiohe important role | Siccreete
of license plate detection is to control traffic rules Level
automatically and managing law enforcement onWavelet

public roads. Since every vehicle carries a unique
licenseplate, no external cards, tags or transmitters
need to be recognizable, otigenseplate[2, 3].

While the first industrial automatic system for
car licenseplaterecognition (LPR) was introduced in
the 80’s, an outburst of commercial systems occurre
in the 90s. Although thaa lot of LPR systems are
available in the market, the research and
development still continues and new sophisticated
solutions to plate localization, character
segmentation and recognition appghi5, 6]. This is
due to the growing demand for the automatic vehicl
identification required for traffic control, border
control, access control, calculation of parking time

Figure 1 Classification Diagram

Some of the related works in the field of
automatic car plate recognition are as follows.
Lotufo, Morgan and Johnson 1€] proposed

gautomatic numbeplate recognition using optical

character recognition techniques. Abolghasemi and
Ahmadifard [L7] proposedan IFT-based fast method
for extracting the license plateZzamani and
Movahedi [L8] proposed a morphologic method for
extracting the license plate using some simple
constant templates. In this paper, we introduce a
novel method for license platBigure 2 illustrates a
typical license plate recognition system.

and payment, search for stolen cars or unpaid fees,

and the requirement for reliable identification at
different lighting conditions, presence of dmm or
structured noise in the plate, and nationality specific
features, concerning plate’s size and type of
characters{, 8, 9, 10].

Previously the popular technologies were used to
identify vehicles are VIN technologies anetags
which were expensive and had a big issue in
common If a new car comes than first you would
have to install any of these technology in that car
then you would b able to identify that car so to
eliminate that factor the best way to identify a
vehicle is to identify it's number plate with a simple
camera. Different detection algorithm for detecting
license plate is presentedWe shall give brief
description, functioality how a method works in
different environmenf11]. Numerous methods exist
in licenseplate location but we shall discuss those
methods which will give the most accurate results in
critical situations like lighting distance effects etc.
Some methods work festill images, some for videos

and some for sequence images. We shall also discuss

which method is best for lighting, distance, and other
invariant. Below in figurel there is a representation
of different techniquefl2, 13, 14, 15]:
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In the recognition from a gragcale image of the directions by using of (3x3) mask to convolve the
car, first use a preprocessing stage that contains amage. The mask preferred is applied to the whole
certain  number of transforms established image and this mask process square pixel at a time
heuristically for reduces the extra information of car on image. It represents a two dimensional spatial
picture. Input of the car plate detection and gradient measurement. Due small integer values
recognition syeem is the binary image that obtains the Sobel operator is relatively expensive.
form preprocessing stage. Next, start a process for
identifying and isolation of the car's license plate Level D Haar Discrete Wavelet
from the image, then the result of this process send to
segmentation part. Segmentation part separates the 2-level 2D HaarDWT method is an excellent
characers individually. Finally recognition part method for detecting edges. It gives more detail
recognizes the characters giving the result as theabout the vertical edge density and intensity of
plate number. License Plate separately. It also removes that object

which contains less information that causes the noise

License plate location is an important stage in in the vertical edgesbackground. In short, it
vehicle license plate recognition for automated differentiates between vertical edges and background
transpor system.We presenta real time and robust noise. It works based on the gray scale image, first of
method of license plate detection and recognition all gray scale images converted and divided into four
based on the morphology and template matcHimg. sub band images throughldvel 2D Haar DWT.
this systenthe main stage issolation of the license  After completing the wble process it detects the
plate, from the digital image of the car obtar®y a license plat¢25].
digital camera under different circumstances such as
illumination, slop, distance, and angle. The algorithm Canny Operator
starts with preprocessing and signal conditioning.

Next license plate is localized using morphological First of all convert the RGB image to gray scale
operators. Then a template matchingesne will be image and then remove noise from the image then
used to recognize the digits and characters within theapply the canny edge detector on the image. The
plate. The system is tested on lranian car platecanny edge detection provides an exact detection
images, and the performance was 97.3% of correctthe License Plate and provides better

plates identification and localization and 92% of

correct recognized characters. The rssutgarding Localization with very minute difference within
the complexity of the problem and diversity of the the actual and provided edge [11]. The boundary of
test cases show the high accuracy and robustness dhe object is represented by edges. Edges are also
the proposed method. The method could also beused to identify areas and shapes of the object.
applicable for other applications in the transport

information systems, where automatic redtign of Robert Operator
registration plates, shields, signs, and so on is often
necessary. It computes the -D spatial gradient

measurement and also highlights the high spatial

In this paper we have total dD sections, in  gradient region corresponds to edges. It consists of a
section2, 3, 4, 5and 6 each suksection elaborates 2x2 convolution mask. In3] it detects thdicense
the technique for licems plate detection and its plateof the input image by down sampling. 1H2]
limitations; in section7, 8 and 9 our methods is Robert opeator first starts to detect the vertical
proposed implementedand comparison in form of  edges of the input image and then it filters the image
table is givenwith previousof them.In the section to get its horizontal edges.
numberlO we have provided conclusion.

Laplacian Edge Detection

The Laplacian is a 2D isotropic measure of the

2.Edge Detection Approaches 2nd spatial derivative of an image. It is similar to as
Sotel operator. The only difference among them is
2.1. Sobel Operator that the Laplacian uses only one mask for both

horizontal and vertical direction as 2] 13]. The
It is one of the most useful techniques in image mask approximates second derivate of the image and
processing very popular in image processing asiS very sensitive to noise. Noise reduction LOG is
shown in the application of License Plate Detection used with first smoothens the image with Gaussian
[19, 20, 21, 22, 23, 24]. Sobel Operator is a classical filter and then applies Laplacian operatt]]
edge detector. With the License Plate of small
integer valued filter ito vertical and horizontal
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3. LPL System 5. Histogram Analysis

Since our approach does not need color Now we employ histogram analysis and find
information, the system is able to locate license vertical projection of the edge image. To do this, we
plates with different colors. The overview of the calculate the number of “ones” for each row of the
algorithm is shown in figur8. Figure4 depicts a  image. Vertical projection is a diagram with two
sample of input image, which is gragale(figure axes; vertical axis is the rows of the image, and
5). horizontal axis shows the number of white pixels in

each row. Figuré& shows the vertical projection of
the edge image todrigure 6 illustrates candida
regions without considering compact factor. The

above region is omitted if we consider this criterion.

|Vﬁﬁc«"l Edges Dﬂeﬂiml The rows corresponding to the license plate ligua
have the highest values in the vertical projection. For
| Histogram Analysts I this reason, the next step is finding the rows with the
c% highest values in the projection. These are
Applying Compact Factorl candidates for license plate. For reducing noise

1 Y effects, a row is considered as a candidabé,only

— Y . — when its value is c% above, but also when the value
| Vertical Dxl:moul Honzontal Dll:monI of the next row is d% the value of the row.
—_ Simulations find values for ¢ and d. We consider f
T — rows before and after each candidate row as
Lﬁv_l candidates too, and we continue processing on the
IHon'zonnl Pt | regions determined by them.

I Filling Probable Holes
A
<4

Median Filter

Rraovriay

| Extracted License PlaEJ

Figure3. License platerecognitionprocess

‘ 4. Vertical EdgesDetection Figure4. A sample of database, input image

Due to digits and characters, a license plate
contains many vertical edges. This feature is
employed for locating the plate in an image. Many
approaches has been proposed for edge detection.
Sobel mask has a good performance compared with
others; indeedtiis fast and simple. In general, there
are two masks for Sobel, horizontal mask and
vertical one. Figure 3 shows these masks. We just
use the vertical mask of Sobel. Supposing that the
input image is not highly tilted, vertical edge
detecting plays its te well enough. The result of
edge detection is depicted in figue

Figureb. Vertical edge detection result
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o, whgres | B ¥ a narrow range, but those structures have vertical
P ""7 g " \\W edges in a wide range. This fgature is used in
' ool *as Nl compact factor. This means that if we can calculate
the quantity of compactness of the vertical edges, we
can easily classify them. A simple criterion for this
purpose is the number of deviations between “ones”
and “zeros” and vice versa for each candidate row.
The rows with e% minimum values belong to plate,
so we omit the other rows from candidate regions.
Vertical edges of the plate are close to each other, so
for a row in the plate region, there so many sdse
Figure6. Candidate regions in vertical edge image  which consequent points are totally “ones” or
“zeros” and this makes the deviations minimum.
Simulations find the acceptable value of e. For
evaluating the performance of compact factor, refer
Figure 7 is the resulted candidate image, and to figure9. As it is shown in its vertical projection,
Figure8is for comparison with the input image. fence structure of the vehicle is also considered as a
candidate region. Local maximum in the row 116 is
due to this fence structure, as maximum in the row
325 is because of the plate. These two rows are
shown in figurelO and11.

[NAAT W

[ PAAHTYE W

Figure7. Candidate regions imput image

e — — Figure9. Resulted image after employing median
‘ . ] . filter

T

i |
i | i } [ [’ it L Figure10. The extracted license plate of figure 2

Figure8. Histogram hightness of pixels of row
325
7. Experimental

The proposed method in the case of very low
6. Definition of compact factor resolution and contrast is unable to perform its task
well. There are some probable faults listed here:
Due tovertical edges of structures such as fences
or some parts of the vehicles, they can be selected as
candidate regions. To prevent this, we propose the
compact factor. A License plate has vertical edges in
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x  Fault No. 1:Extracting a region larger than the

plate

x  Fault No. 2: Extracting a region smaller than 9. New Morphology
the plate

x  Fault No. 3: Extracting a wrong region as the In this part, we firstly convert theRGB color
plate input image to a 256 gracale image. Applying the

x  Fault No. 4: Being unable to extract any region closing operation on edge image in the horizontal
direction yields several connected regions which are

plate candidates. With respect to a licendate
shape, a rectangular structural elemisntised. The
Now we use a morphological operator. The main motivation to focus on morphology was the
image of figure 4 is once dilated horizontally and the rectangle shape of the plates. However, there may be
other time vertically. Anothehorizontal dilation is ~ more than one candidate region as plate location in
employed on the common bright pixels of these two the image after closing. To find theroect region
dilated images. The structuring elements of dilations and discard the others, some features such as shape,
are 6pixel horizontal or vertical lines. aspect ratio, and size of the plate are tested for all
regions where this filter considerably reduces the
noise. The processed imaga input image figure
11) after these stages is as shown in Figewhile
Figure 13 illustrates some Iranian care plates.
Character segmentation is an important stage in

The Database contains 400 images different inmany license plate recognition systems. There are
size, background, camera angle, distance, andnany.fa.lctors that cause the qharacter segmen'_[ation
ilumination conditions. The performance of the task difficult, such as image noise, plate frame, rivet,
system for ¢=15, d=70, f=20 and e=10 are shown inand rotation adl |IIum|nat.|on variance 26, 27].
table 1. The performance of the method 1 [with Preprocessing is very important for the good
our databasesialso illustrated in this table. Table 1 Performance of character segmentation. Firstly,
also shows the computational time needed by thesdmage is filtered for enhancing the image and
methods for a typical 384*288 image [13]. We use a femoving the noises and unwanted spots. During the
personal computer, Pentisfn 2.4 GHz, 256 MB  threshold processing on a gray lscémage, many
RAM, for implementation. As it is shown, the small objects or points accrue in the threshold image
proposed method is nenly faster than the method due to the problem of different illumination, low
of [12], but also it has a better performance on our quality cameras and motion effect. This kind of noise
database. The enhanced image undergoes the proce§é/es direct effect on segmentation and recognition
of segmentation done using morphological operators.Process. We have used a morjigital process
The segmentation is the process of partitioning theWhich search the entire image for small connected
image into multiplesegments. It is to simplify the €lements and remove it. Then dilation operator is

representation of the image. The enhanced image ig¢Pplied to the image for separating the characters

operators. stage, partition scanning is prgenl to extract

characters from plate. This method is conducted by
checking the mean of each partition in image (the
size of partition of a character or background. In this
process, the background is defined as white (1) and

7.1. Dilations

8. Result

Tablel. Comparison of the performance of two

methods characters are defined as bla@®). After some
experiments, it is concluded that the optimum
Corect | Fault | Fault | Fault | Fault threshold value is nearly G(’8. Partition value
location | No 1| No 2| No 3 [No 4| |arger than 0.0.8 is considered as background,
ol of saples Proposedmethod | 334 | 31 17 11 7 otherwise it is considered as character. Then the plate
Methodof[13] [ 307 | 23 61 9 0 is divided into two blocks. The firdilock contains
Rate of comeet | Proposedmetbod | 8350 | 775 425 275 175 digits, and the second block contains the letter
focation (%) " niehodof[13] | 7675 | 575 1525 225 000 (Figure13).
Computational Proposed method 324
time (@) [ Method of [13] 479
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- 2 "} 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 tbesnilarity is

- considered. To measure the similarity and find the
best match, a statistical method correlation based is
used. Correlation is an effective technique for image
recognition. This method measures the correlation
coefficient between a number kfiown images with

the same size unknown images or parts of an image
with the highest correlation coefficient between the
images producing the best match. This system used
the database as the Iranian license plates characters
all 25 alphanumeric charactef6 alphabets and 9
numerals) with the size of 38x20.

Figurell. input image

Figure14. Extract plate using morphology method

Due to the similarities of some characters, there
may be some errs during the recognition phase
The confused characteramly are "e" and "". To

x increase the recognition rate, some properties of each

* character are used in the system for the confused one
to define their special feature of vectors. With these
feature the applied tests show a serious increase in
the correctecognition rate.

Figure12. morphology method

9.1. Result

Experiments have been performed to test the
proposed system and to measure the accuracy of the
system. The input images are colored images with
) ) ) the size of 640x480. The test images were taken
Figure13. Detection location of plate under various illumination conditisnand distance.
The results of the tests are presented in Table 1. It is
shown that accuracy for the extraction of plate region
is %97.3; %94 for the segmentation of the characters
and %92 is the percentage of accuracy of the
. '~ recognition unit. Tested onrndifferent cars, Figure
IS fi15 shows the outcomes of the system.

Before employment of the recognition
algorithm, the characters would be normalized.
Normalization is to refine the characters into a block
containing no extra white spaces (pixels) in all the
borders of the characters. Then each character
to a 38x20 block as shown ifigure 14. Fitting
approach is also necessary for template matching.
For matching the characters with the database, input
images must be equalizing to <28 block with the
database characters. In this system the characters are
fit to 38x20. The extracted chacters cut from plate
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In vast majority of classes the plate was contained
Table 1 ExperimentResults into one of the detected prospective horizontal strips
(plate candidates). Only few images of extremely
poor quality (poor contrast and missing part of the
plate) attempted more than three prospective strips.

10. Conclusionand Future Work

In this paper, we presented a novel method of
identifying and recognizing of Iranian car license
plates. Firstly we extracted the plate locationd an
then we separated the plate characters by
segmentation and applied a correlation based
template matching scheme for recognition of plate
characters. This system is customized for the
identification of Iranian license plates. The system is
tested over aarge number (more than 150) of
images, where this algorithm performs well on
different types of vehicles including Iranian car and
motorcycle plates as well as diverse circumstances.
Finally it is proved to be 48% correct in the
extraction of plate regiorand 50% correct in the
segmentation of the characters and 97% in the
recognition of the characters. We believe that this
system can be redesigned and tested for
multinational car license plates in the future time

Figure15. Segmentation, Normalization, and the final  regarding their own attributes.
Character Recognition

Also In this paper, we proposed a real time and
robust methodfor license plate location. Images of
our database are complex and different in size,

The basic elements of a CLPR (Car License background, camera angle, distance etc. Considering
Plate Recognition) system are presented in thisall of these, the proposed method has the correct
paper, generally accenting on the problems of LPL location rate of 83.50%. Preparing and introducing a
(License Plate Localizan) instead of the LPCR standard database for making comparisons between
(License Plate Character Recognition) therein. This proposed methods in this field is an essential work
reflects the LPL specifics of CLPR application, for future. Relating to the proposed method, finding
where the problems of LPCR are usually consideredsome vays to calculate the optimum values for
priori resolved by usage of conventional OCR parameters such asd, eandf can be another future
(Optical Character Recognition) sefire. The goal  work.
of the research is to investigate the possibility to
create a comprehensive system for multinational
vehicle identification based on the license plate
recognition. In that case no additional hardware such
as transmitters mounted on the véior additional References
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